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4. AGGREGATES 

 
4.1 Introduction  
• Aggregates occupy at least three quarters of volume 

of concrete.  
• Quality is especially important.  
• Cheaper than the cement, put into the mix as much 

as possible.  
• Higher volume stability and better durability than the 

cement paste alone.  
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4.2 General Classification of 
Aggregates 

 
a) According to Production Methods 
• Natural Aggregates:  

– Taken from native deposits without any change in their natural states 
during production except for crushing, grading or washing. 

– Example: sand, gravel, crushed stone, lime rock. 

 
• By-Product Aggregates: 

– Comprise blast-furnace slags and cinders, fly ash, etc. Cinders are 
residue of coal or wood after burning. 
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Processed Aggregates: 

– Heat treated, expanded materials with lightweight 
characteristics. 

– Example: Perlite, burnt clays, shales, processed fly 
ash. 

 

Colored Aggregates: 

– Glass, ceramics, manufactured marble for decorative 
and architectural purposes. 
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b) According to Petrological Characteristics 

 
• Igneous Rocks: 
 
Solidification of molten lava forms igneous rocks.  
• Example: Quartz, granite, basalt, obsidian, pumice, tuff. 
 
 

• Sedimentary Rocks: 
 
Obtained by the deposition of weathered and transported pre-

existing rocks. 
• Example: Sandstone, limestone, shale. 
• IMPORTANT: If these are hard and dense, OK. If not, high 

absorption capacity gives unsatisfactory results. 
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Sedimentary Rocks 
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Formation of PUMICE 



Basalt 
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• Metamorphic Rocks: 
 
Formed at a depth under high heat and pressure by 

the alterations of either igneous rocks or 
sedimentary rocks. 
 

• Example: Marble, slate, schist. 
 

• IMPORTANT: If hard and dense, OK. 
If laminated, undesirable. 
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c) According to Particle Size 
 1) Fine Aggregate (sand):  

Fine aggregate includes the particles that all passes through 
4.75 mm sieve and retain on 0.075 mm sieve.  

 

2) Coarse Aggregate (gravel):  

Coarse aggregate includes the particles that  

retain on 4.75 mm sieve.  

 

Silt: sizes 0.002-0.075 mm  

 

Clay: sizes smaller than 0.002 mm  
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d) According to Their Unit Weights:  
 1) Normal Weight Aggregates:  

• Sand, gravel and crushed stone. 
• Concrete produced by these aggregates:2160 to 2560 kg/m3.  

 
2) Light Weight Aggregates:  
• Slag, slate and other light stones. 
• Concrete produced by them: 240 to 1440 kg/m3.  
• This concrete is normally used for insulation purposes. 
 
3) Heavy Weight Aggregates: 
• Hemotite, barite magnetite, steel and iron punchings. 
• Concrete produced by them: 2800 to 6400 kg/m3.  
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4.4 Mechanical Properties of Aggregates 
 

4.4.1 Bond of Aggregate  
• Bond is the interlocking of the aggregate and the paste owing to 

the roughness of the surface of the former.  
 
• A rough surface, such as that of crushed particles, results in a 

better bond; better bond is also usually obtained with softer, 
porous and mineralogically heterogeneous particles.  

 
• No accepted test exists.  
 
• Generally, when bond is good, a crushed concrete specimen 

should contain some aggregate particles broken right through, 
in addition to the more numerous ones pulled out from their 
sockets.  
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4.4.2 Strength of Aggregate 
 

• NOTE:  
Comp. strength (concrete) < Comp. strength (aggregate) 

 
• The crushing strength of aggregate cannot be tested with any 

direct test. There are some indirect tests to inform us about the 
crushing strength of aggregate.  
– Test method: Crushing value test 

 
Other Mechanical Properties of Aggregates:  
 
a) Impact value: Impact value of aggregates measures the toughness 

of particles by impact.  
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b) Abrasion: Abrasion of aggregates measures the resistance of 
aggregates against wearing.  

• It is an important property of concrete in roads and in floor 
surfaces subjected to heavy traffic. The most frequently used test 
method is the Los Angeles Abrasion Test. 
 

• Los Angeles Abrasion Test: The aggregate of specified grading is 
placed in a cylindrical drum, mounted horizontally. A charge of 
steel balls is added and the drum is rotated a specified number of 
revolutions. The tumbling and dropping of the aggregate and the 
balls result in abrasion and attrition of the aggregate. The resulting 
grading should be compared with the standard limitations. 
 

Total 54 15 



Los Angeles Abrasion Test 
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Aggregate Impact Value Test 
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4.5 Physical Properties 
 

4.5.1 Specific Gravity  

• The specific gravity of an aggregate is a 
characteristic of the material, which needs to be 
determined in making calculations of mix design 
of concrete.  
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4.5.2 Porosity and Absorption of Aggregates 

 

• The porosity of aggregate, its permeability, and absorption 
influence the bonding between aggregate and cement 
paste, the resistance of concrete to freezing and thawing 
and resistance to abrasion.  
 

• When all the pores in the aggregate are full it is said to be 
saturated.  

• If just the surface of aggregate is dry then it is said 
saturated-surface-dry.  
 

• If the aggregate in saturated surface dry condition allowed 
to stand free in dry air, some water from pores will 
evaporate and it is said to be air dry condition. (See Fig. 
4.1)  
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water absorption:  

 Determined by measuring the increase in weight of an 
oven-dried sample when immersed in water, for 24 
hours. (The surface water being removed).  

 

 The ratio of the increase in weight to the weight of dry 
sample, expressed as a percentage is termed absorption.  

• Water absorption = Wwet - Wdry 

 

 At the time of setting of concrete the aggregate is in a 
saturated-surface-dry condition.  
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Moisture Content of Aggregate 

 

• Moisture content is the water in excess of that 
saturated surface dry state. 

• Total water content of a moist aggregate is 
equal to the sum of absorption and moisture 
content.  
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Figure 4.1 Different moisture conditions of 

aggregate 

TOTAL MOISTURE 
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• 4.5.5 Deleterious Substances in 
Aggregates  

 
a) Organic Impurities:  
• Consists of products of decay of vegetable matter. The organic impurities may 

interfere with the process of hydration of cement. This affects the rate of 
gaining strength. 
 

b) Clay and Other Fine Materials: 
• Found as surface coatings which interfere with the bond between aggregate 

and the cement paste. Affects the strength and durability of concrete.  
 

Other types of fine material:  
Silt and crusher dust.  
Affect the bond between cement paste and aggregates.  

– “BS EN 12620: Aggregates  for Concrete”  limits the content of all three materials 
not more than the follows:  
• 15% by weight in crushed sand  
• 3% by weight in natural or crushed gravel  
• 1% by weight in coarse aggregate. 
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c) Salt Contamination:  
 

• Aggregates from the seashore contain salt and have to be 
washed with fresh water. The aggregate washed even with the 
sea water do not contain harmful quantities of salts.  
 

• If salt is not removed; 
– It will absorb moisture from the air and cause efflorescence unsightly 

white deposits on the surface of the concrete.  
– A slight corrosion of reinforcement may also result, but this is not believed 

to progress to a dangerous degree, especially when the concrete is of 
good quality and adequate cover to reinforcement is provided.  
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d) Alkalinity of Aggregates:  
 

• Reactive forms of silica such as opal may occur in some 
types of rocks, like siliceous limestone.  
 

• The reaction takes place between the siliceous minerals in 
the aggregate and the alkaline hydroxides derived from 
the alkalis (Na2O, K2O) in the cement.  
 

• The resulting gel tends to increase in volume in a humid 
medium and causes cracking of concrete.  
 

• In this case, it is recommended to control the limit of 
alkalis in the cement.  
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4.5.6 Soundness of Aggregate 

 This is the name given to the ability of aggregate to 
resist excessive changes in volume as a result of 
changes of physical conditions.  

 

• Aggregate is said to be unsound when volume 
changes, induced by the freezing and thawing 
result in deterioration of the concrete.  
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4.5.7 Sieve Analysis  
 

• Sieve analysis is the name of the operation of dividing a 
sample of aggregate into fractions, each consisting of 
particles of the same size. 

 

• In practice each fraction contains particles between 
specific limits, these being the openings of standard 
test sieves.  

Total 54 28 



Grading curves & standard limits of aggregates 
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Pouring agregate from top of sieves. 
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Placing in sieve shaker 
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Sieve shaker 
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Measuring weight retained on each sieve  
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Table 4.3 Sieve designations 

British standards 

(millimeters) 

American 

standards 

Nominal openings 

(inches) 

75 3 in 3 

37.5 1 ½ 1.5 

20 ¾ 0.75 

12.5 ½ 0.5 

6.3 ¼ 0.25 

4.75 No 4 0.187 

2.36 No 8 0.0937 

1.18 No 16 0.0469 

0.600 No 30 0.0234 

0.300 No 50 0.0117 

0.150 No 100 0.0059 

0.075 No 200 0.0029 
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Table 4.4 The weight of reduced samples for 

sieving. 

 

Nominal Size of 
Material 

 
(mm) 

Minimum weight of 
sample to be taken for 

sieving 
(kg) 

63 50 

50 35 

40 15 

28 5 

20 2 

14 1 

10 0.5 

6 or 5 or 3 0.2 

Less than 3 0.1 
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The results of a sieve analysis are best reported in tabular form as below: 

(1) 

Sieve Sizes 

(mm) 

(2) 

Weight Retained 

(gr) 

(3) 

Percentage 

Retained 

(4) 

Cumulative 

Percent 

Retained 

(5) 

Cumulative 

Percent  

Passing 

     

 

 

 

 

 

 

Column 1: Sieve sizes  

Column 2: The weights retained on each sieve  

Column 3: Percentage of retained weights on each sieve according to the total   

weight of the sample.  

Column 4: Cumulative percentage retained starting from largest sieve to smallest 

one 

Column 5: Cumulative percentage passing from each sieve. It is found by 

subtracting Column 4 values from 100.  
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4.5.8 Grading Curves 

 
• Graphical representation (ordinates represent the 

cumulative percentage passing and the abscissa the 
sieve opening plotted to a logarithmic scale)  
 

• See at a glance whether the grading of a given 
sample conforms to that specified or is too coarse or 
too fine.  
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4.5.9 Fineness Modulus 
 

• Fineness modulus is the sum of the cumulative percentage retained on the 
sieves of the standard test sieves.  

 Fineness modulus (FM) = (Cum. percent retained / 100) 
 
 
Standard test sieves are as follows:  
 
Coarse aggregate:  
75mm, 38mm, 20mm, 10mm  

 
Fine aggregate:  
4.75mm, 2.36mm, 1.18mm, 0.600mm, 0.300mm, 0.150mm 
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Limits for FM: 
 

• Fine aggregate: 2.3-3.0 

• Coarse aggregate: 5.5-8.0 

• Combined aggregate: 4.0-7.0  
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Sieve 

size 

(mm) 

Mass 

retained 

(Grams) 

Percentage  

retained 

Cumulative 

percentage 

retained 

Cumulative 

percentage 

passing 

10.00 0 0.0 0 100 

5.00 6 2.0 2 98 

2.36 31 10.1 12 88 

1.18 30 9.8 22 78 

0.600 59 19.2 41 59 

0.300 107 34.9 76 24 

0.150 53 17.3 93 7 

<0.150 21 6.8 -  

   Total = 246  

 Total = 307  Fineness modulus = 2.46 
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Fineness Modulus = Cum.% retained / 100 = 

(2+12+22+41+76+93) / 100 = 2.46 

Example on Sieve Analysis 



Problem on sieve analysis 

1 2 3 4 5 

BS sieve size 

(mm) 

Weight retained 

(gr) 

Percentage 

retained  

(%) 

Cumulative 

percentage retained 

(%) 

Cumulative 

percentage passing 

(%) 

75 0 0 0 100 

37.5 0 0 0 100 

20 454    

10 227    

4.75 454    

2.36 227    

1.18 454    

0.6 454    

0.3 681    

0.15 1135    

Pan 454    

 total  
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4.5.10 Grading Requirements 

• The purpose of sieve analysis is to determine whether or not a 
particular grading is suitable. The related problem of grading is the 
combining of fine and coarse aggregates so as to produce desired 
grading (See Table 4.5, 4.6).  
 

The main factors governing the desired aggregate grading are:  
1. the surface area of the aggregate, which determines the amount of 

water necessary to wet all the solids 
2. the relative volume occupied by the aggregate 
3. the workability of the mix 
4. the tendency to segregation.  
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4.5.10 Grading Requirements (cont’d) 

• The grading of aggregate is a major factor in the workability of 
a concrete mix.  

 

• Grading affetcs characteristics of fresh concrete and hardened 
state: strength, shrinkage and durability.  

 

• Ensure that the grading is kept constant during the concreting 
work; otherwise variable workability results and as this is 
usually corrected at the mixer by a variation in the water 
content, concrete of variable strength is obtained.  
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Sieve Percent passing 

9.5 mm 100 

4.75 mm 95-100 

2.36 mm 80-100 

1.18 mm 50-85 

600 μm 25-60 

300 μm 5-30 

150 μm 0-10 

Table 4.5: ASTM C33/C 33M Grading Requirements for Fine Aggregates 



Size 

mm 

Amounts finer than each laboratory sieve, mass percent 

100 90 75 63 50 37.5 25 19 12.5 9.5 4.75 2.36 1.18 0.300 

90-37.5 100 90-100 … 25-60 … 0-15 … 0-5 … … … … … … 

63-37.5 … … 100 90-100 35-70 0-15 … 0-5 … … … … … … 

50-25 … … … 100 90-100 35-70 0-15 … 0-5 … … … … … 

50-4.75 … … … 100 95-100 … 35-70 … 10-30 … 0-5 … … … 

37.5-19 … … … … 100 90-100 20-55 0-15 … 0-5 … … … … 

37.5-4.75 … … … … 100 95-100 … 35-70 … 10-30 0-5 … … … 

25-12.5 … … … … … 100 90-100 20-55 0-10 0-5 … … … … 

25-9.5 … … … … … 100 90-100 40-85 10-40 0-15 0-5 … … … 

25-4.95 … … … … … 100 95-100 … 25-60 … 0-10 0-5 … … 

19-9.5 … … … … … … 100 90-100 20-55 0-15 0-5 … … … 

19-4.75 … … … … … … 100 90-100 … 20-55 0-10 0-5 … … 

12.5-4.75 … … … … … … … 100 90-100 40-70 0-15 0-5 … … 

9.5-2.36 … … … … … … … … 100 85-100 10-30 0-10 0-5 … 

9.5-1.18 … … … … … … … … 100 90-100 20-55 5-30 0-10 0-5 

4.75-1.18 … … … … … … … … … 100 85-100 10-40 0-10 0-5 
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Table 4.6: ASTM C33/C 33M Grading Requirements for Coarse Aggregates 



Grading Curves of Aggregates (grading requirement) 
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aggregate 



 
• Gap grading is a grading in which one or more 

intermediate size fractions are omitted. (see Figure 
4.2).  
 

• Well Graded means sizes within the entire range are 
in approximately equal amounts (friction at many 
points, excellent interlocking, very few voids) (see 
Figure 4.2). 
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• Uniform gradation means a large percentage of 
the particles are of approximately the same size 
(poor interlocking, high percentage of voids, 
friction at few points of contact) (see Figure 4.2). 

 

• Combined gradation means fine and coarse 
aggregates are combined (friction at many points, 
good interlocking, few voids, economical). 
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Figure 4.2 Grading of aggregates 



Grading of aggregates 
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CHAPTER 3  CEMENTS 



3.  CEMENTS 

 

Introduction  

• Finely ground powders and all have the important property that 
when mixed with water a chemical reaction (hydration) takes place.  

• Hydration  produces a very hard and strong binding medium for the 
aggregate particles.  

 

• The cement to be used in a particular concrete or mortar will be 
selected on the basis of the particular properties required.  
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History of Cement 

 
• The cementitious properties of lime in mortars and concrete 

have been known since early historic times. The Romans used 
lime concretes and developed pozzolanic cements of lime and 
certain volcanic earths.  
 

• Lime mortars and concretes continued to be used in the 
middle Ages.  
 

• 1824, Joseph Aspdin from Leeds city - England, produced a 
powder made from the calcined mixture of limestone and clay.  
 

• He called it "Portland Cement", because when it hardened it 
produced a material similar to stones from the quarries near 
Portland Island in UK.  
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History of Cement 

• Although the method of making cement has been improved, the 
basic process has remained same.  

 
• Cement production in Turkey was first started in Darıca Cement 

Factory in 1913 with a production capacity of 20,000 ton/year.  
 

• Today the annual cement production in Turkey is more than 25 
million tons from more than 50 cement factories all over the 
country. 
 

• In North Cyprus, there is 1 cement factory (BEM--Boğaz Endüstri 
Madencilik Ltd.). Rest of cement comes from other countries (i.e. 
Turkey, Lebanon, Egypt, Syria). 
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Raw Materials of Portland Cement 

 
• Raw Materials:  
 
 1- Calcareous rocks (CaCO3 > 75% such as limestone, marl, chalk), 
  
 2- Argillaceous rocks (CaCO3 < 40% such as clay and shale),  
 
 3- Argillocalcareous rocks (40-75% CaCO3 such as clayey  

    limestone, clayey marl). 
 

• Materials from any two of these groups may be used for Portland 
cement production providing that they must contain, in proper 
form and proportions of lime, silica and alumina.  
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Chemical Composition of Portland 
Cements 

The raw materials used in the manufacture of Portland 
cement consist mainly of lime, silica, alumina and 
iron oxide. 

 

The oxides account for over 90% of the cement. The 
oxide composition of (ordinary) Portland cement 
may be expressed as follows: 
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Table 3.1  The oxide composition of ordinary PC 

Common  
name 

Oxide Abbreviation Approximate 
composition limits 
(%) 

Lime CaO C 60-66 
Silica SiO2 S 19-25 
Alumina Al2O3 A 3-8 
İron oxide Fe2O3 F 1-5 
Magnesia MgO M 0-5 
Alkalies: 
-soda 
-potassa 

 
Na2O 
K2O 

 
N 
K 

 
0.5-1 
0.5-1 

Sulfur trioxide SO3 S 1-3 
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Table 3.2 A typical chemical analysis of ordinary 

PC 

Item Percentage (%) 

CaO 63.6 
SiO2 20.7 
Al2O3 6.0 
Fe2O3 2.4 
SO3 1.4 
MgO 2.4 
Na2O 0.1 
K2O 0.7 
Losson ignition 1.2 
Insoluble residue 0.3 
Free CaO 1.1 

Total 100 
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• SO3 (sulfur trioxide):  Comes from gypsum. The amount of 
gypsum (CaSO4˙2H2O) can be approximated by multiplying the 
amount of SO3 by 2.15. 

• MgO (magnesia): To control the detrimental expansion, MgO is 
limited to 5% (expansion due to the hydration of free MgO in 
hardened concrete). 

• Free CaO: Same as free MgO, free CaO is undesirable. Because 
these oxides hydrate much later than other compounds of 
cement. Besides, they show a large volume expansion after 
hydration resulting in disintegration of hardened concrete. 
 
 

CaO + H2O    Ca(OH)2 

C         H   CH (1.32 times volume expansion) 

MgO + H2O    Mg(OH)2 

M         H   MH (1.45 times volume expansion) 
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• Na2O & K2O (alkali oxides): 
 A limiting value of alkali oxides is often specified for cements which are 

used with reactive aggregates to prevent alkali-aggregate reaction which 
results in disruptive expansion. 
 
 

• L.O.I. (loss on ignition): 
 Indicates "prehydration or carbonation" due to prolonged or improper 

storage. LOI is the loss of the weight of a cement sample when heated at 
1000C. 

  i.e.   LOI  3% (ASTM)  
 
• I.R. (insoluble residue): 
 Fraction of cement which is insoluble in HCl acid. It comes mainly from the 

silica which has not reacted to form silicate compounds in the rotary kiln. It 
is a measure of the completeness of reactions in the kiln. 

   IR  0.75% (ASTM) 
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Main Chemical Compounds of Portland Cement  
 • Oxides interact with each other and form more complex 

compounds. The measurement of the amount of these major 
compounds by conventional chemical methods is not possible. 

• Portland cements are composed of four basic chemical 
compounds shown with their names, chemical formulas, and 
abbreviations: 

Tricalcium silicate = 3CaO·SiO2 = C3S 

Dicalcium silicate = 2CaO·SiO2 = C2S  

Tricalcium aluminate = 3CaO. Al2O3 = C3A 

Tetracalcium aluminoferrite = 4CaO.Al2O3.Fe2O3 = C4AF 
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Tricalcium silicate:  
 Hardens rapidly. Responsible for initial set and early strength.  
  

Dicalcium silicate: 
 Hardens slowly and its effect on strength increases occurs at ages beyond 

one week. 
 

Tricalcium aluminate: 
 Contributes to strength development in the first few days. It is the first 

compound to hydrate. The least desirable component because of its high 
heat generation and its reactiveness with soils and water containing 
moderate to high sulfate concentrations.  

 

Tetracalcium aluminoferrite:  
 Lowers clinkering temperature. C4AF contributes very little to strength of 

concrete even though it hydrates very rapidly. 
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Table 3.3 Main chemical compounds of PC 

Name of Compounds Chemical Composition Usual 
Abbr. 

Percentage 
% 

Tricalcium Silicate 3CaO.SiO2 C3S 51 
Dicalcium Silicate 2CaO.SiO2 C2S 23 

Tricalcium aluminate 3CaO.Al2O3 C3A 8 
Tetracalcium 
aluminoferrite 

4CaO.Al2O3Fe2O3 C4AF 9 
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Manufacturing of Portland Cement 

 

 The details of the cement making process vary widely. However, the 
fundamental stages in cement production are all the same and as follow. A 
schematic diagram of the cement manufacturing is shown in Fig.3.1.  

 

• 1. The raw materials are reduced to fine particle size. 

 

• 2. Raw materials are blended and mixed to produce uniform chemical 
composition   containing calcium carbonate, silica, alumina, iron oxide etc.  
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• 3. The blended raw mix is heated to the point where all the moisture is 
driven off as steam or water vapor.  
 

• 4. The dried mix is heated to 800oC. At this temperature, the calcium 
carbonate dissociated into calcium oxide (free lime), and carbondioxide 
which driven off as gas.  
 

• 5. As the temperature rises, principal active compounds of Portland cement 
form. This process is completed at a temperature of around 1400oC. 
Resulting product is Portland cement clinker (1.8 tons of raw material 
produces 1 ton of clinker).  
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• 6. Clinker is cooled to a temperature of about 60-150oC and stockpiled.    

 

• 7. Clinker is ground to the specified fineness with the addition of a small 
proportion of gypsum to control the setting time of the finished cement.  

 

• 8. The finished cement is stored in silos for a relatively short time before 
being sent to the customer in bags or in bulks.  
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Production Steps of Portland Cement  
  

 
• Crushing, screwing, and stockpiling the raw materials 
• Calculating the proportions of raw materials 
• Preparing the raw mix by blending 
• Feeding the raw mix into rotary kiln 
• 100oC: Free water is evaporated. 
• 150-300oC: Loosly bound water is evaporated.   
• 500oC: More firmly bound water is evaporated. 
• 600oC: MgCO3     MgO + CO2 

• 900oC: CaCO3      CaO + CO2  
• Reaction between lime and clay starts. 
• 1300oC: Major compound formation starts. 
• 1400-1600oC: Output temperature. 
• (Around 1600oC clinker forms C3A, C2S, C3S, C4AF) 
• Clinker cooled and stored. 
• Clinker is ground with gypsum. 
• Storing and marketing. 
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Figure 3.1 Production of Portland cement (utube-Pr1KTVSXo) 
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Physical Properties of Cement 
Fineness:  
• The reaction between the water and cement starts on the surface of the 

cement particles. So the greater the surface area of a given volume of 
cement the greater the hydration. A fine cement will develop strength and 
generate heat more quickly than a coarse cement.        
 

• The measurement of fineness:  
 

 Defined as specific surface and is expressed as surface area of the grains in 
a sample per mass of that sample. Usually it is in the range 350-380 m2/kg. 
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 Hydration: 

 • The chemical combination of cement and water known 
as hydration produces a very hard and strong binding 
medium for the aggregate particles in the concrete.  

 

• At the end of hydration normally a heat is liberated 
which is expressed as cal/gr.  
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Table 3.4 Time taken to achieve 80% hydration and heat of hydration of 

the main chemical compounds of Portland cement 

Chemical compounds Time to 
achieve 

80% 
hydration 

(days) 

Heat of 
hydration 

(J/g) 

C3S 10 502 
C2S 100 251 
C3A 6 873 

C4AF 50 419 
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HYDRATION 
• In normal construction where the sizes of the structural members are not 

so large, the dissipation of this heat creates no problems.  
 

• On cold weather concreting, this heat is advantageous.  
 

• But in hot weather and in mass concrete construction, this generated 
heat may cause thermal cracks, and should be avoided. 

 
The process of hydration in the cement can be determined by the 

measurement of; 
• the amount of Ca(OH)2 in the paste, 
• the heat evolved by hydration, 
• the specific gravity of the unhydrated cement paste, 
• the amount of chemically combined water, 
• the amount of unhydrated cement paste. 
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Measuring Heat of hydration of cement. 
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• The beginning of noticeable stiffening in the cement paste is 
known as the initial set.  

• The final hardening process which is responsible for its 
strength known as the final set.  

• The time from the addition of the water to the initial and final 
set are known as the setting times. 

  
• Setting time is affected by: cement composition, cement 

fineness, rate of hydration, and the ambient temperature.  
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Setting of cement 



Vicat Apparatus   Gillmore apparatus 
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Measurement of Setting Time of Cement 



Strength:  
• The strength of hardened cement is its most important property.  
• The rate of hardening of cement depends on the chemical and 

physical properties of the cement, the curing conditions and the 
water/cement ratio.  
 

Soundness:  
• Soundness is a physical property of cement paste, which determines 

the ability of the cement paste to retain its volume after setting is 
completed.  

• The unsoundness is due to the presence of free CaO (lime) and free 
MgO (magnesia) in cement.  

• These constituents hydrate very slowly after setting of cement. Since 
Ca(OH)2 and Mg(OH)2 occupy larger volume, expansion takes place. 
 

 

Total 43 26 



Cement Types 

1. ASTM (American Society for Testing and Materials) Types: 

 
Type I (Ordinary Portland cement): 
• Used for general construction work when the special properties of the 

other types are not required.  
• Normally used for reinforced concrete buildings, bridges, pavements and 

sidewalks when the soil conditions are normal, for concrete masonry 
units, and for all uses where the concrete is not subjected to special 
sulfate hazard, heat of hydration is not objectionable, where freezing-
thawing is not expected. 

 

 

Total 43 27 



Type I-A (Air-Entrained Type-I): 
• It is used where air entrainment is necessary. 
 
Air-entrainment:  
• Air intentionally incorporated by means of a suitable agent.  
• Magnitude of these air bubbles are in the order of 0.05 mm in size.  
• Entrained air produces separate cavities in the cement paste so that 

no channels for the passage of water are formed and the 
permeability of the concrete is not increased.  

• The voids never become filled with the products of hydration of 
cement as gel can form only in water. 

 

Total 43 28 



Type II (Modified Portland Cement): 
• It has better resistance to the action of sulfates than normal 

(ordinary) Portland cement and used where sulfate concentrations 
in groundwater are higher than normal but not very severe.  

• Generates heat at a slower rate than OPC and is used in certain 
concrete mass work like retaining walls.  

• Reduced temperature rise is beneficial for hot weather concrete, 
too. 
 

Type II-A (Air-Entrained Type II Cement) 
 
Type III: (High Early Strength Cement) 
• Used where high early strengths are required at early periods, 

usually a week or less.  
• It is particularly usefull where it is required to remove forms as 

soon as possible or when the structure must be brought into 
service quickly.  

• High-early strength makes it possible to reduce the period of 
protection for concrete during cold weather. Total 43 29 



Type III-A (Air Entrained Type III) 

 

Type IV (Low Heat Portland Cement): 

 It is used where the amount and rate of heat generation must be 
minimized.  

  

 Strength is also developed at a slower rate. It is intended for use in 
massive concrete structures such as dams. 

 

Type V (Sulfate Resistant Portland Cement): 

• It is used in structures subject to sulfate attack, chemical plants, etc. 
It is also resistant to the action of sea water. 

Total 43 30 



OTHER CEMENTS 
 

White Portland Cement (WPC): 
• It is made from raw materials containing very little iron oxide and 

manganese oxide. China clay (Kaolin) is generally used together with chalk 
or limestone free from specified impurities (iron oxide, manganese oxide). 

• To avoid contamination by coal ash, oil is used as fuel in the kiln. 
• The cost of grinding is higher and this completed with the more expensive 

raw materials makes White Cement rather expensive (about 2 times). 
• Specific gravity and strength of White Portland Cement are less than those 

of OPC. 
• WPC is used for architectural purposes. It is not liable to cause staining, 

since it has a low content of soluble alkalies. 

Total 43 31 



High Alumina Cement (HAC): 
• The raw materials of HAC are limestone or chalk and bauxite (a residual deposit formed by 

weathering under tropical conditions of rock containing Al2O3, Fe2O3, FeO, TiO2) which 
are interground and calcined at 1600C in the kiln. The solidified material is fragmented 
and ground to a fineness of 2500-3000 cm2/gr. Its color is dark grey. 

Properties; 
• High resistance to the action of sulfate waters (due to absence of Ca(OH)2). 
• Extremely high early strength (suitable for emergency repairs). 80% of the ultimate 

strength is achieved in 24 hours or even at 6-8 hours. 
• Initial set = 4 hrs. 
• Final set = 5 hrs. 
• Rapid hardening is not accompanied by rapid setting. 
• With special aggregates such as firebrick, it can be used to make refractory concrete that 

can stand high furnace temperature (T> 1300C). 
• It is expensive. 
• Never use HAC in mass concrete. 
• Never use with an admixture. 
• Never mix HAC with PC (flash set and low strength). 

Total 43 32 



Portland Pozzolan Cement: 

• Pozzolan: Volcanic dust found at Pozzuoli, Italy and used since Roman 
times as hydraulic cement when mixed with lime. All pozzolans contain 
silica and siliceous or aluminous minerals.  

• Fly ash, slag (blast-furnace), silica fume are artificial pozzolans. 
Volcanic ash is natural pozzolan. 

• Portland Pozzolan Cement produces less heat of hydration and offers 
greater resistance to the sulfate attack than OPC (useful for marine 
and hydraulic construction and mass concrete).  

• Most pozzolans do not contribute to the strength at early ages, so 
strength gain of these cements is slow. 

• Therefore they require larger curing period, but the ultimate strength 
is the same as OPC. 

Total 43 33 



Portland Blast-Furnace Slag Cement: 
 
• PBFSC = OPC clinker + 25-60% granulated blast-furnace slag. 
• Granulated blast-furnace slag is a waste product of the manufacture of iron. The 

amount of iron and slag being obtained is in the same order. A proper slag is a 
mixture of; 

   Lime = 40% 
   Silica = 30% 
   Alumina = 20% 
   Magnesia = 5% 
   Alkali Oxides = 1% 
• This cement is less reactive than OPC and gains strength at a slower rate during 

first 28 days, so adequate curing is essential. 
Properties; 
• suitable for mass concrete 
• unsuitable for cold weather 
• has high sulfate resistance (suitable for use in sea-water construction). 

Total 43 34 



Masonry Cement 
• Is used in mortar for brickwork.  

• Made by intergrinding very finely ground PC, limestone 
and air-entraining agent, or alternatively PC and hydrated 
lime, granulated slag or inert filler and an air-entraining 
agent. 

Properties; 

• More plastic than OPC 

• Higher water retaining power which leads lower shrinkage 

• Due to low strength it can not be used for structural 
concrete. 

 

Total 43 35 



Natural Cement 

• Raw material is cement rock (which is a clayey limestone 
containing up to 25% argillaceous material).  

• The resulting cement is intermediate between PC and 
hydraulic lime.  

• Contains no C3S and is therefore slow hardening. 

 

Expansive Cements 

• These are cements which upon hydration give product 
capable of expansion. 

• Expansive cements are used in special applications such as 
the prevention of water leakage.  

• It has high resistance to sulfate attack. 

 

Total 43 36 



Nomenclature for Cements 

• Cement is described in terms of cement type, strength 
class and rate of early strength development. 

For example; 

 PC52.5R 

 PC: Portland Cement (Type of Cement) 

 52.5: 52.5 MPa (Standard Strength at 28 days) 

 R: Rapid (Sub-class: Indicated the rate of early strength 
development; i.e. R: rapid, N: Normal, L: Low) 

Total 43 37 



Nomenclature for Cements 
 

• The recent standard for cement in European Norms is ENV 197-1.  
• States two additional classification, -the proportion of cement 

clinker and the second main constituent. 
 

• CEM II/A-S42.5N 
 CEMII: Type of cement 
 A: Proportion of cement clinker (A: high, B: medium, C: low) 
 S: Sub-type indicates the second main constituent (silica fume, 

GGBS, PFA) 
 42.5: 42.5 MPa (Standard strength at 28 days) 
 N: Sub-class indicates the rate of early strength development (R: 

rapid, N: normal, L: low) 
 

Total 43 38 



Table 3.5 American (ASTM) standards6, 7 (Lea`s book) 
 

Cement type Clinker and 

calcium 

sulfate (%) 

Slag 

(%) 

Pozzolan 

(%) 

Processing 

additions 

Portland 100 0 0 Permitted 

I, IA, IIA, III, 

IIIA, IV, V 

    

Slag-modified >75 <25 0 Permitted 

Portland I (SM)     

Pozzolan-modified >85 0 <15 Permitted 

Portland I (PM)     

Portland 

blastfurnace slag 

IS 

30-75 25-70 0 Permitted 

Portland-Pozzolan 

IP, P 

60-85 0 15-40 Permitted 

Slag S Permitted ≥70 0 Permitted 
 

6 American Society for Testing and Materials. Standard Specification for Portland cement. 

ASTM, 1995; C 150-95 
Total 43 39 



Table 3.6 European Prestandard ENV 197-1-classification of common cement types by 

strength 

 

 Characteristic 

compressive 

strength  

(MPa) 

Absolute 

minima 

(MPa) 

Characteristic 28-

day compressive 

strength (MPa) 

Absolute 

minima 

(MPa) 

Cement 

class 

2 days 7 days 2/7 days minimum maximum 28 days 

32.5 - ≥16 ≥14 32.5 52.5 ≥30.0 

32.5 R ≥10 - ≥8 32.5 52.5 ≥30.0 

42.5 ≥10 - ≥8 42.5 62.5 ≥40.0 

42.5 R ≥20 - ≥18 42.5 62.5 ≥40.0 

52.5 ≥20 - ≥18 52.5 - ≥50.0 

52.5 R ≥30 - ≥28 52.5 - ≥50.0 

 

Total 43 40 



Table 3.7 Production of the various types of cement in Europe in 1990 (mega tones)* 

 

Type I II-S II-P/Q II-

V/W 

II-L II-T II-D II-M III IV V Total 

Secondary material  GBF 

slag 

Pozzo-

lana 

Fly 

ashes 

Lime- 

stone 

Burnt 

shale 

Silica 

fume 

Compo- 

site 

GBF 

slag 

Pozzo- 

lanic 

Compo- 

site 

 

Secondary 

material (%) 

0-5 6-35 6-35 6-35 6-35 6-35 6-10 6-35 36-

95 

11-55 18-50  

Austria 0.3 3.7  0.8     0.1   4.9 

Belgium 1.8   1.2     2.0   5.0 

Denmark 0.9   0.3 0.1       1.3 

UK 13.3   0.4     0.1   13.8 

Finland 1.2       0.4    1.6 

France 9.0 1.4 0.1 0.6 6.5   5.2 1.2  0.3 24.3 

Germany 18.4 1.2  0.1 0.9 0.5  0.4 3.8 0.1  25.4 

Greece 1.8       5.8    7.6 

Republic of 

Ireland 

1.3           1.3 

Italy 22.9        2.3 14.8  40.0 

Total 43 41 



Table 3.8 ENV 197-1
4
 common cement types and composition: proportion by mass

a
 

(Lea`s Chemistry of Cement and Concrete, 4th Ed., Edited by Peter C Hewlett, 1998.) 

 

Pozzolana Fly ashes  

 

Cement 

type 

 

 

Designation 

 

 

Notation 

 

 

Clinker 

K 

Granulated 

Blastfurnace 

Slag 

S 

 

Silica fume 

Dc Natural 

P 

Industrial 

Qd 

Siliceous 

V 

Calcareous 

V 

 

Burnt 

Shale 

T 

 

 

Limestone 

L 

 

Minor 

Additional 

constituentsb 

I Portland cement I 95-100         0-5 

 Portland slag 

cement 

II/A-S 80-94 6-20        0-5 

  II/B-S 65-79 20-35        0-5 

 Portland silica fume 

cement 

II-A-D 90-94  6-10       0-5 

 Portland pozzolana 

cement 

II/A-P 80-94   6-20      0-5 

  II/B-P 65-79   21-35      0-5 

  II/A-Q 80-94    6-20     0-5 

  II/B-Q 65-79    21-35     0-5 

II Portland fly ash 

cement 

II/A-V 80-94     6-20    0-5 

  II/B-V 65-79     21-35    0-5 

  II/A-W 80-94      6-20   0-5 

  II/B-W 65-79      21-35   0-5 

 Portland burnt shale 

cement 

II/A-T 80-94       6-20  0-5 

  II/B-T 65-79       21-35  0-5 

 Portland limestone 

cement 

II/A-L 80-94        6-20 0-5 

  II/B-L 65-79        21-35 0-5 

 Portland composite 

cement 

II/A-M 80-94 6-20e 

  II/B-M 65-79 21-35e 

 

Total 43 42 



III Blastfurnace 

cement 

III/A 35-64 36-65        0-5 

  III/B 20-34 66-80        0-5 

  III/C 5-19 81-95        0-5 

IV Pozzolanic 

cement 

IV/A 65-89 - 11-35 - - - 0-5 

  IV/B 45-64 - 36-55 - - - 0-5 

V Composite 

cement 

V/A 40-64 18-30 - 18-30 - - - 0-5 

  V/B 20-39 31-50 - 31-50 - - - 0-5 

aThe values in the table refer to the cement nucleus, excluding calcium sulfate and any additives. 
bMinor additional constituents may be filler or may be one or more of the main constituents unless these are included as main constituents in the cement. 
cThe proportion of silica fume is limited to 10%. 
dThe proportion of non-ferrous slag is limited to 15%. 
eThe proportion of filler is limited to 5%. 

Total 43 43 
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Concrete
A composite material that consists essentially of a
binding medium, such as a mixture of portland ce-
ment and water, within which are embedded parti-
cles or fragments of aggregate, usually a combination
of fine and coarse aggregate.

Concrete is by far the most versatile and most
widely used construction material worldwide. It can
be engineered to satisfy a wide range of performance
specifications, unlike other building materials, such
as natural stone or steel, which generally have to be
used as they are. Because the tensile strength of con-
crete is much lower than its compressive strength, it
is typically reinforced with steel bars, in which case
it is known as reinforced concrete. See REINFORCED

CONCRETE.
Materials. A composite material is made up of var-

ious constituents. The properties and characteristics
of the composite are functions of the constituent
materials’ properties as well as the various mix pro-
portions. Before discussing the properties of the
composite, it is necessary to discuss those of the
individual constituents as well as the effects of
the mix proportions and methods of production. See
COMPOSITE MATERIAL.

Cement. There are many different kinds of cements.
In concrete, the most commonly used is portland
cement, a hydraulic cement which sets and hardens
by chemical reaction with water and is capable of
doing so under water. Cement is the “glue” that
binds the concrete ingredients together and is instru-
mental for the strength of the composite. Although
cements and concrete have been around for thou-
sands of years, modern portland cement was in-
vented in 1824 by Joseph Aspdin of Leeds, England.
The name derives from its resemblance of the natu-
ral building stone quarried in Portland, England. See
CEMENT.

Portland cement is made up primarily of four
mineral components (tricalcium silicate, dicalcium
silicate, tricalcium aluminate, and tetracalcium alu-
minoferrite), each of which has its own hydration
characteristics. By changing the relative proportions
of these components, cement manufacturers can
control the properties of the product.

The primary product of cement hydration is
a complex and poorly crystalline calcium-silicate-
hydroxide gel (or CSH). A secondary product of hy-
dration is calcium hydroxide, a highly crystalline ma-
terial. A category of siliceous materials known as
pozzolans have little or no cementitious value, but
in finely divided form and in the presence of mois-
ture will react chemically with calcium hydroxide to
form additional CSH. This secondary hydration pro-
cess has a generally beneficial effect on the final con-
crete properties. Examples of pozzolans are fly ash,
ground granulated blast-furnace slag, and microsilica
or silica fume.

The American Society for Testing and Materials
(ASTM) defines five types of cement, specifying for
each the mineral composition and chemical and
physical characteristics such as fineness. The most

common cement is Type I. Type III cement is used
if more rapid strength development is required. The
other types are characterized by either lower heat
of hydration or better sulfate resistance than that of
Type I cement.

Aggregate. The aggregate is a granular material, such
as sand, gravel, crushed stone, or iron-blast furnace
slag. It is graded by passing it through a set of sieves
with progressively smaller mesh sizes. All material
that passes through sieve #4 [0.187 in. (4.75 mm)
openings] is conventionally referred to as fine ag-
gregate or sand, while all material that is retained
on the #4 sieve is referred to as coarse aggregate,
gravel, or stone. By carefully grading the material
and selecting an optimal particle size distribution,
a maximum packing density can be achieved, where
the smaller particles fill the void spaces between the
larger particles. Such dense packing minimizes the
amount of cement paste needed and generally leads
to improved mechanical and durability properties of
the concrete.

The aggregate constitutes typically 75% of the con-
crete volume, or more, and therefore its properties
largely determine the properties of the concrete. For
the concrete to be of good quality, the aggregate has
to be strong and durable and free of silts, organic mat-
ter, oils, and sugars. Otherwise, it should be washed
prior to use, because any of these impurities may
slow or prevent the cement from hydrating or re-
duce the bond between the cement paste and the
aggregate particles.

Admixtures. While aggregate, cement, and water are
the main ingredients of concrete, there are a large
number of mineral and chemical admixtures that may
be added to the concrete. The four most common
admixtures will be discussed.

1. Air-entraining agents are chemicals that are
added to concrete to improve its freeze–thaw re-
sistance. Concrete typically contains a large num-
ber of pores of different sizes, which may be par-
tially filled with water. If the concrete is subjected
to freezing temperatures, this water expands when
forming ice crystals and can easily fracture the ce-
ment matrix, causing damage that increases with
each freeze–thaw cycle. If the air voids created by
the air-entraining agent are of the right size and av-
erage spacing, they give the freezing water enough
space to expand, thereby avoiding the damaging in-
ternal stresses.

2. Water-reducing admixtures, also known as su-
perplasticizers, are chemicals that lower the viscos-
ity of concrete in its liquid state, typically by creating
electrostatic surface charges on the cement and very
fine aggregate particles. This causes the particles to
repel each other, thereby increasing the mix flowa-
bility, which allows the use of less water in the mix
design and results in increased strength and durabil-
ity of the concrete. See FLOW OF SOLIDS.

3. Retarding admixtures delay the setting time,
which may be necessary in situations where delays
in the placement of concrete can be expected. Ac-
celerators shorten the period needed to initiate ce-
ment hydration—for example, in emergency repair
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situations that call for the very rapid development of
strength or rigidity.

4. Color pigments in powder or liquid form may
be added to the concrete mix to produce colored
concrete. These are usually used with white port-
land cement to attain their full coloring potential.
See PIGMENT (MATERIAL).

Reinforcing steels. Because of concrete’s relatively
low tensile strength, it is typically reinforced with
steel bars (Fig. 1). These bars are produced in stan-
dard sizes. In the United States, the identification
number of a reinforcing bar refers to the nominal di-
ameter expressed in eighths of an inch. For example,
a number 6 bar has a diameter of 6/8 = 0.75 inch. The
available bar sizes range in general from 2 to 18. Re-
inforcing steel usually has a nominal yield strength
of 60,000 lb/in.2 (414 MPa). To improve the bond
strength between the bars and the concrete, the
bars are fabricated with surface deformations or ribs.
The relatively high cost of steel mandates its sparing
use. This means that the concrete is usually assigned
the task of resisting compressive forces, while the
steel carries primarily the tensile forces. The alkalin-
ity of the cement paste generally provides sufficient
protection of the steel against corrosion. However,
corrosion protection is often breached, for exam-
ple, in highway bridge decks with continuous pore
structure or traffic-induced cracks that permit the de-
icing chemicals used in winter to penetrate the pro-
tective concrete cover. Additional protective mea-
sures may be necessary, such as using epoxy coatings
on the bars, noncorrosive steels, or nonmetallic rein-
forcement (for example, fiber-reinforced polymers).
See CORROSION.

Other important concrete terminology can be de-
fined. A mixture of cement and water is called ce-
ment paste. Cement paste plus fine aggregate is
called mortar or concrete matrix. Mortar plus coarse
aggregate constitutes concrete. Concrete reinforced

Fig. 1. Workers placing and vibrating concrete on a bridge deck including epoxy-coated
reinforcing steel. (Portland Cement Association)

with steel or other high-strength material is known
as reinforced concrete. See MORTAR.

Production of concrete. The properties of the end
product depend not only on the various constituent
materials listed above but also on the way they are
proportioned and mixed, as well as on the methods
of placing and curing the composite.

Mix design. It is not possible to predict the strength
and other concrete properties solely based on the
properties and proportions of the mix components.
Therefore, mixes are designed on an empirical basis,
often with the help of trial mixes. The objective
of the mix design is to assure that the product has
specified properties in both the fresh and hardened
state. The most important mix design variable is
the weight ratio between water and cement, re-
ferred to as the w/c ratio. There is a theoretical
minimum amount of water needed for the cement
to completely hydrate, which can be determined
using the equations of hydration chemistry. Any ex-
cess water creates pores which, together with any
air-filled pores, do not contribute to the material
strength. The result is a drastic decrease in strength
as a function of increasing the w/c ratio. On the other
hand, too low w/c ratios cause poor workability of
the concrete. For practical reasons, the w/c ratio typ-
ically varies between 0.4 and 0.6. The other impor-
tant mix design variables are the cement-to-aggregate
ratio and the fine-to-coarse aggregate ratio. Also, the
maximum aggregate size is of importance. And since
cement is the most expensive bulk ingredient, the
mix design will generally aim at the least amount of
cement necessary to achieve the design objectives.

Construction practice. The material obtained immedi-
ately upon mixing of the various concrete ingredi-
ents is called fresh concrete, while hardened con-
crete results when the cement hydration process has
advanced sufficiently to give the material mechani-
cal strength. Concrete that is batched and mixed in
a plant and then transported by truck in its fresh, or
plastic, state to the construction site for final place-
ment is called ready-mixed concrete. If the result-
ing structure or highway pavement, for example,
remains in place after placement, the concrete is re-
ferred to as cast-in-place concrete, whether mixed
on-site or off-site. Precast concrete refers to any struc-
ture or component that is produced at one site, typi-
cally in a precasting plant, and then transported in its
hardened state to its final destination. The controlled
environment of a precasting plant generally permits
higher quality control of the product than is possible
with cast-in-place concrete produced at a construc-
tion site. See CONSTRUCTION METHODS; PAVEMENT.

Code-writing organizations, such as the American
Society for Testing and Materials, the American
Concrete Institute (ACI), and the American Asso-
ciation of State Highway and Transportation Offi-
cials (AASHTO), have published detailed specifica-
tions and recommendations for measuring, mixing,
transporting, placing, curing, and testing concrete.
A proper mix design assures that the concrete mix is
well proportioned. The mixing time should be suffi-
cient to assure a uniform mixture. When placing the
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concrete, care should be taken to avoid segregation.
For example, if dropped too far, the heavy or big
aggregate particles can settle and lighter mix com-
ponents, such as water, tend to rise. The concrete
is conveyed from the mixing truck to its final desti-
nation in dump buckets by cableways or cranes or
by pumping through pipelines. In modern high-rise
building construction, concrete has been pumped as
high as a thousand feet (330 m).

During placement, large amounts of air are en-
trapped in the mix, which lowers the strength of
the hardened concrete. Much of the air is removed
by compaction, which is achieved by either immers-
ing high-frequency vibrators into the fresh concrete
or attaching them to the outside faces of the form-
work (Fig. 1). Care must be taken to avoid excessive
vibration; otherwise the heavy aggregate particles
settle down and the light mixing water rises to the
surface.

For underwater construction, the concrete is
placed in a large metal tube, called a tremie, with
a hopper at the top and a valve arrangement at the
submerged end. For so-called shotcrete applications
such as tunnel linings and swimming pools, the con-
crete mixture is blown under high pressure through
a nozzle directly into place to form the desired sur-
face.

Before the concrete sets and hardens, it is relatively
easy to give its exposed surfaces the desired finish.
Surfaces cast against forms can be given various tex-
tures by using form liners or treating the surfaces
after forms are removed. Hardened surfaces can be
textured by grinding, chipping, bush-hammering, or
sandblasting.

Curing. Once the concrete has been placed and
compacted, it is critical that none of the mixing
water needed for cement hydration is lost. This is
the objective of curing. For example, in hot or dry
weather large exposed surfaces will lose water by
evaporation. This can be avoided by covering such
surfaces with sheets of plastic or canvas or by period-
ically spraying them with water. In precast concrete
plants, concrete elements are often steam-cured, be-
cause the simultaneous application of hot steam and
pressure accelerates the hydration process, which
permits high turnover rates for the formwork instal-
lations.

Quality control. To assure that the finished material
has the specified properties, quality assurance and
quality control procedures need to be implemented.
From a public safety viewpoint, strength is the most
important property. To assure adequate strength,
such as determining the time of safe formwork re-
moval, concrete batches are sampled by casting test
cylinders at the same time and place as the struc-
ture being built. These cylinders are then tested by
accredited laboratories to determine their strength.
If the in-situ strength of existing structures needs
to be evaluated, concrete cores may be drilled from
selected parts of the structure and tested in the labo-
ratory. There are also nondestructive test methods
available to determine various properties of hard-
ened concrete.

Fig. 2. Concrete slump test with a slump of 1.5 in., typical for pavement work. (Portland
Cement Association)

Properties of fresh concrete. The most important
property of fresh concrete is its workability or flowa-
bility, because this determines the ease with which
it can be placed. It is determined using a slump test,
in which a standard truncated metal cone form is
filled with fresh concrete (Fig. 2). The mold is then
lifted vertically, and the resulting loss in height of
the concrete cone, or the slump value, is indicative
of the concrete’s workability. For very liquid mixes,
the flow test is performed, which is similar to the
slump test, except that the mean diameter of the
cake formed by the fresh concrete (or mortar) is mea-
sured.

A short while after casting, the concrete stiffens
and loses its plasticity. The time of setting can be de-
termined by repeatedly dropping a calibrated needle
into the fresh concrete and measuring the time when
the needle no longer sinks in.

Properties of hardened concrete. By far, the most
important property of hardened concrete is its com-
pressive strength. Since this strength continues to
increase with continuing cement hydration, it is a
function of age which is the time after casting. In
the United States, the strength is determined 28 days
after casting by loading standardized test cylinders
up to failure. In Europe, test cubes are often used.
Most commercially produced concrete has compres-
sive strengths between 3000 and 6000 lb/in.2 (20
and 40 MPa). If loaded in tension, the material fails
at a stress much lower than that, typically of the
order of 10% of the compressive strength. Because of
this low (and unreliable) tensile strength, concrete
is usually reinforced with steel bars. See STRESS AND

STRAIN.
During hydration and especially if allowed to

dry after hardening, the concrete volume decreases
by a small amount because of shrinkage. If this
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shrinkage is restrained somehow, it can lead to crack-
ing. Shrinkage deformations caused by drying can
be reversed only partially upon wetting. A concrete
member or structure subjected to external load will
undergo deformations which, up to a point, are pro-
portional to the amount of applied load. If these loads
remain in place for an appreciable time (months or
years), these deformations will increase due to a ma-
terial property called creep. Even for regular con-
crete mixes, creep deformations can be two or three
times as high as the initial elastic deformations, es-
pecially if the concrete is loaded at a very young age.
When designing concrete structures, such creep and
shrinkage deformations must be accounted for. See
CREEP (MATERIALS); ELASTICITY.

Durability. Durability is the ability of a material (or
structure) to maintain its various properties through-
out its design or service life. Some concrete struc-
tures built by the Romans served for over 2000 years.
A material that loses its strength in time, for whatever
reason, cannot be considered durable.

There can be numerous causes for loss of durabil-
ity or deterioration of concrete structures. The most
common one is an excessive amount of cracking or
pore structure. Most concrete structures contain nu-
merous cracks. But as long as these remain small (of
the order of 0.25 mm or less), they are generally in-
visible to the naked eye, and the concrete remains
basically impermeable to salts and other aggressive
agents, so that it can continue to protect the rein-
forcing steel against corrosion. Larger cracks pro-
vide easy access for such agents to the steel, thereby
promoting corrosion. Since the steel corrosion prod-
ucts occupy a larger volume than sound steel, they
produce internal pressure during expansion and can
spall off the protective concrete cover, the loss of
which may render the structure unsafe to resist
loads.

The concrete itself may deteriorate or weather, es-
pecially if subjected to many cycles of freezing and
thawing, during which the pressure created by the
freezing water progressively increases the extent of
internal cracking. In addition, carbon in the atmo-
sphere can react chemically with the cement hydra-
tion products. This process is known as carbonation.
It lowers the pH of the concrete matrix to the point
where it can no longer protect the steel against cor-
rosion.

Most types of aggregate used for concrete pro-
duction are inert; that is, they do not react chemically
with the cement or hydration products. However,
there are various aggregate types, including those
containing amorphous silica such as common glass,
which react chemically with the alkali in the cement.
In the presence of moisture, the alkali–aggregate re-
action products can swell and cause considerable
damage. The deterioration of numerous major struc-
tures and highway pavements has been attributed
to such reactions, especially alkali–silica reaction,
often after years of seemingly satisfactory service.
Other common causes of chemical attack are sul-
fates found in soils, chlorides in seawater, acid rain,
and other industrial pollutants. Generally, structures

built with well-designed concrete mixes, having low
porosity or high density and minimal cracking, are
likely to resist most causes of chemical attack, al-
though for service in particularly aggressive envi-
ronments special countermeasures may have to be
taken.

Under repeated load applications, structures can
experience fatigue failure, as each successive load
cycle increases the degree of cracking and material
deterioration to the point where the material itself
may gradually lose its strength or the increased ex-
tent of cracking is the source of loss of durability.

Thermal and other properties. The heavy weight of
concrete [its specific gravity is typically 2.4 g/cm3

(145 lb/ft3)] is the source of large thermal mass.
For this reason, massive concrete walls and roof and
floor slabs are well suited for storing thermal energy.
Because of this heat capacity of concrete, together
with its reasonably low thermal conductivity, con-
crete structures can moderate extreme temperature
cycles and increase the comfort of occupants. Well-
designed concrete mixes are impermeable to liq-
uids and therefore suitable for storage tanks without
the need for impermeable membranes or liners. Al-
though steel reinforcing bars conduct electricity and
influence magnetic fields, the concrete itself does
neither. See CONCRETE SLAB; FLOOR CONSTRUCTION;
ROOF CONSTRUCTION.

Special concretes and recent developments. Con-
crete is an engineered material, with a variety of
specialty products designed for specific applications.
Some important ones are described below.

Lightweight concrete. Although the heavy weight or
large mass of typical concrete members is often
an advantage, there are situations where this is not
the case. For example, because of the large stresses
caused by their own heavy weight, floor slabs are
often made lighter by using special lightweight ag-
gregate. To further reduce weight, special chemical
admixtures are added, which produce large porosity.
Such high porosity (in either the matrix or the aggre-
gate particles themselves) improves the thermal re-
sistance of the concrete as well as sound insulation,
especially for higher frequencies. However, because
weight density correlates strongly with strength, ul-
tralightweight concretes [1.1 g/cm3 (70 lb/ft3) and
less] are used only for thermal or sound insulation
purposes and are unsuitable for structural applica-
tions.

Heavyweight concrete. When particularly high weight
densities are needed, such as for shielding in nuclear
reactor facilities, special heavyweight aggregate is
used, including barite, limonite, magnetite, scrap
metal, and steel shot for fine aggregate. Weight den-
sities can be achieved that are twice that of normal-
weight concrete.

Architectural concrete. Concrete surfaces that remain
exposed may call for special finishes or textures
according to the architect’s desires. Textures are
most readily obtained by inserting special form lin-
ers before casting the concrete. Sometimes the neg-
ative imprint of roughly sawn timber is consid-
ered attractive and left without further treatment.
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Fig. 3. Glass concrete tile. (C. Meyer)

Other surface textures are obtained by sandblasting,
bush-hammering, and similar treatments. Ordinary
portland cement gives concrete the typical gray
color. By adding color pigments to the mix, a large va-
riety of colors can be produced, especially in combi-
nation with white portland cement. Concrete mixed
with specialty aggregate, such as marble, and ground
smooth is known as terrazzo concrete, which is very
popular for decorative surfaces on floors and walls.
Recently, crushed postconsumer glass has been used
as aggregate for decorative applications because of
the esthetic possibilities, provided suitable coun-
termeasures against alkali–silica reaction are taken
(Fig. 3).

Fiber-reinforced concrete. The concrete matrix can
be reinforced with short, randomly distributed
fibers. Fibers may be metallic (primarily steel), syn-
thetic (such as polypropylene, nylon, polyethylene,
polyvinyl alcohol, and alkali-resistant glass), or nat-
ural (such as sisal, coconut, and rice husk). Such
fibers are typically used in addition to conventional
steel reinforcement, but in some applications as
its replacement. For example, precast glass-fiber-
reinforced building façade elements are widely used
in the United States. By being uniformly distributed
and randomly oriented, the fibers give the concrete
matrix tensile strength, ductility, and energy absorp-
tion capacities that it otherwise would not have. In
particular, when these fibers are engineered to opti-
mize the fracture energy, so-called high-performance
fiber-reinforced concrete is obtained, which has re-
markable deformational characteristics and extraor-
dinary resistance to blast and impact loads. In the
concrete industry, it is very common to add small
amounts of polypropylene fibers to reduce the ex-
tent of shrinkage cracking.

Textile-reinforced concrete. Whereas in fiber-reinforced
concrete the fibers are short [usually no longer than
2 in. (5 cm)] and discontinuous, textile-reinforced
concrete contains continuous woven or knitted
mesh or textiles. Conceptually, such reinforcement

acts similarly to conventional steel reinforcing bars or
welded steel wire fabrics. But these fabric materials
are noncorrosive and can have mechanical proper-
ties that are superior to those of steel. The fabrics
can be premanufactured in a wide variety of ways,
thereby lending themselves to new applications, es-
pecially for repairing or strengthening existing con-
crete structures. See TEXTILE.

Polymer-modified concrete. In polymer-modified con-
crete, also known as latex-modified concrete, a poly-
mer is added to improve the material’s strength,
imperviousness, or both. In applications such as
highway bridge decks, often a layer of latex-modified
concrete is placed on top of a regular reinforced con-
crete deck for additional protection of the steel re-
inforcement. In polymer concrete, the hydraulic ce-
ment is replaced by an organic polymer as the binder.
See POLYMER; POLYMERIC COMPOSITE.

Roller-compacted concrete. This type of concrete is for-
mulated with very low contents of portland cement
and water and therefore is of relatively low-cost. It is
often used for pavements and dams. It can be trans-
ported by dump trucks or loaders, spread with bull-
dozers or graders, and compacted with vibratory
rollers. Because the cement content is so low, the
heat of hydration does not cause the kind of prob-
lems encountered in dams built with conventional
concrete.

Ultra-high-strength concrete. Whereas concretes with
compressive strengths of 6000 to 12,000 lb/in.2 (40
to 85 MPa) can now be categorized as high-strength,
a new technology has been developed that results
in strengths of 30,000 lb/in.2 (200 MPa) and higher.
The key ingredient of this ultra-high-strength con-
crete is a reactive powder; therefore, it is also known
as reactive-powder concrete. Other characteristics of
this material are low water–cement ratios, carefully
selected high-strength aggregates, and small steel
fibers.

Self-leveling concrete. The need for good workability
has been mentioned. The need for highly skilled
workers who can properly compact concrete at the
construction site prompted researchers in Japan to
optimize the mix design such that the fresh concrete
can flow into place without the need for further vi-
bration. The main challenge was to obtain a low-
viscosity mix without the threat of desegregation.
This innovation is particularly important in applica-
tions with dense steel reinforcement, which tradi-
tionally have caused severe difficulties of producing
high-quality concrete.

“Green” concrete. Concrete is by far the most widely
used building material. Well over 10 billion tons are
produced worldwide each year, requiring enormous
natural resources. Also, it has been estimated that
the production of 1 ton of portland cement causes
the release of 1 ton of carbon dioxide (CO2) into
the atmosphere, a gas that is known to contribute to
global warming. Together with the large amounts of
energy required to produce portland cement, the ce-
ment and concrete industry has a major impact on
the environment worldwide. Efforts are underway
to reduce this impact and transform the industry to
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conform to the principles of sustainable develop-
ment. The most significant step is the replacement
of portland cement by other cementitious or poz-
zolanic materials, preferably materials that are by-
products of industrial processes, such as fly ash
(the by-product of coal-burning power plants) and
granulated blast furnace slag (a by-product of the
steel industry). To reduce the need for virgin aggre-
gate, recycled concrete is the most promising ap-
proach, because construction debris, in particular
demolished concrete, constitutes a major compo-
nent of solid waste that fills up sparse landfill ca-
pacity. These recent developments are much more
advanced in Europe and Japan than in the United
States. But the “green” building movement is gain-
ing momentum there as well, and for the concrete
industry to maintain its dominant position within the

construction industry, it is undertaking major efforts
to make concrete a more “green” material.

Christian Meyer
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EFFECTIVE USE OF CONCRETE
Concrete is a versatile building material made 
by mixing cement, water, coarse (stone) and 
fine (sand) aggregates. It is the cement and 
water that forms a paste which glues the 
aggregates together and enables the concrete 
to set into a hard, durable product. 

To obtain the maximum strength and durability 
from the product, it is necessary to follow some 
simple rules. These points are outlined in this 
guide. 

Materials
To produce good concrete it is necessary to use 
good quality materials. 

Cement 
For general use around the home, Type GP 
Grey and Type GB Premium Cements are both 
suitable. The cement should be stored in a 
well-aired, dry environment, stacked off of the 
ground.  Cement has a limited shelf life – do not 
use if it has become lumpy. 

Water
Water for use in a concrete mix must be clean, 
fresh and free from impurities. As a general rule, 
if the water is suitable for drinking (potable), it 
will be okay for making concrete. 

Aggregates 
Both coarse aggregates, such as crushed rock 
& gravel, and fine aggregates such as sand, 
should be strong, hard and clean. Do not use 
aggregates that have impurities, such as clay, 
as this will weaken the bond of the cement 
paste. 

Aggregates should be graded to contain a 
variety of sizes and should be stored so as to 
remain clean and dry. 

Coarse aggregate (also called metal) with a 
20mm maximum size is suitable for general 
concrete work. 

 
Sand for concrete should be concrete sand and 
not brickie’s or plasterer’s sand. 

Formwork
Formwork is the mould for the concrete and is 
usually made out of 25mm thick timber. Forms 
must be placed carefully and accurately with 
adequate bracing. Ensure that the formwork 
is smooth, clean and does not warp under 
the pressure of freshly poured concrete (fresh 

concrete can exert considerable pressure). 
All formwork should be lightly oiled with a 
proprietary form oil or release agent to aid 
removal once the concrete has set. When 
placing formwork keep in mind drainage. 
Formwork should be slightly lower on one side 
than the other so rainwater can run off.  

Reinforcing
When concrete is subject to very heavy loads or 
traffic it is wise to use steel or mesh re-inforcing.  
It is essential that the right amount of steel 
be used and that it is placed correctly in the 
concrete mass. Obtain further advice from your 
steel supplier. 

Mixes
Site Mixed Concrete 
When site mixing concrete, always measure 
materials by volume in a suitable container 
(i.e. a bucket). Do not measure by shovelfuls. 
For small quantities DryPak General Purpose 
Concrete can be used. 

Mechanical Mixing
Place one quarter of the water in the mixing 
bowl with the coarse aggregate. Next add the 
sand, cement and remainder of the water. 
Mixing should continue for at least three minutes 
or until the mixture is uniform in colour and 
texture. 

Hand Mixing
The coarse aggregate, sand and cement should 
be thoroughly mixed to a uniform colour prior 
to adding the water. The water is then sprinkled 
over the mix which needs to be frequently 
turned until the materials have combined into a 
plastic mass of even colour and consistency. 

Note:  Concrete should be placed within half an 
hour of mixing. 

Pre-mixed Concrete
Pre-mixed concrete is available throughout 
metropolitan areas and in most country towns. 
It is supplied in quantities from 0.2m3. When 
ordering from the manufacturer, state the 
purpose for which the concrete is required, the 
quantity and the time of delivery. It is essential 
with pre-mixed concrete to begin placing and 
compacting the concrete as soon as the truck 
arrives.

It takes approximately 30 – 60 minutes for two 
experienced men to place 1m3 of pre-mixed 
concrete. This is a useful guide to estimate the 
time for a job.

TYPE GP
GREY

CEMENT
50 bags = 1 tonne net

Concrete Guide  

DryPak General Purpose 
Concrete

DryPak General Purpose 
Concrete is a premium 
grade pre-packed dry-mixed 
concrete designed for 
medium strength applications 
and is available in 20kg 
and 30kg bags for ease of 
handling. 

This 25MPa concrete is 
suitable for non-structural applications such as 
garden paths, borders,stepping stones, post 
fixing and light duty foundations. 

It requires only the addition of clean water and 
mixing prior to use. On a clean surface, slowly 
add the water whilst mixing until a uniform, 
workable consistency is obtained. 

DryPak General Purpose Concrete 
Guide

Application
Placing
Concrete should be placed in its final position 
as soon as possible after mixing or arrival on 
site. Moving of the concrete should be kept to a 
minimum, and always by use of a shovel rather 
than allowing the concrete to flow into place. 
Ensure that the concrete is placed on a firm 
compacted base and it is advised that you lightly 
soak the area to avoid excessive moisture loss.

Compacting
Compacting of concrete is necessary to 
minimise the number of voids. Voids in concrete 
decrease the overall strength. Compaction can 
be achieved by rodding or adequate tamping 
of the surface if mechanical vibrators are not  
available. For concrete 100mm or less in depth, 
a chopping/sawing motion across the surface 
with a surcharge of concrete in front of the 
board can provide adequate compaction.  

For larger concrete jobs the use of a poker 
vibrator may be necessary to ensure that the 
concrete gets into the corners and is well 
compacted. 

Mix

A
B

Cement

1
1

Sand

2
2

3
4

2
2

Coarse
Aggregate

A

B

High structural concrete for thin reinforced walls, slender reinforced 
columns, fence posts and heavy duty floors.

Commonly adopted mixture for reinforced concrete beams, floors 
slabs, driveways, paths and footings for domestic buildings or walls

Mix Concrete Use

Water (Bucket)
Per Bucket
Of Cement

Parts By Volume

just
add

water

 CEMENT, SAND, AGGREGATE
Ideal for Pathways, Posts & Making Slabs

WARNING: HAZARDOUS
This product may contain crystalline silica.  
Read safety instructions before opening this bag .

SEE OVER FOR INSTRUCTIONS

20kg

30kg

Bag Size Max Water
Per Bag

Yield
Per Bag

Bags/m2

@ 50mm
Thick

Bags/m2

@ 100m
Thick

Bags/m2

@ 150m
Thick

Bags/m3

2.0 litres

3.0 litres

8.5 litres

13.0 litres

6

4

12

8

18

12

118

77



Finishing
After placing and compacting of the concrete, 
it should be screeded level and floated quickly 
to ensure a flat, level finish. Be careful not to 
overwork the surface. After the initial finishing, 
water will come to the surface of the concrete.

This is known as bleed water. No final finishing 
should be done until the bleed water has dried 
up. If evaporation is slow, the bleed water 
can be removed by dragging a hose across 
the surface. Never add cement powder to the 
surface to absorb water. 

Once the bleed water has dissipated and the 
concrete can withstand the weight of a person 
on knee boards, finishing can commence. 
There are different types of finishes available, 
but the most common are smooth and non-slip. 
A smooth surface is best achieved by using a 
steel trowel after finishing with a wooden float. A 
non-slip surface is best achieved by dragging a 
stiff yard broom over the surface after finishing 
with a wooden float. It is a good idea to cut 
joints and edges into the concrete slab – this 
achieves two things: reduces the likelihood of 
cracking across your slab and also prevents the 
concrete chipping away at the edges.

Using a jointing tool, control joints should be 
introduced into your slab at regular intervals. 
Cut your joints towards pipes or post work as 
this is where your concrete is most likely to 
crack. It is advised that you use a straight edge 
or your screed board to ensure you end up with 
nice straight cuts. Once all joints have been cut 
use an edging tool to smooth out all edges on 
your slab. 

Curing
Concrete must be protected against loss of 
moisture as soon as the surface is sufficiently 
hard to resist damage. This process is known 
as curing. A recommended method is to cover 
the concrete with plastic sheeting preventing 
moisture loss. Avoid wind uplift by securing the 
edges of the sheet. It is recommended that the 
surface of the concrete be periodically wetted 
down to reduce the risk of premature drying. 

Another popular method of curing is known as 
ponding. This is achieved by building up the 
edges with sand and gently filling with water. 

Concrete should be cured for a minimum of 7 
days, and longer under some circumstances, 
and at no stage throughout the seven days 
should the concrete be allowed to dry out. 
Formwork should be kept in place during the 
curing period to help protect the edges of your 
slab. Contact your concrete or cement supplier 
if unusual conditions exist.

Concrete Colour
Concrete may be coloured in the following ways:

Cement
Cement is produced in grey, off-white and white, 
and will have a direct effect on the colour of the 
surface finish. 

Pigments
Mineral oxides provide the most suitable 
pigments, as other colouring agents are likely 
to fade and reduce strengths of concrete. 
The mineral oxide powder needs to be 

homogeneously mixed with the cement powder 
before water is added – this will ensure that 
the colour is thoroughly dispersed throughout 
the concrete mix. As a guide, the amount of 
oxide powder required will generally be 5 – 8 
percent of the weight of the cement powder in 
the mix. For more information contact your local 
hardware store. 

Coloured Concrete Topping 
After laying and spreading the normal concrete 
base and before final set occurs, the coloured 
topping mix should be applied. A mixture of 1 
part cement-oxide blend to 3 parts sand are 
mixed to a trowel consistency and placed as a 
topping over the still wet concrete. The surface 
is then finished and cured to normal good 
concrete practices as outlined above. 

Concreting In Hot 
Weather
Once the air temperature reaches 30oC it is 
advisable to delay concreting until the weather 
cools down. If the job cannot be delayed the 
following precautions must be taken: 

•  Keep raw materials out of the 
 heat.

• Cool coarse aggregates by   
 keeping them damp before 
 mixing.

• Provide shade and wind breaks 
 to work area.

• Dampen ground prior to placing 
 concrete.

• Cure concrete for a minimum of 
 10 days.

• Avoid delays once concrete 
 placement has commenced.

• Contact your cement or concrete 
 supplier if unusual circumstances 
 exist.

• Keep mixing time to the minimum 
 necessary for uniform 
 consistency.

• Place concrete in the early 
 morning or coolest part of the 
 day.

• Reduce the temperature of the 
 mix water.

• Use a cement with a lower heat 
 of hydration (i.e. Type GB 
 Premium Cement).

Concreting In Cold 
Weather
Once the air temperature falls below 10oC and 
the concrete temperature drops under 5oC it is 
advisable to delay concreting until the weather 
heats up. If the job cannot be delayed the 
following precautions must be taken: 

• Protect concrete from cold and  
 frost by covering over night.

• Never lay concrete on frozen 
 ground.

• Keep raw materials warm.

• Retain heat in concrete during 
 curing.

• Heating the mix water.

• Use a higher cement content in 
 your concrete.

• Use a higher early strength 
 cement  (i.e. Type HE Grey 
 Cement).

• Use accelerating admixtures if  
 available.

• Protect the concrete slab from 
 cold winds by covering with a 
 plastic sheet.

The complete “Users Guide” is available from 
most leading hardware and cement suppliers.

USERS GUIDE
Ideal for home improvements

SEE INSIDE FOR INSTRUCTIONS

WARNING: ADDICTIVE
This product may contain tutorials.
Once do-it-yourself projects have been attempted
you may find yourself addicted to home impr ovements.

Adelaide Brighton Cement Limited

CEMENT LIME &

EFFECTIVE USE OF CONCRETE
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Chapter Two 

Types of Cement 

The properties of cement during hydration vary according to: 

 Chemical composition 

 Degree of fineness 

It is possible to manufacture different types of cement by 
changing the percentages of their raw materials. 

Types of Cement  

 Portland cement 

 Natural cement 

 Expansive cement 

 High-alumina cement 

 

Types of Portland Cement  

 Ordinary Portland cement – Type Ι 

 Modified cement - Type ΙΙ 

 Rapid-hardening Portland cement – Type ΙΙΙ 

 Low heat Portland cement – Type ΙV 

 Sulfate-resisting Portland cement – Type V 

It is possible to add some additive to Portland cement to 
produce the following types: 

 Portland blastfurnace cement – Type ΙS 

 Pozzolanic cement -  Type ΙP 

 Air-entrained cement - Type ΙA 

 White Portland cement 
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 Colored Portland cement 

Ordinary Portland cement  

This type of cement use in constructions when there is no 
exposure to sulfates in the soil or groundwater. 

The chemical composition requirements are listed in Iraqi 
specification NO. 5., as shown below: 

 Lime Saturation Factor = 

 {CaO-0.7(SO3)}/ {2.8(SiO2)+1.2(Al2 O3)+0.65(Fe2O3)} 

L.S.F. is limited between 0.66-1.02 

Where each term in brackets denotes the percentage by 
mass of cement composition. 

This factor is limited – to assure that the lime in the raw materials, 
used in the cement manufacturing is not so high, so as it cause the 
presence of free lime after the occurrence of chemical 
equilibrium. While too low a L.S.F. would make the burning in 
the kiln difficult and the proportion of C3S in the clinker would be 
too low. 

Free lime – cause the cement to be unsound. 

 Percentage of (Al2O3/Fe2O3) is not less than 0.66 

 Insoluble residue not more than 1.5% 

 Percentage of SO3 limited by 2.5% when C3A≤7%, 
and not more than 3% when C3A>7% 

 Loss of ignition L.O.I. – 4% (max.) 

 Percentage of MgO - 5% (max.) 

 Fineness – not less than 2250 cm2/g 
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Rapid Hardening Portland Cement  

 This type develops strength more rapidly than ordinary 
Portland cement. The initial strength is higher , but they 
equalize at 2-3 months 

 Setting time for this type is similar for that of ordinary 
Portland cement 

 The rate of strength gain occur due to increase of C3S 
compound, and due to finer grinding of the cement clinker ( 
the min. fineness is 3250 cm2/g (according to IQS 5) 

 Rate of heat evolution is higher than in ordinary Portland 
cement due to the increase in  C3S and C3A, and due to its 
higher fineness 

 Chemical composition and soundness requirements are 
similar to that of ordinary Portland cement 

 Uses  

a) The uses of this cement is indicated where a rapid 
strength development is desired (to develop high early 
strength, i.e. its 3 days strength equal that of 7 days 
ordinary Portland cement), for example: 

i) When formwork is to be removed for re-use 

ii) Where sufficient strength for further construction 
is wanted as quickly as practicable, such as 
concrete blocks manufacturing, sidewalks and the 
places that can not be closed for a long time, and 
repair works needed to construct quickly. 

b) For construction at low temperatures, to prevent the 
frost damage of the capillary water. 

c) This type of cement does not use at mass concrete 
constructions. 
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Special Types of Rapid Hardening Portland Cement 

A- Ultra High Early Strength Cement  

The rapid strength development of this type of cement is achieved 
by grinding the cement to a very high fineness: 7000 to 9000 
cm2/g. Because of this, the gypsum content has to be higher (4 
percent expressed as SO3). Because of its high fineness, it has a 
low bulk density. High fineness leads to rapid hydration, and 
therefore to a high rate of heat generation at early ages and to a 
rapid strength development ( 7 days strength of rapid hardening 
Portland cement can be reached at 24 hours when using this type of 
cement). There is little gain in strength beyond 28 days. 

It is used in structures where early prestressing or putting in service 
is of importance. 

This type of cement contains no integral admixtures. 

B- Extra Rapid Hardening Portland Cement  

This type prepare by grinding CaCl2 with rapid hardening Portland 
cement. The percentage of CaCl2 should not be more than 2% by 
weight of the rapid hardening Portland cement. 

By using CaCl2: 

 The rate of setting and hardening increase (the mixture is 
preferred to be casted within 20 minutes). 

 The rate of heat evolution increase in comparison with rapid 
hardening Portland cement, so it is more convenient to be 
use at cold weather. 

 The early strength is higher than for rapid hardening 
Portland cement, but their strength is equal at 90 days. 

 Because CaCl2 is a material that takes the moisture from the 
atmosphere, care should be taken to store this cement at dry 
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place and for a storage period not more than one month so as 
it does not deteriorate. 

         

Low Heat Portland Cement  

Composition  

It contains less C3S and C3A percentage, and higher percentage of C2S in 
comparison with ordinary Portland cement. 

Properties  

1) Reduce and delay the heat of hydration. British standard (B. S. 
1370 : 1974) limit the heat of hydration of this cement by: 

 60 cal/g at 7 days age 

 70 cal/g at 28 days age 

2) It has lower early strength (half the strength at 7 days age and two 
third the strength at 28 days age) compared with ordinary Portland 
cement. 

3) Its fineness is not less than 3200 cm2/g (according to B. S. 1370: 
1974). 
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Uses  

It is used in mass concrete constructions: the rise of temperature in mass 
concrete due to progression in heat of hydration -- cause serious cracks. 
So it is important to limit the rate of heat evolution in this type of 
construction, by using the low heat cement. 

 

Sulfate- resisting Cement  

Composition  

It contains: 

 Lower percentage of C3A and C4AF – which considers as the most 
affected compounds by sulfates. 

 Higher percentage of silicates – in comparison with ordinary 
Portland cement. 

 For this type of cement – C2S represents a high proportion of the 
silicates. 

 Iraqi specification no. (6) limits – max. C3A content by 3.5% 

                                                   _ min. fineness by 2500 cm2/g 
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Properties  

 Low early strength. 

 Its resulted heat of hydration is little higher than that resulted from 
low heat cement. 

 Its cost is higher than ordinary Portland cement – because of the 
special requirements of material composition, including addition of 
iron powder to the raw materials. 

 

For the hardened cement, the effects of sulfates are on two types:  

1- Hydrated calcium aluminates in their semi-stable  hexagonal form  
(before its transformation to the stable state – C3AH6 as cubical 
crystal form – which have high sulfate resistance) react with 
sulfates (present in fine aggregate, or soil and ground water), 
producing hydrated calcium sulfoaluminate, leading to increase in 
the volume of the reacted materials by about 227% causing gradual 
cracking. 

2- Exchange between Ca(OH)2 and sulfates resulting gypsum, and 
leading to increase in the volume of the reacted materials by about 
124%. 

 The cure of sulfates effect – is by using sulfate-resisting cement. 

 The resultant of reaction C4AF with sulfates is calcium 
sulfoaluminate and calcium sulfoferrite, leading to expansion. 

But an initial layer will form which surround the free C3A leading 
to reduce its affect by sulfates, so  C4AF is more resistant to 
sulfates effect than C3A. 
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Portland Blastfurnace Cement  

Production  

  This type of cement consists of an intimate mixture of Portland cement 
and ground granulated blastfurnace slag. 

Slag – is a waste product in the manufacture of pig iron. 

Chemically, slag is a mixture of 42% lime, 30% silica, 19% alumina, 5% 
magnesia, and 1% alkalis, that is, the same oxides that make up Portland 
cement but not in the same proportions. 

The maximum percentage of slag use in this type of cement is limited by 
British standard B.S. 146: 1974 to be 65%, and by American standard 
ASTM C595-76 to be between 25-65%. 

Properties  

- Its early strength is lower than that of ordinary cement, but their 
strength is equal at late ages (about 2 months). 

- The requirements for fineness and setting time and soundness are 
similar for those of ordinary cement (although actually its fineness 
is higher than that of ordinary cement). 

- The workability is higher than that of ordinary cement.  

- Heat of hydration is lower that of ordinary cement. 

- Its sulfate resistance is high. 

Uses  

- Mass concrete 

- It is possible to be use in constructions subjected to sea water 
(marine constructions). 

- May not be use in cold weather concreting. 
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Pozzolanic Cement  

Production  

  This type of cement consists of an intimate mixture of Portland cement 
and pozzolana. 

  American standard limit the pozzolana content by 15-40% of Pozzolanic 
cement. 

Pozzolana, according to American standard ASTM C618, can be defined 
as – a siliceous or siliceous and aluminous material which in itself 
possesses little or no cementitious value but will, in finely divided form 
and in the presence of moisture, chemically react with calcium hydroxide 
at ordinary temperatures to form compounds possessing cementitious 
properties. 

It is essential that pozzolana be in finely divided state as it is only then 
that silica can combine with calcium hydroxide (produced by the 
hydrating Portland cement) in the presence of water to form stable 
calcium silicates which have cementitious properties. 
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Types of Pozzolana  

- Natural Pozzolanic materials, such as – volcanic ash 

- Industrial Pozzolanic materials, such as – fired clay, rice husks ash 

Properties & Uses  

They are similar to those of Portland blastfurnace cement. 

 

White Cement  

White Portland cement is made from raw materials containing very little 
iron oxide (less than 0.3% by mass of clinker) and magnesium oxide 
(which give the grey color in ordinary Portland cement). China clay 
(white kaoline) is generally used, together with chalk or limestone, free 
from specified impurities. 

- Its manufacture needs higher firing temperature because of the 
absence of iron element that works as a catalyst in the formation 
process of the clinker. In some cases kreolite (sodium-aluminum 
fluoride) might be added as a catalyst (عامل مساعد ) . 

- The compounds in this cement are similar for those in ordinary 
Portland cement, but C4AF percentage is very low. 

- Contamination of the cement with iron during grinding of clinker 
has also to be avoided. For this reason, instead of the usual ball 
mill, the expensive nickel and molybdenum alloy balls are used in 
a stone or ceramic-lined mill. The cost of grinding is thus higher, 
and this, coupled with the more expensive raw materials, makes 
white cement rather expensive. 

- It has a slightly lower specific gravity (3.05-3.1), than ordinary 
Portland cement. 

- The strength is usually somewhat lower than that of ordinary 
Portland cement. 
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- Its fineness is higher (4000-4500 cm2/g) than ordinary Portland 
cement. 

Other Cements  

1- Colored Portland Cement  

It is prepared by adding special types of pigments to the Portland cement. 
The pigments added to the white cement (2-10% by weight of the 
cement) when needed to obtain light colors, while it added to ordinary 
Portland cement when needed to obtain dark colors. 

 The 28-day compressive strength is required to be not less than 90% of 
the strength of a pigment-free control mix, and the water demand is 
required to be not more than 110% of the control mix. 

  It is required that pigments are insoluble and not affected by light. They 
should be chemically inert and don't contain gypsum that is harmful to 
the concrete. 

2- Anti-bacterial Portland Cement  

It is a Portland cement interground with an anti-bacterial agent which 
prevents microbiological fermentation. This bacterial action is 
encountered in concrete floors of food processing plants where the 
leaching out of cement by acids is followed by fermentation caused by 
bacteria in the presence of moisture. 

3- Hydrophobic Cement  

It is prepared by mixing certain materials ( stearic acid, oleic acid, … etc 
by 0.1-0.4%) with ordinary Portland cement clinker before grinding, to 
form water repellent layer around the cement particles, so as the cement 
can be store safely for a long period. This layer removes during mixing 
process with water. 

4- Expansive Cement  

It has the property of expanding in its early life so as to counteract 
contraction induced by drying shrinkage. 



CONCRETE



What is Concrete?

 Concrete is one of the most commonly 
used building materials.

 Concrete is a composite material made 
from several readily available constituents
(aggregates, sand, cement, water).

 Concrete is a versatile material that can 
easily be mixed to meet a variety of 
special needs and formed to virtually any 
shape.



Advantages

 Ability to be cast

 Economical

 Durable

 Fire resistant

 Energy efficient

 On-site fabrication



Disadvantages

 Low tensile strength

 Low ductility

 Volume instability

 Low strength to weight ratio



Cement

Water 

Fine Agg

Coarse Agg

Admixtures

Constituents



PROPERTIES OF FRESH 
CONCRETE

 Workability

 Consistency

 Segregation

 Bleeding

 Setting Time

 Unit Weight

 Uniformity



WORKABILITY

 It is desirable that freshly mixed concrete 
be relatively easy to transport, place, 
compact and finish without harmful 
segregation. A concrete mix satisfying 
these conditions is said to be workable.



Factors Affecting Workability

 Method and duration of transportation

 Quantity and characteristics of cementing 
materials

 Aggregate grading, shape and surface texture

 Quantity and characteristics of chemical 
admixtures

 Amount of water

 Amount of entrained air

 Concrete & ambient air temperature



WORKABILITY

 Workability is the most 
important property of freshly 
mixed concrete. 

 There is no single test 
method that can 
simultaneously measure all 
the properties involved in 
workability. 

 It is determined to a large 
extent by measuring the 
“consistency” of the mix.



 Consistency is the fluidity or degree of 
wetness of concrete. 

 It is generally dependent on the shear 
resistance of the mass. 

 It is a major factor in indicating the 
workability of freshly mixed concrete.

CONSISTENCY



Test methods for measuring consistency are:

 Flow test → measures the amount of flow

 Kelly-Ball test → measures the amount of 

penetration

 Slump test (Most widely used test!)

CONSISTENCY



 Slump Test is related with the ease with 
which concrete flows during placement 
(TS 2871, ASTM C 143)



= 10 cm

= 20 cm

= 30 cm

The slump cone is filled in 3 
layers. Every layer is evenly 

rodded 25 times.





 Segregation refers to the seperation of the 
particles of a mix so that there is no uniform 
distribution. 

Sp.Gr. Size

Cement 3-3.15 5-80 mm

C.Agg. 2.4-2.8 5-40 mm

F.Agg. 2.4-2.8 < 5 mm

SEGREGATION

 The primary causes of 
segregation are 
differences in specific 
gravity and size of 
constituents of concrete. 
Moreover, improper 
mixing, improper placing 
and improper 
consolidation also lead to 
segregation.





 Bleeding is the tendency of water to rise to 
the surface of freshly placed concrete. 

 It is caused by the inability of solid 
constituents of the mix to hold all of the 
mixing water as they settle down.

BLEEDING



Undesirable effects of bleeding are:
• With the movement of water towards the top, the 

top portion becomes weak & porous (high w/c). 
Thus the resistance of concrete to freezing-
thawing decreases.

• Water rising to the surface carry fine particles of 
cement which weaken the top portion and form 
laitance. This portion is not resistant to abrasion.

• Water may accumulate under the coarse agg. and 
reinforcement. These large voids under the 
particles may lead to weak zones and reduce the 
bond between paste and agg. or paste and 
reinforcement. 

BLEEDING



The tendency of concrete to bleeding 
depends largely on properties of cement. 
It is decreased by:

 Increasing the fineness of cement

 Increasing the C3S, C3A and alkalies

 Adding pozzolans

 Reducing water content

BLEEDING



MIXING OF CONCRETE

 The aim of mixing is to blend all of the 
ingredients of the concrete to form a 
uniform mass and to coat the surface of 
aggregates with cement paste.

 Two methods:

1. Ready-Mix concrete: In this type 
ingredients are introduced into a mixer 
truck & mixed during transportation to the 
site. Water is added at the very end.



MIXING OF CONCRETE

 Ready-Mix concrete: In this type 
ingredients are introduced into a mixer 
truck and mixed during transportation to 
the site. 

• Wet – Water added before transportation

• Dry – Water added at site

 Mixing at the site

• Hand mixed

• Mixer mixed



Ready Mix Concrete



Mixing at Site



Mixing time should be sufficient to produce 
a uniform concrete. The time of mixing 
depends on the type of mixer and also to 
some properties of fresh concrete.

 Undermixing → not homogeneous

 Overmixing → danger of water loss & 

entrapped air.

MIXING OF CONCRETE



VIBRATION OF CONCRETE

 The process of compacting concrete 
consists essentially of the elimination of 
entrapped air. This can be achieved by:

 Tamping or rodding the concrete

 Vibration 

1. Internal vibrator: The poker is immersed 
into concrete to compact it. The frequency 
of vibration is 4000-12000 cycles/min. The 
poker is easily removed from point to 
point.



Internal 
Vibration

d

1½ R

Vibrator

Radius of Action



Internal Vibrators

Diamet
er

of 
head,

mm 
(in.)

Recommend
ed 

frequency, 
vibrations 
per minute

Approxima
te radius 
of  action, 
mm (in.)

Rate of 
placemen

t,m3/h 
(yd3/h) Application

20-40
(3/4-
1½)

9000-
15,000

80-150
(3-6)

0.8-4
(1-5)

Plastic and flowing 
concrete in thin 
members. Also 

used for lab test 
specimens.

30-60
(1¼-
2½)

8500-
12,500

130-250
(5-10)

2.3-8
(3-10)

Plastic concrete in 
thin walls, 

columns, beams, 
precast piles, thin 
slabs, and along 

construction 
Adapted from ACI 309



Systematic Vibration 
of Each New Lift

CORRECT

Vertical penetration a few inches into 

previous lift (which should not yet be 

rigid) of systematic regular intervals 

will give adequate consolidation

INCORRECT

Haphazard random penetration of the 

vibrator at all angles and spacings 

without sufficient depth will not assure 

intimate combination of the two layers



External 
Vibration
 Form vibrators

 Vibrating tables

 Surface vibrators

– Vibratory screeds

– Plate vibrators

– Vibratory roller 
screeds

– Vibratory hand floats 
or trowels



Consolidating 
Concrete

Inadequate consolidation 
can result in:
– Honeycomb

– Excessive amount of 
entrapped air voids 
(bugholes)

– Sand streaks

– Cold joints

– Placement lines

– Subsidence cracking



1. Internal Vibrators: Rate of withdrawal of poker 
is around 8 cm/sec to prevent air entrance. The 
actual completion of vibration is judged by the 
appearance of the concrete surface which must 
be neither rough nor contain excess cement 
paste.



2. External vibrators: are rigidly clamped to the 
formwork so that both the form & concrete are 
subjected to vibration. A considerable amount 
of work is needed to vibrate forms. Forms 
must be strong & tied enough to prevent 
distortion & leakage of the grout.



3. Vibrating Table: used for small amounts 
of concrete (lab. & some precast 
elements)



CURING OF CONCRETE

 Properties of concrete can improve with age 
as long as conditions are favorable for the 
continued hydration of cement. These 
improvements are rapid at early ages & 
become more slow for an indefinite period 
of time.

 Curing is the procedures used for promoting 
the hydration of cement and consists of a 
control of temperature & of the moisture 
movement from & into the concrete.



 The aim of curing is to keep concrete saturated 
or as nearly saturated as possible because 
hydration reactions can take place in only 
saturated water filled capillaries. So, it is 
necessary to add some water to replace the 
water lost by evaporation.



Curing Methods

1. Methods which supply additional water to 
the surface of concrete during early 
hardening stages.

– Ponding

– Sprinkling

– Using wet covers



Curing Methods

2. Methods that prevent loss of moisture from 
concrete by sealing the surface.

 Water proof papers

 Use liquid membrane-forming compounds

 Forms left in place



3. Methods that accelerate strength gain by 
supplying heat & moisture to the concrete.

 By using live steam (steam curing)

 Heating coils.

Curing Methods
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CHAPTER THREE: 
MIX DESIGN 
 
MIX DESIGN 
 

The concrete mix design (CMD) for QC/QA superstructure concrete must 
produce a workable concrete mixture having properties that will not 
exceed the maximum and/or minimum values defined in the special 
provision.  Workability in concrete defines its capacity to be placed, 
consolidated, and finished without harmful segregation or bleeding.  
Workability is affected by aggregate gradation, particle shape, 
proportioning of aggregate, amount and qualities of cementitious 
materials, presence of entrained air, amount and quality of high range 
water reducer, and consistency of mixture. 

 
Consistency of the concrete mixture is its relative mobility and is 
measured in terms of slump.  The higher the slump the more mobile the 
concrete, affecting the ease with which the concrete will flow during 
placement.  Consistency is not synonymous with workability. Two 
different mix designs may have the same slump; however, their 
workability may be different. 

 
Selection of target parameters by the contractor for any mix design must 
consider the influence of the following: 

 
1. material availability and economics 
 
2. variability of each material throughout period of usage 
 
3. control capability of production plant 
 
4. ambient conditions expected at the time(s) of concrete 

placement 
 
5. logistics of concrete production, delivery, and placement 
 
6. variability in testing concrete properties 
 
7. generation of heat in large structural elements and 

differential in thermal gradient (i.e. 2 - 3 ft thick and 
cement content above 600 lb/yd3) 
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The qualities of the cementitious paste provide a primary influence on the 
properties of concrete.  Proper selection of the cementitious content and 
water/cementitious ratio is dependent on the experience of the concrete 
producer and becomes a very important first step in preparing a design.  
For workable concrete, a higher water cementitious ratio is typically 
required when aggregate becomes more angular and rough textured.  The 
presence of air, certain pozzolans, and aggregate proportioning will work 
to lower the water cementitious ratio; however the most significant 
reduction in water demand comes through the use of a high range water 
reducing chemical admixture. 

 
Water/cementitious ratio is determined from the net, per unit, quantity of 
water and total cementitious materials (by weight).  The net water content 
excludes water that is absorbed by the aggregates.  For a given set of 
materials and conditions, as water/cementitious ratio increases, strength 
and unit weight will decrease.  Compressive strength is a concrete 
parameter used in combination with unit weight and air content to evaluate 
the durability of the superstructure concrete's exposure to freeze / thaw 
action, and exposure to deicing salts.  It is important to note that the 
designer of the bridge structure does not recognize the benefit of increased 
compressive strength.  The slab still relies on a minimum design 
compressive strength (f'c) of 4000 psi at 28-days. 

 
Proportioning of aggregates is defined by the volume of fine aggregate to 
the volume of coarse aggregate, as a percent.  The lower percentage of 
fine to total aggregate provides an increase in compressive strength at the 
expense of workability.  The gradation, particle shape and texture of the 
coarse aggregate along with fineness modulus of the fine aggregate will 
determine how low the fine to total aggregate percentage can be for a 
given workability requirement. 

 
MIXING PROPORTIONING 
 

Once the cement content, pozzolan content, water/cementitious ratio, and 
fine to total aggregate percentage are defined for the concrete's intended 
use in the superstructure, proportioning of the mix in terms of design batch 
weights can begin.  Specific gravities must be accurately defined for each 
material being utilized in order to proportion the mix properly by the 
absolute volume method.  Cement is typically accepted as having a 
specific gravity of 3.15.  Pozzolans will typically vary between 2.22 and 
2.77 depending on the type of pozzolan (fly ash, GGBFS, silica fume) and 
its source.  Pozzolan suppliers should readily be able to provide current 
values for their material.  Approximate specific gravities are identified for 
each source on the Department's Approved/Prequalified Materials list; 
however, they should not be considered the most current. 
 
Bulk specific gravity, in the saturated surface dry condition, must be used 
to proportion the fine and coarse aggregate.  Accurate testing of one or 
more samples of fine and coarse aggregate must be accomplished by the 
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Contractor as part of any proportioning for a mix design.  It is of great 
benefit to identify the geologic ledges from which a crushed stone coarse 
aggregate is produced.  Subsequent shifts in benching at the aggregate 
source may cause significant shifts in bulk specific gravity and absorption. 
These are important aggregate properties to monitor as part of concrete 
quality control. 

 
Proportioning concrete by the absolute volume method involves 
calculating the volume of each ingredient and its contribution to making 
one yd3 or 27 ft3 of concrete.  Volumes are subsequently converted to 
design weights, which then become the basis for actual production of 
concrete from the plant.  For cementitious materials and water, the weight 
to volume conversion is accomplished by dividing the weight (lbs) by the 
specific gravity of the material and again dividing by the density of water 
(62.27 lbs/ft3 at 73.4 °F).  Converting from volume to weight is 
accomplished simply by taking the known volume (ft3) of the ingredient 
and multiplying by the specific gravity of the ingredient and again 
multiplying by the density of water (62.27 lbs/ft3 at 73.4 °F).  Volume to 
weight conversions for aggregates are accomplished by the same series of 
computations; however, bulk specific gravity (SSD) must be used.  The 
target air content is established at 6.5% by the special provision, which 
converts to a volume of 1.76 ft3 within a cubic yard of concrete. 

 
  Instructions for Page 1 of Mix Design & Proportioning Worksheets 
 

A worksheet entitled "Mix Design & Proportioning QC/QA 
Superstructure Concrete" has been developed and is included in Appendix 
D, under tab 11 of this manual.  Use of this form by the Contractor and  
Department will provide an easy means to proportion a mix by the 
absolute volume method and validate compliance, thereby helping to 
eliminate delays due to errors and/or oversight of the specification 
requirements. 

 
An example of proportioning a mix design through use of this form is 
detailed in Table 3.1.  The contractor establishes the initial parameters for 
a mix design and serves as the starting point for subsequent proportioning 
calculations. 
 
The initial step in proportioning the mix design is to calculate the water 
content per cubic yard of concrete.  This is accomplished by multiplying 
the total cementitious content by the water/cementitious ratio.  It should be 
noted that space was intentionally provided on the form to allow room for 
computations. 

 
   Example:  658 x 0.395 = 260 lbs water content 
 

There is now sufficient information to begin entering known weights, 
volumes, and specific gravities into the second table.  Table 3.2 illustrates 
the results for the example problem. 
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Initial Parameters for  yd3 Concrete  

Target Cement Content, lbs 658 
Target Pozzolan Content, lbs 0 
Target Silica Fume Content, lbs 0 
Target Water / Cementitious Ratio, by wt. 0.395 
Target Cement / Pozzolan Ratio, by wt. Infinity 
Target % Silica Fume 0.0 
100 FA / FA+CA, Target, % by volume 41.7 
FA Bulk Sp. Gr. (SSD) 2.632 
FA Absorption, % 2.00 
CA Bulk Sp. Gr. (SSD) 2.711 
CA Absorption, % 1.40 

 

                                     Table 3.1 
 

 
 

Material 
 

Size, 
Type 

or Class 

 
Source 

Design 
Batch Weights 

lbs 

Specific 
Gravity 

Absolute 
Volume 

ft3 
Cement Type I  658 3.150 3.35
Pozzolan ------- ----------------------------- -------- -------- --------
Silica Fume -------- ----------------------------- -------- -------- --------
FA #23 NS   2.632 
CA  #8 CS   2.711 
Water potable  260 1.000 4.18
Air entrained see table below 0 -NA- 1.76

∑ -NA- -NA-  -NA- 27.00
 

                                       Table 3.2 
 

The volume of total aggregates is now calculated by subtracting the 
volumes of other known ingredients (i.e. cement, pozzolan, silica fume, 
water, and air) from 27.00 cubic feet of concrete. 

 
Example: 27.00 - (3.35 + 4.18 + 1.76) = 17.71 ft3 total aggregates 

 
The percentage of fine to total aggregate is divided by 100 to produce the 
decimal equivalent, and then multiplied by the total aggregate volume to 
determine the volume of fine aggregate only. 

 
Example:   17.71 ft3 x 0.417 = 7.39 ft3 fine aggregate 

 
The corresponding volume of coarse aggregate is determined by 
subtracting the known volume of fine aggregate from the known volume 
of total aggregate. 
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Example:  17.71 ft3 - 7.39 ft3 = 10.32 ft3 coarse aggregate 
 

These calculated values are now inserted in the appropriate cells of the 
table as shown in Table 3.3 by the values in boldface print. 

 
 

Material 
 

Size, 
Type 

or Class 

 
Source 

Design 
Batch Weights 

lbs 

Specific 
Gravity 

Absolute 
Volume 

ft3 
Cement Type I  658 3.150 3.35
Pozzolan ------- ---------------------------- -------- -------- --------
Silica Fume -------- ---------------------------- -------- -------- --------
FA #23 NS   2.632 7.39
CA  #8 CS   2.711 10.32
Water potable  260 1.000 4.18
Air entrained see table below 0 -NA- 1.76

∑ -NA- -NA-  -NA- 27.00
 

                       Table 3.3  
 

The volumes of fine and coarse aggregate are each converted to the design 
batch weight (lbs) based on saturated surface dry condition.  The design 
batch weights are added to obtain the total weight of ingredients required 
to make 27.00 ft3 of concrete at 6.5% target air content. Table 3.4 
illustrates tabulation of the example problem.   

 
 

Material 
 

Size, 
Type 

or Class 

 
Source 

Design 
Batch Weights 

lbs 

Specific 
Gravity 

Absolute 
Volume 

ft3 
Cement Type I  658 3.150 3.35
Pozzolan ------- ----------------------------- -------- -------- --------
Silica Fume -------- ----------------------------- -------- -------- --------
FA #23 NS  1211 2.632 7.39
CA  #8 CS  1742 2.711 10.32
Water potable  260 1.000 4.18
Air entrained see table below 0 -NA- 1.76

∑ -NA- -NA- 3871 -NA- 27.00
 

Table 3.4 
 
It should be noted that the volumes and weights of any water present in the 
admixtures are typically not included in the mix proportioning or in the 
water content determinations. 

 
 
LINEAR EQUATION OF UNIT WEIGHT vs. AIR CONTENT 
 

It is known that the unit weight of plastic concrete is inversely 
proportional to air content.  That is to say, as air content increases unit 
weight decreases.  This relationship becomes a very useful tool when 
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evaluating plastic concrete.  Unit weight and air content are properties of 
plastic concrete that can be easily and quickly measured in the field.  A 
unit weight measurement, at a known air content, that deviates excessively 
from the linear relationship provides information as to the possible 
deficiencies in the mix and potential effects on properties such as 
workability, durability, and strength. 

 
The linear equation to predict unit weight based on a given air content is 
presented below in directional form: 

 
    UW = m (Air) + b 
 

Where:   m  is the slope of line (also known as "rise/run") 
Air is the plastic concrete air content (independent variable, x-

coordinate or abscissa of point) 
       b   is the y-intercept 

UW is the plastic concrete unit weight (dependent variable, y-
coordinate, or ordinate of point) 

 
If all points (Air, UW) associated with the solution set of this linear 
equation were plotted on a graph, there would be a straight line as 
illustrated by Figure 3.1. This linear relationship can be determined for 
any concrete mix design. 
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  Instructions for Page 2 of  Mix Design & Proportioning Worksheets 
 
If at least two points (Air, UW) are known to be a solution to the equation, 
algebra can be utilized to solve for the two unknown variables (i.e. slope 
and y-intercept).  The form in Appendix D (under tab 11) entitled 
"WORKSHEET FOR CMD LINEAR EQUATION" provides the format 
in which two points can be defined and the equation determined 

 
The Cartesian coordinates (Air,UW) of one solution point is already 
available from the mix design. We can define this as Point 2 with 
coordinates (x2, y2). The value of x2 is the target air content of the mix 
design (i.e. x2 = 6.5 %). The value of y2 is the unit weight of the concrete 
stated in the mix design. This is determined by obtaining the summation of 
the design batch weights and dividing by the summation of design 
absolute volumes which will always be 27.00 ft3. The following example 
calculations for the worksheet are based on the mix design and 
proportioning values presented earlier in this chapter. 
 
Example: x2 = 6.5 % 

 y2 = ∑ Design Batch Weights ÷ 27.00 ft3 
 y2 = 3871 lbs ÷ 27.00 ft3 
 y2 = 143.4 lbs/ft3 (rounded to the first decimal place) 

 
A plot of the coordinates for Point 2 (x2 = 6.5, y2 = 143.4) is illustrated in 
Figure 3.2. It is important to note that the unit weight for Point 2 is 
calculated to the nearest 0.1 lbs/ft3. 
 
Point 1, representing the y-intercept having coordinates (x1, y1), must now 
be determined. This is accomplished by theoretically removing all the 
entrapped and entrained air from the mixture and calculating the concrete 
unit weight. The value of x1 is 0.0 % air content. The value of y1 is 
determined by again obtaining the summation of the design batch weights 
and divide by the summation of design absolute volumes except for 
entrapped or entrained air. This volume will always be 27.00 ft3 – 1.76 ft3 
= 25.24 ft3. The following example illustrates how the worksheet 
calculates the coordinates for Point 1. 
 
Example: x1 = 0.0 % 

 y1 = ∑ Design Batch Weights ÷ 25.24 ft3 
 y2 = 3871 lbs ÷ 25.24 ft3 
 y2 = 153.4 lbs/ft3 (rounded to the first decimal place) 

 
The Cartesian coordinates of Point 1, (x1 = 0.0, y1 = 153.4), is graphed 
along with Point 2 in Figure 3.3, to illustrate the example. Again note that 
the unit weight is calculated to the nearest 0.1 lbs/ft3. 
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It is important to remember that as air is removed from concrete the 
individual weights of cementitious materials, fine aggregate, coarse 
aggregate, and water no longer represent amounts relative to 1.000 yd3 of 
concrete. Concrete without the 6.5% target air content (1.76 ft3) would 
only yield 0.9348 yd3 of concrete. The actual cement and water contents 
per 1.000 yd3 concrete would increase as a result of the under yielding. If 
air content increases over the 6.5 % target, the actual cement and water 
contents per 1.000 yd3 would be less as a result of the over yielding. 
However, in either case the water cementitious ratio and fine to total 
aggregate ratio remain unchanged. 
 

 
From the x and y coordinates of Points 1 & 2, there is now enough 
information to solve for the variables of slope and y-intercept in the linear 
equation. The worksheet calculation for slope, also known as "rise / run", 
is exemplified as follows: 
 
Example: 
slope = m = (y2 − y1) / (x2 − x1) 
  m = (143.4 – 153.4) / (6.5 – 0.0) 
  m = (⎯ 10.0) / (6.5) 
  m = ⎯ 1.54  (negative value, rounded to second decimal place) 
 
It is important to note that slope will always be negative since unit weight 
is inversely proportional to air content. 
 
The y-intercept value (b) is simply the ordinate of Point 1, which has 
already been determined. In the example problem, the worksheet would 
show the solution b as follows: 
 
Example: 
y-intercept = b = y1  
                      b = 153.4 lbs/ft3  
 
The calculated and rounded values for slope and y-intercept can now be 
inserted in the linear equation for the variables m and b, respectively. The 
linear equation can now be written for the concrete mix design. The 
numbers from the example result in the following: 
 
Example: 
Predicted Unit Weight = m (Air) + b 
Predicted Unit Weight = ⎯ 1.54(Air) + 153.4 
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THRESHOLD FOR MAXIMUM ALLOWABLE WATER / CEMENTITIOUS RATIO 
 
Just as concrete unit weight is affected by changes in air content, it is also 
affected by the amount of water that is available to react with cementitious 
materials.  As the amount of water increases the water/cementitious ratio 
also increases, producing concrete of inferior quality.  This serves to lower 
the concrete unit weight at any given air content.  Since the maximum 
allowable water/cementitious ratio for QC/QA superstructure concrete is 
0.420, a threshold line or limit can be determined. This threshold line 
would be parallel to the linear equation for the mix design (i.e. same 
slope); however, the unit weight would be lower (i.e. lower y-intercept).  
The threshold limit has relevancy to results from quality control as well as 
Acceptance sampling and testing.  Should the measured unit weight at any 
given air content be at or lower than the threshold, it could indicate that 
the maximum allowable water cementitious ratio was exceeded. It is 
important to understand that quality control works to center production 
about the linear equation for the mix design. Concrete production that has 
shifted toward the threshold line is considered very serious and requires 
corrective action to re-center it about the linear equation for the CMD. 

 
There are several ways in which additional water could enter a concrete 
mix. The methodology presented in this chapter assumes that the increase 
in water/cementitious ratio is due soley to excessive batch water. This 
provides a simple and accurate determination of the threshold limit 
equation. The methodology begins with the linear equation already 
established for the mix design. By establishing a single point below the 
linear equation, representing concrete with excessive water, the equation 
for threshold limit can be determined. The easiest point to select is at the 
y-intercept, where the concrete has no entrapped nor entrained air. This 
point is defined as Point 3, having coordinates (x3, y3). The line for the 
threshold equation should be parallel to the linear equation for the mix 
design, which results in the same slope. Knowing the slope and y-intercept 
the threshold limit equation can then be written. 

 
Instructions for Page 3 of Mix Design & Proportioning Worksheets 

 
A worksheet is provided in Appendix D (under tab 11), which follows the 
methodology stated previously to generate the threshold limit equation 
representing the maximum allowable water/cementitious ratio.  The 
instructions for completion of this worksheet are as follows. The first step 
is to determine the amount of excess water to increase the water 
cementitious ratio to 0.420. Using the total amount of cementitious 
materials targeted for the mix design and multiplying it by 0.420 the 
resultant gives the maximum allowable water content. The example mix 
design within this chapter is used to provide the following sample 
calculations: 

 

   Example: 658 lbs cementitious x 0.420 = 276 lbs water 
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This weight of water is entered under the weight subheading for 
Theoretical Batch Weights and Volumes without entrained or entrapped 
air, as illustrated in Table 3.9. The remaining mix design weights for 
cement, pozzolan, fine aggregate, and coarse aggregate are transferred 
over from the mix proportioning sheet completed previously. 
 

    

Theoretical Batch Weights 
& Volumes w/o air  

 
Material 

 Weight
lbs 

Specific 
Gravity 

Volume
ft3 

Cement 658 3.150  
Pozzolan -------- -------- -------- 
Silica Fume -------- -------- -------- 
FA 1211   
CA 1742   
Water 276 1.000  
Air Content 0 -NA- 0.00 

∑ -NA-  
 

Table 3.9 
 

 
The specific gravities for each ingredient are entered in the table and used 
to calculate the corresponding absolute volumes.  It should be noted that 
each ingredient has the same value as the mix design proportioning except 
the weight and volume of water has increased; and the volume of air has 
decreased to 0.00 ft³. The summations of the weight and volume columns 
are then determined and recorded in the table. Table 3.10 illustrates that 
portion of the worksheet completed thus far for the example problem. The 
next step in the worksheet is to numerically define the coordinates of Point 
3. The following calculations are based on the example numbers presented 
in Table 3.10.  
 
Example: x3 = 0.0 % air content 
      y3= ∑Theoretical Batch Wts. ÷ ∑Theoretical Batch Vol. 
      y3 = 3887 lbs. ÷ 25.49 ft3  
      y3 = 152.5 lbs/ft3 
 
The y-intercept of the threshold limit equation is simply equal to y3, which 
is the Unit Weight calculated in the worksheet. Since the lines are parallel, 
the slope of the threshold equation is the same as the value calculated for 
the mix design linear equation. The solution to the Threshold Limit 
Equation is now straight forward.  
 
Example: y-intercept = Unit Weight = 152.5 lbs/ft3 (rounded to 0.1 lb/ft3) 
     slope = m = -1.54 
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   Example:   Threshold UW = ⎯ 1.54 (Air) + 152.5 lbs/ft3 
 
Figure 3.4 is a graphical representation of the example CMD linear 
equation and its corresponding threshold limit equation. 
  

Theoretical Batch Weights 
& Volumes w/o air  

 
Material 

 Weight
lbs 

Specific 
Gravity 

Volume
ft3 

Cement 658 3.150 3.35 
Pozzolan -------- -------- -------- 
Silica Fume -------- -------- -------- 
FA 1211 2.632 7.39 
CA 1742 2.711 10.32 
Water 276 1.000 4.43 
Air Content 0 -NA- 0.00 

∑ 3887 -NA- 25.49 
 

                      Table 3.10 
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DEPARTMENT CONCURRENCE OF MIX DESIGN 
 

It is the responsibility of the Department's Project Engineer / Project 
Supervisor (PE/PS) to conduct a complete and thorough review of every 
mix design and proportioning for QC/QA Superstructure Concrete.  There 
is a substantial amount of work that is based on the targets established by 
the CMD, not the least of which is the linear equation for the threshold 
limit that represents the maximum allowable water/cementitious ratio.  
This threshold limit is of critical importance in determining whether 
additional cylinders are to be cast as part of an acceptance sample for 
testing per AASHTO T 277 and subsequent action, which may involve a 
failed material investigation. 

 
The first step in proper review of a CMD is to verify that the materials are 
from current approved sources.  The list of Approved and/or Prequalified 
Materials is to be used to verify approved sources of cement, fly ash, 
GGBFS, silica fume, chemical admixtures and air entraining agents. The 
fine and coarse aggregate ingredients of the concrete mix must be 
materials from an approved Certified Aggregate Producer.  The gradation 
and quality requirement for the aggregates must also be verified, 
particularly if stay-in-place metal deck forms are used to facilitate 
construction of the deck.  If AP Quality coarse aggregate is required in the 
superstructure, the PE/PS will substantiate the quality status.  This would 
include the nature of the mining operations that produce aggregates of the 
desired quality (e.g. individual ledges or ledge combinations within the 
working bench of the aggregate source).  The PE/PS should contact the 
District Materials & Tests Engineer or the District Geologist for 
confirmation. 

 
In addition to the aggregates gradations the PE/PS must verify the bulk 
specific gravity (SSD) and absorption for the fine and coarse aggregate as 
being reasonable for the source.  If the Contractor's value for absorption 
differs by more than the multilabortory precision defined within the 
appropriate test method, the discrepancy will be investigated.  These 
values are defined in the AASHTO test method and summarized in Table 
3.15. 
 

Property Range  for FA Range for CA 
Bulk Sp. Gr. (dry) 0.066 0.038 
Bulk Sp. Gr. (SSD) 0.056 0.032 
Absorption, % 0.66 0.41 

 
    Table 3.15 
 
The bulk specific gravity and absorption for aggregates are measured by 
the Department as part of the annual "Summary of Production Quality 
Results", and periodic Point-Of-Use samples.  This data provides the 
correct basis for comparison of absorption and specific gravity.  Figures 
3.5 and 3.6 are graphs of bulk specific gravity (ssd) vs. absorption for a 
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fine and coarse aggregate and are presented as examples of what historical 
data might look like for specific products at an aggregate source. 

 
Usually sources will demonstrate a trend of bulk specific gravity (SSD) 
being inversely proportional to absorption; however, such may not always 
be the case.  Figure 3.6 represents data from the INDOT Summary of 
Production Quality Results for a specific source of #8 coarse aggregate. 
The AP quality stone comes from ledges 1803, 1804, 19, & 20 processed 
as one working bench.  These four ledges have thicknesses of 7.9 ft, 8.9 ft, 
5.9 ft, and 12.1 ft, respectively. Since these ledges range in absorption 
from 2 % to 4 %, the consistency of bulk specific gravity and absorption 
depends on the aggregate source's ability to process the bench in a uniform 
manner. The District Geologist is the best source for obtaining historical 
data from "Summary of Production Quality Results" and "Point-of-Use" 
samples obtained from the aggregate source.  They will assist the PE/PS in 
the proper review of contractor test results for aggregates. 

 
It is important to understand that INDOT historical records for bulk 
specific gravity (dry or SSD) from coarse aggregate sources are based on 
procedure 8.1 of AASHTO T 85. The Contractor must therefore test the 
coarse aggregate according to the same procedure even though the result is 
typically not appropriate for concrete mix design. If the mix design is 
submitted with enough advance notice, it becomes preferable for the 
Department to obtain a Point-Of-Use sample of the coarse aggregate and 
test for bulk specific gravity (SSD) by procedure 8.2 of AASHTO T 85, 
which is appropriate for concrete mix design. Splitting a sample between 
the Contractor and the Department to compare test results would be even 
better. 
 
The air entraining and chemical admixtures that are approved for use are 
as stated in the special provision and the Approved/Prequalified Materials 
List referenced therein.  It is important to recognize the limitations of 
Type F admixtures or HRWR Admixture Systems.  These chemical 
admixtures have no retarding capability and would not be appropriate for 
superstructure concrete that is placed in conditions where concrete and 
ambient temperatures are above 65°F, and where dead load deflections are 
of concern. 

 
After verifying the materials as being approved for the concrete, the initial 
parameters for the Mix Design must be checked against the specification 
requirements. The remainder of the PE/PS check involves checking the 
math for proportioning, and the linear equations for the CMD and 
threshold limit.  Use of the forms and worksheets by the contractor will 
provide the quickest and most complete review by the Department and 
therefore help eliminate unnecessary delays by recognizing problems early 
on. 
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Figure 3.5
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UNIFORMITY OF CONCRETE

 Concrete uniformity is checked by conducting tests.

 Slump test, air content test, unit weight test (for fresh 
concrete)

 Strength test (for hardened concrete)

Due to heteregeneous nature of concrete, there will 
always be some variations. These variations are 
grouped as:

– Within-Batch Variations : inadequate mixing, non-
homogeneous nature

– Batch-to-Batch Variations : type of materials used, changes in 
gradation of agg., changes in moisture content of agg.



Unit Weight Test
Air Content Test



PROPERTIES OF HARDENED CONCRETE

 The principal properties of hardened concrete 
which are of practical importance can be listed 
as:

1. Strength

2. Permeability & durability

3. Shrinkage & creep deformations

4. Response to temperature variations

 Of these compressive strength is the most 
important property of concrete. Because;



1. Concrete is used for compressive loads

2. Compressive strength is easily obtained

3. It is a good measure of all the other properties.

 The strength of concrete prepared, cured & 
tested under specified conditions at a given 
age is depended on:

1. w/c ratio

2. Degree of compaction





STRENGTHS OF CONCRETE

Compressive Strength : is determined by loading 
properly prepared & cured cubic, cylindrical or 
prismatic specimens under compression.

• Cubic: 15x15x15 cm and 20x20x20 cm

Cubic specimens are crushed after rotating them 
90° to decrease the amount of friction caused by 
the rough finishing.

• Cylinder: h/D=2 h=15(Turkey & US)

To decrease the amount of friction, capping of the 
rough casting surface is performed.









• The compressive strength value depends on the 
shape & size of the specimen. 

• Cylindrical specimens (15x30) may show 
compressive strength values 75-85% of the 20cm 
cubes for normal concrete. Because of the 
frictional forces developed at the ends of the 
specimen.



Tensile Strength: can be obtained either by direct 
methods or indirect methods. 

• Direct methods suffer from a number of 
difficulties related to holding the specimen 
properly in the testing machine without 
introducing stress concentration & to the 
application of load without eccentricity.



i. Direct Tensile Strength:



ii. Split Tension Test:

Due to applied compression load a fairly uniform 
tensile stress is induced over nearly 2/3 of the 
diameter of the cylinder perpendicular to the direction 
of load application



• The advantage of the splitting test over the 
direct tensile test is the some molds are used 
for compressive & tensile strength 
determination.

• The test is simple to perform & gives uniform 
results than other tension tests.

σst = 
2P

πDl
P: apllied compressive load

D: diameter of specimen

l: length of specimen



iii. Flexural Strength
The flexural tensile strength at failure or the modulus of 

rupture is determined by loading a concrete beam 
specimen. The results obtained are useful because 
concrete is subjected to flexural loads more than it is 
subjected to tensile loads.
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Factors Affecting the Strength of 
Concrete

1) Factors depending on the test method:

• Size of specimen

• Size of specimen in relation with size of agg.

• Support condition af specimen

• Moisture condition of specimen

• Type of loading adopted

• Rate of loading

• Type of test machine



2. Factors independent of test type:

• Type of cement

• Type of agg.

• Degree of compaction

• Mix proportions

• Type of curing

• Type of stress situation



STRESS-STRAIN RELATIONS IN CONCRETE

σult

(40-50%)  

σult

εult

σ-ε relationship is 
nonlinear. However, 
specially for 
cylindrical 
specimens with 
h/D=2, it can be 
assumed as linear 
upto 40-50%σult



MODULUS OF ELASTICITY OF CONCRETE

• Due to the nonlinearity 
of the σ-ε diagram, E is 
the defined by:

1. Initial Tangent Method

2. Secant Method

3. Tangent Method

They are estimated as:

ACI → E=15200 σc
½ → 28-D cylindrical comp.str. (kgf/cm2)

TS → E=15500 W ½→ 28-D cubic comp.str. (kgf/cm2)



PERMEABILITY OF CONCRETE

 Permeability is important because:

1. The penetration of some aggresive solution 
may result in leaching out of Ca(OH)2 which 
adversely affects the durability of concrete.

2. In R/C ingress of moisture of air into concrete 
causes corrosion of reinforcement and results 
in the volume expansion of steel bars, 
consequently causing cracks & spalling of 
concrete cover.



3. The moisture penetration depends on permeability & 
if concrete becomes saturated it is more liable to 
frost-action.

4. In some structural members permeability itself is of 
importance, such as, dams, water retaining tanks.

 The permeability of concrete controlled by capillary 
pores. The permeability depends on w/c, age, degree 
of hydration.

 In general the higher the strength of cement paste, 
the higher is the durability & the lower is the 
permeability.





DURABILITY

A durable concrete is the one which will 
withstand in a satisfactory degree, the effects of 
service conditions to which it will be subjected.

Factors Affecting Durability:

External → Environmental

Internal → Alkali-agg. Reaction

Permeability

Characteristics of ingredients



Leaching & Efflorescence

When water penetrates into concrete, it 
dissolves the non-hydraulic CH (and various 
salts, sulfates & carbonates of Na, K, Ca)

Remember C-S-H+CH is produced upon 
hydration of C3S & C2S

These salts are taken outside of concrete by 
water & leave a salt deposit called 
“efflorescence”.





Sulfate Attack

Ground water in clayey soils containing alkali 
sulfates may affect concrete.

These solutions attack CH to produce gypsum. 
Later, gypsum & calcium alumina sulfates 
together with water react to form “ettringite”. 

Formation of ettringite is hardened cement 
paste or concrete leads to very large volume 
expansion & cracking.

Moreover, Magnesium sulfate may lead to the 
decomposition of the C-S-H gel. 



 Seawater contains some amount of Na & Mg Sulfates. 
However, these sulfates do not cause severe 
deleterious expansion & cracking because both 
gypsum & ettringite are soluble in solutions 
containing the Cl ion. However, problem with 
seawater is the frequent wetting & drying & corrosion 
of reinforcing steel in concrete.

 To reduce the sulfate attack

1. Use low w/c ratio→reduced permeability & 

porosity

2. Use proper cement →reduced C3S & C3A

3. Use pozzolans →they use up some of the CH to 

produce C-S-H





Acid Attack

Concrete is pretty resistant to acids. But in high 
concentrations:

• Causes leaching of the CH (The H+ ions)

• Causes disintegration of the C-S-H gel.





Carbonation

Ca(OH)2 + CO2 → CaCO3 + H2O

Accompanied by shrinkage → carbonation 

shrinkage

Makes the steel vulnerable to corrosion (due 

to reduced alkalinity)





Alkali-Agg. Reactions

Alkalies of cement + Reactive Silica of Aggs → 

Alkali-Silica Gel

Expansions in volume

Slow process

Don’t use aggs with reactive silica or use 

cements with less alkalies. 





Corrosion

Electrochemical reactions in the steel rebars of a 
R/C structure results in corrosion products which 
have larger volumes than original steel.

Thus this volume expansion causes cracks in R/C. 
In fact, steel is protected by a thin film provided 
by concrete against corrosion. However, that 
shialed is broken by CO2 of air & the Cl- ions.





Freezing and Thawing

Water when freezes expands in volume. This 
will cause internal hydraulic pressure & cracks 
the concrete.

To prevent air-entraining admixtures are used to 
make air-entrained concrete.





Abrasion

Aggregates have to be hard & resistant to 
wear.

Bleeding & finishing practices are also 
important.





PROPORTIONING OF CONCRETE 
MIXTURES

 W+C+C.Agg.+F.Agg.+Admixtures→Weights?

 There are two sets of requirements which enable 

the engineer to design a concrete mix.

1. The requirements of concrete in hardened state. 

These are specified by the structural engineer.

2. The requirements of fresh concrete such as 

workability, setting time. These are specified by the 

type of construction placing & compacting 

techniques & also transporting.



Mix design is the process of selecting suitable 
ingredients of concrete & determining their 
relative quantities with the objective of 
producing as economically as possible concrete 
of certain minimum properties such as 
workability, strength & durability.

So, basic considerations in a mix design is cost & 
min. properties. 



 Cost → Material + Labor

Water+Cement+Aggregate+Admixtures

Most expensive so use as little as possible

Using less cement causes a decrease in shrinkage & 
increase in volume stability.

Min.Properties →Strength has to be more than.. 

Durability→Permeability has to be

Workability→Slump has to be...



Fresh Concrete: Workability 

Lecture No. 10 



Workability 

 The function of water is also to lubricate the concrete so that 

the concrete can be compacted with specified effort 

forthcoming at the site of work.  

 The lubrication required for handling concrete without 

segregation, for placing without loss of homogeneity, for 

compacting with the amount of efforts forth-coming and to 

finish it sufficiently easily, the presence of a certain quantity of 

water is of vital importance. 

 Workability is the ability of a fresh (plastic) concrete mix to fill 

the form/mold properly with the desired work (vibration) and 

without reducing the concrete's quality.  



Workability 

Workability depends on water 

content, aggregate (shape and size 

distribution), cementitious content 

and age (level of hydration) and can 

be modified by adding chemical 

admixtures, like superplasticizer 



Factors Affecting Workability 

a) Water Content  

b) Mix Proportions 

c) Size of Aggregates  

d) Shape of Aggregates 

e) Surface Texture of Aggregate  

f) Grading of Aggregate 

g) Use of Admixtures. 



Water content or Water Cement Ratio 

 More the water cement ratio more will be workability of 

concrete. Since by simply adding water the inter particle 

lubrication is increased. 

 High water content results in a higher fluidity and greater 

workability. Increased water content also results in bleeding. 

another effect of increased water content can also be that 

cement slurry will escape through joints of formwork. 

 More water can be added, provided a correspondingly higher 

quantity of cement is also added to keep the water/cement 

ratio constant, so that the strength remains the same. 

 



Water content or Water Cement Ratio 

 More the water cement ratio more will be workability of 

concrete. Since by simply adding water the inter particle 

lubrication is increased. 

 High water content results in a higher fluidity and greater 

workability. Increased water content also results in bleeding. 

another effect of increased water content can also be that 

cement slurry will escape through joints of formwork. 

 More water can be added, provided a correspondingly higher 

quantity of cement is also added to keep the water/cement 

ratio constant, so that the strength remains the same. 

 



Mix Proportions 

 The higher the aggregate/cement ratio, less quantity of paste is 

available for providing lubrication, per unit surface area of 

aggregate and hence the mobility of aggregate is restrained.  

 On the other hand, in case of rich concrete with lower 

aggregate/cement ratio, more paste is available to make the 

mix cohesive and fatty to give better workability. 



Size of Aggregate & Surface Texture 

 The bigger the size of the aggregate, the less is the surface area 

and hence less amount of water is required for wetting the 

surface and less matrix or paste is required for lubricating the 

surface to reduce internal friction.  

 Greater size of Aggregate- less water is required to lubricate it, 

the extra water is available for workability 

 Porous aggregates require more water compared to non 

absorbent aggregates for achieving same degree of workability. 

 



Shape of Aggregates 

 Angular, elongated or flaky aggregate makes the concrete very 

harsh when compared to rounded aggregates or cubical 

shaped aggregates. 

 Contribution to better workability of rounded aggregate will 

come from the fact that for the given volume or weight it will 

have less surface area and less voids than angular or flaky 

aggregate.  

 Not only that, being round in shape, the frictional resistance is 

also greatly reduced. This explains the reason why river sand 

and gravel provide greater workability to concrete than 

crushed sand and aggregate. 



Grading of Aggregates 

 A well graded aggregate is the one which has least amount of 

voids in a given volume and higher the workability.  

 Other factors being constant, when the total voids are less, 

excess paste is available to give better lubricating effect.  

 With excess amount of paste, the mixture becomes cohesive 

and fatty which prevents segregation of particles.  



Use of Admixtures 

 Chemical admixtures can be used to increase workability. 

 Use of air entraining agent produces air bubbles which acts as 

a sort of ball bearing between particles and increases mobility, 

workability and decreases bleeding, segregation.  

 The use of fine pozzolanic materials also have better 

lubricating effect and more workability. 



Weather Conditions 

 If temperature is high, evaporation increases, thus workability 

decreases. 

 If wind is moving with greater velocity, the rate of evaporation 

also increase reduces the amount of water and ultimately 

reducing workability. 



Measurement of Workability 

 It is discussed earlier that workability of concrete is a complex 

property. 

a) Slump Test  

b) Compacting Factor Test 

c) Flow Test   

d) Vee Bee Consistometer Test. 



Slump Test 

 Slump test is the most commonly used method of measuring 
consistency of concrete which can be employed either in 
laboratory or at site of work.  

 It is not a suitable method for very wet or very dry concrete. 

 Additional information on workability and quality of concrete 
can be obtained by observing the manner in which concrete 
slumps.  

 Quality of concrete can also be further assessed by giving a 
few tappings or blows by tamping rod to the base plate.  

 The deformation shows the characteristics of concrete with 
respect to tendency for segregation. 



Slump Test 



Slump Test 



Slump Test 



Compacting Factor Test 

 It is more precise and sensitive than the slump test and is 

particularly useful for concrete mixes of very low workability as are 

normally used when concrete is to be compacted by vibration. 

 The compacting factor test has been developed at the Road 

Research Laboratory U.K. 

 This test works on the principle of determining the degree of 

compaction achieved by a standard amount of work done by 

allowing the concrete to fall through a standard height.  

 The degree of compaction, called the compacting factor is measured 

by the density ratio i.e., the ratio of the density actually achieved in 

the test to density of same concrete fully compacted. 



Compacting Factor Test 



Compacting Factor Test 



Flow Test 

 This is a laboratory test, which gives an indication of the 

quality of concrete with respect to consistency, cohesiveness 

and the proneness to segregation. 

 The table top is cleaned of all gritty material and is wetted. The 

mould is kept on the centre of the table, firmly held and is 

filled in two layers.  

 Each layer is rodded 25 times with a tamping rod 1.6 cm in 

diameter and 61 cm long rounded at the lower tamping end. 

 The mould is lifted vertically upward and the concrete stands 

on its own without support.  



Flow Test 

 The table is then raised and dropped 12.5 mm 15 times in 

about 15 seconds. The diameter of the spread concrete is 

measured in about 6 directions to the nearest 5 mm andthe 

average spread is noted. 

 



Flow Test 



Vee Bee Consistometer Test 

 This is a good laboratory test to measure indirectly the 

workability of concrete.  

 This test consists of a vibrating table, a metal pot, a sheet 

metal cone, a standard iron rod. 

 The time required for the shape of concrete to change from 

slump cone shape to cylindrical shape in seconds is known as 

Vee Bee Degree.  

 This method is very suitable for very dry concrete whose 

slump value cannot be measured by Slump Test, but the 

vibration is too vigorous for concrete with a slump greater 

than about 50 mm. 



Vee Bee Consistometer Test 



Segregation 

 Segregation can be defined as the separation of the constituent 

materials of concrete.  

 A good concrete is one in which all the ingredients are 

properly distributed to make a homogeneous mixture. 

 There are considerable differences in the sizes and specific 

gravities of the constituent ingredients of concrete.  

 Therefore, it is natural that the materials show a tendency to 

fall apart. 



Segregation 

 Badly proportioned mix where sufficient matrix is not there to 

bind and contain the aggregates 

 Insufficiently mixed concrete with excess water content 

 Dropping of concrete from heights as in the case of placing 

concrete in column concreting 

 When concrete is discharged from a badly designed mixer, or 

from a mixer with worn out blades 

 Conveyance of concrete by conveyor belts, wheel barrow, long 

distance haul by dumper, long lift by skip and hoist are the 

other situations promoting segregation of concrete 



Bleeding 

 Bleeding is sometimes referred as water gain. It is a particular 

form of segregation, in which some of the water from the 

concrete comes out to the surface of the concrete, being of 

the lowest specific gravity among all the ingredients of 

concrete.  

 Bleeding is predominantly observed in a highly wet mix, badly 

proportioned and insufficiently mixed concrete.  

 In thin members like roof slab or road slabs and when 

concrete is placed in sunny weather show excessive bleeding. 



Bleeding 

 Bleeding can be reduced by proper proportioning and uniform 

and complete mixing. 

 Use of finely divided pozzolanic materials reduces bleeding by 

creating a longer path for the water to traverse. 

 Air-entraining agent is very effective in reducing the bleeding. 

 Bleeding can be reduced by the use of finer cement or cement 

with low alkali content. Rich mixes are less susceptible to 

bleeding than lean mixes. 



Slump Loss 

 ƒIf mix for too long,  hydration products start to from -->  

requires more water --> slump goes down when  transport 

time and temperature increases 

 Use of an abnormal setting cement 

 unusual long time for mixing, transporting or finishing 

 High T due to excessive heat of hydration. 



Slump Loss 



CHAPTER TWO: BASICS IN 

IRRIGATION ENGINEERING
 2.1. IRRIGATION ENGINEERING: This involves

 Conception,

 Planning,

 Design,

 Construction,

 Operation and

 Management of an irrigation system.

 An irrigation engineer is one who has a long theoretical and

practical training in planning, design, construction, operation and

management of irrigation systems.



Considerations in Planning 

Irrigation Systems

 i) Location: The main point to consider in locating an

irrigation project is the need to investigate available resources in

the area e.g.

 Climate,

 Adequate water in quality and quantity,

 Land with good agricultural potential and

 Good topography,

 Availability of labour (sophisticated or not),

 Land tenure,

 Marketing,

 Transport facilities etc.



Considerations in Planning 

Irrigation Systems Contd.
 ii) Crops to be grown: Should be determined by available

resources as well as marketability of the crops especially in
terms of what people like to eat.

iii) Water Supply: Consider

(a)Sources of water

(b) Quantity and quality of water

c) Engineering works necessary to obtain water e.g. if
underground, pumping is needed

 d) Conveyance System: can be by gravity e.g. open channels
or canals or by closed conduits e.g. pipes.

 (e) Water measuring devices e.g. weirs, orifice, flumes, current
meters



Other Considerations

 iv) Systems of Applying Water:

e.g. Surface (90% worldwide),

Sprinkler(5%),

Trickle and Sub-irrigation(5%).

 v) Water Demand: The water requirement for the
given crop has to be determined. This is by
calculating the evapotranspiration (to be treated later)

 vi) Project Management: Consider how to manage
the irrigation system



2.2   CROP WATER AND NET 

IRRIGATION REQUIREMENTS

 In irrigation, it is essential to know the amount of water needed
by crops.

 This determines the quantity of water to be added by irrigation
and rainfall and helps in day to day management of irrigation
systems.

Total water demand of crops is made up of:

 i) Crop water use: includes evaporation and transpiration
(evapotranspiration described in section 2.3 below)

 ii) Leaching requirement:

 iii) Losses of water due to deep seepage in canals and losses
due to the inefficiency of application.



EVAPOTRANSPIRATION
 2.3.1 DEFINITIONS

 a) Evaporation: The process by which water is changed from
the liquid or solid state into the gaseous state through the
transfer of heat energy.

 b) Transpiration: The evaporation of water absorbed by the
crop which is used directly in the building of plant tissue in a
specified time. It does not include soil evaporation.

 c) Evapotranspiration, ET: It is the sum of the amount of
water transpired by plants during the growth process and that
amount that is evaporated from soil and vegetation in the
domain occupied by the growing crop. ET is normally
expressed in mm/day.



FACTORS THAT AFFECT 

EVAPOTRANSPIRATION

Weather parameters, Crop Characteristics,
Management and Environmental aspects are
factors affecting ET

 (a) Weather Parameters:  

 The principal weather conditions affecting 
evapotranspiration are:

 Radiation,

 Air temperature,

 Humidity and

 Wind speed.



CROP FACTORS THAT 

AFFECT ET
 Crop Type

 Variety of Crop

 Development Stage

 Crop Height

 Crop Roughness

 Ground Cover

 Crop Rooting Depth



Management and Environmental 

Factors
 (a) Factors such as soil salinity,

 Poor land fertility,

 Limited application of fertilizers,

 Absence of control of diseases and

 Pests and poor soil management

 May limit the crop development and reduce soil
evapotranspiration.

 Other factors that affect ET are ground cover, plant density and
soil water content. The effect of soil water content on ET is
conditioned primarily by the magnitude of the water deficit and
the type of soil. Too much water will result in waterlogging
which might damage the root and limit root water uptake by
inhibiting respiration.



EVAPOTRANSPIRATION 

CONCEPTS
 (a) Reference Crop Evapotranspiration (ETo):

Used by FAO.

 This is ET rate from a reference plant e.g. grass or alfalfa, not

short of water and is denoted as ETo. The ET of other crops

can be related to the Et of the reference plant.

 ETo is a climatic parameter as it is only affected by climatic

factors.

 The FAO Penman-Monteith method is recommended as the

sole method for determining ETo. The method has been

selected because it closely approximates grass ETo at the

location evaluated, is physically based, and explicitly

incorporates both physiological and aerodynamic parameters.



CROP ET UNDER STANDARD 

CONDITIONS  (ETc) 
 This refers to crop ET under standard conditions, i.e.

ET from disease-free, well-fertilized crops, grown in
large fields, under optimum soil water conditions.

 ETc can be derived from ETo using the equation:

ETc = Kc . ETo where Kc is crop coefficient

 Crop Evapotranspiration under non- standard
conditions as mentioned above is called ETc
(adjusted). This refers to growth of crops under non-
optimal conditions.



DETERMINATION OF 

EVAPOTRANSPIRATION
 Evapotranspiration is not easy to measure.

Specific devices and accurate measurements

of various physical parameters or the soil

water balance in lysimeters are required to

determine ET. The methods are expensive,

demanding and used for research purposes.

They remain important for evaluating ET

estimates obtained by more indirect methods.



ENERGY BUDGET METHOD

 This method like the water budget 

approach involves solving an equation 

which lists all the sources and sinks of 

thermal energy and leaves evaporation 

as the only unknown.  It involves a great 

deal of instrumentation and is still under 

active development.  It is data intensive 

and is really a specialist approach.



Energy Budget Method Contd.



Water Balance Method
 The Water Balance or Budget Method is a

measurement of continuity of flow of water.

 This method consists of drawing up a balance sheet
of all the water entering and leaving a particular
catchment or drainage basin.

 The water balance equation can be written as:

 ET = I + P – RO – DP + CR + SF + SW

 Where: I is Irrigation, P is rainfall, RO is surface
runoff, DP is deep percolation, CR is capillary rise,
SF and SW are change in sub-surface flow and
change in soil water content respectively



Lysimeters For Water Balance 

Method
 Lysimeters are normally adopted in water balance studies.

 By isolating the crop root zone from its environment and

controlling the processes that are difficult to measure, the

different terms in the soil balance equation can be determined

with greater accuracy.

 Using Lysimeters, crop grows in isolated tanks filled with either

disturbed or undisturbed soil.

 In weighing lysimeters, water loss is directly measured by

change in mass while

 In non-weighing ones, the ET for a given time is determined by

deducting the drainage water collected at the bottom of the

lysimeters, from the total water input.



Non-Weighing Lysimeter



ET Computed from 

Meteorological Data: 
 ET is commonly computed from weather data. A large number

of empirical equations have been developed for assessing crop

or reference crop evapotranspiration from weather data. Some

of these methods include the Blaney-Criddle, Penman,

Thornthwaite, Radiation, Hargreaves, Turc and many others.

Most of these methods have been found to only work in specific

locations.

 Following an Expert Consultation by Food and Agriculture

Organization in May 1990, the FAO Penman-Monteith method

is now recommended as the standard method for the definition

and computation of the reference evapotranspiration. The FAO

Penman-Monteith equation is described in the Notes.



ET Estimated from 

Evaporation Pans:
 Evaporation from an open water surface provides an

index of integrated effect of radiation, air
temperature, air humidity and wind on
evapotranspiration. However, differences in the
water and cropped surface produce significant
differences in the water loss from an open surface
and the crop. The pan is used to estimate reference
ETo by observing the evaporation loss from a water
surface (Epan) and applying empirical coefficients
(Kpan)to relate pan evaporation to Eto thus:

 ETo  =    Kp   x    Epan





Standard Pan: United States Class A 

Pan

 The most common Evaporation Pan used is the United States

Class A pan. This is made up of unpainted galvanized iron, 1.2

m in diameter and 25.4 cm deep. The bottom supported on a

wooded frame, is raised 15.24 cm above the ground surface.

The water surface is maintained between 5.0 and 7.6 cm below

the rim of the pan and is measured daily with a gauge. The

daily evaporation is computed as the difference between

observed levels corrected for any precipitation measured in an

adjacent or nearby standard rain gauge. A pan coefficient of 0.7

(0.6 - 0.8) is normally used to convert the observed value to an

estimated value for lake or reservoirs. This is because the rate

of evaporation in small areas is greater than that from large

areas.



US Class A Evaporation Pan

Incoming Radiation 

q’ Absorbed By 

Water

Evaporation

Air Flow

Conduction 

Through Walls 

of pan

q’ conv  

absorbed by 

the water 

Incoming 

Radiation Heats 

Pan Wall q’’ rad

Convection 

q”conv heats up

pan walls

Heat Transfer Mechanisms Involved In Heating Of Water In The Standard Pans (diameter D) And Their Walls (After Jagroop,2000).



Types of Evaporation Pans



A Comparison of Standard Open 

Pans

Pan Dimensions Pan Coefficient

US Class A 1.2 m Diameter; 250 

mm Deep

0.7 (0.6 to 0.8)

Australian Pan 900 mm Diameter; 900 

mm Deep.  Large Pan: 

1200 mm Diameter and 

850 mm Deep

0.9 ( 0.6 to 1.2)

British Tank 1.83 m Square 0.9 (Very Variable)



2.4. LEACHING REQUIREMENT

 Most irrigation water contain dissolved salts.

 Evaporation removes pure water leaving a
concentration of salt in soil.

 Salt concentration may reach a level that is
detrimental to the growth of the crop and should be
controlled. The only practical way of achieving this is
by leaching.

 Leaching requirement is an extra water needed to
pass through the root zone in addition to the normal
requirement to ensure that salts are placed below the
root zone.



LEACHING REQUIREMENT 

CONTD.
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Ec acceptable =  4 mmhos/cm.  For water quality, Ec of 0.8 

Mmhos/cm is medium, quality while Ec of 4 mmhos/cm is saline.



2.5. EFFECTIVE PRECIPITATION

 This is the component of rainfall that is

available to crops ie. does not runoff.

 It can be estimated as 65% of total rainfall.

 It can also be estimated as the rainfall value,

which has 80% probability of being exceeded

(D80).



2.6  NET IRRIGATION 

REQUIREMENT (Nir)

 This is the moisture that must be supplied by irrigation to satisfy
evapotranspiration plus that needed for leaching and not
supplied by off-season storage, and the effects of precipitation
and groundwater storage.

 Nir = ET + Wl - Ws - Re

 Where: Nir is the net irrigation;

 ET is evapotranspiration,

 Wl is leaching requirement;

 Ws is off-season soil moisture carry-over.

 All parameters are in mm of water.



2.7 GROSS IRRIGATION 

REQUIREMENT  (Gir)

 Gross Irrigation  Requirement  is equal to:

 Net Irrigation Requirement  Divided by         
Irrigation Efficiency

 Irrigation efficiency accounts for losses in storage
and distribution systems, losses in application
systems as well as operation and management
losses.

 Irrigation Efficiency depends on the Method of
Applying Irrigation Water



2.8  IRRIGATION TERMS

 2.8.1. Depth of Irrigation: This is the 

depth of the readily available moisture.  

This is the net depth of water normally 

needed to be applied to the crops 

during each irrigation



Example 1
 The Moisture Content at Field Capacity of a Clay Loam Soil is

28% by Weight While that at Permanent Wilting Point is 14% by
Weight. Root Zone Depth Is 1 m and the Bulk Density Is 1.2
g/cm3 . Calculate the Net and Gross Depth of Irrigation
Required If the Irrigation Efficiency Is 0.7.

 Solution: Field Capacity = 28%; Permanent wilting point =
14%

 i.e. Available moisture = 28 - 14 = 14% by weight i.e. Pm

 Bulk density (Db) = 1.2 g/cm3

 Root Zone depth (D) = 1 m = 1000 mm

 Equivalent depth of available water (d) = Pm . Db . D

 = 0.14 x 1.20 x 1000 mm = 168 mm

 This is the net depth of irrigation.



Solution to Example 1 contd.

 Gross Water Application  is equal to:

 Net Irrigation/Efficiency = 84/0.7 = 120 mm

Note: This is the actual water needed to be
pumped for irrigation.

It is equivalent to:

120 /1000 mm x 10,000 m2 =
1200 m 3 per hectare.



2.8.2 Irrigation Interval (II): 

 This is the time between successive

irrigations.

 Irrigation interval is equal to:

 Readily Available Moisture or Net Irrigation divided by 

Evapotranspiration, ET

 The shortest irrigation interval is normally use in

design. The irrigation interval varies with ET.

 It is equivalent to Readily Available Water divided by the 

Peak ET



Example 2

 For the Last Example. the Peak ET is
7.5 mm/day, Determine the Shortest
Irrigation Interval.

 Solution: From Example 1, Readily
Available Moisture (RAM) = 84 mm

 i.e. Shortest irrigation interval = RAM/
Peak ET = 84/7.5 = 11 days.



Irrigation Period (IP)

 This is the number of days allowed to

complete one irrigation cycle in a given

area.



Irrigation Period Contd.

Assuming water is applied in a border in a day, 

the total period of irrigation is then 11 days. 

1 2 3 4 5 6 7 8 9 10



Irrigation Interval and Period

 In irrigation scheduling, the irrigation period

should be less that the irrigation interval.

This is because if the period is not smaller,

before the latter parts of the area are to be

irrigated, the earlier irrigated areas will need

fresh irrigation.

 At peak evapotranspiration (used in design),

irrigation interval should be equal to irrigation

period. i.e. Generally IP < II



2.8.4  Desired Irrigation Design 

Capacity (Qc)

 This is the flow rate determined by the

water requirement, irrigation time,

irrigation period and the irrigation

application efficiency.

 It is the flow rate of flow of the water

supply source e.g. pumps from a

reservoir, or a borehole required to

irrigate a given area.



Desired Irrigation Design Capacity 

(Qc) Contd.

aEHF
dA

cQ
..

.

Where:

•Qc is the Desired Design Capacity;

•d is the Net Irrigation Depth = Readily Available Moisture;

•F is the number of Days to complete the Irrigation (Irrigation Period);

•H is the number of Hours the System is perated (hrs/day) and

• Ea is the Irrigation Efficiency



Example 3
 A 12-hectare field is to be irrigated with a sprinkler

system. The root zone depth is 0.9 m and the field
capacity of the soil is 28% while the permanent
wilting point is 17% by weight. The soil bulk density
is 1.36 g/cm and the water application efficiency is
70%. The soil is to be irrigated when 50% of the
available water has depleted. The peak
evapotranspiration is 5.0 mm/day and the system is
to be run for 10 hours in a day.

 Determine: (i) The net irrigation depth

 (ii) Gross irrigation ie. the depth of water to be pumped

 (iii) Irrigation period

 (iv) Area to be irrigated per day and (v)

 the system capacity.



Solution to Example 3

 Solution: Field Capacity = 28%; Permanent
Wilting Point = 17%

 ie. Available Moisture = 28 - 17 = 11% , which is
Pm

 Root zone depth = 0.9 m;

 Bulk density = 1.36 g/cm3

 Depth of Available Moisture, = Pm . Db. D

 = 0.11 x 1.36 x 900 = 135 mm

 Allowing for 50 % depletion of Available Moisture
before Irrigation, Depth of Readily Available Moisture

= 0.5 x 135 mm = 67.5 mm



Solution of Example 3 Contd.

 i) Net irrigation depth = Depth of the Readily Available
Moisture = 67.5 mm

 ii) Gross Irrigation = Net irrigation

Application efficiency

 = 67.5/0.7 = 96.4 mm

 iii) Irrigation interval = Net irrigation or RAM

Peak ET

 = 67.5/5 = 13.5 days

 = 13.5 days = 13 days (more critical)

 In design, irrigation interval = irrigation period

 ie. irrigation period is 13 days



Solution of Example 3 Contd.
 iv) Total area to be irrigated = 12 hectares

 Area to be irrigated per day = Total area /
irrigation period = 12 ha/ 13 days

 = 1 ha/day



 v) System Capacity, Qc = A. d m3 /s

 F. H. Ea

 Area, A = 12 ha = 12 x 10000 m2 = 120,000 m2

 Net irrigation depth, d = 67.5 mm = 0.0675 m

 Irrigation period , F = 13 days

 Number of hours of operation, H = 10 hrs/day

 Irrigation efficiency, Ea = 0.78



Solution of Example 3 Concluded

 System capacity, Qc = 120,000 m2 x 0.0675 m
13 days x 10 hrs/day x 0.7

 = 89.01 m 3/hr

 Recall: 1 m 3 = 1000 L and 1 hr = 3600 s

 ie. 89.01 m3 /hr = {89.01 x 10 3 L}/3600 secs

 = 24.73 = 25 L/s

 The pump to be purchased for sprinkler irrigation
must have capacity equal to or greater than 25 L/s.

 Alternatively, more than one pump can be
purchased.





2.9.  IRRIGATION EFFICIENCIES

 These irrigation efficiencies are brought about
by the desire not to waste irrigation water, no
matter how cheap or abundant it is.

 The objective of irrigation efficiency concept
is to determine whether improvements can be
made in both the irrigation system and the
management of the operation programmes,
which will lead to an efficient irrigation water
use.



2.9.1 Application Efficiency

E
Water in root zone after irrigation

Total volume of water applied
a 

Total vol of water applied Vol of Tailwater Vol of deep percolation

Total water applied

. ( . . ) 

Ea is inadequate in describing the overall quantity of water 

since it does not indicate the actual uniformity of irrigation, 

the amount of deep percolation or the magnitude of 

under-irrigation.  See diagrams in text.



Example 4
 Delivery of 10 m3/s to a 32 ha farm is continued for 4

hours. The tail water is 0.27 m3/s. Soil probing after
irrigation indicates that 30 cm of water has been
stored in the root zone. Compute the Application
Efficiency.



 Solution: Total volume of water applied

 = 10 m3/s x 4 hrs x 3600s/hr = 144,000 m3

 Total tail water = 0.27 x 4 x 3600 = 3888 m3

 Total water in root zone = 30 cm = 0.3 m x 32 ha
x 10,000 m2/ha = 96,000 m3



Solution to Example 4 Contd.

 = 96,000/144,000 = 66.7%.

E
Water in root zone after irrigation

Total volume of water applied
a 



2.9.2 Water Conveyance Efficiency

E
Water delivered to the Farm W

Water of water diverted from a stream reservoir or well W
c

d

s


( )

, ( )

Farm

Water lost by evap

And seepage Ws

Wd

Stream



Example 5
 45 m3 of water was pumped into a farm distribution

system. 38 m3 of water is delivered to a turn out (at
head ditch) which is 2 km from the well. Compute the
Conveyance Efficiency.

Solution:

E
Water delivered to the Farm W

Water of water diverted from a stream reservoir or well W
c

d

s


( )

, ( )

= 38/45 =    84%





2.9.3. Christiansen Uniformity 

Coefficient  (Cu)

C
X

m n
u  


100 10( .

/ /
)

This measures the uniformity of irrigation

W here: is the summation of deviations from the mean depth

infiltered

m is the mean depth unfiltered and

n is the number of observations.

 // X



Example 6

 A Uniformity Check is taken by probing many
stations down the border. The depths of
penetration (cm) recorded were: 6.4, 6.5,
6.5, 6.3, 6.2, 6.0, 6.4, 6.0, 5.8, 5.7, 5.5, 4.5,
4.9. Compute the Uniformity Coefficient.



 Solution: Total depth of water infiltered =
76.7 cm

 Mean depth = 76.7/13 = 5.9 cm



Locations Depths (cm) Deviations from Mean

1 6.4 0.5

2 6.5 0.6

3 6.5 0.6

4 6.3 0.4

5 6.2 0.3

6 6.0 0.1

7 6.4 0.5

8 6.0 0.1

9 5.8 0.1

10 5.7 0.2

11 5.5 0.4

12 4.5 1.4

13 4.9 1.0



Example 6 Concluded

 This is a good Efficiency.  80% Efficiency is 
acceptable.

/ /X

C
X

m n
u  


100 10( .

/ /
)

Cu  


100 10
6 2

59 13
( .

.

.
)

= 6.2

m = 5.9 cm;  n = 13

=  92%



2.9.4  Water Storage Efficiency (Es)

2.9.5 Irrigation Efficiency

E
Volume of water in the root zone after irrigation

Volume of water needed in root zone to avoid total water moisture depletion
s 

E Steady state
ET W R W

W

Net Irrigation

Water diverted
i

l e s

i

( ) 
  




ET is Evapotranspiration; 

Wl is Leaching Requirement;  

Re is Effective Precipitation; 

is change in storage;

Wi is water diverted, stored or pumped for irrigation.
sW



2.10   IRRIGATION SCHEDULING 

 This means Predicting when to Irrigate and
how much to Irrigate

 For efficient water use on the farm, the farmer
needs to be able to predict when his crops
need irrigation. This can be done by:

 Observing the plants;

 Keeping a Water Balance Sheet

 By Measuring the Soil Moisture Content or

 Computer Software



2.10.1 Observing the Plants: 

 This is a direct way of knowing when the

crops need water.

 The farmer observes the plants for any signs

of wilting or change in leaf colour or growth

rate.

 The method is simple but its major

disadvantage is that the signs of shortage

appear after the optimum allowable depletion

has already been exceeded.



2.10.2. Keeping a Water Balance 

Sheet

 This approach works on the principle that the
change in water content of the soil is
represented by the difference between water
added by irrigation(or rainfall) and the amount
lost by evapotranspiration.

 The records are kept for each farm and crops
as shown in Table 2.4 below.

 The method requires no equipment and is
easy to operate.

 It can be operated on a daily or weekly or 10
day basis.





Table 2.3: Example of a Water Balance 

Sheet

Date Estimated 

ET (mm)

Rainfall 

(mm)

Accumulated 

Deficit (mm)

Irrigation 

Period

5.1.05 4.2 - 4.2

6.1.05 3.5 - 7.7

7.1.05 3.8 - 11.5

8.1.05 4.5 - 16.0

9.1.05 5.2 - 21.2

10.1.05 5.1 2.0 24.3

11.1.05 5.5 - 29.8

12.1.05 5.1 - 4.9 (34.9) 30.0

13.1.05 4.9 - 9.8

etc.

Irrigation Plan:  Apply 30 mm of water at 30 mm deficit.



2.10.3    Measuring Soil Moisture

 This is the best scheduling and the most widely used.
Soil moisture can be indirectly measured using
devices and instruments eg. tensiometers, resistance
blocks or neutron probes.

 Direct measurement of soil moisture can be by
weighing or the gravimetric method.

 These methods are either too expensive or
complicated.

 The simplest and most practical method is to
estimate the moisture content by the 'feel and
appearance' of the soil.

 Soil is collected at the root zone and checked to
guess the right time to irrigate.



2.11   IRRIGATION WATER:  SOURCES, QUALITY & 

MEASUREMENT

 2.11.1 Sources of Irrigation Water Supply

 i) Rainfall or Precipitation: This is a
practical and dominant factor.

 The supply varies with time and place e.g.
while Grenada receives 2,100 mm annual
rainfall, Antigua receives only 1,100 mm.
Trinidad receives 1, 950 mm (Data supplied
by Gumbs, 1987).

 To be of greatest benefit for crop production,
the rainfall amount should be enough to
replace water in the root zone on a regular
basis.
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Sources of Irrigation Water 

Contd.
 ii) Underground water sources: This can be

shallow or bore holes.



 iii) Surface Sources: Streams, rivers, lakes, farm
ponds etc.

 Streams should be gauged to ensure that there is
enough water for irrigation.

 Rivers or streams can also be dammed to raise the
height of flow and make more water available for
irrigation.

 Farm ponds can also be dug to store water from
rivers or channels (e.g. field station) or to collect
water from rainfall



Sources of Irrigation Water 

Contd.

 iv) Springs and waste water e.g.

industrial water and sewage: Determine

quality before use.

 (For details of harnessing water for

irrigation in the Caribbean, see Gumb's

Soil & Water Conservation Methods,

Chapter 7).



2.11.2  Irrigation Water 

Quality:

 Irrigation water quality depends on

 i) Amount of suspended sediment eg.

silt content

 ii) The chemical constituents of water



i)  Amount of Suspended 

Sediment:
 The effect of sediment may depend upon the

nature of the sediment and the characteristics
and soil conditions of the irrigated area.

 Silt content in irrigation may be beneficial if it
improves the texture and fertility of say sandy
soil.

 It can also be detrimental if it is derived from
a sterile sub-soil, and applied to a fertile soil.

 Silt accumulation can cause aggradation in
canals or distribution systems. In sprinkler
systems, silt can cause abrasion.



ii) The Chemical Constituents 

of Water:

 There are three main elements or

compounds that can cause hazards in

irrigation water. They include:

 Sodium,

 Boron and

 Salts.



a)  Salinity Hazards:

 The units of salt concentration in irrigation water can
be parts per million (p.p.m), milli
equivalents/litre(ME/litre) or electrical conductivity.

 On the basis of salinity, irrigation water can be
classified as C1 to C4(see chart).

 They refer to low, medium, high and very high salinity
levels respectively.

 While C1 water can easily be used for irrigation
without need for leaching requirement,

 C4 water is not useable, except in permeable soils
where adequate leaching and drainage is possible
and for highly tolerant crops.



Canal Headwork - Types & Locations 

Definition: 

Any hydraulic structure which supplies water to the off taking 
canal. Diversionhead-work provides an obstruction across a river, so that 
the water level is raised and water is diverted to the channel at required level. 
The increase water level helps the flow of water by gravity and results in 
increasing the commanded area and reducing the water fluctuations in the river. 

Diversion head-work may serve as silt regulator into the channel. Due to the 
obstruction, the velocity of the river decreases and silt settles at the bed. Clear 
water with permissible percentage of silt is allowed to flow through 
the regulatorinto the channel. 

To prevent the direct transfer of flood water into the channel. 

Functions of a Headwork 

A headwork serves the following purposes 

 A headwork raises the water level in the river 
 It regulates the intake of water into the canal 
 It also controls the entry of silt into the canal 
 A headwork can also store water for small periods of time. 
 Reduces fluctuations in the level of supply in river 

Types of Headworks 

1. Storage headwork 
2. Diversion headwork 

Component parts of Diversion Headwork 
Types of Diversion head works 



 

Location of Headworks 

1. Rocky Stage 
2. Sub mountainous or boulder stage: boulder or gravel 
3. Alluvial plan 

Rocky stage: 

River steep slope, high velocity 

Advantages: 

1. Good foundation at shallow depth 
2. Comparatively silt free water for turbines 
3. High head for hydro-electric work 

Disadvantages: 

1. Long ---- length of canal. In reach soil is good for agriculture. 
2. More cross damage works 
3. More falls (ground steep gradient - lined to permit high velocity) 
4. Costly head regulator excluding shingle 
5. Frequent repairs of the weirs. 

1. Temporary: 
2. Spurs Bunds 
3. Permanent 

Components 

1. Weir or Barrage 
2. Divide Wall 
3. Fish Ladder 
4. Approach Canal 
5. Silt prevention device 
6. Canal head regulator 
7. River training works 



Sub mountainous or boulder stage: boulder or gravel 

Advantages: 

1. Less training works 
2. Suitable soil for irrigation available 
3. Availability of construction material locally. 
4. Falls can be utilized for power generation 

Disadvantages: 

1. It has a strong sub-soil flow as a result 
2. Reduce in storage and damage floor downstream 
3. More percolation loss from canal 
4. More x-drainage works 
5. Less demand of water at head reaches (more idle length of canal) 

Alluvial plan: 

1. x- section of river alluvial sand silt 
2. Bed slope small, velocity gentle 
3. No idle length of canal 
4. less x- drainage works 
5. Comparatively less sub soil flow 

Disadvantages: 

1. Cost of headwork is more due to poor foundation 
2. More river training works 
3. Problem of silt in canal 

 

 

Source: 

http://www.aboutcivil.org/headworks-types-&-locations.html 



DAMS



Dams

• Dam is a solid barrier constructed at a suitable

location across a river valley to store flowing water.
• Storage of water is utilized for following objectives:

• Hydropower

• Irrigation

• Water for domestic consumption

• Drought and flood control

• For navigational facilities

• Other additional utilization is to develop fisheries



Structure of Dam

Heel

Gallery

Toe

Spillway

(inside dam)

Crest

NWL

Normal

water level

MWL

Max. level

Free board
Sluice way

Upstream Down stream



• Heel: contact with the ground on the upstream side

• Toe: contact on the downstream side

• Abutment: Sides of the valley on which the structure of the dam rest

• Galleries: small rooms like structure left within the dam for checking
operations.

• Diversion tunnel: Tunnels are constructed for diverting water before the
construction of dam. This helps in keeping the river bed dry.

• Spillways: It is the arrangement near the top to release the excess water
of the reservoir to downstream side

• Sluice way: An opening in the dam near the ground level, which is used
to clear the silt accumulation in the reservoir side.



TYPES OF DAMS

• Gravity Dams:

• These dams are heavy

and massive wall-like

structures of concrete

in which the whole

weight acts vertically

downwards

Reservoir

Force

As the entire load is transmitted on the small area of foundation, such 

dams are constructed where rocks are competent and stable.



• Bhakra Dam is the highest

Concrete Gravity dam in

Asia and Second Highest

in the world.

• Bhakra Dam is across river

Sutlej in Himachal Pradesh

• The construction of this

project was started in the

year 1948 and was

completed in 1963 .

• It is 740 ft. high above the deepest foundation as straight concrete dam being more than three

times the height of Qutab Minar.

• Length at top 518.16 m (1700 feet); Width at base 190.5 m (625 feet), and at the top is 9.14 m (30

feet)

• Bhakra Dam is the highest Concrete Gravity dam in Asia and Second Highest in the world.





Buttress Dam:

• Buttress Dam – Is a

gravity dam reinforced by

structural supports

• Buttress - a support that

transmits a force from a

roof or wall to another

supporting structure

This type of structure can be considered even if the foundation

rocks are little weaker



• These type of dams are

concrete or masonry dams

which are curved or convex

upstream in plan

• This shape helps to transmit

the major part of the water load

to the abutments

• Arch dams are built across

narrow, deep river gorges, but

now in recent years they have

been considered even for little

wider valleys.

Arch Dams:





Earth Dams:

• They are trapezoidal in
shape

• Earth dams are
constructed where the
foundation or the
underlying material or
rocks are weak to support
the masonry dam or where
the suitable competent
rocks are at greater depth.

• Earthen dams are
relatively smaller in height
and broad at the base

• They are mainly built with
clay, sand and gravel,
hence they are also known
as Earth fill dam or Rock
fill dam



Canal Head Regulator 

Structure at the head of canal taking off from a reservoir may consist of nu ber of 
spans separated by piers and operated by gates. 

Regulators are normally aligned at 90° to the weir. upto 10" are considered 
preferable for smooth entry into canal. These are used for diversion of flow. Silt 
reduces carriage capacity of flow. 

Types of regulators in canals 

1. Still pond regulation: 
2. Open flow regulation 
3. Silt control devices 

1. Still pond regulation: 

 Canal draws water from still pond 
 Water in excess of canal requirements is not allowed to escape under the 

sluice gates. 
 Velocity of water in the pocket is very much reduced; silt is deposited in the 

pocket 
 When the silt has a level about 1/2 to 1m below the crest level of 

Head Regulator, supply in the canal is shut off and sluice gates are opened 
to scour the deposited silt. 

 

Head Regulator 



2. Open flow regulation 

 Sluice gates are opened and allow excess of the canal requirement 
 Top water passes into the canal 
 Bottom water maintain certain velocity in the pocket to keep the silt to 

remain in suspension 
 Canal is not closed for scouring the silt. 

3. Silt control devices 

 Silt control at head works: 
 Entry of silt to canal can be controlled by: 
 Providing a divide wall to: 
 Create a trap or pocket 
 Create scouring capacity of under sluices 
 By concentrating the currents towards them 
 Paving the bottom the approach channel to reduce disturbance because 

due to disturbance sediment remains in suspension 

Installing silt excluders 

 Making entry of clear top water by: 
 Providing raised sill in the canal 
 Lower sill level of scouring sluices 
 Wide head regulator reduces velocity of water at intake 
 Smooth entry to avoid unsteady flow 
 Handling careful the regulation of weir 
 Disturbance is kept at minimum in weirs 

Silt excluder: 

 Silt is excluded from water entering the canal, constructed in the 
bed infront of head regulator - excludes silt from water entering the canal 

 Designed such that the top and bottom layers of flow are separated with 
the least possible disturbance 

 Top water to canal - bottom, silt laden through under sluices 
 No of tunnels resting on the floor of the pocket of different lengths 
 The tunnel near th head regulator being of same length as that of the width 

of head regulator - tunnel of different length. 



 Capacity of tunnel is about 20% of canal discharge 
 Minimum velocity 2 to 3 m/s to avoid deposition in tunnel is kept the same 

as sill level of head regulator 
 From discharge and scouring velocity the total waterway required for under 

water tunnels can be determined، 
 Silt extractor or silt ejector: 
 Device by which the silt, after it has entered the canal is extracted or 

thrown out. 
 Constructed on the canal some distance away from head regulator 
 Horizontal diaphragm above the canal bed 
 Canal bed slightly depressed below the diaphragm 0.5 to 2.8m 
 Under diaphragm, tunnel which extent the highly silted bottom water 

tunnel. 
 There should be no disturbance of flow at the entry. 
 Sediment - laden are diverted by curved vanes 
 Forwards the escape chamber: steep slope to escape channel is provided. 
 The streamlined vane passage accelerate the flow through them, thus 

avoiding deposition (decreasing section area increases the flow velocity) 
 The tunnel discharge by gate at the outlet end (escape channel) 

Location: 

 If near head regulator, silt will be in suspension 
 If too far away than result in silting of canal. 

 

 

Source: 

http://www.aboutcivil.org/canal-head-regulator.html 



 

 

 

 

 

 

 

 

DOUBLY REINFORCED BEAM 
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 Having steel in compression and tension zones

 
 Used in such situations

 the ultimate moment of resistance required is 

greater than the ultimate moment of resistance of 

the singly reinforced balanced section

 when depth of the beam is constraints



 

 Beam will be found necessary when the depth of the 

beam is restricted

 Also to serve functional or aesthetic requirements.

 Reinforcing on the tension side not enough to resist the 

bending moment.

 
 As increase in quantity of steel on tension side,  

moment of resistance get increased indefinitely.

 However, the total tension reinforcement cannot exceed 

the maximum permissible tension reinforcement.



 
 

 

 Live loads may alternate could occur on both face of

member. 

 Loading may be eccentric,

 Also eccentricity of the load may change from one

side of the axis to another side. 

 The member may be subjected to dynamic loading

(eg.:-vibrations or impact or accidental lateral thrust) 



 



 

 
 
 

 Assumption
 Compression is resisted only by compression steel.

 Tension is resisted by tension steel.

 Stress in compression steel = Stress in tension steel

 Concrete serves only as a web of an I



 

 

 

 

 Determining the amount of moment of resistance 
knowing breadth, depth, area of tension and 
compression steels and their covers. 

 Design involves the determination of cross-sectional 
dimensions, area of tension and compression 
reinforcements 

 First step 
 to determine whether compression steel is required. 

 done by comparing the factored bending moment 
with the limiting moment of resistance of a singly 
reinforced section 



 



 



Reinforced Concrete Design



Compressive Strength of Concrete

• fcr is the average cylinder strength

• f’c compressive strength for design

• f’c  ~2500 psi - 18,000 psi, typically 3000 - 6000 psi

• Ec estimated as:

where w = weight of concrete, lb/ft3

f’c in psi

E in psi

for normal weight concrete ~145 lb/ft3

E w fc c 33 15. '

E fc c 57 000, '



Concrete Stress-Strain Curve

For short term loading. Over time concrete will creep and shrink.



Concrete Strain

Strain in concrete will be caused by loading, creep, 

shrinkage, and temperature change.

For scale, consider a 20’ section of concrete,

f’c = 4000 psi, under a stress, fc = 1800 psi.  

Determine the change in length.



Tensile Strength of Concrete

• Tensile strength of concrete is about

• ~300 – 600 psi

• Tensile strength of concrete is ignored in design

• Steel reinforcement is placed where tensile 

stresses occur

Where do tensile stresses occur?

f c'

10



Tensile Stresses

Restrained shrinkage

slab on grade

shrinkage strain, ε = 0.0006

σ = εE = 0.0006 x 3600 ksi = 2.16 ksi

Flexural member
compression

tension



Reinforcing Steel

• Deformed steel reinforcing bars

• Welded wire fabric

• 7-strand wire (for pre-stressing)



Deformed Steel Reinforcing Bars

Rebar

• Grade 60 (most common in US)

• Sizes #3 → #18 (number indicates 

diameter in ⅛ inch)



Welded Wire Fabric

Readily available fabrics

Designation:

longitudinal wire spacing x transverse wire spacing –

cross-sectional areas of longitudinal wire x transverse wires in 

hundredths of in2



Stress-Strain Curve, Steel and Concrete



Reinforce Concrete Design

Two codes for reinforced concrete design:

• ACI 318 Building Code Requirements for 

Structural Concrete

• AASHTO Specifications for Highway Bridges 

We will design according to ACI 318 which is an 

‘LRFD’ design.  Load and resistance factors for 

ACI 318 are given on page 7, notes.



Short Reinforced Concrete 

Compression Members

• Short - slenderness does not need to be 

considered – column will not buckle

• Only axial load

L

Cross-sectional Areas:

As = Area of steel

Ac = Area of concrete

Ag = Total area

Fs = stress in steel

Fc = stress in concrete

From Equilibrium:

P = Acfc + Asfs

P

L

P

If bond is maintained εs = εc



Short Concrete Columns

For ductile failure – must assure that steel 

reinforcement will yield before concrete crushes.

– Strain in steel at yield ~0.002

– ε = 0.002 corresponds to max. stress in concrete.

– Concrete crushes at a strain ~ 0.003

Equilibrium at failure:  P = AsFy +Acf’c



Reinforcement Ratio

• ρ = As/Ag

• ACI 318 limits on ρ for columns: 

0.01≤ρ≤0.08 (practical ρmax = 0.06)

• Substitute ρ=As/Ag and Ag=As+Ac into 

equilibrium equation:

P = Ag[ρfy +f’c(1- ρ)]



Short Concrete Columns

P = Ag[ρfy +f’c(1- ρ)]

Safety Factors

• Resistance factor, Ф = 0.65 (tied), Ф = 0.70 (spiral)

• When fc>0.85f’c, over time, concrete will collapse

• Stray moment factor for columns, K1

– K1=0.80 for tied reinforcement

– K1=0.85 for spiral reinforcement

ФPn = Ф K1 Ag[ρfy +0.85f’c(1- ρ)]



Short Column Design Equation

ФPn = Ф K1 Ag[ρfy +0.85f’c(1- ρ)]

for design, Pu ≤ ФPn















 c
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Transverse Reinforcement

Used to resist bulge of concrete and buckling of steel



Concrete Cover

Used to protect steel reinforcement and 

provide bond between steel and concrete



Short Concrete Column Example

Design a short, interior, column for a service dead

load of 220 kips and a service live load of 243

kips. Consider both a circular and a square cross

section. Assume that this column will be the

prototype for a number of columns of the same

size to take advantage of the economy to be

achieved through repetition of formwork. Also

assume that this column will be the most heavily

loaded (“worst first”). Available materials are

concrete with f’c = 4 ksi and grade 60 steel.



Available Steel Reinforcing Bars











Design of Spiral Reinforcement

• Asp = cross sectional area of spiral bar 

• Dcc = center to center diameter of spiral coil

• Acore = area of column core to outside of spiral coils

• Pitch = vertical distance center to center of coils

with the limit: 1” ≤ clear distance between coils ≤ 3”

)('45.0 coregc

yccsp

AAf

fDA





Pitch of spiral





 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

SINGLY REINFORCED BEAM 
By limit state method of design 



 

 

DIFFERENT METHODS OF DESIGN 

OF CONCRETE 

 

1. Working Stress Method 

2. Limit State Method 

3. Ultimate Load Method 

4. Probabilistic Method of Design 



 

 

 

 

 

LIMIT STATE METHOD OF DESIGN 

 The object of the design based on the limit state 
concept is to achieve an acceptable probability, that 
a structure will not become unsuitable in it’s lifetime 
for the use for which it is intended, 

i.e. It will not reach a limit state 

 
 A structure with appropriate degree of reliability 

should be able to withstand safely. 

 
 All loads, that are reliable to act on it throughout it’s 

life and it should also satisfy the subs ability 
requirements, such as limitations on deflection and 
cracking. 



 
 

 It should also be able to maintain the required 

structural integrity, during and after accident, such as 

fires, explosion & local failure. 

i.e. limit sate must be consider in design to ensure 

an adequate degree of safety and serviceability 

 The most important of these limit states, which must 

be examine in design are as follows 

Limit state of collapse 

- Flexure 

- Compression 

- Shear 

- Torsion 

This state corresponds to the maximum load carrying 

capacity. 



 
 

TYPES OF REINFORCED CONCRETE 

BEAMS 

 
b) Singly reinforced beam 

c) Doubly reinforced beam 

d) Singly or Doubly reinforced flanged 

beams 



 

 

 

 

 

SINGLY REINFORCED BEAM 

 

 
 In singly reinforced simply supported beams 

or slabs reinforcing steel bars are placed 

near the bottom of the beam or slabs where 

they are most effective in resisting the 

tensile stresses.



 

 

 

 

 

 

 

 

 

 

 Reinforcement in simply supported beam

 

COMPRESSION b 
 

d 
 

 

 

SECTION A - A 

 

CLEAR SPAN 

D 

 

 

 
STEEL REINFORCEMENT 

 TENSION 

SUPPORT 

 

 



 

 

 

 

 

 

 

 

 

 

 Reinforcement in a cantilever beam

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SECTION A - A 

A 

TENSION 

D 

COMPRESSION 

A 

CLEAR COVER 
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 STRESS – STRAIN CURVE FOR CONCRETE

 

 
fck 

 

 
STRESS 
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 STRESS ― STARIN CURVE FOR STEEL
 

 

 

 



      

 

 

 

 

 

STRESS BLOCK PARAMETERS 

 !
 

 0.0035 0.446 fck

 X2 X2

 






     X1       X1
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 The depth of neutral axis can be obtained by 

considering the equilibrium of the normal forces , 

that is,
 Resultant force of compression = average stress X area 

= 0.36 fck   bx 

 Resultant force of tension = 0.87 fy At 

 Force of compression should be equal to force of tension, 

0.36 fck  bx = 0.87 fy At 

 

 

x = 

Where At = area of tension steel 

x = Depth of Neutral axis 

b = breadth of section 

d = effective depth of section 

 



 

 

 
 

 



 

 

 

 

 
 

 

 

 

 
 

 Moment of resistance with respect to concrete = compressive force x lever arm

 

= 0.36 fck   b x z 

 
 Moment of resistance with respect to steel = tensile force x lever arm

 

= 0.87 fy  At  z 



 
 

MAXIMUM DEPTH OF NEUTRAL 

AXIS 

 A compression failure is brittle failure.

 The maximum depth of neutral axis is limited to ensure that tensile 

steel will reach its yield stress before concrete fails in compression, 

thus a brittle failure is avoided.

 
 The limiting values of the depth of neutral axis xm for different grades 

of steel from strain diagram.



 
 

MAXIMUM DEPTH OF NEUTRAL 

AXIS 
 

 

 

 

 
 

fy N/mm2 xm 

250 0.53 d 

415 0.48 d 

500 0.46 d 



LIMITING VALUE OF TENSION 

STEEL AND MOMENT OF 

RESISTANCE 

 Since the maximum depth of neutral axis is limited, 
the maximum value of moment of resistance is also 

limited.

 
 Mlim   with respect to concrete = 0.36 fck b x z

 = 0.36 fck b xm (d – 0.42 xm) 

 Mlim   with respect to steel = 0.87 fck At (d – 0.42 xm)



 

 

LIMITING MOMENT OF RESISTANCE 

VALUES, N MM 
 
 

Grade of 

concrete 

Grade of steel 

Fe 250 steel Fe 450 steel Fe 500 steel 

General 0.148 fck bd 0.138 fck bd 0.133 fck bd 

M20 2.96 bd 2.76 bd 2.66 bd 

M25 3.70 bd 3.45 bd 3.33 bd 

M30 4.44 bd 4.14 bd 3.99 bd 



 

 

 

 

 

TYPES OF PROBLEM 

 
b) Analysis of a section 

 
d) Design of a section 



 

 

 

 

 

a) For under reinforced section, the value of x/d is less than xm/d value. 

 

The moment of resistance is calculated by following equation: 

 

Mu  = 0.87 fy At d –     

 

g) For balanced section, the moment of resistance is calculated by the 

following equation: 

 

Mu  = 0.87 fy At ( d – 0.42xm) 

 

k) For over reinforced section, the value of x/D is limited to xm/d and the 

moment of resistance is computed based on concrete: 

Mu  = 0.36 fck b xm ( d – 0.42 xm ) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Analysis of section



 

 

 

 Determine the moment of resistance for the section shown in figure.

(i) fck = 20 N/mm , fy = 415 N/mm 
 

 

 

Solution: 

(i) fck = 20 N/mm , fy = 415 N/mm 

breadth (b) = 250 mm 

effective depth (d) = 310 mm 

effective cover = 40 mm 

Force of compression = 0.36 fck b x 

= 0.36 X 20 X 250x 

= 1800x N 



 

 

 

 

 
 

 

 

 

 

 

  

fy xm 

415 0.48d 

500 0.46d 

 

Area of tension steel At 

Force of Tension 

= 

= 

3 X 113 mm 

0.87 fy At 

 = 0.87 X 415 X 3 X 113 

 = 122400 N 

 Force of Tension = Force of compression 

 122400 = 1800x 

 x = 68 mm 

 xm = 0.48d 

 = 0.48 X 310 

 = 148.8 mm 

 148.8 mm > 68 mm 

 Therefore, 

 Depth of neutral axis 

 
= 

 
68 mm 

 



 

 

 

 

 Lever arm z = d – 0.42x

= 310 – 0.42 X 68 

= 281 mm 
 

 

As x < xm ( It is under reinforced ) 

o 

o Since this is an under reinforced section, moment of resistance is 

governed by steel. 

 
o Moment of resistance w.r.t steel = tensile force X z 

o Mu = 0.87fy At z 

o = 0.87 X 415 X 3 X 113 X 281 

o Mu = 34.40kNm 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Design of a section



 

 

 Question : Design a rectangular beam to resist a bending moment equal to 45 kNm 

using (i) M15 mix and mild steel

 

 Solution :

 The beam will be designed so that under the applied moment both 

materials reach their maximum stresses.

 
 Assume ratio of overall depth to breadth of the beam equal to 2.

 

Breadth of the beam = b 

Overall depth of beam = D 

therefore , D/b = 2 

 
For a balanced design, 

Factored BM = moment of resistance with respect to concrete 

= moment of resistance with respect to steel 

= load factor X B.M 

= 1.5 X 45 

= 67.5 kNm 



 

 

 
 

 For balanced section,

 Moment of resistance Mu = 0.36 fck b xm(d - 0.42 xm)

 
 Grade for mild steel is Fe250

 
 For Fe250 steel,

xm = 0.53d 

 
Mu = 0.36 fck b (0.53 d) (1 – 0.42 X 0.53) d 

= 2.22bd 

 
Since D/b =2 or, d/b = 2 or, b=d/2 

 
Mu = 1.11 d 

Mu = 67.5 X 10 Nmm 

d=394 mm and b= 200mm 

fy xm 

250 0.53d 

415 0.48d 

 



 

 

 

 

















 Area of tensile steel At = 

 

 
 = 

 

 

 

 = 962 mm 

 = 9.62 cm 

 Minimum area of steel Ao= 0.85 

Adopt D = 450 mm 

 b = 250 mm 

 d = 415mm 

 



 

 

 
 

= 
 

 

= 353 mm 
 

 

353 mm < 962 mm 

 
In beams the diameter of main reinforced bars is usually selected 

between 12 mm and 25 mm. 

 
Provide 2-20mm and 1-22mm bars giving total area 

 
= 6.28 + 3.80 

= 10.08 cm > 9.62 cm 
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Preface 
 

I have made this report file on the topic Remote Sensing, I have tried my best to 

elucidate all the relevant detail to the topic to be included in the report. While in the 

beginning I have tried to give a general view about this topic. 

 

My efforts and wholehearted co-corporation of each and everyone has ended on a 

successful note. I express my sincere gratitude to …………..who assisting me 

throughout the prepration of this topic. I thank him for providing me the reinforcement, 

confidence and most importantly the track for the topic whenever I needed it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.studymafia.org  
 

Content  

• Introduction 

• What is remote sensing? 

• History of Remote Sensing 

• Applications of Remote Sensing 

• Components 

• Advantages 

• Disadvantages 

• References  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



www.studymafia.org  
 

INTRODUCTION 

Remote sensing is the art and science of recording, measuring, and analyzing information 

about a phenomenon from a distance. Humans with the aid of their eyes, noses, and ears 

are constantly seeing, smelling, and hearing things from a distance as they move through 

an environment.  

Thus, humans are naturally designed to be remote sensors. In order to study large areas of 

the Earth’s surface geographers use devices known as remote sensors. These sensors are 

mounted on platforms such as helicopters, planes, and satellites that make it possible for 

the sensors to observe the Earth from above. 

What is remote sensing? 
 

 

 Remote Sensing: remote sensing is science of  

 acquiring, 

 processing, and 

 interpreting 

 images and related data that are obtained from ground-based, air-or space-borne 

instruments that record the interaction between matter (target) and electromagnetic 

radiation. 

 

 Remote Sensing: using electromagnetic spectrum to image the land, ocean, and 

atmosphere. 

 

 In this class, we will mostly focus on the   

 principles and techniques for data collection and the interaction of 

electromagnetic energy with the Earth's surface 

 some application examples 

 also you will get familiar with ENVI, an image processing software. 
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History of Remote Sensing 
 

 Aerial photography is the original form of remote sensing (using visible 

spectrum) started in 1909 

 Aerial photographic reconnaissance was widely used after 1915 in WWI. 

 Photogrammetric Engineering, the official monthly publication of the American 

Society of Photogrammetry, was first published in 1934. 

 Color infrared photography began 1931, then was widely used in agriculture and 

forestry. 

 Development of radar (1930-1940). 

 During WWII, non-visible spectrum (infrared and radar) were used as tools in 

remote sensing. 

 After the first man-made satellite (Sputnik 1) was launched on 4 October 1957 by 

Soviet Union, remote sensing moved to outer space, ignited the Space Race 

within the Cold War. 

 The United States' Explorer 6 transmitted the first space photograph of the Earth 

in August 1959. 

 The first systematic meteorological satellite observation came with the launch of 

the United States' TIROS 1 in 1960. 

 Landsat 1 (originally called the Earth Resources Technology Satellite or ERTS) 

was the first satellite to collect data on the Earth's natural resources. It was 

launched on 23 July 1972. 

 Hyperspectral remote sensing emerged (1980s), widely used in mineral, oil, etc. 

exploration. 

 Since then, a large number and advanced types of remote sensing systems have 

been developed. 
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Applications of Remote Sensing 

Surface Temperature 

Sea or lake surface temperature (SST or LST) is derived from satellites orbiting the 

earth.  One such useful device is NOAA's (National Oceanographic and Atmospheric 

Administration) AVHRR or Advanced Very High Resolution Radiometer.   

 

The AVHRR operates over a very large bandwidth which ranges from visible to thermal 

infrared waves.   Using algorithms and differences in wavelengths, surface temperature 

can be calculated.  

 

 Surface temperature is important because it influences circulation patterns and the rates 

of chemical reactions, including carbon fixation rates of primary production.  Without 

primary production, a lake's food web and biodiversity would not exist.   

Productivity 

As mentioned above, primary production is of vital importance in maintaining lake 

biodiversity.  But what is primary production and how is it remote sensing used to 

measure it?  Primary production is the basis of life and the beginning of the food web for 

higher organisms.   

 

Single celled chlorophyll containing plants called phytoplankton convert the sun's energy 

into fuel which it uses to produce more plant material. This process is known as 

photosynthesis.  Higher organisms such as zooplankton feed on the phytoplankton and in 

turn are fed upon by small fishes.   

 

Remotely sensed images are used to determine productivity.  What the satellite sensor 

"sees" indirectly when it takes pictures of a body of water is the color of the water, which 

can then be related to the concentration of chlorophyll.   It appears green because 

chlorophyll absorbs the other colors of the visible light spectrum and reflects green.   

 

So, by knowing the chlorophyll concentration of a body of water, we can get an idea of 

it's productivity. Satellite sensors such as NASA's SeaWiFS (Sea viewing Wide Field-of-

view Sensor) and MODIS (Moderate Resolution Imaging Spectroradiometer) use similar 

techniques mentioned previously to calculate  chlorophyll content.   

Suspended Materials  

The biogeochemical makeup of a body of water can be greatly affected by the 

distribution of sediments within it.  River runoff, urban/industrial discharge, and 

resuspended sediments can all determine the health of a body of water.  
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Organic and inorganic suspended sediments also affect the color of a lake or 

ocean.  Episodic events such as storms stir up sediments to give a body of water a 

brownish color.   

 

Resuspended sediments can carry heavy metals and other pollutants to areas that may 

affect the health of a population.   

 

Redistribution of sediments can cause problems in the shipping industry by changing the 

depth of canals and harbors.  Fish productivity can be hurt when sediments cover their 

nesting grounds.  

 

 The SeaWiFS sensor can also estimate the amount of suspended materials associated 

with sediment plumes, which can then be tracked and monitored remotely.    
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Why is remote sensing important? 

 
- Remote sensing makes it possible to collect data on dangerous or inaccessible areas. 

  

- Remote sensing provides real time updates, and does not require active human  

assistance (i.e. you can collect data at any time, at any frequency, as long as the 

equipment allows it)  

 

- Remote sensing can detect things that are not normally present in the visible spectrum - 

for example, temperature, or by detecting landforms underneath the surface of the ground 

or ocean  

 

- Remote sensing can scan large areas of land by satellite - much more quickly than a 

ground survey ever could 
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Components  
 

• Energy Source or Illumination (A) - The first requirement for remote sensing is 

to have an energy source which illuminates or provides electromagnetic energy to 

the target of interest. 

 

• Radiation and the Atmosphere (B)– as the energy travels from its source to the 

Target, it will come in contact with and interact with the atmosphere it passes 

through. This interaction may take place a second time as the energy travels from 

the target to the sensor. 

 

• Interaction with the Target (C)- once the energy makes its way to the target 

through the atmosphere, it interacts with the target depending on the properties of 

both the target and the radiation. 

 

• Recording of Energy by the Sensor (D) - after the energy has been scattered by, 

or  Emitted from the target, we require a sensor (remote - not in contact with the 

target) to collect and record the electromagnetic radiation. 
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Advantages 
 

A) Provides data of large areas 

 

b) Provides data of very remote and inaccessible regions 

 

c) Able to obtain imagery of any area over a continuous period of time through which the 

any anthropogenic or natural changes in the landscape can be analyzed 

 

d) Relatively inexpensive when compared to employing a team of surveyors 

 

e) Easy and rapid collection of data 

 

f) Rapid production of maps for interpretation 
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Disadvantages of remote sensing are: 
 

a) The interpretation of imagery requires a certain skill level 

 

b) Needs cross verification with ground (field) survey data 

 

c) Data from multiple sources may create confusion 

 

d) Objects can be misclassified or confused 

 

e) Distortions may occur inanimage due to the relative motion of sensor and source 
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Tacheometry



Principle of tacheometry

Tacheometry

„Fast measurement” – measurement of horizontal and 
vertical coordinates of detail points in one step.

Principle of tacheometry

The horizontal position of the detail point is computed 
using the polar coordinates (WCB & dh), while the 
elevation is measured using trigonometric heighting.



Principle of tacheometry

Horizontal coordinates:

• (NA,EA) and (NT,ET) 
are known;
• jAP, tAP is measured.

Exercise: compute the 
coordinates of P

Solution:

• WCBAT is computed (2nd fundamental task of surveying;

• WCBAP is computed by transfering the WCB from AT to AP 
(WCBAP=WCBAT+jAP);

• the horizontal coordinates of P are computed by the 1st fundamental task 
of surveying

WCBAP

WCBAT

jAPA

T

P

N

E

dAP

| | N



Principle of tacheometry

Vertical coordinates:

ds

dAP

hS

hI

A

PAP

hAP

m

hI – instrument height
hS – signal height
AP – zenith angle
dS – slope distance

Measured hAP=?

hAP=hI+dSsinAP-hS



Measuring the slope distance

Older instruments: use the optical method (stadia 
lines) to measure the distance. The maximal range is 
150-200m, and the accuracy 15-20cm.

Latest instruments: EDMs are used to measure the 
slope distance. The maximal range is usually 2-3 km, 
accuracy is 1-2 cm.



Electronic tacheometers (Total Stations)

Important features:

• automated distance measurements and angular 
observations;

• the observations can be corrected for the effect of 
systematic error, and reduced to the MSL;

• the data can be recorded for later use;

• observation software enables the instrument to 
compute coordinates and stake out.



Operation of Total Stations

• Centering and leveling the instrument by the operator

• observing the slope distance (ds), correcting the 
effect of the reflector constant, the frequency error and 
the meteorological correction;

• the horizontal (Hz) and vertical (V) angles are read, 
and the effects of the collimation and index error are 
accounted for;

• the horizontal distance (dh) and the elevation 
difference is (h) is computed (instrument and signal 

height must be entered previously);

• the data set (ds, Hz, V) or (Hz, dh, h) is logged.



Important software of Total Stations

1. Free station establishment
The station coordinates are computed using 
angular and distance observations to known 
points (resection, arc-section and their 
combination). In most cases the orientation is 
also done.

2. Determination of the elevation of the 
station
by trigonometric heighting to known stations.

3. Orientation of the horizontal circle
by taking horizontal angle observations to known 
stations.

4. Computation of rectangular coordinates 
(N,E)
using the polar coordinates (provisional WCB and 
horizontal distance)



5. Tie distance
The horizontal distance between two measured 
detail points can be computed using their 
coordinates.

6. Remote object
by measuring the horizontal distance to the 
vertical of a remote object, and the zenith angle.

Important software of Total Stations



Detail surveys using tacheometry

Preparation

• densification of control network;

• finding suitable places for free station 
establishment.

Detail survey

• detail points of:

• buildings;

• linear objects (e.g. electric poles);

• rectangular buildings;

• arcs;

• topography.



Detail surveys using tacheometry

Identifying the detail points

• drawing a sketch of the area, and marking the detail 
points on it with ID numbers;
• recording the coordinates or observations with the 
same ID numbers;
• ensure that the two numberings are identical;

Mapping the survey

• marking the positions of the detail points in a given 
scale;
• the elevation of topographic points should be written 
on the map;
• contour lines are interpolated between the measured 
topographic points.



Thank You for Your Attention!
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Lab 3: Measurement of Horizontal and Vertical Angle 

 
Objective: To motivate the students to use the techniques and present the concepts of angles 

and coordinates. 
 
Preparation: Read chapter 8 in the Elementary Surveying, 11th ed. Textbook. 
  
Overview: Determining the relative position of points often involves measurements of both 

angles and distances. Therefore it is necessary to measure angles to a relatively 
high level of accuracy.  

 

Instruments to be used:  Check out the following equipment: 

1. Transit or repeating Theodolite 
2. Tripod 
3. Two range poles 
4. Five pegs 
5. Plumb bobs 

Procedure: 
1. Students are divided into groups. Each group does the prescribed exercise. 

Each student records his/her own measurements in his/her field book. 
2. Lab instructor will demonstrate setup and operation of the theodolite. 
3. Using the provided transit or theodolite set up the instrument over a point 

(assigned by the instructor). Choose four other different points around 3600 

sweep. Use one of the chosen points as starting point (as a reference). 
4. Measure and record the clockwise horizontal angles between the reference 

point and the other three chosen points with the provided instrument. Make 
one set of measurements with normal scope position and another one with 
turned over (‘Plunged’) position. 

5. Follow these steps when turning each horizontal angle: 
a. Allow two persons at both the backsight point and foresight point to 

hold the range poles above the chosen points.  
b. Set the horizontal circle to 0º 00’ 00” 

• For initial setup, align the upper motion mark and 
intermediate plate mark. While looking through the reading 
sight, slowly adjust the plate until the view reads zero (see 
illustration below). Lock the upper motion and adjust by 
rotating the upper motion adjustment dial. 
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c. Sight the backsight using the LOWER MOTION 
• Lock the Lower motion and adjust until the vertical crosshair 

splits the string line of your rodperson. 
d. Turn to the foresight using the UPPER MOTION 

• Unlock the upper motion and advance to your foresight point. 
Use the lock and adjustment on the upper motion only. 

e. Record horizontal angle to the nearest ¼ minute (15”) 
f. Turn the telescope in “Plunged” position and backsight using the 

LOWER MOTION 
• Unlock the lower motion and turn back to your backsight 

point. Lock and adjust using only the lower motion. You will 
notice your reading will not change during this step. 

g. Turn to the foresight again using the UPPER MOTION, using the 
same instructions as before to turn to the foresight point. 

h. Record second horizontal angle, which should be double the first 
angle. 

i. Divide the second reading by two (2) and compare with the first 
reading (should be within 30” of the first reading) 

 
6. Choose a point situated well above the ground and with the transit or with the 

theodolite measure the vertical angle between the horizontal plane and the top 
of the confederation building.  

 
Note: 

♦ Make it sure the instrument is leveled properly before measurements. 
♦ Original measurements are to be documented (including a sketch) in the 

field book. 
  

Classroom work: 

1. Calculate the sum of all angles, and check against 3600. 
2. Summarize your data and provide average angles measured with the 

instrument by you and by other members of your group. 
3. Evaluate your results by comparing the average angle obtained by your group 

members. 
4. Evaluate the errors you may have committed during measurements.   
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THEODOLITE    SURVEYING

So far we have been measuring horizontal

angles by using a Compass with respect to meridian,

which is less accurate and also it is not possible to

measure vertical angles with a Compass.

So when the objects are at a considerable

distance or situated at a considerable elevation or

depression ,it becomes necessary to measure horizontal

and vertical angles more precisely. So these

measurements are taken by an instrument known as a

theodolite.

2



THEODOLITE    SURVEYING

THEODOLITE  SURVEYING

The system of surveying in which the angles are

measured with the help of a theodolite, is called

Theodolite surveying.

3



THEODOLITE    SURVEYING

THEODOLITE

The Theodolite is a most accurate surveying

instrument mainly used for :

• Measuring horizontal and vertical angles.

• Locating points on a line.

• Prolonging survey lines.

• Finding difference of level.

• Setting out grades

• Ranging curves

• Tacheometric Survey

4



THEODOLITE    SURVEYING

TRANSIT  VERNIER  THEODOLITE

THEODOLITE    SURVEYING 5



THEODOLITE    SURVEYING

TRANSIT  VERNIER  THEODOLITE

THEODOLITE    SURVEYING 6

Fig. Details if  Upper & Lower Plates.
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TRANSIT  VERNIER  THEODOLITE

THEODOLITE    SURVEYING 7





THEODOLITE    SURVEYING

CLASSIFICATION OF THEODOLITES

Theodolites may be classified as ;

A.

i) Transit Theodolite.

ii) Non Transit Theodolite.

B.

i) Vernier Theodolites.

ii) Micrometer Theodolites.
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THEODOLITE    SURVEYING

CLASSIFICATION OF THEODOLITES

A. Transit Theodolite: A theodolite is called a transit

theodolite when its telescope can be transited i.e

revolved through a complete revolution about its

horizontal axis in the vertical plane, whereas in a-

Non-Transit type, the telescope cannot be

transited. They are inferior in utility and have now

become obsolete.

9



THEODOLITE    SURVEYING

CLASSIFICATION OF THEODOLITES

B. Vernier Theodolite: For reading the graduated

circle if verniers are used ,the theodolite is called as a

Vernier Theodolite.

Whereas, if a micrometer is provided to read

the graduated circle the same is called as a

Micrometer Theodolite.

Vernier type theodolites are commonly used .

10



THEODOLITE    SURVEYING

SIZE  OF  THEODOLITE

A theodolite is designated by diameter of the

graduated circle on the lower plate.

The common sizes are 8cm to 12 cm while 14 cm to

25 cm instrument are used for triangulation work.

Greater accuracy is achieved with larger

theodolites as they have bigger graduated circle with

larger divisions hence used where the survey works

require high degree of accuracy.
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THEODOLITE    SURVEYING

DESCRIPTION OF   A  

TRANSIT   VERNIER THEODOLITE

A Transit vernier theodolite essentially consist of the

following :

1. Levelling Head. 6. T- Frame.

2. Lower Circular Plate. 7. Plumb –bob.

3. Upper Plate. 8. Tripod Stand.

4. Telescope.

5. Vernier Scale.

12



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A TRANSIT VERNIER THEODOLITE.

1.Centering : Centering means setting the

theodolite exactly over an instrument- station

so that its vertical axis lies immediately above

the station- mark. It can be done by means of

plumb bob suspended from a small hook

attached to the vertical axis of the theodolite.

The centre shifting

arrangement if provided with the instrument

helps in easy and rapid performance of the

centring.

13



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

2. Transiting :

Transiting is also known as plunging or

reversing. It is the process of turning the

telescope about its horizontal axis through 1800

in the vertical plane thus bringing it upside

down and making it point , exactly in opposite

direction.

14



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

3. Swinging the telescope

It means turning the telescope about its

vertical axis in the horizontal plane.

A swing is called right or left according as the

telescope is rotated clockwise or counter

clockwise.

15



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

4. Face Left

If the vertical circle of the instrument is on

the left side of the observer while taking a

reading ,the position is called the face left and

the observation taken on the horizontal or

vertical circle in this position, is known as the

face left observation

16



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

5. Face Right

If the vertical circle of the instrument is on

the right side of the observer while taking a

reading ,the position is called the face right and

the observation taken on the horizontal or

vertical circle in this position, is known as the

face right observation.

17



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

6. Changing Face

It is the operation of bringing the vertical

circle to the right of the observer ,if originally it

is to the left , and vice – versa.

It is done in two steps; Firstly revolve the

telescope through 1800 in a vertical plane and

then rotate it through 1800 in the horizontal

plane i.e first transit the telescope and then

swing it through 1800.

18



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

7. Line of Collimation

LINE OF 

COLLIMATION

DIAPHRAGM

TELESCOPE

It is also known as the line of sight .It is an

imaginary line joining the intersection of the

cross- hairs of the diaphragm to the optical

centre of the object- glass and its continuation.

19



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

8. Axis of the telescope

AXIS OF THE TELESCOPE

TELESCOPE

It is also known an imaginary line joining the

optical centre of the object- glass to the centre

of eye piece.

OBJECT GLASS

.
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THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

9. Axis of the Level Tube

It is also called the bubble line.

It is a straight line tangential to the longitudinal

curve of the level tube at the centre of the tube.

It is horizontal when the bubble is in the centre.

21



THEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A 

TRANSIT VERNIER THEODOLITE.

10. Vertical Axis

It is the axis about which the telescope can be

rotated in the horizontal plane.

11. Horizontal Axis

It is the axis about which the telescope can be 

rotated in the vertical plane.

It is also called the trunion axis.

22



THEODOLITE    SURVEYING

ADJUSTMENT  OF A THEODOLITE

The adjustments of a theodolite are of two kinds :-

1.  Permanent Adjustments.

2.  Temporary Adjustments.

1) Permanent adjustments: The permanent

adjustments are made to establish the relationship

between the fundamental lines of the theodolite and ,

once made , they last for a long time. They are essential

for the accuracy of observations.

23



THEODOLITE    SURVEYING

ADJUSTMENT  OF A THEODOLITE

1. Permanent adjustments: The permanent

adjustments in case of a transit theodolites are :-

i) Adjustment of Horizontal Plate Levels. The axis of

the plate levels must be perpendicular to the vertical

axis.

ii) Collimation Adjustment. The line of collimation

should coincide with the axis of the telescope and

the axis of the objective slide and should be at right

angles to the horizontal axis.

iii) Horizontal axis adjustment. The horizontal axis

must be perpendicular to the vertical axis.

24



THEODOLITE    SURVEYING

ADJUSTMENT  OF A THEODOLITE

1. Permanent adjustments (contd.):

iv) Adjustment of Telescope Level or the Altitude Level

Plate Levels. The axis of the telescope levels or the

altitude level must be parallel to the line of

collimation.

v) Vertical Circle Index Adjustment. The vertical

circle vernier must read zero when the line of

collimation is horizontal.

25



THEODOLITE    SURVEYING

ADJUSTMENT  OF A THEODOLITE

2. Temporary Adjustment

The temporary adjustments are made at each set

up of the instrument before we start taking

observations with the instrument. There are three

temporary adjustments of a theodolite:-

i) Centering.

ii) Levelling.

iii) Focussing.

26



THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

There are three methods of measuring horizontal

angles:-

i) Ordinary Method.

ii) Repetition Method.

iii) Reiteration Method.

27



THEODOLITE    SURVEYING

MEASUREMENT  OF  HORIZONTAL  ANGLES:

i) Ordinary Method. To measure horizontal angle AOB:-
i) Set up the theodolite at station point O

and level it accurately.

ii) Set the vernier A to the zero or 3600 of

the horizontal circle. Tighten the

upper clamp.

iii) Loosen the lower clamp. Turn the

instrument and direct the telescope

towards A to bisect it accurately with

the use of tangent screw. After

bisecting accurately check the reading

which must still read zero. Read the

vernier B and record both the

readings.

o

A B

HORIZONTAL ANGLE AOB
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

i) Ordinary Method. To measure horizontal angle AOB:-

iv) Loosen the upper clamp and turn the

telescope clockwise until line of sight

bisects point B on the right hand side.

Then tighten the upper clamp and

bisect it accurately by turning its

tangent screw.

v) Read both verniers. The reading of the

vernier a which was initially set at

zero gives the value of the angle AOB

directly and that of the other vernier

B by deducting 1800 .The mean of the

two vernier readings gives the value of

the required angle AOB.

o

A B

HORIZONTAL ANGLE AOB
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

i) Ordinary Method. To measure horizontal angle AOB:-

vi) Change the face of the instrument

and repeat the whole process. The

mean of the two vernier readings gives

the second value of the angle AOB

which should be approximately or

exactly equal to the previous value.

vii) The mean of the two values of the

angle AOB ,one with face left and the

other with face right ,gives the

required angle free from all

instrumental errors.

o

A B

HORIZONTAL ANGLE AOB
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

ii) Repetition Method.

This method is used for very accurate

work. In this method ,the same angle

is added several times mechanically

and the correct value of the angle is

obtained by dividing the accumulated

reading by the no. of repetitions.

The No. of repetitions made usually in

this method is six, three with the face

left and three with the face right .In

this way ,angles can be measured to a

finer degree of accuracy than that

obtainable with the least count of the

vernier.

o

A B

HORIZONTAL ANGLE AOB
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

ii) Repetition Method.

To measure horizontal angle by

repetitions:-

i) Set up the theodolite at starting point

O and level it accurately.

ii) Measure The horizontal angle AOB.

iii) Loosen the lower clamp and turn the

telescope clock – wise until the object

(A) is sighted again. Bisect B

accurately by using the upper tangent

screw. The verniers will now read the

twice the value of the angle now.

o

A B

HORIZONTAL ANGLE AOB
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:
ii) Repetition Method contd...
iv) Repeat the process until the angle is

repeated the required number of times

(usually 3). Read again both verniers .

The final reading after n repetitions

should be approximately n X (angle).

Divide the sum by the number of

repetitions and the result thus obtained

gives the correct value of the angle AOB.

v) Change the face of the instrument.

Repeat exactly in the same manner and

find another value of the angle AOB. The

average of two readings gives the

required precise value of the angle AOB.

o

A B

HORIZONTAL ANGLE AOB
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

iii) Reiteration Method.

o

A
B

Reiteration Method

C

D

This method is another precise and

comparatively less tedious method

of measuring the horizontal angles.

It is generally preferred when

several angles are to be measured

at a particular station.

This method consists in measuring

several angles successively and

finally closing the horizon at the

starting point. The final reading of

the vernier A should be same as its

initial reading.
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:

iii) Reiteration Method.

o

A
B

Reiteration Method

C

D

…If not ,the discrepancy is equally

distributed among all the

measured angles.

Procedure

Suppose it is required to measure

the angles AOB,BOC and COD.

Then to measure these angles by

repetition method :

i) Set up the instrument over

station point O and level it

accurately.
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:
iii) Reiteration Method.

o

A
B

Reiteration Method

C

D

Procedure

ii) Direct the telescope towards

point A which is known as

referring object. Bisect it

accurately and check the reading

of vernier as 0 or 3600 . Loosen the

lower clamp and turn the telescope

clockwise to sight point B exactly.

Read the verniers again and The

mean reading will give the value of

angle AOB.

iii) Similarly bisect C & D

successively, read both verniers at-
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THEODOLITE    SURVEYING

MEASUREMENT OF HORIZONTAL ANGLES:
iii) Reiteration Method (contd.).

o

A
B

Reiteration Method

C

D

Procedure. each bisection, find the

value of the angle BOC and COD.
iv) Finally close the horizon by sighting

towards the referring object (point A).

v) The vernier A should now read 3600.

If not note down the error .This error

occurs due to slip etc.

vi) If the error is small, it is equally

distributed among the several angles .If

large the readings should be discarded

and a new set of readings be taken.
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THEODOLITE    SURVEYING

MEASUREMENT  OF  VERTICAL  ANGLES:

Vertical Angle : A vertical angle is an angle between the

inclined line of sight and the horizontal. It may be an

angle of elevation or depression according as the object is

above or below the horizontal plane.

A

B

O O

A

B

A

B

O
HORI.  LINE

HORI.  LINE

β

HORI.  LINE

VERTICAL ANGLE
Fig.a

Fig. b Fig. c

AOB= α+ β

AOB= α - β
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THEODOLITE    SURVEYING

MEASUREMENT  OF  VERTICAL  ANGLES:

To Measure the Vertical Angle of an object A at a station O:

(i) Set up the theodolite at station point O and level it

accurately with reference to the altitude bubble.

(ii) Set the zero of vertical vernier exactly to the zero of the

vertical circle clamp and tangent screw.

(iii) Bring the bubble of the altitude level in the central position

by using clip screw. The line of sight is thus made horizontal

and vernier still reads zero.

(iv) Loosen the vertical circle clamp screw and direct the

telescope towards the object A and sight it exactly by using

the vertical circle tangent screw.
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THEODOLITE    SURVEYING

MEASUREMENT  OF  VERTICAL  ANGLES:

(v) Read both verniers on the vertical circle, The mean of

the two vernier readings gives the value of the required

angle.

(vi) Change the face of the instrument and repeat the

process. The mean of of the two vernier readings gives the

second value of the required angle.

(vii) The average of the two values of the angles thus

obtained, is the required value of the angle free from

instrumental errors.
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THEODOLITE    SURVEYING

MEASUREMENT  OF  VERTICAL  ANGLES:

For measuring Vertical Angle between two points A &B
i) Sight A as before , and take the mean of the two vernier

readings at the vertical circle. Let it be α

ii) Similarly, sight B and take the mean of the two vernier 

readings at the vertical  circle. Let it be

iii) The sum or difference of these dings will give the value of the 

vertical angle between A and B according as one  of the points is 

above and the other below the horizontal plane. or both points  

are on the same side of the horizontal plane Fig b & c
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THEODOLITE    SURVEYING

READING  MAGNETIC  BEARING  OF  A  LINE

To find the bearing of a line AB as shown in fig .below

i) Set up the instrument over A and level it accurately

ii) Set the vernier to the zero of the horizontal circle.

N

A

B

Fig.

Magnetic Bearing of a Line

iii) Release the magnetic needle and loosen the    

….. lower clamp.

iv) Rotate the instrument till magnetic needle

points to North. Now clamp the lower clamp with

the help of lower tangent screw .Bring the needle

exactly against the mark in order to bring it in

magnetic meridian. At this stage the line of sight

will also be in magnetic meridian.
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THEODOLITE    SURVEYING

READING  MAGNETIC  BEARING  OF  A  LINE

iv) Now loose the upper clamp and point the

telescope towards B .With the help of upper

tangent screw ,bisect B accurately and read both

the verniers .The mean of the two readings will be

recorded as magnetic bearing of line.
N

A

B

Fig.

Magnetic Bearing of a Line

v) Change the face of the instrument

for accurate magnetic bearing of the

line and repeat .the mean of the two

values will give the correct bearing of

the line AB.
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

There are two methods of prolonging a given line such as AB

(1) Fore sight method ,and (2) Back Sight Method

Fig.

(1)Fore Sight Method. As shown in the fig. below

A             B               C              D                                              Z

i) Set up the theodolite at A and level it accurately .Bisect the

point b correctly. Establish a point C in the line beyond B

approximately by looking over the top of the telescope and 

accurately by sighting through the telescope.

ii) Shift the instrument to B ,take a fore sight on C and establish  

a point D in line beyond C.

iii) Repeat the process until  the last point Z is reached.
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

(2) Back  Sight Method. As shown in the fig. below

A                     B                     C                      D                       Z

i) Set up the instrument at B and level it accurately .

ii)   Take a back sight on A.

iii) Tighten the upper and lower clamps, transit the telescope

and establish a point C in the line beyond B.

iv) Shift the theodolite to C ,back sight on B transit the telescope

and establish a point D in line beyond C. Repeat the process

until the last point ( Z) is established.

C’

D’
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

(2) Back  Sight Method.(contd.) As shown in the fig. below

A                     B                     C                      D                       Z

Now if the instrument is in adjustment, the points

A,B,C,D and Z will be in one line, which is straight but if

it is not in adjustment i.e. line of collimation is not

perpendicular to the horizontal axis ,then C’, D’ and Z’

will not be in a straight line.

C’

D’
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

Double reversing Method

A                  B                     C                      D                            Z

When the line is to be prolonged with high precision

or when the instrument is in imperfect adjustment, the

process of double sighting or double reversing, is used.

Suppose the line AB is to be prolonged to a point Z.

Procedure: As shown below:
C1

C2

D1

D2
Double Sighting / Reversing Method
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

Double reversing Method

i) Set up the theodolite at B and level it accurately.

ii) With the face of instrument left, back sight on A and

…. clamp both the upper and lower motions.

iii) Transit the telescope and set a point C1 ahead in line.

A                  B                     C                      D                            Z

C1

C2

D1

D2
Double Sighting / Reversing Method
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

Double reversing Method (contd.)

iv) Loosen the lower clamp ,revolve the telescope in the

horizontal plane and back sight on A .Bisect A exactly by

using the lower clamp and its tangent screw. Now the face of

instrument is right.

v) Transit the telescope and establish a point C2 in line

beside the point C1.

A                  B                     C                      D                            Z

C1

C2

D1

D2
Double Sighting / Reversing Method
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

Double reversing Method (contd.)

vi) The exact position of the true point C must be mid-way

…..between C1 and C2 .

vii) Measure C1 C2 and establish a point C exactly mid-way,

….which lies on the true prolongation of AB.

A                  B                     C                      D                            Z

C1

C2

D1

D2
Fig. Double Sighting / Reversing Method
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THEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINE

Double reversing Method (contd.)

viii) Shift the instrument to C, double sight on B ,establish the

…..point D1 and D2 and locate the true point D as before .

ix) Continue the process until the last point Z is established.

A                  B                     C                      D                             Z

C1

C2

D1

D2
Double Sighting / Reversing Method
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• Introduction.
• Parts of a total station.
• Total station set up.
• Coordinate calculation.
• Total station field techniques.

ContentsContentsContentsContents

• Total station field techniques.
• Standard measurements.
• TopSurv Settings and job creation
• Mapping and stake out.
• Resection and COGO.
• Data transfer and conversion



IntroductionIntroductionIntroductionIntroduction
• Transits and theodolitestheodolitestheodolitestheodolites were commonly used.

• Recently, total stations has replacedreplacedreplacedreplaced allallallall instrumentsinstrumentsinstrumentsinstruments.

• Total station can accomplish allallallall taskstaskstaskstasks much more
efficiently.

• In addition, they can also measuremeasuremeasuremeasure distancesdistancesdistancesdistances
accuratelyaccuratelyaccuratelyaccurately and quicklyquicklyquicklyquickly.

• Furthermore, they can make computations with
angleangleangleangle andandandand distancedistancedistancedistance measurementsmeasurementsmeasurementsmeasurements.

• They can displaydisplaydisplaydisplay thethethethe resultsresultsresultsresults in aaaa realrealrealreal timetimetimetime.

• They are used for allallallall typestypestypestypes ofofofof surveyssurveyssurveyssurveys.



Total station =      theodolite 

+ 

built in EDM  

IntroductionIntroductionIntroductionIntroduction

+ 

built in data collector

+ 

microprocessor



Measures and Records:Measures and Records:

Horizontal Angles

Vertical Angles

and

Slope Distances

IntroductionIntroductionIntroductionIntroduction

Slope Distances

Calculates:Calculates:

Horizontal Distance

Vertical Distance

Azimuths of Lines

X,Y,Z Coordinates

Layout

etc.
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a total a total 

stationstation



Handling a total station Handling a total station Handling a total station Handling a total station 



�Should be centered over the survey point.

�Should be leveled.
- bull’s-eye bubble for preliminary leveling

- one plate bubble for precise leveling

Total station set Total station set Total station set Total station set upupupup

- one plate bubble for precise leveling



Total station set Total station set Total station set Total station set upupupup



الشاشة الرئيسية للجهازالشاشة الرئيسية للجهازالشاشة الرئيسية للجهازالشاشة الرئيسية للجهاز



Horizontal Coordinate (Horizontal Coordinate (Horizontal Coordinate (Horizontal Coordinate (x,yx,yx,yx,y))))

xk = xi +dik sin αik

yk = yi +dik cos αik



Vertical coordinate zVertical coordinate zVertical coordinate zVertical coordinate z

v

hB = hA + HI + S sin v - HT



TopSURVTopSURVTopSURVTopSURV  واجهة برنامج  واجهة برنامج  واجهة برنامج  واجهة برنامج



بيانات مشروع جديدبيانات مشروع جديدبيانات مشروع جديدبيانات مشروع جديد



قائمة الرفع المساحيقائمة الرفع المساحيقائمة الرفع المساحيقائمة الرفع المساحي



شاشة ادخال نقطتي االحتالل و الخلفيةشاشة ادخال نقطتي االحتالل و الخلفيةشاشة ادخال نقطتي االحتالل و الخلفيةشاشة ادخال نقطتي االحتالل و الخلفية



شاشة التقاطع الخلفيشاشة التقاطع الخلفيشاشة التقاطع الخلفيشاشة التقاطع الخلفي
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INTRODUCTION:-

• Sewage treatment is the process of
removing contaminants from wastewater,
primarily from household sewage.
Physical, chemical, and biological
processes are used to remove
contaminants and produce treated
wastewater (or treated effluent) that is
safer for the environment.



IMPORTANCE OF SEWAGE WATER  
TREATMENT PLANT:-

 It is very important to provide some degree of

treatment to wastewater before it can be used for  

agricultural or landscape irrigation or for aquaculture.

 The principal objective of sewage treatment is generally 

to  allow human effluents to be disposed of 

without  danger to human health or unacceptable 

damage to the  natural environment.

 According to a research, a large number of people 

die  from water born diseases in most of the developing 

countries.  Therefore, it is very important to get the 

proper treatment of  the water for a healthy living.



SOURCES OF WASTE WATER:-

 Human waste

 Washing water

 Rainfall collected on roofs, yards

 Domestic sources

 Direct entrance of river water

 Highway drainage

 Industrial waste



Layout of sewage treatment:-



SEWAGE TREATMENT  PROCEDURE:-

Sewage treatment generally involves 

three stages, called-

 PRIMARY TREATMENT

 SECONDARY TREATMENT

 TERTIARY TREATMENT



PRIMARY TREATMENT:-

Primary treatment removes all

materials that can be easily

collected from the raw

sewage. Tree limbs, leaves,

branches, and other large

objects Removed from

sewage. sewage water

passes through a bar

screen to remove all large

objects like cans, rags,

sticks, plastic packets etc.

carried in the sewage

stream.



Secondary treatment:-

It is designed to substantially degrade
the biological content of the sewage
which are derived from human waste,
food waste, soaps and detergent. The
majority of municipal plants treat the
settled sewage liquor using aerobic
biological processes. To be effective,
the biota require both oxygen and food
to live.



SECONDARY TREATMENT:-



BAR SCREENING

 The influent sewage water passes through a bar screen to

remove all large objects like cans, rags, sticks, plastic

packets etc. carried in the sewage stream. This is most

commonly done with an automated mechanically raked bar

screen in modern plants serving large populations, whilst in

smaller or less modern plants, a manually cleaned screen may

be used.



BAR SCREENING:-



GRIT REMOVALPROCESS:-

 Pre-treatment may include a

sand or grit channel or

chamber, where the velocity

of the incoming sewage is

adjusted to allow the

settlement of sand, grit,

stones, and broken

glass . These particles ar e

removed because they

may damage pumps and

other equipment.



ACTIVATED SLUDGE:-

In general, activated sludge plants  

encompass a variety of mechanisms and  

processes that use dissolved oxygen to  

promote the growth of biological flock  

that substantially removes organic  

material.



TERTAIRY TREATMENT:-

 The purpose of tertiary  
treatment is to provide a
final treatment stage to
raise the effluent quality
before it is discharged to the
receiving environment (sea,
river, lake, ground, etc.).
More than one tertiary
treatment process may be  
used at any treatment plant.

 If disinfection is practiced, it  
is always the final process. It  
is also called "effluent  
polishing."



FILTRATION:-

  Sand filtration removes much of the  
residual suspended matter. Filtration  over 
activated carbon, also called  carbon 
adsorption, removes residual  toxins.

 There are various type of filters used in 
sewage treatment:-



Types of  Filter:-

SAND FILTER:-



PRESSURE SAND FILTER:-



CARBON FILTER:-

• Carbon filtering is a method of
filtering that uses a bed
of activated carbon to remove
contaminants and impurities,
using chemical adsorption.

• Each particle/granule of carbon
provides a large surface
area/pore structure, allowing
contaminants the maximum
possible exposure to the active
sites within the filter media.
One pound (454 g) of activated
carbon contains a surface area
of approximately 100 acres
(~40 Hectares).

https://en.wikipedia.org/wiki/Activated_carbon




WASTE WATER 
TREATMENT

chap 10
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10 A 
Present situation. 

Waste water in the Nantes metropolitan area (575,000 h) is treated in 
twelve purifi cation plants, with capacities that vary from 1,200 inhabitant 
equivalent (Vertou – Pégers Reigners) to 600,000 inhabitant equivalent 
(Vallée de Tougas - Nord Loire). Together, they have a total capacity of 
780,000 inhabitant equivalent, which will increase to 840,000 population 
equivalent when the updated biological treatment process at the Petite 
Californie (Sud Loire) purifi cation plant comes into service (at the end of 
2010).

This capacity means that expansion of the metropolitan area presents no fears and industrial waste-water 
discharges containing biodegradable effl uent can be treated (102 agreements signed in 2009, 477 authori-
sations, 2,094 fi les opened). There is systematic and regular monitoring of industrial discharges. In addition, 
waste water from villages far removed from the transfer networks is treated by nine semi-public treatment 
plants.
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The design of the Tougas purifi cation plant makes it possible to treat effl uent from the 
unitary part of the network (345 km out of 1,953 km) and therefore rainwater 
from this sector.



The sludge from purifi cation plants is recovered for application to agricultural land, either in the form of a paste, 
treated with lime for application under plans authorised and controlled by government departments, or of ap-
proved compost. The land is subject to agricultural monitoring. A solar sludge dryer will be put into service in 
2011, making it possible to move from a 20 % sludge dryness to 85 % dryness, which will reduce the tonnages 
transported for application to agricultural land. 

The “Water-treatment” zoning plans for the 24 cities were approved in 2007, as were local urban 
development plans. They set out the current and future public treatment sectors and those where non-public 
treatment will continue (i.e. 4,500 customers). 
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All the purifi cation plants comply with European and domestic standards. 
Since Nantes Métropole was created in 2001, the Mauves-sur-Loire, Le 
Pellerin and La Montagne purifi cation plants have been rebuilt and made 
compliant. 

The Tougas wastewater treatment plant. 

In 2009, all the purifi cation equipment was fully compliant, with a 100 % 
performance compliance rate for purifi cation works.

STATION 
D'ÉPURATION

Number 
of 

assessments

Number of assess-
ments revealing 

compliance

Compliance 
rate

Wastewater 
treatment facility 
compliance (%)

Wastewater treatment 
facility performance 

compliance (%)

Basse-Goulaine 23 23 100 % 100 100

Bouaye 11 10 91 % 100 100

La Montagne 6 6 100 % 100 100

Le Pellerin 12 11 92 % 100 100

Mauves-sur-Loire 12 12 100 % 100 100

Petite Californie 258 257 99,6 % 100 100

St-Aignan
de-Grand-Lieu

12 11 92 % 100 100

St-Jean-de-Boiseau 12 10 83 % 100 100

Tougas 365 364 99,7 % 100 100

Vertou (Pégers) 4 3 100 % 100 100

Vertou 
(Thébaudières)

4 3 99,7 % 100 100
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2005 2006 2007 2008

Number of subscribers to the drinking 
water network 

156100 166020 176370 181690 

Number of subscribers to the wastewater 
treatment network 

134190 154407 165649 173252

Number of ANC subscribers 4500 4500 4500 4500

Cover rate 89 % 96 % 96 % 98 %

In 2008 (the latest available fi gures), the city wastewater treatment public service counted 173,250 subscribers, 
i.e. 98% cover (the number of city wastewater service subscribers over the number of drinking water service 
subscribers - ANC subscribers). The table below shows how this rate has evolved since 2005 : 

In 1999, the cover rate was 80%.

In 2009, 37,920,954 m3 of water were processed. The wastewater treatment system’s hydraulic yield was 
92%. That yield will improve considerable when a storage and restitution pool is built on the unit network from 
2011 to 2020, as it will turn monthly dumping rates into decennial rates in the case of the most active spillways 
(Duchesse Anne, which releases waste into Canal Saint Félix) and biennial rates in the other cases.

The percentage of wastewater treated in relation to residual water over the past 20 years. This indicator is not 
available as it is impossible to determine given the percentage of the unit network. 

It is therefore established indirectly using two other indicators : cover rate and the population covered in 
relation to the population to cover under the zoning plans, and overall hydraulic yield, which provides the 
percentage of water treated in wastewater treatment plants in relation to that volume, and water released 
into the natural environment through the storm overfl ows in the unit network. So, given the presence of a 
unit network, yield fl uctuates according to the weather conditions (96% in 2008).

A system for measuring the fl ow rate, duration and volumes of overfl ow ensures that operation of the 
purifi cation network and plants is monitored at all times. For the networks, this consists of :
31 fl ow rate and volume measurement points on the transfer network, 18 points for measuring the fl ow rate 
and weir discharge volume, 14 overfl ow detectors on the weirs, 1 fl ow rate measurement device for the 
Chézine brook, and 14 rain gauges.

In addition, 80 % of the 374 measurement stations are remotely controlled and can, if necessary, alert a 
round-the-clock fault-clearance team within a maximum period of one hour.

In addition, Nantes Métropole has, since 2005, undertaken a vast 
campaign to check connections to the public network, to reduce 
seepage water and direct discharges into the natural environment.

The proportion of treated wastewater in relation to total wastewater 
over the past 10 years

Strict network control

Changes in wastewater service cover 

1999 2000 2001 2002 2003 2004 2005 2006 2007 20080

20

40

60

80

100
%

year

80
89

95 96 98
Data not available.
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The 4,500 non-public treatment plants that will be retained in the 24 zoning plans approved in 2007 have 
undergone an initial diagnostic inspection, the results of which are as follows.

The retrofi tting and compliance programme for the plants is underway, with fi nancial support being granted 
by Nantes Métropole.

The public collective treatment service is fi nanced primarily by the water treatment service charge and 
sewer connection fee (PRE). The service charge (€1.1342/m3 before tax in 2010) accounted for 77 % of 
income in 2009. The sewer connection fee (in 2010, €19.07/m3 of net surface area constructed), for its 
part, accounted for 12 %. The charges are determined on the basis of a long-term technical and fi nancial 
forecast begun in 2001, when Nantes Métropole was created, to ensure standard charges. 

This forecast made it possible to undertake the investment necessary to 
allow for development of the metropolitan area, maintain the assets and 
achieve local government objectives for environmental protection and 
sustainable development of the community by controlling price rises.

The retrofi tting and compliance programme for the plants is underway, with fi nancial support being granted 

The public collective treatment service is fi nanced primarily by the water treatment service charge and 
sewer connection fee (PRE). The service charge (€1.1342/m3 before tax in 2010) accounted for 77 % of 
income in 2009. The sewer connection fee (in 2010, €19.07/m3 of net surface area constructed), for its 
part, accounted for 12 %. The charges are determined on the basis of a long-term technical and fi nancial 
forecast begun in 2001, when Nantes Métropole was created, to ensure standard charges. 

This forecast made it possible to undertake the investment necessary to 
allow for development of the metropolitan area, maintain the assets and 
achieve local government objectives for environmental protection and 
sustainable development of the community by controlling price rises.

The retrofi tting and compliance programme for the plants is underway, with fi nancial support being granted 

The public collective treatment service is fi nanced primarily by the water treatment service charge and 
sewer connection fee (PRE). The service charge (€1.1342/m3 before tax in 2010) accounted for 77 % of 
income in 2009. The sewer connection fee (in 2010, €19.07/m3 of net surface area constructed), for its 
part, accounted for 12 %. The charges are determined on the basis of a long-term technical and fi nancial 
forecast begun in 2001, when Nantes Métropole was created, to ensure standard charges. 

The retrofi tting and compliance programme for the plants is underway, with fi nancial support being granted 

The public collective treatment service is fi nanced primarily by the water treatment service charge and 
sewer connection fee (PRE). The service charge (€1.1342/m3 before tax in 2010) accounted for 77 % of 
income in 2009. The sewer connection fee (in 2010, €19.07/m3 of net surface area constructed), for its 
part, accounted for 12 %. The charges are determined on the basis of a long-term technical and fi nancial 
forecast begun in 2001, when Nantes Métropole was created, to ensure standard charges. 

APPENDIX
The 2008 annual report on the price and quality of the wastewater treatment service 
http://www.cmaintenant.eu/fi les/fi le/Rapport_annuel_2008_assainissement.pdf

  Installations in good working condition 

  Installations in acceptable working condition

  Installations in unacceptable working condition

16 %

27 % 57 %
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The ongoing reconstruction is being undertaken in line with rigorous criteria for performance (particularly in 
terms of water treatment and elimination of pollution) and sustainable development. 

Compact, odourless, inaudible, energy-effi cient and innovative, the new 
Petite Californie purifi cation plant (180,000 inhabitant equivalent) will become 
one of the most modern and effi cient in Europe by 2011.

The sludge digestion process will make it possible to reduce the volumes produced by one third, which 
means 6,000 tonnes that will not be transported. It will also make it possible to produce biogas to be used 
for heating premises (440 MWh/year) and to generate electricity through cogeneration (2.9 MkWh/year). In 
total, the project (biogas, photovoltaic, etc.) will avoid 434 tonnes of CO2 being emitted per year.

The Non-Collective Public Water-Treatment Service (Service Public d’Assainissement Non Collectif) was 
created (2005) during the Neptune III phase to monitor independent facilities. A diagnostic inspection of the 
4,500 users who will not be connected to a public network under the zoning plans has been undertaken; 
this showed that 2,800 plants were not functioning properly and repair work has now begun.

In addition, campaigns involving systematic checks of residential connections have been launched (7,000) to 
reduce direct discharges into the natural environment and water seepage into the waste water networks to 
prevent overfl ows at backfl ow stations and reduce energy consumption by those stations.

Network modelling, based on ongoing permanent diagnostic metrological measurements and studies to 
identify improvements to the transport network and in particular the unitary network, has made it possible 
to determine the scale of the works required to regulate overfl ows. 

APPENDIX
The 2015 Neptune programme 
http://www.cmaintenant.eu/fi les/fi le/programme_neptune_2015.pdf

10 B 
Initiatives undertaken in the past fi ve to ten years.

Gradual resource sharing

The treatment projects for the metropolitan area form part of the Neptune programme, launched in 1990 to 
consolidate the different players (cities, public consortia, the Department, etc.) with disparate responsibilities, 
who were brought under a single umbrella in 2001 with the creation of the Urban Community, prompting 
fewer piecemeal initiatives.
Intended for the long term (1990-2015), this programme, which is designed to reclaim the quality of 
the natural environment, has made it possible to undertake the following investments during its various stages : 
€131,716,000 (Neptune I : 1994-1998), €59,760,000 (Neptune II : 1999-2004) in treatment works. More 
recently, Neptune III (2004-2009) involved an investment of €50,600,000, which included the retrofi tting of 
the Mauves-sur-Loire, Le Pellerin and La Montagne purifi cation plants and the launch of reconstruction and 
extension of biological treatment at the Petite Californie purifi cation plant.
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Now, as part of projects aimed at reducing spills into the river Erdre, the crests of the two weirs most affected 
have been raised, putting a stop to the discharges of rain .water other than monthly rains.

A campaign to systematically inspect the networks, intended to cover all of the waste water networks over 
a ten-year period, was begun in 2006. It makes it possible to program structural restoration work on the 
sewers. To date, 500 km of the network have been inspected since 2006 and network restoration works 
amounting to €7.2 million have been undertaken.

The Water Treatment Regulation, prohibiting an increase in discharges during restoration works, has provided 
momentum for the territory to implement solutions that retain the water at its source. The proposals are 
checked by systematically examining the solutions proposed when construction and development permits 
are granted for works that would result in more than 1,000 m2 of land becoming impermeable to water.

APPENDIX
The regulations governing community wastewater treatment 
http://www.cmaintenant.eu/fi les/fi le/reglement_assainissement_collectif.pdf

The 2008 annual report on the price and quality of the wastewater treatment service 
http://www.cmaintenant.eu/fi les/fi le/Rapport_annuel_2008_assainissement.pdf

In 2008, the acquisition of a fi rst water-recycling jetter truck prompted 
the public operating body to take action to reduce drinking-water 
consumption and the number of journeys. A review after two years 
shows a 30 % reduction in the number of journeys and a fall in the annual 
consumption of drinking water from 2,000 m3 to 100 m3.

The treatment projects are scheduled in line with the technical and fi nancial forecast drawn up in 2001, 
when Nantes Métropole, was created to achieve standard charges. This forecast makes it possible to 
determine with clarity the local authority’s short, medium and long-term investment capacity.

the public operating body to take action to reduce drinking-water 
consumption and the number of journeys. A review after two years 
shows a 30 % reduction in the number of journeys and a fall in the annual 
consumption of drinking water from 2,000 m3 to 100 m3.

The treatment projects are scheduled in line with the technical and fi nancial forecast drawn up in 2001, 
when Nantes Métropole, was created to achieve standard charges. This forecast makes it possible to 
determine with clarity the local authority’s short, medium and long-term investment capacity.
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10 C 
Short and long-term measures scheduled.

Planning.

Under the Neptune IV programme (2010-2015), the Nantes Métropole’s multi-annual plan for public policy 
initiatives on water includes strategic studies to determine the main policy lines for waste-water and rainwater 
treatment. The objectives of these policy documents (master plan for waste-water treatment and rain water 
master plan), which are due to be completed at the end of 2010 and the end of 2011 respectively, are as 
follows.

•  Waste water master plan : makes allowance for future development of the metropolitan area, supplements 
the existing diagnostic studies with a view to making the best possible use of the architecture and operation 
of the networks and treatment, forecasts expenditure and ensures an effi cient programme of investments. 
Consideration is also given to how full advantage can be taken of the large number of backfl ow stations 
which are a feature of the Nantes Métropole infrastructure. Reducing the number of stations might make 
it possible to reduce energy consumption and the risks of hydrogen sulphide formation.

•  Rainwater master plan : ensures that it is clear what investments must be made for rainwater from the 
point of view of both the qualitative aspects (discharges into the natural environment) and quantitative 
aspects (fl ooding) and ensures consistency with the European Framework Directive, the Water Treatment 
and Management Master Plan for the Loire basin and the Water Treatment and Management Plan for the 
water catchment sub-areas (Erdre, Sèvre Nantaise, Lac de Grand Lieu, Estuaire) with a view to prioritising 
operations against a backdrop of reductions in fi nancial resources and to potentially making changes to 
the treatment regulation.

In addition, projects already approved and covered by the multi-annual investment programme will be 
undertaken.

Continuing the operations already undertaken to protect the Erdre river, the fi rst storage-outlet basin (Cei-
neray-Maquis de Saffré) will be built in 2011 and 2012. With a capacity of 6,000 m3, it will make it possible 
to reduce discharges  along the left bank of the Erdre of  rainwater, other than a six-monthly frequency 
(currently monthly). It will be followed by the construction of two other basins, scheduled for after 2015, on 
the left bank of the Erdre and to protect the Loire.
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Energy valuation of residus

From June 2010, a solar dryer facility for sludge generated by waste water 
treatment will be built on the Tougas valley site. When it is put into service 
in 2011, it will make it possible to increase sludge dryness from 20 % to at 
least 50 %, reducing the tonnages transported and therefore the distances 
travelled to land application sites. 

In addition, the possibility of incinerating the sludge in household waste incineration units will be incorporated 
into future operating contracts as a variant.

An extension of the agricultural land application plan to sludge from the Tougas and Petite Californie purifi cation 
plants is being examined. 

Extension of the biological network at the Petite Californie purifi cation plant from 180,000 inhabitant equivalent 
is underway and this high-quality environmental project will make it possible to put the ground-breaking 
biofi ltration process into wide-scale use.

APPENDIX
Petite Californie wastewater treatment plant 
http://www.cmaintenant.eu/fi les/fi le/usine_assainissement_petite_californie.pdf

Treatment of phosphorus at all the purifi cation plants will be fully compliant with the requisite directives and 
standards following completion of the modifi cations necessary to the Tougas treatment unit, scheduled for 
2012.

A feasibility study will be undertaken on the methanisation of sludge at the Tougas purifi cation plant. Initial 
analysis indicates that the digestion of 8,000 tonnes of sludge (TDM : dry matter tonnes) would reduce the 
tonnage by one-fi fth, cutting back on the tonnages transported. The biogas products could be used to 
generate electricity. Based on the ratios for the Petite Californie purifi cation plant, this would mean a total 
of 738 tonnes of CO2 avoided every year.

We will also continue to put variable power settings in place on the treatment pumps. The installation of 
14 variable power settings on treatment pumps in 2007 and 2008 made it possible to reduce electricity 
consumption by those pumps by 15 %.

Extensions of the networks will be continued with a view to supplying all the sectors set out in the zoning 
plans. The multi-annual programme covers Priority A and Priority B urbanised areas as well as the areas 
scheduled for urbanisation in 2014, calling for an investment of €20 million.

In terms of operation, the acquisition of a water-recycling jetter truck by the public operating company will 
continue and add to the reduction in water consumption (reducing by a factor of 20 (2,000 m3 to 100 m3) 
the annual drinking water consumption of a jetter truck). The second will be acquired in 2010.

Analysis is being undertaken of the feasibility of recovering waste-water 
thermal energy from existing networks with a diameter of more than 
800 mm. An urban development for the Pellerin city includes plans for 
such recovery from the networks that will be built. It will serve as a pilot 
project for possible extensions of this initiative. 

least 50 %, reducing the tonnages transported and therefore the distances 
travelled to land application sites. 

In addition, the possibility of incinerating the sludge in household waste incineration units will be incorporated 
into future operating contracts as a variant.

An extension of the agricultural land application plan to sludge from the Tougas and Petite Californie purifi cation 

Extension of the biological network at the Petite Californie purifi cation plant from 180,000 inhabitant equivalent 
is underway and this high-quality environmental project will make it possible to put the ground-breaking 
biofi ltration process into wide-scale use.

http://www.cmaintenant.eu/fi les/fi le/usine_assainissement_petite_californie.pdfhttp://www.cmaintenant.eu/fi les/fi le/usine_assainissement_petite_californie.pdf

In addition, the possibility of incinerating the sludge in household waste incineration units will be incorporated 

An extension of the agricultural land application plan to sludge from the Tougas and Petite Californie purifi cation 

Extension of the biological network at the Petite Californie purifi cation plant from 180,000 inhabitant equivalent 

In addition, the possibility of incinerating the sludge in household waste incineration units will be incorporated 

An extension of the agricultural land application plan to sludge from the Tougas and Petite Californie purifi cation 

Extension of the biological network at the Petite Californie purifi cation plant from 180,000 inhabitant equivalent 
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10 D 
Geographical and historical factors that have 
a negative impact on the indicators. 
Prior to 2001, the date on which Nantes Métropole was created, responsibility for waste and rain water 
treatment was fragmented and lay with the (24) cities and three public consortia. Without a holistic master 
plan, the treatment networks developed without any overall consistency and based on disparate operating 
principles. This resulted, notably, in the existence in the territory of more than 300 backfl ow stations, sites 
with potential for failure and discharges into the natural environment and consuming energy, as well facilities 
on an inadequate scale in certain sectors. The initiatives launched and undertaken to complete the master 
plans in 2010 and 2011, and the initiatives deriving from these plans proposed in the years thereafter, 
should lead to a signifi cant improvement in the organization and operation of the infrastructures.

From April 2010, the fi ndings from diagnostic inspections of the 4,500 non-public purifi cation plants will be 
notifi ed to the owners concerned. This gradual notifi cation, scheduled to take place over four years and 
based on criteria relating to hygiene and environmental protection, will be followed by the requisite restoration 
works with fi nancial support committed by Nantes Métropole in 2007.

Compliance checks on connections to the public network will continue at a steady pace (9,000/year).

Finally, the carbon inventory for the Nantes Métropole public treatment 
service (collection, transport and treatment) will be undertaken from 
2010. Initiatives contributing to a reduction in greenhouse gases deriving 
from this will be implemented.





Water Supply and Waste 

Treatment



Issues

• Natural water

• Domestic water

• Sewage



Occurrence of Freshwater in the 

Arctic

• Glaciers and ice caps 
hold much of Arctic’s 
freshwater (Greenland’s 
ice cap contains 10% of 
world’s freshwater)

• Glaciers and 
accumulated snow in 
mountain feed Arctic 
rivers

• Many wetlands, ponds, 
and lakes

• Groundwater is scarce in 
permafrost areas





Freshwater Cycle



Key Characteristics of Arctic 

Freshwater
• Drastic cycles in lakes and rivers each year

– Thick or solid ice in winter  high water flow in spring (can 
be destructive) 

• In areas dominated by vegetation, freshwater carries high 
concentrations of dissolved organic carbon (DOC)

– E.g. humic and fulvic acids (colour the water)

• Supports an array of flora and fauna in sediment and water 
column (bacteria, protists, algae, micro-invertebrates)

• Essential habitat for freshwater fish (few in Arctic), 
anadromous fish, waterfowl, mammals

• Part of the freshwater food web that recycles carbon, nitrogen, 
phosphorous, and other nutrients



Overview

• Impacts on aquatic receiving environment

• Import of nutrients to marine environment

• Import of toxicants to marine environment

• Barrier to fish migration





Mackenzie River Delta









Concepts

Acid rain

• Rainfall with a pH of less than 7.0 (in 

practical terms, <5.0). 

• Rain + Sulphur Dioxide

• Same as acid deposition

Effects are a function of the pH buffering 

capacity of the environment.



Concepts

Nutrients

• As a pollutant, any element or compound, such 
as phosphorous or nitrogen, that fuels 
abnormally high organic growth in aquatic 
systems (i.e. eutrophication).

• As a fertilizer, any element or compound, 
principally P, N, K, S, that are limited in 
availability, hence influence plant growth (e.g. 
algae) in water

Note: Can be used to precipitate pollutants in 
algae through long-term sedimentation.



Drinking Water in the North

Issues

• Wells for extracting ground water is not an 
option

• Underground water lines in permafrost 
require insulation; installation of such 
infrastructure is a challenge

• Reservoirs are above ground and 
insulated

• Quality drinking water is generally 
available



Sanitation of Water

Inadequate sanitation may lead to:

• Gastrointestinal illness

• Hepatitis A

• Bronchitis

• Meningitis

• Other bacterial infection

• Skin and eye diseases

Note: lack of running water has consequences in 
terms of poor hygiene



Concepts

Drinking Water:

• Water intended for human consumption 

but which has other household uses



Best Practices

• Prevention of the contamination of water 

sources (lakes, rivers, streams, and groundwater 

sources)

• Treatment of water

• Proper maintenance of water distribution 

systems

• Regular monitoring of drinking water

• Public education and awareness (especially for 

“in house” water distribution)







Waste Water

Sewage

• Liquid waste from toilets, baths and showers, 

kitchens, that is disposed via sewers, trucking, 

or on site treatment systems

Industrial Waste Water

• Waste water from industries of mines. Generally 

involves some on site processing



Treatment Stages

• Primary: Mechanical treatment to reduce 
coarse solids, sand and dirt, oils and 
grease

Note: Ideal as pre-treatment or for treating 
“surface” water (e.g. street water)

Note: Involves screening, sedimentation, 
skimming



Treatment Stages

• Secondary: Treatments designed to degrade 

biological content of sewage (e.g. human waste, 

food waste) through aerobic biological 

processes

Note: Require aeration for bacterial and protozoan 

activities to degrade organic compounds

Note: Effluent water and sludge are by-products



Treatment Stages

• Tertiary: Advanced stages of treatment to raise 
the effluent quality to the standard required 
before it is discharged to the receiving 
environment

Potential steps: Filtration, polishing, ponding 
(lagoons, wetlands), nutrient removal, 
disinfection.

Note: Industrial contaminants remain an issue.





Primary Sewage Treatment



Common Options for Secondary 

Sewage Treatment

Treatment 

Process

Description Key Features

Activated 

Sludge 

Process

(ASP)

Oxygen is mechanically 

supplied to bacteria which 

feed on organic material 

and provide treatment

Sophisticated process – many 

mechanical & electrical parts, needs 

careful control of operator; provides 

high degree of treatment.

Aerated 

lagoons

Like lagoons but with 

mechanical aeration

Not very common; oxygen 

requirement mostly from aeration and 

hence more complicated and higher 

operational and maintenance costs.

Land 

Treatment

(soil –aquifer 

treatment –

SAT)

Sewage is supplied in 

controlled conditions to 

the soil

Soil matrix has quite a high capacity 

for treatment of normal domestic 

sewage, as long as capacity is not 

exceeded. Some pollutants, such as 

P, are not easily removed.





Issues for Arctic Environments

• Small communities cannot support 
extensive sewage treatments

• Storage tanks and transfer sites (closed to 
houses) are sources of contamination

• Overland treatment of raw sewage is often 
the only approach to treat sewage

• Nutrient loading and sewage-based 
contaminants are key issues

• Leaching into the marine environment



BRIDGES

Sandeep Kumar Singh



• History of Bridge Development

• How Bridges Work

• Basic Concepts

• Types of Bridges

• Concepts Associated with 

Bridge Engineering

• Truss Analysis

• Tips for Building Bridges

• Bridge Construction

Work Plan 



700 A.D. Asia

100 B.C. Romans

Natural Bridges

Clapper Bridge

Tree trunk

Stone

The Arch

Natural Cement

Roman Arch Bridge

History of Bridge Development

Great Stone Bridge in China

Low Bridge

Shallow Arch

1300 A.D. Renaissance

Strength of 
Materials

Mathematical 
Theories

Development of 
Metal



First Cast-Iron Bridge

Coalbrookdale, England

1800 A.D.

History of Bridge Development

Britannia Tubular Bridge

1850 A.D.

Wrought Iron

Truss Bridges

Mechanics of 
Design

Suspension Bridges

Use of Steel for 
the suspending 
cables

1900 A.D.

1920 A.D.

Prestressed 
Concrete

Steel

2000 A.D.



Every passing vehicle shakes the bridge up and 

down, making waves that can travel at 

hundreds of kilometers per hour. Luckily the 

bridge is designed to damp them out, just as it 

is designed to ignore the efforts of the wind to 

turn it into a giant harp. A bridge is not a dead 

mass of metal and concrete: it has a life of its 

own, and understanding its movements is as 

important as understanding the static forces.

How Bridges Work?



Compression Tension

Basic Concepts 

Span - the distance between two bridge 

supports, whether they are columns, towers 

or the wall of a canyon. 

Compression - a force which acts to 

compress or shorten the thing it is acting 

on.

Tension - a force which acts to expand or 

lengthen the thing it is acting on.

Force - any action that tends to maintain or alter the position of 

a structure



Basic Concepts 

Beam - a rigid, usually horizontal, structural element

Pier - a vertical supporting structure, such as a pillar

Cantilever - a projecting structure supported only at one end, 

like a shelf bracket or a diving board

Beam

Pier

Load - weight distribution throughout a structure



Basic Concepts 

Truss - a rigid frame composed of short, straight pieces joined 

to form a series of triangles or other stable shapes

Stable - (adj.) ability to resist collapse and deformation; 

stability (n.) characteristic of a structure that is able to carry a 

realistic load without collapsing or deforming significantly

Deform - to change shape



To dissipate forces is to spread them out over a greater area, 

so that no one spot has to bear the brunt of the concentrated 

force. 

To transfer forces is to move the forces from an area of 

weakness to an area of strength, an area designed to handle 

the forces.

Basic Concepts 

Buckling is what happens when the force of 

compression overcomes an object's ability to 

handle compression. A mode of failure 

characterized generally by an unstable 

lateral deflection due to compressive action 

on the structural element involved.

Snapping is what happens when tension overcomes an 

object's ability to handle tension.



The type of bridge used  depends on various features of the 

obstacle. The main feature that controls the bridge type is the 

size of the obstacle. How far is it from one side to the other? 

This is a major factor in determining what type of bridge to use.

The biggest difference between the three is the distances they 

can each cross in a single span. 

Types of Bridges

Basic Types:

•Beam Bridge

•Arch Bridge

•Suspension Bridge



Types of Bridges

Beam Bridge

Consists of a horizontal beam supported at each end by piers. 

The weight of the beam pushes straight down on the piers. The 

farther apart its piers, the weaker the beam becomes. This is 

why beam bridges rarely span more than 250 feet.



Forces

When something pushes down on the beam, the beam 

bends. Its top edge is pushed together, and its bottom 

edge is pulled apart.

Types of Bridges

Beam Bridge



Truss Bridge

Forces

Every bar in this cantilever bridge experiences either a 

pushing or pulling force. The bars rarely bend. This is why 

cantilever bridges can span farther than beam bridges

Types of Bridges



Arch Bridges

The arch has great natural strength. Thousands of years ago, 

Romans built arches out of stone. Today, most arch bridges 

are made of steel or concrete, and they can span up to 800 

feet.

Types of Bridges



Forces

The arch is squeezed together, and this squeezing force is 

carried outward along the curve to the supports at each end. 

The supports, called abutments, push back on the arch and 

prevent the ends of the arch from spreading apart.

Types of Bridges

Arch Bridges



Suspension Bridges

This kind of bridges can span 2,000 to 7,000 feet -- way farther 

than any other type of bridge! Most suspension bridges have a 

truss system beneath the roadway to resist bending and 

twisting.

Types of Bridges



Forces

In all suspension bridges, the roadway hangs from massive 

steel cables, which are draped over two towers and secured 

into solid concrete blocks, called anchorages, on both ends of 

the bridge. The cars push down on the roadway, but because 

the roadway is suspended, the cables transfer the load into 

compression in the two towers. The two towers support most of 

the bridge's weight.

Types of Bridges

Suspension Bridges



The cable-stayed bridge, like the suspension bridge, supports 

the roadway with massive steel cables, but in a different way. 

The cables run directly from the roadway up to a tower, forming 

a unique "A" shape. 

Cable-stayed bridges are becoming the most popular bridges 

for medium-length spans (between 500 and 3,000 feet).

Types of Bridges

Cable-Stayed Bridge



How do the following affect your structure?
Forces

Loads

Materials

Shapes 

Let’s try it: 

http://www.pbs.org/wgbh/buildingbig/lab/forces.html

The bridge challenge at Croggy Rock:
http://www.pbs.org/wgbh/buildingbig/bridge/index.htmlbridge/index.html

Interactive Page 





Congratulations!



Pythagorean Theorem

Basic math and science concepts

Bridge Engineering

ag

b

a
c

b

 c2=b2+a2

 a+b+g=180



Basic math and science concepts

Bridge Engineering

Fundamentals of Statics

SFy = R1+R2-P = 0

SFx = 0

F

R1 R2

x

y



Basic math and science concepts

Bridge Engineering

Fundamentals of Mechanics of Materials

Modulus of Elasticity (E):

E

e

s E=
Stress

Strain

F/A

DL/Lo

=

Where:

F = Longitudinal Force

A = Cross-sectional Area

DL = Elongation

Lo = Original Length

Lo

F

F



To design a bridge like you need to take into account the 
many forces acting on it :

•The pull of the earth on every part

•The ground pushing up the supports 

•The resistance of the ground to the pull of the cables

•The weight of every vehicle

Then there is the drag and lift produced by the wind

•The turbulence as the air rushes past the towers

Basic math and science concepts

Bridge Engineering



Basic math and science concepts

Density 163 ± 10 kg/m³

low density   4.7 MPa

medium density 12.1 MPa

high density 19.5 MPa

low density   7.6 MPa

medium density 19.9 MPa

high density 32.2 MPa

Elastic Modulus - Compression   460 ±   71 MPa

Elastic Modulus - Tension 1280 ± 450 MPa

Compressive Strength¤

Tensile Strength¤

Bridge Engineering

Balsa Wood Information



Truss Analysis

Bridge Engineering

Structural Stability Formula

K = 2J - R

Where:

K = The unknown to be solved

J = Number of Joints

M = Number of Members

R = 3 (number of sides of a triangle)

K Results Analysis:

If M = K Stable Design

If M < K Unstable Design

If M > K Indeterminate Design



Truss Analysis

Bridge Engineering

Structural Stability Formula (Example)

Joints

J=9

Members

M=15

K = 2 (9) – 3 = 15

15 = M = K then The design is stable



http://www.jhu.edu/virtlab/bridge/truss.htm

West Point Bridge Software:

http://bridgecontest.usma.edu/

Bridge Engineering

Truss Analysis

http://www.jhu.edu/virtlab/bridge/truss.htm


Tips for building a bridge

1.  Commitment - Dedication and attention to details. Be sure you 

understand the event rules before designing your prototype.

1) Draw your preliminary design 

2) ALL joints should have absolutely flush surfaces before 

applying glue. 

 Glue is not a "gap filler", it dooms the structure! 

3) Structures are symmetric. 

4) Most competitions require these structures to be weighed. Up 

to 20% of the structure's mass may be from over gluing.



Stresses flow like water. 

Where members come together there are stress 
concentrations that can destroy your structure. 

Here is a connection detail of one of the spaghetti 
bridges. 

The Importance of Connections



Tacoma Narrows Failure



1

RAILWAY ENGINEERING..



RAILWAY TRACK

• COMPONENT PARTS OF A RAILWAY TRACK

2



RAILS

3



• Can be considered as steel girders for the 

purpose of carrying loads

• Made up of high carbon steel to withstand 

wear and tear

• Flat footed rails are mostly used in 

railway track

4

RAILS



FUNCTIONS OF RAILS

5

• Rails provide hard, smooth and unchanging  surface for 
passage of heavy moving loads with minimum friction 
between steel rail and steel wheel

• Rails bear the stresses developed due to heavy vertical 
loads, lateral and braking forces and thermal stresses

• The rail material used is such that it gives minimum wear 
to avoid replacement charges and failure due to wear

• Rails transmit the loads to sleepers and consequently 
reduce pressure on ballast and formation below



REQUIREMENTS OF RAILS 

• Rails should be designed for optimum nominal weight to 

provide for the most efficient distribution of metal in its 

various components 

6



REQUIREMENTS (cntd..)

7

• The vertical stiffness should be high enough to transmit 
load to sleepers. The height of the rail should be adequate

• Rails should be capable of withstanding lateral forces. 
Large width of head and foot provides the rail with high 
lateral stiffness

• The depth of head of rail should be sufficient to allow for 
adequate margin of vertical wear. The wearing surface 
should be hard

• The web of rails should be sufficiently thick to bear the load 
coming to it and should provide adequate flexural rigidity 
in horizontal plane 



REQUIREMENTS (cntd..)

8

• Foot should be wide enough so that the rails are stable 
against overturning especially on curves

• Bottom of the head and top of foot should be so as to 
enable the fish plates to transmit the vertical load 
efficiently from the head to the foot at rail joint

• The centre of gravity of rail section must lie 
approximately at mid height so that maximum tensile 
and compressive stresses are equal 



9

REQUIREMENTS (cntd..)

• Tensile strength of rail shouldn’t be less than 72 kg/m2

• To bring down the contact stresses to minimum level, the 
contact area between the rail and wheel should be as 
large as possible



TYPES OF RAIL SECTIONS

• Double headed rails

• Bull headed rails

• Flat footed rails

10



DOUBLE HEADED RAILS

11

• First stage of development of rails 

• 3 parts: 

– Upper table

– Web 

– Lower table

• Similar to dumb bell section

• Both upper and lower tables are identical

• When upper table was worn out, the rail can be reversed 
thus lower table can be brought into use

• Practically out of use

• Made of wrought iron 

• Length varying from 610 cm to 732 cm



DOUBLE HEADED RAIL

12



• Made up of steel

• Head is larger than foot

• Foot is designed only to hold the wooden keys with which rails

are secured to chairs

• Extensively used in England

• Weight of standard rail or British rail is 47 kg/m of length for

main lines and 42 kg/m length on branch lines

• Length of rail usually 18.29 m

BULL HEADED RAIL

13



BULL HEADED RAIL

14



FLAT FOOTED RAIL

• Foot is spread out to form a base

• Invented by Charles Vignoles in 1836 and hence also known 

as “Vignoles Rails”

• 90 % of railway track is made up of flat footed rails

15



FLAT FOOTED RAIL

16



• Chairs

– No chairs are required

– Foot of rail directly spiked to sleepers 

• Stiffness

– Vertically and laterally stiffer than BHR of equal weight especially on curves

• Kinks

– Less liable to develop kinks and maintains regular top surface than BHR

• Cost

– Cheaper than BHR

• Load distribution

– Distributes loads over large area

– Results great track stability, longer life of rails and sleepers, reduced 

maintenance cost, less rail failures and few interruptions to traffic

Advantages of flat footed rails

17



WEAR ON RAILS

• The moving of number of wheels of train on rail cause wear 

on rails

• Depending on location wear of rail can be:

– Wear of rails on top or head of rail 

– Wear of rails at ends of rail

– Wear of rail on the sides of head of rail

18



Wear of rails on top or head of rail 

19

• The metal from top of rail flows and forms projections

• These are known as “BURRS”

• Causes:

• The rails are worn out on top due to abrasion of rolling 

wheels over them

• The heavy wheel loads are concentrated on very small 

areas – results into flow of metal from top

• Impact of heavy wheel load

• Grinding action of sand particles between rails and 

wheels



Wear of rails on top or head of rail 

20

• Causes:

• The corrosion of metal of rails especially near sea 

• The metal on top of rail burns during starting when the 

wheels slip or when brakes are applied to the moving 

trains



Wear of rails at end of rails

21

• Takes place at end of rail

• Much greater than wear at top of rails

• At expansion gap the wheels of the vehicle have to take a 

jump and during this jump, they impart a blow to the end of 

rail – causes wear of rail at end

• Wear due to high static pressure combined with impact 

blows

• End of rail gets battered – causes rough riding in the track, 

loosens the ballast under joints and disturbs sleeper



Wear of rails at end of rails

22

• Causes:

• Loose fish plates & fish bolts

• Heavy loads & large joint openings

• Difference in rail levels at joints 

• Small wheels

• Bad condition of vehicle springs

• Poor maintenance of track



Wear of rails on the sides of rail head

23

• Most destructive type wear

• Occurs when tracks are laid on curves

• Causes: 

• Due to curvature, the pressure due to centrifugal force 

causes grinding action of wheel flanges on inner side of 

the head of outer rail

• The vehicle don’t bend to the shape of the curvature 

while moving over the curve – results into the biting of 

inner side of head of outer rail by wheel flanges 



Wear of rails on the sides of rail head

24

• Causes: 

• The wear on inner side of head of inner rail is due to 

slipping action of wheel on curves



• In India, prescribed limit for wear is 5 % of rail weight. 

• Allowable wear of 25 % of the section of head is also 

exceptionally adopted

Allowable limits of wear

25



Methods adopted to reduce wear of rails

26

• Use of special alloy steel

• Good maintenance of track

• Reduction of expansion gap

• Exchange of inner and outer rails on curves

• Introducing check rails

• Use of lubricating oil

• Head hardened rails



Use of special alloy steel

27

• At places where wear of rail is considerable special alloy 

steel rails are used

• Cost is more

• Increases life 2 – 3 times life of ordinary rail

• Recommended for switches & crossings, tracks with 

steeper gradients etc.



Good maintenance of track

28

• Joints should be lightened 

• Well maintained track would definitely results in wear of 

rail



Reduction of expansion gap

29

• If expansion joint has increased beyond the limit, it 

should be reduced by packing the sleeper at the joints 

and lightening fish bolts 

• Number of expansion joints should be  reduced



Exchange of inner and outer rails on curves

30

• On curves sometimes inner and outer rails are 

interchanged

• Possible where there is heavy wear at top of head of inner 

rail and heavy wear of the side of head of outer rail

• Thus top wear is exchanged with side wear



Introducing check rails

31

• Wear of rail on sharp curves can be 

reduced by introducing check rails all 

the way round the inner rail and 

parallel to it

• Hold back flange of inner wheel and 

prevents outer wheel to damage outer 

rail



Use of lubricating oil

32

• Lubricating oil on sides of head of rail reduces wear

• Lubrication of rail joint allows free expansion of rails & 

reduces wear & tear of fish plates



Head hardened rails

33

• Increases life of rails by 2 – 3 times than ordinary rail

• Hardening is done by allowing rails to pass through iso

thermal treatment plant 

• During this process a depth of about 12 – 14 mm from 

the surface is hardened



WHEELS

34



CONING OF WHEELS

• The flanges of wheel is never made flat, but they are in 

the shape of cone with a slope of 1 in 20

• The coning of wheels is mainly done to maintain the 

vehicle in the central position with respect to the track

35



ADVANTAGES OF CONING THE WHEELS

• To reduce wear & tear of the wheel flanges and rails, 

which is due to rubbing action of flanges with inside face 

of the rail head

• To provide a possibility of lateral movement of the axle 

with its wheels

• To prevent the wheels from slipping to some extent

36



Behaviour of coned wheel

• At level surface

– Flanges of wheels have equal circumference 

– Equal diameters on both rail

– Equal pressure on both rail

• At curves 

– Outer rails has to cover great distance than inner rail

– Vehicle has tendency to move sideways towards outer rail

– Circumference of flange of outer wheel will be greater than that 

of inner wheel

– Helps the outer wheel to cover longer distance than inner rail

37
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Disadvantages of coning

• Smooth riding is produced by coning of wheels. But the 
pressure of the horizontal component near the inner 
edge of the rail has a tendency to wear the rail quickly

• The horizontal component tends to turn the rail 
outwardly and hence the gauge is widened sometimes

• If no base plate are provided, the sleepers under the 
outer edge of the rail are damaged

39



TILTING OF RAIL

• To minimize the disadvantages of coning 

• Rails are tilted inwards

• Inclined base plates are used

• Slope of base plate is 1 in 20

Advantages 

• Maintains gauge properly

• Wear of the head of rail is uniform due to tilting of rails

• Increase life of sleepers as well as rails

40



CREEP OF RAILS
• Longitudinal movement of rails in a track

• Rails have tendency to move gradually in the direction of 

dominant traffic

Indications of creep

• Closing of successive expansion spaces at rail joints in 

the direction of creep and opening out of joints at the 

point from where creep starts

• Marks on flanges and webs of rails made by spike heads 

by scratching as the rail slide

41



• Brakes 

• Wave action or wave theory

• Percussion theory

42

Causes of creep



• Starting, accelerating, slowing down or stopping a train

• During starting – wheels push the rails backward

• During stopping – wheels push the rails forward

• When train is slowing down or decelerating – the 
braking effect tends to push the rail forward

43

BRAKES



WAVE ACTION OR WAVE THEORY

• Creep is developed due to 
wave motion of wheels on 
rails

• Due to movement of wheel 
loads on rails, the rail deflects 
as a continuous beam and 
crests are formed near 
supports

• When wheels of train strike 
against these crests, creep is 
developed

• The wheels push the wave 
with a tendency to force the 
rail in the direction of traffic

44



WAVE ACTION OR WAVE THEORY

• Pitch and depth of wave depends on 

– Track modulus

– Stiffness of track

– Stability of formulation

• Wave action can be reduced by

– Angular and heavy ballast which develops good interlock

– Increased stiffness of track

– Lesser sleeper spacing

– Bigger section of rail

45



PERCUSSION THEORY 

• Creep is due to impact of wheels at the rail end ahead at 
joints

• Reaction R is normal to the surface of contact

• Horizontal component H causes creep 

• Vertical component V tends to bend the rail vertically –
results battering of rail end

46



Causes of creep

• Changes in temperature

• Unbalanced traffic

• Alignment of track

• Grade of track

• Type of rail

• Poor maintenance of track components 

47



48



To Get  

























































































































































































































 



TUNNELS





1- Kilit (anahtar) taşı........................Key stone

2- Kemer...........................................Arch

3- Ayak (duvar)................................Wall

4- Taban...........................................Floor

5- Üzengi..........................................Bench

6- Üzengi çizgisi (düzeyi)...............Bench line or plane

7- Kalot............................................Top heading

8- Stros............................................Invert

9- Ano..............................................Ano (unit)



Tunnel Section for Swelling Ground

1- Digging section

2- Support

3- Swelling section

4- Pressurized area

5- Flow direction of water



SURFACE  EXCAVATIONS

 Deformation & failure



UNDERGROUND  EXCAVATIONS

 In Rock

 In Sediment
 Stability & Arching

 Water

 Dry tunnel...............above water table

 Wet tunnel..............below water table

 Gases

 Carbon dioxide (CO2)

 Carbon monoxide (CO)

 Methane (CH4)

 Hydrogen sulphide (H2S)

 Other gases



 Gas bursts......................gaz patlaması

 Rock falls........................kaya düşmesi

 Rock bursts....................kaya fırlaması

 Squeezing ground..........şişen – kabaran zemin

 Temperature

 Subsidence 



EXPLORATION & INVESTIGATIONS 

RELATED  of  SLOPE STABILITY

 Geomorphologic maping and preparation of 
longitudinal & cross sections

 Geological maping & surveyings (aerial 
photographs)

 Geophysical surveyings

 Underground explorations, boreholes

 Ground water surveyings

 Laboratory tests

 Model studies



SURFACE  EXCAVATIONS

 Permanent

 Short term excavations



SUBSURFACE  EXCAVATIONS

1. GEOLOGY

1. Soil profile or hard rock geology

2. Structure

3. Ground water (hydrogeology)

4. Stability



2. INVESTIGATIONS

1. Mapping (Topographic, geologic, etc...)

2. Geophysical surveying (especially seismic 

velocity of rocks)

3. Trial pits & boreholes

4. General and local stability analysis

5. Decide to excavation method





UNDERGROUND  EXCAVATIONS

 Adit, shaft, incline, large chamber

 Tunnel

 Subway ~ metro

 Underpass

 Shelter

 Power house

 Ware house, store, mining ...etc



GASES   

(can be lethal or burst)

 Carbon monoxide (CO)    0.97 of air

 Carbon dioxide (CO2)      1.53 of air

 Methane (CH4)                 0.55 of air

(Highly explosive with air)  marsh gas

 Hydrogene sulphide (H2S) 1.19 of air 

(Highly toxic and explosive)

 Sulphur dioxide (SO2)



 ROCK FALL

 SQUEEZING GROUND (sand, silt, shale, clay)

 ROCK BURST

 BULKING (Increase in volume, 10-40%)



FACTORS EFFECTING 

EXCAVATION of  ROCKS

 Mineralogical composition of rocks

 Texture & fabric

 Petrographic features

 Structure

 Rock mass

 Strike & dip of beds in relation to face of 
excavation

 Intensity of tectonic disturbances

 Degreee of weathering



RESISTANCE  of  ROCKS  to  

EXCAVATION

 Loose soils

 Soil easy to spade (bel ile kazmak)

 Soil easy to dig

 Crumbling weak rocks (ufalamak)

 Rocks easy to blast

 Rocks difficult to blast

 Rocks very difficult to blast



TUNNELLING METHODS



SHIELD TUNNELLING METHOD

 This method involves the use of shield machine to drive 
the tunnels below the ground. 

 After completion of a work shaft, the shield machine is 
lowered into the shaft and assembled there before 
excavation and construction of the tunnels using precast 
concrete lining segments of about 1.2 meter width. 

 This construction method causes minimal disruption to 
traffic and the environment because all the work takes 
place below ground and the ground level environment is 
unaffected. 





CUT  and  COVER TUNNELLING 

METHOD

 This construction method, whereby the site is fully 
excavated, the structure built and then covered over, 
uses diaphragm walls as temporary retaining walls within 
the site area. 

 Step one :Construction of diaphragm walls, pin piles, and 
decking.

 Step two :Excavation within the diaphragm walls, 
installing struts as work progresses.

 Step three :Construction of permanent floor slabs and 
walls.

 Step four : Fitting out the internal structures, backfilling, 
and reinstating the surface structures.





TBM (Tunnel Boring Machine)

1. Mechanical-support TBM 

2. Compressed-air TBM

3. Slurry shield TBM

4. Earth pressure balance machine

5. Mixed-face shield TBM



1- Mechanical Support TBM

 A mechanical-support TBM has a full-face 

cutterhead which provides face support by 

constantly pushing the excavated material 

ahead of the cutterhead against the 

surrounding ground.



2- Compressed-Air TBM

 A compressed-air TBM can have either a 

full-face cutterhead or excavating arms. 

Confinement is achieved by pressurizing 

the air in the cutter chamber.



3- Slurry Shield TBM

 A slurry shield TBM has a full-face 

cutterhead. Confinement is achieved by 

pressurizing boring fluid inside the 

cutterhead chamber.



4- Earth Pressure Balance Machine

 An earth pressure balance machine has a 

full-face cutterhead. Confinement is 

achieved by pressurizing the excavated 

material in the cutterhead chamber.



5- Mix-Face Shield TBM

 Mix-face shield TBMs have full-face 

cutterheads and can work inclosed or 

open mode and with different confinement 

techniques.



EFFECT of GEOLOGICAL STRUCTURES 

to TUNNEL EXCAVATION

 Effect of soil layers: horizontal, vertical and 

inclined layers have different kinds of loading 

conditions for tunnels. 



 Effect of faults: the relation between the fault 

slope direction and the tunnel direction, width 

of the fault zone, type and thickness of the fill 

material and the hydrostatic pressures in both 

sides of the fault are some problems in the 

tunnelling.

Relation between the fault zone and the tunnel



 Tunnel excavations in the slopes: the 

discontinuities (layers, fissures) inclined inside 

or outside of the slope are very important 

regarding the stress and strength of the tunnel.



 Effect of the folds: While tunnel is excavated in 

an area that contains folded rocks, different 

stresses and conditions may occur depending on 

the fold type.

Fold axis and the tunnel direction is vertical

Fold axis and the tunnel direction is parallel



CLASSIFICATION  of 

ROCKS for TUNNELING 

PURPOSES



 Classification of rocks for engineering purposes 

is needed in analyzing the project costs and to 

obtain an economic and reliable solution.

 The classification of the rocks, that the tunnel 

will be constructed in, is first done by Terzaghi. 

But, it is too general and gives qualitative 

results. 



TUNNEL ROCK CLASSIFICATION  by  TERZAGHI



Laufer classified tunnel rocks to 7 groups according to stand-up time



Rock classification and determination of unsupported span



URFA IRRIGATION 

TUNNEL





ONE of the LONGEST IRRIGATION TUNNELS in 

the WORLD



PROJECT MANAGEMENT

CPM/PERT



Project

 “A project is a series of activities directed 

to accomplishment of  a desired objective.”

Plan your work first…..then work 
your plan



Network analysis

Introduction

Network analysis is the general name given to certain specific 

techniques which can be used for the planning, management and 

control of projects.

One definition of a project:

“A project is a temporary endeavour undertaken to create a "unique" 

product or service”



History
 Developed in 1950’s

 CPM by DuPont for chemical plants

 PERT by U.S. Navy for Polaris missile

PERT was developed by the US Navy for the planning and control of 

the Polaris missile program and the emphasis was on completing the 

program in the shortest possible time. In addition PERT had the 

ability to cope with uncertain activity completion times (e.g. for a 

particular activity the most likely completion time is 4 weeks but it 

could be anywhere between 3 weeks and 8 weeks). 

CPM was developed by Du Pont and the emphasis was on the 

trade-off between the cost of the project and its overall 

completion time (e.g. for certain activities it may be possible 

to decrease their completion times by spending more money -

how does this affect the overall completion time of the 

project?) 



CPM - Critical Path Method

 Definition: In CPM activities are shown as a network of 

precedence relationships using activity-on-node network 

construction

– Single estimate of activity time

– Deterministic activity times

USED IN  :  Production management - for the jobs of 

repetitive in nature where the activity time estimates can 

be predicted with considerable certainty due to the 

existence of past experience.



PERT -

Project Evaluation & Review Techniques

 Definition: In PERT activities are shown as a network of 

precedence relationships using activity-on-arrow network 

construction

– Multiple time estimates 

– Probabilistic activity times

USED IN  : Project management - for non-repetitive jobs 

(research and development work), where the time and cost 

estimates tend to be quite uncertain. This  technique uses 

probabilistic time estimates.



Originated by H.L.Gantt in 1918

Gantt chart

Advantages 

- Gantt charts are quite commonly used. 

They provide an easy graphical 

representation of when activities (might) 

take place.

Limitations 

- Do not clearly indicate  details regarding 

the progress of activities

- Do not give a clear indication of 

interrelation ship between the separate 

activities



CPM/PERT

These deficiencies can be eliminated to a large extent  by 

showing the interdependence of various activities by means of 

connecting arrows called network technique.

 Overtime CPM and PERT became one technique

 ADVANTAGES:

– Precedence relationships

– large projects

– more efficient



The Project Network

 Use of nodes and arrows

Arrows  An arrow leads from tail to head directionally

– Indicate  ACTIVITY, a time consuming effort  that is required to 

perform a part of the work.

Nodes  A node is represented by a circle

- Indicate  EVENT, a point in time where one or more activities start 

and/or  finish.



Activity on Node & Activity on Arrow

Activity on Node

- A completion of an activity 

is represented by a node

Activity on Arrow

- An arrow represents a task, 

while a node is the 

completion of a task

- Arrows represent order of 

events



Activity Slack

Each event has two important times associated with it :

- Earliest time , Te , which is a calendar time when a event can 

occur when all the predecessor events completed at the earliest 

possible times

- Latest time , TL , which is the latest time the event can occur with 

out delaying the subsequent events and completion of project.

 Difference between the latest time and the earliest time of an event 

is the slack time for that event 

Positive slack :  Slack is the amount of time an event  can be delayed 

without delaying the project completion



Critical Path

 Is that the sequence of activities and events where there is no 

“slack”  i.e..   Zero slack

 Longest path through a network

 minimum project completion time



Benefits of CPM/PERT

 Useful at many stages of project management

 Mathematically simple

 Give critical path and slack time

 Provide project documentation

 Useful in monitoring costs



Questions Answered by CPM & PERT

 Completion date?

 On Schedule?

 Within Budget?

 Critical Activities?

 How can the project be finished early at the least cost?



example

Illustration of network analysis of a minor redesign of a product and 

its associated packaging.

The key question is: How long will it take to complete this project ?



For clarity, this list is kept to a minimum by specifying only 

immediate relationships, that is relationships involving activities 

that "occur near to each other in time".



•"What activities must be finished before this activity can start"

•could we complete this project in 30 weeks? 

•could we complete this project in 2 weeks?

One answer could be, if we first do activity 1, then activity 2, then activity 3, 

...., then activity 10, then activity 11 and the project would then take the sum 

of the activity completion times, 30 weeks.

“What is the minimum possible time in which we can complete this project ? “

Before starting any of the above activity, the questions 

asked would be 



We shall see below how the network analysis diagram/picture we construct 

helps us to answer this question.



CRITICAL PATH TAKES 24 WEEKS FOR THE COMPLETION OF THE PROJECT



Packages are available to determine the shortest path and 

other relevant information.



Data entry window



Output of the package



Limitations to CPM/PERT

 Clearly defined, independent and stable activities

 Specified precedence relationships

 Over emphasis on critical paths



Thank you
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  THE PROJECT ORGANIZATION STRUCTURE 

 

A project organization is a structure that facilitates the coordination 
and implementation of project activities. Its main reason is to create 
an environment that fosters interactions among the team members 
with a minimum amount of disruptions, overlaps and conflict. One of 
the important decisions of project management is the form of 
organizational structure that will be used for the project.  
 
 
Each project has its unique characteristics and the design of an 
organizational structure should consider the organizational 
environment, the project characteristics in which it will operate, and 
the level of authority the project manager is given. A project structure 
can take on various forms with each form having its own advantages 
and disadvantages. 
 

One of the main objectives of the structure is to reduce uncertainty 
and confusion that typically occurs at the project initiation phase. The 
structure defines the relationships among members of the project 
management and the relationships with the external environment. The 
structure defines the authority by means of a graphical illustration 
called an organization chart. 

 

A properly designed project organization chart is essential to project 
success. An organization chart shows where each person is placed in 
the project structure. An organization chart is drawn in pyramid form 
where individuals located closer to the top of the pyramid have more 
authority and responsibility than members located toward the bottom. 
It is the relative locations of the individuals on the organization chart 
that specifies the working relationships, and the lines connecting the 
boxes designate formal supervision and lines of communication 
between the individuals. 
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Fig, Project Organization Chart (use another example) 

 
Creating the project structure is only a part of organizing the project; 
it is the actual implementation and application that takes the most 
effort. The project organization chart establishes the formal 
relationships among project manager, the project team members, the 
development organization, the project, beneficiaries and other project 
stakeholders. This organization must facilitate an effective interaction 
and integration among all the major project participants and achieve 
open and effective communication among them. 
 
 
The project manager must create a project structure that will meet the 
various project needs at different phases of the project. The structure 
cannot be designed too rigid or too lose, since the project 
organization's purpose is to facilitate the interaction of people to 
achieve the project ultimate goals within the specified constraints of 
scope, schedule, budget and quality. The objective in designing a 
project structure is to provide a formal environment that the project 
manager can use to influence team members to do their best in 
completing their assignment and duties. The structure needs to be 
designed to help develop collaboration among individual team 
members; all in a cost effective way with a minimum of duplication of 
effort and overlaps. 

 
 
The organization chart has a limited functionality; it only shows the 
hierarchical relationship among the team members but does not shows 
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how the project organization will work, it is for that reason that the 
design should consider factors that will facilitate the operation of the 
structure; these include communications, information flows, 
coordination and collaboration among its members. 

 

FACTORS IN DESIGNING A PROJECT STRUCTURE 

 
There are two design factors that significantly influence the process of 
developing a project management structure. These are the level of 
specialization, and the need for coordination. The project manager 
should consider these factors at the moment of designing the project 
organization in order to maximize the effectiveness of the structure. 

 
 
Specialization affects the project structure by the degree of specialty 
in technical areas or development focus; projects can be highly 
specialized and focus on a specific area of development, or have 
different broad specializations in many areas of development. For large 
projects that have multiple specializations or technical areas, each 
area may have a different need; from differences in goals, approaches 
and methodologies, all of which influence the way the project will 
implement its activities. A project that has two components, a 
reconstruction and education, will need to manage different 
approaches based on the specialization of each one. In the education 
component, the needs is for a structure more open and informal, 
where the time horizon is longer, with more emphasis on sharing and 
generation of new ideas in order to achieve innovation and creativity. 
In a reconstruction component, there are specific goals, a need for a 
rigid, hierarchical structure, and there is a defined time horizon with 
little sharing of ideas. While specialization allows each project 
component to maximize their productivity to attain their departmental 
goals, the dissimilarities may lead to conflict among the members or 
leads of each component. In general, the greater the differences, the 
more problems project managers have in getting them to work 
together. 

 
 
Coordination is required to bring unity to the various elements that 
make up a project. The project work is organized around a work 
breakdown structure (WBS) that divides the overall project goals into 
specific activities or tasks for each project area or component; the 
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project manager must design an organizational  structure that ensure 
that the various components are integrated so that their efforts 
contribute to the overall project goal. Integration is the degree of 
collaboration and mutual understanding required among the various 
project components to achieve project goals. Most projects are 
characterized by the division of labor and task interdependencies, 
creating the need for integration to meet project objectives. This need 
is greatest when there are many project components that have 
different specializations. The goal of the project management structure 
is the achievement of harmony of individual efforts toward the 
accomplishment of the group goals. The project manager's principal 
responsibility is to develop integrating strategies to ensure that a 
particular component or activity is organized in a way that all of the 
components, parts, subsystems, and organizational units fit together 
as a functioning, integrated whole according to the project master 
plan. 

 

TYPES OF PROJECT ORGANIZATIONS STRUCTURES 

 
Of the several factors to consider when deciding on the design of 
project organizational structures, especially within an existing 
organization, the factor that has a significant is the extent of authority 
and responsibility top management is prepared to delegate to the 
project manager. An important function of the organizations’ top 
management is to design an organization that fully supports project 
management. This is done by redesigning the organization to 
emphasize the nature of the projects and adapting how roles and 
responsibilities are assigned. 

 

The organization needs to define the project manager’s job, degree of 
authority and autonomy, and relationship to both the organization, 
other projects and to other units in the organization. Upper 
management also should specify communication channels, methods of 
conflict resolution between the project and the rest of the 
organization.  Development organizations are usually organized around 
programmatic focus areas such as health or education. These areas 
are usually called program units and are centered on a specific 
development field.  In this environment a project has three 
organization structures available for design and all are defined by the 
level of organizational authority given to the project manager: 
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• Programmatic based, in which project managers have authority 
only within the program focus or area 

• Matrix based,, in which the project manager shares responsibility 
with other program unit managers 

• Project based, in which project managers have total authority. 
 
 

Programmatic Based 

The programmatic focus refers to a traditional structure in which 
program sector managers have formal authority over most resources. It 
is only suitable for projects within one program sector. However, it is 
not suitable for projects that require a diverse mix of people with 
different expertise from various program sectors. In a programmatic 
based organization, a project team is staffed with people from the same 
area. All the resources needed for the project team come from the 
same unit. For instance, if the project is related to the health area, the 
project resources come from the health unit.  
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Project Manager

Staff Staff

Staff

Staff

Project Manager

Staff

Staff

Staff

Project Manager

Staff Staff Staff

Project Manager

Staff Staff

Program Manager Program Manager Program Manager

 

 

The most obvious advantage of programmatic based projects is that 
there are clear lines of authority, in large projects the project managers 
tend to also be the program unit manager. There is not need to 
negotiate with other program units for resources, since all of the staff 
needed for the project will come from the same program area. Another 
advantage of this type of organization is that the team members are 
usually familiar with each other, since they all work in the same area. 



The Project Management Structures 

www.pm4dev.com 

The team members also tend to bring applicable knowledge of the 
project. 

 

A major disadvantage of the programmatic based organization is that 
the program area may not have all of the specialists needed to work on 
a project. A nutrition project with a water component, for instance, may 
have difficulty acquiring specialty resources such as civil engineers, 
since the only people available will work in their own program unit. 
Another disadvantage is that project team members may have other 
responsibilities in the program unit since they may not be needed full-
time on a project. They may be assigned to other projects, but it is 
more typical that they would have support responsibilities that could 
impact their ability to meet project deadlines. 

 

Matrix Based 

Matrix based project organizations allow program units to focus on their 
specific technical competencies and allow projects to be staffed with 
specialists from throughout the organization. For instance, nutrition 
specialists may report to one program unit, but would be allocated out 
to work on various projects. A health specialist might report to the 
health unit, but be temporarily assigned to a project in another project 
that needs health expertise. It is common for people to report to one 
person in the programmatic unit, while working for one or two project 
managers from other projects in different programmatic units.  
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The main advantage of the matrix based organization is the efficient 
allocation of all resources, especially scarce specialty skills that cannot 
be fully utilized by only one project. For instance, monitoring and 
evaluation specialists may not be utilized full-time on a project, but can 
be fully leveraged by working on multiple projects.  

 

The matrix based organization is also the most flexible when dealing 
with changing programmatic needs and priorities. Additional advantages 
to matrix management are: it allows team members to share 
information more readily across the unit boundaries, allows for 
specialization that can increase depth of knowledge and allow 
professional development and career progression to be managed. It is 
easier for a program unit manager to loan an employee to another 
manager without making the change permanent. It is therefore easier 
to accomplish work objectives in an environment when task loads are 
shifting rapidly between programmatic units. 

 

The main disadvantage is that the reporting relationships are complex. 
Some people might report to programmatic unit managers for whom 
little work is done, while actually working for one or more project 
managers. It becomes more important for staff members to develop 
strong time management skills to ensure that they fulfill the work 
expectations of multiple managers. This organization also requires 
communication and cooperation between multiple programmatic unit 
managers and project managers since that all be competing for time 
from the same resources.  

 

Matrix management can put some difficulty on project managers 
because they must work closely with other managers and workers in 
order to complete the project. The programmatic managers may have 
different goals, objectives, and priorities than the project managers, 
and these would have to be addressed in order to get the job done. An 
approach to help solve this situation is a variation of the Matrix 
organization which includes a coordinating role that either supervises or 
provides support to the project managers. In some organizations this is 
know as the Project Management Office (PMO), dedicated to provide 
expertise, best practices, training, methodologies and guidance to 
project managers. 
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The PMO unit also defines and maintains the standards of project 
management processes within the organization. The PMO strives to 
standardize and introduce economies of scale in the implementation of 
projects. The PMO is the source of documentation, guidance and metrics 
on the practice of project management and implementation. The PMO 
can also help in the prioritization of human resources assigned to 
projects. 

 

Project Based 

 
In this type of organization project managers have a high level of 
authority to manage and control the project resources. The project 
manager in this structure has total authority over the project and can 
acquire resources needed to accomplish project objectives from within 
or outside the parent organization, subject only to the scope, quality, 
and budget constraints identified in the project. 

 

In the project based structure, personnel are specifically assigned to the 
project and report directly to the project manager. The project manager 
is responsible for the performance appraisal and career progression of 
all project team members while on the project. This leads to increased 
project loyalty. Complete line authority over project efforts affords the 
project manager strong project controls and centralized lines of 
communication. This leads to rapid reaction time and improved 
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responsiveness. Moreover, project personnel are retained on an 
exclusive rather than shared or part-time basis. Project teams develop 
a strong sense of project identification and ownership, with deep loyalty 
efforts to the project and a good understanding of the nature of 
project’s activities, mission, or goals. 
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Pure project based organizations are more common among large and 
complicated projects. These large projects can absorb the cost of 
maintaining an organization whose structure has some duplication of 
effort and the less than cost-efficient use of resources. In fact, one 
major disadvantage of the project based organization is the costly and 
inefficient use of personnel. Project team members are generally 
dedicated to one project at a time, even though they may rarely be 
needed on a full-time basis over the life cycle of the project. Project 
managers may tend to retain their key personnel long after the work is 
completed, preventing their contribution to other projects and their 
professional development.  

 

In this type of organization, limited opportunities exist for knowledge 
sharing between projects, and that is a frequent complaint among team 
members concerning the lack of career continuity and opportunities for 
professional growth. In some cases, project personnel may experience a 
great deal of uncertainty, as organization’s or donor’s priorities shift or 
the close of the project seems imminent. 
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One disadvantage is duplication of resources, since scarce resources 
must be duplicated on different projects. There can also be concerns 
about how to reallocate people and resources when projects are 
completed. In a programmatic focus organization, the people still have 
jobs within the program unit. In a project-based organization it is not 
always clear where everyone is reassigned when the project is 
completed. Another disadvantage is that resources may not be needed 
as a full time for the entire length of the project, increasing the need to 
manage short term contracts with consultants and other subject matter 
experts. 

 

A variety of this pure project approach is temporarily project-based 
organizations. This organization consists of a project team pulled 
together temporarily from their program unit and led by a project 
manager that does not report to a programmatic unit. The project 
manager has the full authority and supervision of the project team.  
 
 
Another design is based on a mixed structure that includes a matrix, 
programmatic focus and project based; this mix reflects the need for 
more flexibility in a development organization to accommodate different 
requirements. For example a health program may have a couple of 
projects short term and long term all reporting to the program 
manager. An education project may be organized on a matrix using 
resources part-time from other units, and a large water project 
organized as a fully project-based were all staff report to the project 
manager. It is not unusual to find this type of mixed designs on 
development organizations. 
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MANAGEMENT STYLES 

 
Organization culture is a strong influence on the type of management 
styles that can be used on projects. The local culture, customs and 
social dynamics also influence the management style; along with the 
nature of the project, the nature of the team and the personality and 
skills of the project managers. There are four distinct organizational 
management styles that have a strong influence on how project are 
managed: 

 

• Autocratic 

• Paternalistic 

• Democratic 

• Laissez-faire 

 

 
Autocratic or authoritarian, the manager makes all the decisions, 
keeping the information and decision making among the senior 
management. Objectives and tasks are set and the workforce is 
expected to do exactly as required. The communication involved with 
this method is mainly downward, from the leader to the subordinate; 
this method can lead to a decrease in motivation from the employee's 
point of view. The main advantage of this style is that the direction of 
the organization will remain constant, and the decisions will all be 
similar, this in turn can project an image of a confident, well managed 
organization. On the other hand, team members may become highly 
dependent upon the project manager’s and supervision may be 
needed. 
 

 

Paternalistic form is where the manager makes decisions in the best 
interests of the employees rather than the organization. The manager 
explains most decisions to the team members and ensures that their 
social and leisure needs are always met. This can help balance out the 
lack of staff motivation caused by an autocratic management style. 
Feedback is again generally downward; however feedback to the 
management will occur in order for the employees to be kept happy. 
This style can be highly advantageous, and can engender loyalty from 
the employees, leading to a lower staff turnover, thanks to the 
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emphasis on social needs. It shares similar disadvantages to an 
authoritarian style; employees becoming highly dependent on the 
leader, and if the wrong decisions are made, then employees may 
become dissatisfied with the leader. 

 

 
Democratic style is one where the manager allows the employees to 
take part in decision-making, where everything is agreed by the 
majority. This style can be particularly useful when complex decisions 
need to be made that require a range of specialist skills. From the 
overall organization’s point of view, job satisfaction and quality of work 
will improve. However, the decision-making process is severely slowed 
down, and the need of a consensus may avoid taking the best decision 
for the project. 
 
 
Laissez-faire style, the manager's role is marginal and the employees 
manage their own areas within the project; the manager evades the 
duties of management and uncoordinated delegation occurs. The 
communication in this style is horizontal, meaning that it is equal in 
both directions, however very little communication occurs in 
comparison with other styles. The style brings out the best in highly 
professional and creative groups of employees, however in many cases 
it is not deliberate and is simply a result of poor management. This 
leads to a lack of staff focus and sense of direction, which in turn leads 
to much dissatisfaction, and a poor organization image. 

 

PROJECT GOVERNANCE 
 

Project governance can be defined as an organization’s overall process 
for sharing decision rights about projects and monitoring the 
performance of project interventions. All development organizations 
have some form of project governance. Those with effective 
governance have actively designed a set of project governance 
mechanisms (committees, budgeting processes, approvals, etc.) that 
encourage behavior consistent with the organization's mission, 
strategy, values, norms, and culture. 

 
 
The objective of project governance is to establish clear levels or 
authority and decision making including the planning, influencing and 
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conducting of the policy and affairs of the project. It involves the 
people, policies and processes that provide the framework within 
which project managers make decisions and take actions to optimize 
outcomes related to their areas of responsibility. This is achieved by 
defining and identifying the roles, responsibilities and accountability of 
all people involved in a project, including their interaction and level of 
coordination with internal and external dependencies. 

 
 
The organization’s management team is responsible for setting up and 
supporting the governance structure before the project initiates its 
activities to ensure that all key decisions are made at the right time. 
The management team defines the project governance in a document 
that outlays the roles and responsibilities for decision making in the 
project team and stakeholders; this may include the creation of a 
project committee and its high level operating rules. A good project 
governance document helps projects by defining the procedures to 
follow escalation of issues, defines the decision making structure, roles 
and responsibilities of each key stakeholder about the different 
processes in the project from communications to budget change 
authorizations. 

 
 
Some development organizations may choose the have a standing 
project governance committee that oversees all projects and defines 
the decision making structure for each project. In this case the 
committee may include decisions about project proposal approvals and 
supervision of the organizations’ project portfolio in general, including 
the selection or appointment of project managers. 
 

*** 
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Types of Tenders & 

Stages for Successful Tendering 
 

Introduction  

When two or more persons have a common intention communicated to each other 

to create some obligation between them, there is said to be an agreement. " An 

agreement" which is enforceable by law is a contract. According to section 10 of 

the Indian Contract act 1972, only those agreements are enforceable by law which 

are made by the free consent of the parties, competent to contract for a lawful 

consideration and with a lawful object and are not expressly declared to be void. 

The contract should be in writing and attested by witnesses. 

Type of Contracts 

• Works contracts  

• Stores contracts  

• Consultancy contracts  

• Revenue/ service Licences  

• Contract : Legally enforceable agreement.  

• Licence : official or legal permission to do or own anything.  

TENDER SYSTEM : 

It is the primary duty of the Executive to obtain the best value possible for the 

money spent and the tender system should be given a very careful and serious 

consideration in all cases as one of the most effective methods of securing 

competitive rates. The exception made to the general rule, that the tenders should 

be called for, in all cases are based only on practical consideration in order to avoid 

delay and unnecessary work in the cases of works of comparatively small value. 

CIRCUMSTANCES WHEN TENDERS NEED NOT BE CALLED FOR 

 Except where for reasons which should be in public interest the General Manager 

decides that it is not practically advantageous to call for tenders, all contracts over 

Rs. 25,000/- in value should be placed after tenders have been called for in most 
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open and public manner possible and with adequate notice. For works contracts 

based on schedule of Rates in force on the Railway, calling of tenders up to Rs. 

50,000/- can be dispensed with by the General Manager without recording reasons 

for doing so. In all other cases, where it is decided not to call for tenders, the 

reasons should be recorded and financial concurrence obtained  

Procedure of work done by quotations 

While accepting quotations as now empowered, the following guidelines may be 

strictly followed:-  

(i) Quotations should not be for items which can be executed through the 

existing contracts including zonal contracts. 

(ii)  Quotations should not be for fancy (expensive but of low utility) items. 

(iii) Quotations should only be for works, which are urgent in nature. 

(iv) Quotations should normally be invited from at least 3 contractors working in 

that area. At least two of them should be from the approved list of the Division. 

(v) Accepting authority must take precautions to see that the quotations are 

from genuine firms (and not from fictitious firms) . 

(vi) A register showing full particulars of works authorised will be maintained by 

each officer and this should be open to verification by Accounts while passing 

the bills. DRM/ADRM should have a monthly review as a matter of control. 

Accepting Authority should also ensure : – 

(i) The rate/s accepted is/are reasonable. 

(ii) Adequate funds are available. 

(iii) Calling of tender was not justified.–Adequate number of quotations (normally 

not less than 3) has been called as per procedure in vogue. Under no circumstances 

should a single quotation be accepted without prior financial concurrence & 

acceptance of competent authority. 

Conditions to be fulfilled before Calling for Tenders 

• Before calling tenders, the following conditions should be fulfilled : 

(i) The Railway is in a position to hand over the site of work and plan to the 

contractor. 
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(ii) The Railway should be ready with full knowledge of character and scope 

of work. 

(iii) The Railway is ready with design, detailed drawing, schedule of 

quantities. 

(iv) Tender documents for sale is ready from the date of notification of 

tender notice 

• In case of tenders involving foreign exchange for expenditure in excess of Rs. 

50,000/- prior reference to the Rly. Board shall be made for their approval before 

tenders are called for. 

• In contracts where the foreign currency component is estimated to be in excess 

of Rs. 2 lakhs, special procedure prescribed for invitation of tenders etc. should be 

followed 

• Sanction of detailed estimate necessary before calling for tenders dispensation 

only in “extremely urgent” cases. 

• Value of tender forms based on contract value. 

TENDER NOTICE  

• The tender notice should in all cases state: - 

  (i) Name and place of work 

 (ii) Approximate cost of work 

 (iii) Amount of earnest money and the form in which it can be deposited. 

 (iv) Period of completion. 

 (v) Place and time where tender documents can be seen. 

 (vi) Place and time where tender documents can be obtained. 

 (vii) Date and time up to which tender documents will be sold.  

   (viii) The amount, if any, to be paid for such documents. 

  (ix) The place where the date on which and the time when tender are to be 

submitted and are to be opened. 
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   (x) Any other information relevant in tender notice. 

•       How to invite Tenders –Notices in Railway offices.–Advertisements in 

vernacular/local newspapers –Advertisement in National/International 

newspaper –Registered letters to approved contractors –Uploading notice on 

websites 

•       Time frame –Normally, Tender notice should be published at least a month in 

advance of the date of opening. Extremely urgent works, three weeks notice. 

–Tender paper for sale should be available three weeks before opening of 

tender.  

TENDER DOCUMENTS  

• The tender documents consist of: - 

(i) Instructions to tenderers and conditions of tenders, 

(ii) Regulations for tenders & contracts, GCC & standard specifications. 

(iii) Special conditions of contract, if any. 

(iv) Special specification, if any. 

(v) Tender schedule. 

(vi) The form of agreement, which the successful tenders, is required to 

execute 

• Approximate quantities/value item wise should always be indicated in the tender 

papers while calling for the tender for works. 

Types of Tenders  

OPEN TENDER 

• The system of invitation of tenders by public advertisements in the most open 

public manner possible should be used as a general rule and must be adopted with 

certain exceptions 

• Wide publicity may be given to the call of tenders by :–  

(a) Notices in Railway offices, 

(b) Notices in other Got. Offices, 
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(c) Advertisement in vernacular/local news papers 

(d) Advertisement in National/International newspapers, if work is very 

important. 

(e) Uploading on websites. 

LIMITED TENDER 

• Where for reasons, which should be in the public interest, it is considered not 

practicable or advantageous to call for open tenders, limited tenders may be 

invited with approval of the competent authority. The reasons for inviting Limited 

tenders from firm/contractors should be kept on record while approaching finance 

for concurrence. 

• Board vide their letter No. 2007/C-1/CT/18 dated 28.09.2007) have decided that 

Civil Engineering works up to Rs. 5 Crore for both open line and construction 

project may be awarded on the basis of limited tenders. For this purpose, a list of 

approved contractors should be properly maintained and tenders called only from 

amongst the contractors borne on the approved list. 

• While exercising powers above, the following conditions should be fulfilled. 

(a) The minimum number of contractors to be borne on the approved list 

should not be less than 10 (Ten). 

(b) The approved list of contractors should be up-dated annually, without 

fail. 

(c) Notwithstanding the provisions above, the Railway may invite open 

tenders in the following circumstances:- 

(i) In the event of in-sufficient response to the tender from the 

contractors borne on the approved list. 

(ii) When the work is of special nature and contractors with requisite 

experience are not available on the approved list, and 

(iii) When ring formation is suspected. 

• Limited tenders may be invited from all the contractors borne on the approved 

list and not restricted to 10 numbers of contractors.• The tender notices should be 

sent by registered post or under certificate of posting or handed over to the parties 

concerned and their clear acknowledgement obtained 
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• Special Limited Tenders: –Limited Tenders called from contractors not in 

approved list 

SINGLE TENDER 

• Calling of single tender should be resorted to only in exceptional circumstances 

after recording necessary certificates that: 

1. It is not in the public interest to call for tenders. 

2. The demand is urgent. 

3. No other suitable contractor is available to execute the work. 

4. It should also be recorded as to why single tender is being resorted to in 

preference to limited tenders. 

• It should be ensured that prior financial concurrence is invariably obtained before 

obtaining single tender, which should not be below the level of SAG Officers. The 

offer should as usual be considered by the Tender committee before acceptance by 

the competent authority viz. GM. 

• As per the guidelines of Railway Board (para 1214A added to Indian Railway Code 

for the Engineering Department 1993 vide letter no. 97/CE.I/CT/32 dated 

19.01.2000) Single tender can be awarded in following situation such as:-– 

(1) EMERGENT SITUATION. 

(a) Accidents, breaches involving dislocation of traffic. 

(b) Works of specialized nature to be personally approved by the GM/CAO(C) 

with prior concurrence of FA&CAO. This power cannot be delegated to any other 

authority. 

(c) Any other situation where General Manager personally considers it 

inescapable to call for single tenders subject to this power can be exercised by GM 

only with prior concurrence of Finance 

(2) Annual Maintenance Contract for equipment can be placed on single tender 

basis on authorized dealers with the approval of Additional General Manager of 

Railways. 

NOTE: This power may be delegated by the General Managers in consultation with 

FA&CAO to PHODs/DRMs up to a maximum of Rs. 5 lakhs per item per annum. On 

redelegation, these powers would be exercised by PHODs/DRMs in consultation 
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with associate finance. 

Earnest money and security deposit  

EARNEST MONEY: 

The amount of earnest money to be deposited should be sufficiently large to be a 

security against loss, in the event of contractor failing to under take the work or to 

furnish the required security within the stipulated time after acceptance of his 

tender or until such time as the sums due to him for a sufficient guarantee, as the 

case may be. 

–For works estimated to cost up to Rs. 1 Crore – 2% of the Estimated cost of 

the work. 

-For works estimated to cost more than Rs. 1 Crore – Rs. 2 lakh + 1⁄2 % of 

the excess of estimated cost of work beyond Rs. 1 Crore subject to a maximum of 

Rs. 1 Crore. 

• The cost of work for computing earnest money will be calculated based on 

current prevalent rates (and not at par with schedule of rates). 

• The amount indicated above should be notified and collected as a security 

deposit for the due performance of the stipulation to keep the offer open till such 

date as may be specified in the tender. The tenderer after submitting his tender 

will not resile from his offer or modify the terms and conditions. If the tendered 

fails to observe or comply with the stipulation, the amount indicated aforesaid 

shall be forfeited by the Railway. If the tender is accepted this earnest money will 

be retained by the Railway as a part of security for due and faithful fulfillment of 

contract. 

• The earnest money deposited by successful tenderer will be retained by the 

Railway as part of the security deposit for due and faith fulfillment of the contract. 

The earnest money of the unsuccessful tenderers will be refunded as expeditiously 

as possible. 

• Tender unaccompanied by the requisite amount of earnest money should under 

no circumstances be entertained and should be summarily rejected in respect of 

works contract. 

• The earnest money can be accepted in any of the following forms:- 

Cash, Deposit Receipts, Pay order, Demand Draft by a Nationalized Bank or a 

Schedule Bank 



8 

 

Security deposit: 

• Security deposit is to be paid by contractor in token for the due fulfillment of a 

contract. The amount of security deposit required will be as under:-– 

(a)  Security deposit for each work would be 5% of the contract value.  

(b)  The rate of recovery will be @10% of the bill amount till the full security 

deposit is recovered.  

(c)  Security deposit will be recovered from the running bill of the contractor 

and no other mode of collecting security deposit such as BG/FD etc. will be 

accepted towards security deposit.  

Performance Guarantee 

On the acceptance of the Tender, the successful bidder shall submit Performance 

guarantee amounting to 5% of the contract value before signing of agreement. 

Opening & Scrutiny of Tenders 

TENDERS RECEIVED BY POST: 

Tenders received by post should be entered in the Tender register and the time of 

receipt should be recorded on the cover of the tender and deposited before the 

closing time in the tender box. 

OPENING OF TENDERS: 

Tenders should be opened at the specified time, date and place by the Officer 

nominated for the purpose. The presence of Accounts representative at the time of 

opening of tenders is required, if the tender value is over Rs. 10,000/- in the 

presence of the intending tenderers. The sale of tender papers should be stopped 

four hours before opening of tenders. 

PRECAUTIONS TO BE OBSERVED WITH OPENING THE TENDERS: - 

•The officer, who opens the tenders and the Accounts representative witnessing 

the tender opening, should: - 

(i) Initial (with date) the cover containing the tender, front cover page of the 

tender every page of the tender on which the rates or special tender conditions are 

quoted. 

(ii) Initial (with date) all corrections in the schedule of quantities, schedule of 

materials, to be issued and specification and other essential parts of the contract 
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documents. 

(iii) Mark and initial all over writing in red ink. The corrections, over writing 

and omissions should be serially numbered and the total number of such 

corrections etc. should be clearly mentioned at the end of each page of the 

schedule attached to the tender paper and attested with date.– 

(iv) Clearly indicate on each page of schedule attached to the tender, any 

ambiguities in rates quoted by the tenderers in words or figures. 

(v) Should specifically record whether samples have been supplied or not 

along with tender. 

TENDER REGISTER: 

Particulars of tenders should be noted in a register which should include the 

following information: -– 

(a) Name of work (b) Tender notice no. (c) Nature of tender (d) Date of 

opening of tender (e) Earnest money required (f) Serial number (g) Name of 

tenderers (h) Date of application (i) Cash received (j) Cash remitted (money receipt 

No. & CR note no. with date) (k) Tender forms no. (l) Signature of issuing officer (m) 

Signature of tenderer (n) Remarks. 

The tender register should be signed by the representative of the Executive and 

Accounts who open the tenders. The original tenders should always be kept in the 

custody of a Gazetted Officer till tabulation chart is prepared and got signed by the 

Tender opening Committee. 

COMPARATIVE STATEMENT 

• After the tenders are opened, the tender documents should be in the custody of 

a Gazetted Officer till the tender is finalized. A comparative Statement of rates, 

amounts, quantities and other important tender conditions should be prepared by 

a responsible staff in presence of the executive Officer who opens the tenders for 

which necessary office order fixing responsibility of the staff concerned should be 

issued prior to giving the work to him. 

• Each and every page of the comparative statement must be signed by the staff 

preparing it and checked and signed by the section in charge. 

• The Executive Officer and the Accounts Officer associated with Opening of tender 

should carry out 100% check of the comparative statement and sign each and 

every page thereof and not the last page only. 
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The comparative statement should also show the following information: -– Position 

regarding submission of current and valid ITCC. 

Position regarding deposit of earnest money. Late & delayed tenders should be 

entered prominently in red ink and put up to the Tender Committee for their 

consideration without any screening by any other official. 

It must be ensured that all tenders received are tabulated in the comparative 

statement. 

• The Briefing note shall contain the following information in detail:- 

(i) The name of tenders, their tendered rates and value of work. 

(ii) Particulars of earnest money deposits. 

(iii)  Position of plans and sanctioned estimate. 

(iv)  Whether N. S. Rates included in the Tender Schedule. 

(v) Latest accepted rates for similar nature of work in the same or     

contiguous area, prevailing zonal rates and market rates in the area 

(vi) In case of tenders for residential building, the comparison of rates 

with ceiling cost. 

(vii) Comments on tenderers special conditions/variations from standard 

specification and special conditions to the tenders particularly in 

regard to their financial implications on the rates and value of the 

work. 

(viii) Comments, if any, on working conditions prevailing in the area.  

(ix) Any special circumstances, which may affect the rates in the area. 

(x) Comparison of rates offered with the estimated cost of the work/with 

last accepted rates. 

(xi) Comments on financial standing, technical competence and capacity 

of tenderers. 

• The briefing notes shall be prepared under the direction of the concerned 

Executive Officer. He will ensure that all aspects enumerated above are included in 

the briefing note and sign each page of the briefing notes. 

• The financial evaluation will be done by the Estimator assigned for the job and 
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shall be checked by Head of Chief Estimator. They will be responsible to the 

correctness of the comparative statement and the briefing note and sign each page 

of the same. 

• The section in charge dealing with the tenders shall ensure that all special 

conditions have been accounted for and that comparison has been made with 

prevailing rates of the area and sign on each page of the briefing note. 

• SO(A) of finance branch will be responsible for the verification of the financial 

data etc. in the briefing notes and put up the same to the Accounts Officer in 

finance wing along with the relevant records for his vetting and signature on each 

page. 

• Only the signed and vetted copies of briefing note shall be circulated amongst 

the T. C. members in advance preferably along with T. C. Meeting notice. 

DELAYED/LATE TENDERS: 

• Tenders received before the time of opening but after due date and time of 

receipt of tenders are delayed tenders. 

• Tenders received after the specified time of opening of the tenders are late 

tenders. 

• Late/Delayed/Post tender offers are to be treated as invalid. In exceptional cases, 

Board’s approval may be taken. 

Tender Committee 

CONSTITUTION OF TENDER COMMITTEE 

• Tender Committee should be generally constituted by the authority competent 

to accept the tenders when the tender value involves more than Rs. 25,000/-. 

When the G. M. is authority competent to accept the tender, the HOD concerned 

should arrange/constitute the Tender Committee. 

• The Tender Committee should consist of a minimum 3 members of whom one 

should be from the Accounts department and one from the concerned executive 

department. The third member should be from another department, which also 

deals with such contract matters. 

• On basis of value of tender following authorities are decided Tender inviting 

authority, Tender Opening Committee, Members of Tender Committee, Tender 

accepting authority, Contract Signing authority 
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• The tender Committee should be so constituted that an officer recommending 

acceptance of a tender in his capacity as a member of Tender Committee shall not 

be also the accepting authority of the same tender. 

• In such cases, the officer concerned should put up the T. C's proceedings to the 

next higher authority for acceptance, not with under standing the fact that the 

Tender Committee's recommendations are within his own powers of acceptance. 

• It is general practice that the constitution of Tender Committee should be 

determined by the value of lowest tender. However, if the tender Committee, so 

constituted recommends to by passing the lowest tender for certain reasons, and 

the next offer is beyond its competence than a higher-level committee should be 

constituted to deal with the case further. 

• The proceedings of the Tender Committee will be put up by convenor member of 

tender Committee direct to the accepting authority. 

CONSIDERATION OF TENDERS 

• RESPONSIBILITY OF TENDER COMMITTEE:  

• Tender should be considered without delay.  

• Tenders should be finalized within the period of validity of offers.  

•       Clarification should not be sought in piece meal from the tenderers. All the 

information necessary for consideration of offers should be called for at one 

time, leaving no occasion for seeking further extension of time.  

• In case of 'Open' tenders, if the lowest tenderer is not on approved contractor, 

he should be asked to produce evidence of his capacity of execution and financial 

position. If he fails to produce such credentials this fact should be kept place on 

record while considering the next higher tender. 

• Undue emphasis should not, however, be placed on previous experience of 

contractors, as it would cut across the very principle of inviting open tenders and 

by shutting of all new comers, it would tend to create monopolistic tendencies . 

• In all cases where the lowest or lower tenders are rejected, full reasons for the 

rejection should be recorded, so that reasons for such rejection would be available 

on files. 

• The capacity, credentials and financial status of the tenderer should be 

investigated and only if these are found satisfactory the contract should be 
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awarded. 

• Tender committee should examine, while making their recommendation all 

relevant factors such as the existing work load on the lowest two or three 

tenderers, their capacities to execute further work and also whether the rates 

quoted are reasonable and workable. 

• Tender committee, while examining the credentials and partnership deed etc. of 

the tenders, should see whether a group of persons or firms having different 

names but controlled by same management have submitted separate tenders and 

should ensure that real and fair competition exist in response to the tender notice 

before they recommend acceptance of one of the tenders. 

• Tender committee while accepting condition stipulated by the tenderers 

particularly conditions involving extra payment should make a realistic and 

practical assessment of the full utilization of the benefit which should be adhered 

to 

• After submission of the proper tender documents in the tender box by the 

tenderers, subsequent modified offers on slip/letter dropped in the tender box will 

not be considered valid 

• Tender committee and accepting authority are competent to consider tender 

from contractor with adverse report & judge his suitability/unsuitability for a 

particular work. 

• Particular care should be taken by the Tender Committee to ensure that the rates 

quoted for individual items are a realistic and are not abnormal and unworkable in 

respect of any item of work. 

• Every Tender Committee constituted must go through the tenders, comparative 

statement and briefing notes and consider the tenders and frame their 

recommendations. It should be ensured that there is no delay in finalizing the 

minutes of tender committee and as far as possible the draft of minutes should be 

finalized by the Tender Committee at the meeting itself. Under no circumstances 

any of the members of the Tender Committee should refer the tender case to any 

officers/staff under him or to any one else for scrutiny and/or comments. The 

proceeding of the Tender Committee should be signed by the members of the 

Tender Committee on each and every page. The recommendations of Tender 

Committee are to be put up direct to the accepting authority, without further 

recommendations or comments from any one. 

• In addition to the generally known responsibility of the Tender Committee, they 

have a special responsibility to scrutinize carefully the rates. 
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• In the evaluation and consideration of Tenders, the Tender documents should be 

carefully scrutinized particularly in regard to the reasonableness of the rates and 

specially when change have been made in the form of invitation of tenders 

• When single offer is received in response to the 'Open' or a 'Limited' tender, this 

should not be treated as 'Single' tender, but as 'Open' or 'Limited' tender only, as 

the case may be and processed accordingly. 

• When in response to a call of 'Limited tender' (as distinct from single or open 

tenders under the rules in force) only one tender is received fresh tenders should 

be invited, except in very urgent cases. The discretion to class a work 'very urgent' 

for this purpose should rest in an officer not lower in status than a Divisional 

Railway 

Manager and full reasons should be recorded justifying such a course of action. 

Even in case of open tender when only one tender is received, the Tender 

Committee should examine whether the rate quoted is reasonable as the only 

tender received need not necessary be accepted straightway merely, because it is 

in response to a call of open tenders. 

• In case where specifications in a tender have undergone any major change 

before the tender is furnished, fresh tenders should be called for, giving sufficient 

notice to the tenderers 

• When the work is spread over various places on the Rly., it should be 

advantageous if the Rly. Administration, while inviting tenders for such work, 

invites quotations for the work at all places collectively as well as for the work at 

each place or group of places fairly close to each other 

• Not withstanding the general ban, late tenders received from established/reliable 

suppliers conferring a substantial advantage can be considered by the railway after 

obtaining Board's approval in each case. Such cases should be recommended for 

consideration of the Board with the personal approval of the G.M. duly concurred 

in by the FA&CAOI. The Railways should not enter into any dialogue with the 

agency submitting a delayed tender without obtaining Board's prior clearance. 

NEGOTIATIONS 

• The selection of contractors by negotiation is an exception rather than rule and 

may be resorted to:– 

(a) Where all the tenders are considered to be unreasonably high in value and it is 

felt that re-tendering would not secure better advantage to the Railway and/or 
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(b) Where the lowest tender is technically not acceptable or is rejected because of 

unsatisfactory credentials, inadequacy of capacity or unworkable rates and next 

higher offer to be considered in accordance with the established procedure is 

found to be unreasonably high. 

(c) Where in the case of proprietary items of stores, the price quoted is considered 

to be unreasonably high. 

• The decision whether to invite fresh tenders or to negotiation should be taken by 

the competent authority after obtaining the recommendations of the Tender 

Committee. 

• In the light of instructions from CVC communicated vide Railway Board’s letter 

No 99/CE-1/CT/1 dated 15.1.99 post tender negotiations are banned with 

immediate effect except in the case of negotiations with L1 (i.e. lowest tenderer.) 

Thus negotiation, if inescapable, may be held only with the lowest tenderer. 

• After the competent authority has decided to call specific tenderer for 

negotiation, the following procedure should be adopted: -–(a) The lowest tenderer 

to be called in for negotiations should be addressed as laid down by Board, so that 

the rates originally quoted by them shall remain open for acceptance in the event 

of failure of negotiation. 

(b) In case, however, the selected tenderer prefers to send a revised bid instead of 

being present at the negotiation, the offer should be taken into account. 

(c) In no case, including where a ring is suspected, should negotiation be extended 

to those who had either not tendered originally or whose tender was rejected 

because of unsatisfactory credentials, inadequacy of capacity or unworkable rates 

or (in the case of other than stores tenders only) whose tender was not 

accompanied by requisite earnest money. 

(d) While conducting negotiations with tenderer and obtaining revised rates and 

recommending the same for acceptance, the tender committee should ensure that 

the fundamental requirements of safeguarding Railway’s financial interest have 

been fully observed. 

NOTE: 1.The above instructions regarding negotiations should be followed in 

respect of all contracts- works, stores commercial etc. 

2.The above instructions may not be applies rigidly to tenders for specialized works 

or equipment where tenderers may quote according to their own specifications 

and design for various reasons such as improvement in technology etc. and it may 

become necessary to discuss technical and other details with them to select the 
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most suitable offer. Such cases should necessarily be very few and far between and 

the procedure of conducting negotiations should be decided on the merits of each 

case in consultation with the FA&CAO. 

ACCEPTANCE OF TENDERS 

• An unqualified acceptance of a tender constitutes a binding contract until a 

formal agreement is constituted and in order to ensure this fact, the acceptance 

letter should be suitably worded. However, if the acceptance of the tender by the 

Railway is a conditional acceptance, it requires the consent of the tenderer before 

binding contract takes place. 

• In case the terms & conditions incorporated in the letter of acceptance/purchase 

orders are different from those originally offered and modified by the tenderer 

subsequently during the course of negotiations, discussions or otherwise, the 

contractor should be asked to return one copy of the letter of 

acceptance/purchase order duly signed by the same person who signed the 

original offer against the tender in token of his acceptance of contract to revised 

conditions. 

• The letter of acceptance and the agreement should be signed for and on behalf 

of President of India by the competent authority of the Railway, as delegated in 

this respect. 

• The recommendations of Tender Committee should be put up to the original 

accepting authority even though the value of the tender after negotiations comes 

in the competence of the lower accepting authority. 

• The acceptance or rejections of tenders is left entirely to the discretion of the 

authority empowered to do so. The reasons for departing from the 

recommendations of the Tender Committee should be recorded by the accepting 

authority. If the Finance member finds some financial impropriety in the ward of 

contract, he can report the matter to FA&CAO. Though the final decision would 

rest with the accepting authority, he may obtain the opinion of Associate Finance 

at the appropriate level if necessary before making final decision. 

• Where for any reasons the accepting authority does not consider justifiable to 

accept the recommendations of the Tender Committee he may, if so desires, refer 

the matter to the Tender Committee for re-consideration setting out reasons for 

not accepting the recommendation of the Committee. 

• As the tender accepting authority has to take final decision on the Tender 

Committee's recommendations after considering the viewpoints of all members of 

the committee including the Finance Member, the accepting authority should 
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invariably record his reasons in writing for not accepting the recommendations of 

any member 

• If the Finance as an internal check authority feels that some gross financial 

impropriety is involved in the award of the work, he can report the matter to 

FA&CAO and seek higher financial advice before giving his orders. This shall be 

obtained as per following procedure:- 

(a) In case of tenders in which DRM or Head of Department is the accepting 

authority; the request for financial advice should be routed to FA&CAO with the 

personal approval of G.M. 

(b) In case where the accepting authority is less than DRM or Head of Department, 

the higher financial advice should be sought for from the FA&CAO(EB) with the 

approval of DRM/HOD as the case may be. 

(c) The seeking of higher financial advice should be restricted to in exceptional 

cases involving a major policy deviation or monetary implication. 

(d) While making the reference for a higher financial advice, the points, on which 

this advice is required, should be specifically indicated and reference should not be 

made in a general way. 

(e) The higher financial advice in reply to the specific points should also be given 

for each question raised and should be made general. 

PRICE VARIATION  

• Price variation clause will not apply if the price variation is up to 5%. Re- 

imbursement/recovery due to variation in prices shall continue to be made only for 

the amount in excess of 5% of the amount payable to the contractor, as hither to 

(in other words price variation up to 5% is to be absorbed by the contractor). The 

escalation is to be worked out as per given formula taking into consideration the 

price index prevalent at the time of calculating the price variation. 

• No maximum value for the price variation is to be prescribed.  

• Before calling for tenders, approval of an officer not below the rank of SA grade 

should be obtained who will satisfy himself about all the pre-requisitions 

(date of readiness, likelihood of delay in execution of the work, exercise of 

discretion to provide price variation clause in contracts of value between Rs. 

10 lakhs and Rs. 25 lakhs) required for calling tenders have been fulfilled. He 

will particularly look into the reasonableness of the period provided for the 

completion of the work.  
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• Price variation will be calculated once every quarter for the on account payments 

made in that quarter if more than one on account payment is made, calculation for 

payment towards price variation will be made in each bill. 

• Calculation of payment, on account of price variation should be based on the 

average price index of the three months of the quarter. 

• If the rates quoted in negotiated tender are accepted it is logical that the base 

month for price variation clause is the month in which negotiation are held. This 

may, however, is required to be clarified on the tender conditions or in 

negotiation. 

• The fixed cost of the contract value on which no price variation would be 

permissible may be kept at 15% of the value of the contract. 

• The demand for escalation of the cost may be allowed on the basis of provisional 

indices made available by Reserve Bank of India. Any adjustment needed to be 

done based on jointly published indices is to be made as and when they become 

available. 

• For all extensions of time granted to the stipulated date of completion of work, 

the price variation clause will be applicable except extension/s granted under 

clause 17(4) of G.C.C., in respect of the contracts where time was the essence of 

the contract. 

 



Chapter1 
So What Is 
Project Management Anyway? 
We’ve all been there: the project seems to be going along fine, although if you’re 
completely honest you’re probably a little behind. You’re mentally keeping track 
of all those little items that you need to make sure get done. Then the client calls 
with a set of changes. You’re excited as you think they’re “getting it” and so you 
get stuck in straight away. A week later, you’re dreading the “how’s it going” call 
because you know you have no idea anymore. You’re lost amidst all the work. You 
need project management. 

In this chapter, we’ll firstly have a look at some definitions of project management, 
ranging from the official to the rather more informal. We’ll then consider the project 
life cycle and uncover some surprises about which parts matter most. 

We’ll also see why project management tends to be a subject that many find less 
than enthralling, and why project management skills are increasingly in demand. 
Then, we’ll discuss what project management isn’t and see how misusing the tools 
can lead to complications. 



2 The Principles of Project Management 

What Is Project Management? 
An official definition of project management, courtesy of the Project Management 
Institute, defines the term as: “the application of knowledge, skills, tools and tech-
niques to project activities to meet project requirements.”1 

A more tangible (but less interesting) description is that project management is 
everything you need to make a project happen on time and within budget to deliver 
the needed scope and quality. 

My personal definition of project management is that it’s the easiest way to look 
like a superhero without the involvement of radioactive spiders or having ques-
tionable parentage. 

My Definition of Project Management 

In order to really get our heads around these definitions, we need to discuss some 
of the terms. A project is distinguished from regular work in that it’s a one-time effort 
to change things in some way. So the creation of a new web site would be a project; 
ongoing maintenance and minor updates would not. 

Time and budget are familiar terms—perhaps the project is intended to take six 
weeks and have a budget of $20,000. Scope refers to the list of deliverables or features 
that have been agreed—this is where the scale of the required solution is identified. 
For instance, creating a new web site for the company may realistically be possible 
in six weeks, but rewriting all the accounting software isn’t. Quality is exactly what 
it says on the tin, but in project-speak, quality may include not only the quality of 
the finished product, but also the approach. Some industries require that particular 
quality management approaches be used—for instance, factories producing automot-
ive parts have to meet particular international standards. 

1 PMBOK Guide, 3rd Edition, Project Management Institute Inc., Pennsylvania, 2004. 



3So What Is Project Management Anyway? 

These four aspects (time, budget, scope, and 
quality) make up what’s known as the balance 
quadrant, which is pictured in Figure 1.1. The 
balance quadrant demonstrates the interrelation-
ship between the four aspects and how a change 
to one aspect will unbalance the quadrant. For 
instance, an increase in the project’s scope will 
have an impact on the time, the cost, and the 
quality of the project.2 In practice, any project 
decision you or your clients make will have an 
impact on these four aspects—will it make the 
project more expensive, take longer, be of lower 
or higher quality, or affect its scope? Figure 1.1. The balance quadrant 

Essentially, project management is a set of skills and tools that will help you get 
the project right in every way. 

Understanding the Project Life Cycle 
The generic project life cycle is fairly simple—first you start the project (called 
Initiating), then you go on to actually do the project (through the Planning, Execut-
ing, and Controlling phases, which form a loop), and finally you finish with 
everyone happy, a strategy for the future in place, and a check in your hand (Closing). 
This process is illustrated in Figure 1.2. 

Figure 1.2. The project life cycle 

2 You may previously have heard of the project triangle (containing three of those four elements)—essen-
tially, the balance quadrant is a real-world version of that concept. For more on the project triangle, see 
http://en.wikipedia.org/wiki/Project_triangle/. 
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In the coming chapters, we’ll look into each phase in more detail. Much of the work 
required in these phases will be very familiar to you—after all, you’ve been success-
fully getting work done already! The real message of the project life cycle, though, 
is that the areas that take the most time are not necessarily the most important. 

Most people spend most of the project time working in the Executing and Controlling 
phases—actually doing the tasks, building the product, and making sure everything 
is on track. Of course, this work is hugely valuable—without it, there wouldn’t be 
much point starting the project at all—but these phases aren’t typically where the 
success or failure of a project is dictated. That happens in the other three 
phases—Initiating, Planning, and Closing—which makes them the most important 
phases of all. 

But why are Initiating, Planning, and Closing so important? The way to think about 
this is to imagine the repercussions if these phases were completed badly or even 
ignored completely. 

Failure to Launch … or Land 
If Initiating isn’t done right, you often end up in a situation where the project team 
members have very different ideas about the project’s purpose, and eventually dis-
agree about the point at which the project is really finished. If you think success is 
a good design and a series of static pages, but the customers’ number one requirement 
is “first result on Google,” you could deliver a great product that they view as a 
failure. The Initiating phase provides an opportunity to ensure that everyone in the 
team is on the same page from the start, and that misconceptions and conflicts are 
addressed, rather than left to fester. Good initiation will also ensure that you 
identify all the project stakeholders (all those who are involved, interested in, or 
affected by the project) up-front, which avoids the likelihood that they’ll pop up at 
inopportune moments during the project! 
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I once worked on a project that was meant to deliver a new software program to a 
team that collected data from different supermarkets and turned it into reports. The 

a laudable aim, but sadly his definition of usable was significantly different from 
that of the actual users! 

The designer had focused on making the software so simple that anyone could use 
it—even a novice—when in fact only a very limited number of data-entry clerks 
were going to use it. They were rather upset when they discovered they weren’t to 
be consulted, and quite disgruntled when they were presented with a system that, 
it appeared, would make their work take four times longer than before! 

stakeholders led to disastrous consequences for the project—the entire design was 
scrapped and six months’ work had to be redone. Of course, this time, the data-entry 
clerks were properly involved in the design process! 

Example 1.1. Knowing Your Stakeholders 

designer was intent on making the program as user-friendly as possible, which was 

The reality was that, for them, speed was the most important factor. Ignoring these 

Failing in the Planning phase can be equally disastrous for your project. If you don’t 
plan at all, how will you know what you should be doing next? Similarly, planning 
once at the beginning of the project, and expecting just to be able to follow that 
plan, is both wonderfully naïve and seriously dangerous. Unless you’re far more 
prescient than the rest of us, it’s incredibly difficult to plan what should be done 
on Tuesday three months from now. 

The best planning approach tends to be one that lets you plan the project’s immediate 
future in detail, and plan tasks that lie further out at a higher level. This is known 
as the rolling wave approach to planning. The deliverables for the next three to four 
weeks are broken down into sections, so that it’s possible to keep track of the project’s 
progress on a day-to-day basis. Anything further off than a month is left unplanned, 
as a high-level deliverable, so that you can keeping an eye on what lies ahead without 
becoming overly focused on the minute details. 

Not paying proper attention to the closure of your project can be just as problematic 
as poor initiating or planning. If you think your project is finished when you finish 
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building the product, then you’re in for a nasty surprise: what I call zombie stake-
holders, who keep coming back, again and again, asking for “just one more change,” 
or insisting that you fix remaining bugs and issues that they find. Part of finishing 
a project with excellence is making sure that the product you’ve built has a future. 

If you’re inclined to pick up support contracts for all the projects you implement, 
you need to execute the Closing phase properly—ad hoc arrangements will always 
come back to bite you later. If you intend to hand over the future maintenance and 
support of the product to someone else—perhaps a person who’s internal to your 
customer’s organization—then, again, this needs care. Just throwing the work over 
the fence to them and wandering off to your next project will almost guarantee 
dissatisfaction on one side or the other eventually. 

Negative Perceptions of 
Project Management 
Some unfortunate misperceptions make project management rate on most people’s 
list of preferred activities somewhere between putting the garbage out and deliber-
ately stubbing their big toes—that is, somewhere between tedious and painful. 

It’s Boring 
The first misperception is that project management is an incredibly boring distraction 
from “real work.” Whatever your current vocation, you’re probably engaged in it 
because you enjoy it, and are good at it. Taking time away from what you normally 
do to focus on project management just doesn’t feel right. 

The reality, though, is that without an appropriate focus on project management, 
all that real work could be for nothing—what you build might be beautiful, but it 
won’t help anyone if it’s not what the customer needed, costs twice as much as 
planned, or is completed a month late. 

So, at the very worst, we should agree that project management is a necessary evil. 
By the end of this book, I hope to convince you that it is also an incredibly useful 
skillset both inside and outside of work, and can really help you showcase your 
other abilities. 
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It Takes Too Long 
The second misperception that drives people’s view of project management is that 
it takes a huge amount of time. This can be true. If you try to do everything that 
traditional project management demands, you can certainly feel like managing your 
projects is turning into a full-time job. 

What is needed is a balance between the science of project management (what you’re 
told you should do) and the art of project management (what you actually need to 
do). In this book, we’ll focus on the minimalist side of the art: the judicious applic-
ation of the right tools in the right situations is the hallmark of a great project 
manager. 

It’s Too Hard 
The other negative perception of project management is that it’s just plain difficult. 
Personally, I believe that anyone can pick up project management skills and apply 
them in a useful manner. I also believe that most people have already mastered 
more difficult disciplines in their current jobs. Why, then, is project management 
so scary? 

One reason is that project management is talked about far less than other topics. 
Although it’s easy to argue that most people will need to manage a project of some 
sort at some point in their lives, it’s still not an area that’s generally covered at 
school or even at college. 

Another reason for the perception that project management is so difficult is that 
many project management tools are complicated! The first time I opened Microsoft 
Project I was completely perplexed—what was I meant to be doing? Eventually I 
borrowed someone else’s existing project plan and adapted it, slowly learning the 
quirks of the software. Since then, the number of project documents I’ve seen written 
in Excel, PowerPoint, or even text files continues to convince me that many project 
management tools are just too complex for most people. 

Project management can also be a world of its own, complete with acronyms, jargon, 
slang, and in-jokes. In fact, some project managers rely on this, overusing the ter-
minology to make their jobs seem more mystical. Others just enjoy the fact that 
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project management seems to have created a whole new category of Dilbert cartoons 
and try not to imitate them too much. 

The approaches and tools that we’ll cover in the upcoming chapters are all simple 
to understand and easy to apply. You may find that you’re flexing different muscles 
than you do in your normal day-to-day work, but equally you’ll feel the benefit of 
that increased strength in your regular activities as well. More importantly, you’ll 
gain a skillset that is increasingly important in today’s world. 

What Project Management Isn’t 
We’ve talked a lot already about what project management is; now we need to 
consider some of the things for which it’s often mistaken. The reason we’re address-
ing this up-front is that the misuse of project management tools for other purposes 
is one of the main reasons for those negative perceptions we discussed earlier. 

Firstly, project management is not personal productivity. This is an easy mistake 
to make, however. Most folks’ early experience with project management is on 
smaller projects on which they’re doing most of the work themselves. It’s easy to 
start treating the project schedule as your diary, the task list as your to-do list. But 
as soon as you add anyone else to the project, be it a client who wants to understand 
the time line or a colleague helping out with some of the work, this approach starts 
to cause problems. 

If you make your project management tools double as personal productivity tools, 
you’ll almost certainly be including far too much detail. Keep a clean line between 
what you need for yourself personally, and what the project needs. This way, when 
you have slightly larger projects with more people involved, your tools will scale. 

Secondly, project management is not people management. This may seem obvious, 
but I’m always surprised by the number of managers I meet who seem to think that 
they can manage their people in the same way they do a project. People are infinitely 
more complex than your average project. There are also some amazing books out 
there about people management—if you’re interested, some resources are supplied 
in Appendix B. 

We’ll talk later on about how to manage the involvement of people in your project, 
but if you have people reporting to you, and you’re responsible for their careers, 
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the references in Appendix B can tell you a lot more about how to keep them pro-
ductive and happy than can any book on project management. 

Thirdly, project management is not operations or service management. The chal-
lenges and best practices for ongoing day-to-day operations are very different from 
those involved in project management. An incident in a live system has to be dealt 
with in a very different way from an issue on your project. Again, a wealth of in-
formation is available that details the best approach to operations management—cov-
ering everything from ITIL (Information Technology Infrastructure Library) through 
to anecdotes about how Google deals with machine burnout in its vast array of in-
dexing computers. 

Why You Need PM Skills 
Projects are an increasing feature of modern work. Once, workers performed the 
same set of tasks, day after day, focusing on getting more of the same done as quickly 
and efficiently as possible. Today, one of the few constants is that the work you do 
today will be different from what you do tomorrow. For many, our jobs consist of 
an ongoing stream of new projects, new technologies, and new challenges. 

This is particularly true in our modern world, where technology is an intrinsic part 
of almost any business. These days, it’s hard to imagine a company that could survive 
without telephones, email, computers, and handhelds. It’s even harder to imagine 
technology staying the same for more than a few years—at the most! 

We also face changing expectations among our clients and business partners. Today, 
there’s much more of an expectation that you will deliver not just an isolated 
product, but a solution to a business problem. Delivering that full solution requires 
a broader skillset than was traditionally expected. 

What’s In It for Me? 
So, how will project management help you? What will it give you that you don’t 
already have? 

First and foremost, developing your project management skills will empower you 
to deliver the real solution that your customers and clients want. You’ll be able to 
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manage everything, from start to finish—including their involvement—in a much 
more effective manner. 

Secondly, investing some time in project management will make everything else 
run more smoothly. In fact, you’ll hopefully find that instead of detracting from the 
real work, your new-found project management skills will allow you more time to 
focus on the work that you really enjoy, by making managing the process aspects 
of your job much less stressful. You never know—project management might even 
become the work that you love best! 

Thirdly, project management is one of those valuable transferable skills that careers 
advisors are always so keen on. Wherever you see your career going, there aren’t a 
lot of places in which project management wouldn’t be a bonus. If you find that 
you like it enough to want to make it the focus of your career, you might consider 
investing in professional qualifications. 

The Underlying Principles of 
Project Management 
Before we move to look at the methods, practices, and tools of project management, 
let’s first take some time to think about some underlying principles. These are fun-
damental truths—and while ignoring them won’t necessarily spell disaster for your 
project, it can greatly diminish your chances of success. 

Doing PM Right Is an Investment In Making the “Real 
Work” Matter 
It can be easy to see project management as a function that’s all overhead and no 
return. This is especially true when you first start to make use of the approaches 
and practices we’ve discussed so far—they can feel a little alien. But you can rest 
assured that your project management work will become much easier with practice. 

Even if project management really was as boring, tedious, and difficult as some 
people assume it to be, it would still be worth doing. The reason I believe this point 
to be fundamentally true is that without decent project management, the value of 
everything else you do can be negated. Failing to invest in project management on 
the basis that the funds can be better spent in other areas of the project (for instance, 
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on employing more team members to do the real work) can seem like a good idea, 
but it leaves the project team open to a much greater risk of delivering late, over-
spending, or creating a product that’s not up to scratch or in line with what the 
customer wants. Countless things can go wrong on any project, and that’s why 
project management is an essential function. 

Project management is an investment in getting it right—a bit like making sure that 
the foundations and walls of a building are strong before you start the intricate 
carving on the front door. Setting up your project to succeed, and adhering to the 
processes that will keep it on track, can determine whether all the real work pays 
off in the end or not. 

People Problems Can’t Be Solved with Software 
With all the modern technology now at our disposal, many of us like to believe that 
we can heal the world’s problems with appropriate application of hardware and 
software. Perhaps ending world hunger is a little beyond our abilities, but what 
about getting teams to work well together? Surely that can be solved with the judi-
cious introduction of a nice web application? 

Sadly, people are a lot more complex, and can seem more irrational, than we like 
to believe. We can’t solve people problems with software—the best we can hope to 
achieve is to refocus some of the teams’ anger and resentment onto the tool that you 
introduce. 

When you start work on a new project, look at the situation and identify the people 
and the process problems separately. Then, look at how you can address the people 
problems before you begin to try to find a solution to the process problems. The 
good news is that a lot of the art of project management is about solving people 
problems. We’ll be talking about this a great deal in the coming chapters—especially 
in Chapter 4, which focuses on good communication and collaboration. 

Of course, addressing people problems isn’t just something that you need to do at 
the start of a project. You’ll need to monitor your team and the people your project 
affects as the project progresses, and address issues as they arise. When something 
goes wrong, look for people problems first. The role of the project manager is to 
make sure that the different parties’ viewpoints are heard, and that everyone agrees 
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to respect the course of action chosen, even if, as individuals, they would have 
made a different decision. 

If it Doesn’t Add Value, it Won’t Get Done 
As you become more of a project manager, you’ll find you have a mile-long list of 
things you’d like the team to do: track exactly how much time team members spend 
coding each new feature, detail exactly which budget element the yesterday’s pizza 
order should be charged to, update the plan to show the team’s progress every day, 
keep logs of how accurate the time estimates were, and so on. 

There are myriad examples of things that would make your life as a project manager 
much easier if only everyone would play ball. But the reality is that, if an item helps 
only you, rather than benefiting the whole project team, it will be very difficult to 
convince anyone else to complete that task, since they’ll see no benefit in doing so. 
No one likes doing pointless work (and we all define “pointless” from our own 
personal perspectives), and you can be assured that your team members will indicate 
to you whether a task you’ve asked them to do has any value. 

If a task doesn’t have value, don’t ask your mean members to do it. Your project 
team contains brilliant people—whether they’re designers or developers, carpenters 
or plumbers—and you should only take their time away from doing what they’re 
best at when it’s absolutely necessary. Make sure that everything you ask your team 
to do adds value to the project at both an individual and collective level. 

Sometimes the reason why your team members can’t see value in a task is simply 
that you haven’t explained the point of a particular process. Be on the lookout for 
tasks that provide value to both the individual and the project, but the team hasn’t 
realized this. It’s up to you to make sure the team members understand the value 
of the work they’re doing. 

Perceived Value Versus Real Value 

The Best Tool Is the One that Works and Gets Used 
If I had a dollar for every time someone emailed me a link to a new Web 2.0 project 
management tool, my house would even more crammed with SciFi DVD box sets 
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than it is now. There are literally thousands of tools out there—so many, in fact, 
that selecting one to use on a project can become an overwhelming task. 

Fortunately, choosing the right project management tool is much less of an individual 
decision than you might expect. After all, project management is about in-process 
communication—you’ll need to be able to share the project plan, and have everyone 
update the issue list and collaborate on the project documentation. And whatever 
tool you use, you’ll want the entire team to adopt it enthusiastically. These require-
ments will severely—and quite helpfully—limit the tools that you can consider 
using. 

That’s why some organizations run their entire project management process through 
Excel or Powerpoint.3 It’s also why those managing house renovation projects will 
display a board or flipchart that lists the current priorities in a spot where every 
person who enters the house will see it. 

The best tool is often dictated by the software or tracking techniques that the 
members of the team are comfortable using—which is why tools that appear to have 
all the right features can fail abysmally. You’d be surprised by the number of project 
managers who didn’t realize their clients or team members couldn’t open the plan 
they’d compiled in Microsoft Project until the third set of delays that resulted the 
fact that no one could see the schedule. 

When you’re choosing project management tools, make sure that you’re picking not 
only one that’s functional—it will get the job done—but one that will be adopted 
wholeheartedly by all the people involved in the project. 

To help you understand what you really need, as well as what your options are, 
we’ll be discussing the sorts of tools and best practices that are useful in each project 
phase. In Appendix A, you’ll find some pointers to specific software that you can 
consider. 

3 No, really, I’ve actually seen an entire project run through PowerPoint. I have the emotional scars to 
prove it! 
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The Best Way to Communicate Is the Way That Gets 
You Heard 
This point closely echoes the previous one. Choosing the right form, method, and 
content for your communication is hugely important to your project’s success. 
Chapter 4 is dedicated to a discussion of your options, but the underlying commu-
nications principle is that you should choose the approach that will actually get 
you heard. 

Communication is an area in which it’s particularly important to understand organ-
izational culture—which statement is really just management speak for the saying, 
“When in Rome, do as the Romans do.” If your, or your client’s, company is the 
kind of environment where emails are ignored and face-to-face meetings are the 
only way to make decisions, you need to make sure you have face-to-face meetings. 
Likewise, if items are agreed to in meetings but aren’t binding until someone sends 
out the meeting minutes, then it’s of paramount importance that you send the 
minutes of your meetings promptly, and that you include people’s names against 
the action steps. 

Even if you agree as a team, for instance, that project status updates will be sent out 
weekly, over email, don’t take it for granted that they’re being read. Silence can 
easily be interpreted as tacit agreement, but it can also mean, “Sorry, this project 
rates on my priority list somewhere below watching the football and reading comics 
online.” Ask the people you’re trying to communicate with whether your commu-
nication is actually working—don’t just keep doing what you’re doing, and risk 
having everything to explode at a later date. 

Choosing the Right Tools and Processes Is the PM’s 
Most Important Job 
As you’ve probably gathered from our discussions of the other underlying principles 
at play in the world of project management, as the project manager, you’ll need to 
make a lot of choices: which tools to use, how to communicate with your team and 
your clients, and how best to design your work processes—among other things! 
Making the right decisions about which processes and tools you’ll use is going to 
be your most important job as a project manager. 
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Anyone can write a project plan or update an issue list. On the other hand, writing 
a project plan that everyone will actually follow, or creating an issue list management 
process that people will actually use, are separate challenges. Project management 
isn’t about going it alone and creating all the artifacts (the plans, schedules, issue 
lists, status updates, and so on) by yourself. It’s about running the project; those 
artifacts should be no more—or less—than useful and effective by-products of a 
project that’s going well. 

Choosing or designing the right processes and finding the tools to support them is 
going to be your biggest challenge as a project manager. Don’t worry, you’ll have 
plenty of help—Appendix A is devoted to an exploration of various project manage-
ment tools, and in each of the coming chapters, we’ll discuss the best practices for 
the given project phase. There’s also a wealth of information on the Web, as Ap-
pendix B reveals, and probably at least some prior experience in your own organiz-
ation. 

Don’t think of any of the decisions you make about the project as being trivial. Un-
derstand the importance and the implications of each choice, and be prepared to 
change when something isn’t working well. Take responsibility not only for intro-
ducing the tools, but also for marshaling their adoption. And above all, watch out 
for signs of a deeper problem—the times when no extra features or better performance 
will improve the adoption of a given tool or approach, because the underlying 
processes are broken. Equally, look for opportunities or fluctuations—tools that 
really helped a new team that hadn’t gelled at the beginning of the project could 
become obsolete as their collaboration improves. 

Summary 
Now that we’ve talked about what project management is (and isn’t!), discussed the 
project life cycle, and identified why gaining project management skills is going to 
make you a superstar, we need to get started! 

In the next chapter, we’ll look at how to identify the best projects and get them off 
to a running start. 





Chapter2 
Getting Started 
You’ve already got an understanding of the basic project life cycle, and we’ve just 
talked through some of the underlying principles of project management. But I bet 
you’re itching to actually do something. In this chapter, we’ll talk about the work 
that comes before the project life cycle—finding possible projects, working out 
which projects are worth pursuing, and getting to know the different groups of 
people who will be involved in any project. Finally, we’ll discuss the process of 
actually initiating a project. 

In each of the sections that follow, you’ll find a discussion of what the process is 
and why it matters, followed by tools and best practices that will help you get your 
project off to a flying start. 

Discovery: Finding the Projects 
Projects don’t just spring from nowhere. Although many project managers only get 
involved when it’s already been decided that a project will be undertaken to achieve 
some end, there is, of course, a phase before this: discovery. Discovery is the process 
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by which the organization reviews the available opportunities and decides which 
of them will become projects in due course. 

Ideally, the discovery process should ensure that the best opportunities are pur-
sued—not just those that were mentioned first, or those that have the loudest sup-
porters. Where this process is undertaken, it’s usually combined with some sort of 
portfolio planning through which the potential projects are matched against the 
resources or capabilities of the organization itself. The eventual result is a list of 
projects that are truly the top priorities. 

The sad reality is that in many cases, there’s either no process at all for discovery 
and portfolio planning, or the process that’s in place doesn’t result in the selection 
of projects that will deliver the most value. It’s also true that as a project manager, 
your influence may be very limited at this stage—after all, in many cases, you won’t 
even know about the potential projects until one is assigned to you! 

However, understanding what has been discovered, and how the project that you’re 
managing came to be started, is very important. It can tell you whether the project 
is truly of high value to the organization for which you’re working (either as an 
employee, contractor, or service provider) or whether its potential value still needs 
to be ascertained. It may also give you early insight into the complexities you might 
have to face during the project. 

If you find that little or no discovery work has been done, don’t despair—do it 
yourself! Find out why people in the organization think your project is important. 
Understand what they’re expecting the project to deliver—try to focus on what it 
means to them, not the nuts and bolts of what will be built. If their answers suggest 
that they don’t think the project matters, find out where they think the time and 
effort would be better spent. 

Your first instinct will be to protect your project, but you might find an opportunity 
for another project that will deliver even more value. Even if you don’t end up jet-
tisoning the original project and taking on the new one instead, bringing it to the 
attention of the stakeholders within the organization will make you stand out as a 
project manager who really cares about the good of the company, not just your own 
projects. 
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Example 2.1. Choosing the Wrong Options 

Imagine there’s a team at a company you’re working with that deals with customer 
orders. The team members have identified a number of opportunities: 

Remove manual work from current processes. 
Many in the team feel that they spend almost all their time shuffling paper, 
rather than actually dealing with the customers. 

Speed up inventory checking. 
When a customer places an order, the team members have to call up the invent-
ory team to find out whether the goods are in stock or not. Making this process 
faster would improve their efficiency greatly. 

Improve tracking of customer orders, queries, and complaints. 
Currently, all tracking of customer interactions is done manually. There’s actually 
one person in the team whose full-time job is collecting the information and 
putting it in an Excel spreadsheet! 

Allow customers to interact in more ways. 
A number of customers have signalled that they’d like to be able to email the 
team as a whole, or to input queries and complaints online. 

As you might have guessed, the opportunities above are ordered in terms of import-
ance. The team feels that reducing their manual work is most important, with the 
inventory tracking improvements and customer tracking automation coming a close 
second. Once these fundamental issues have been fixed, the team feels that it can 
start work on items that will really benefit the customer—introducing a web site 
and email addresses so they can log orders, queries, and so on. 

When people from elsewhere in the organization get involved, however, they get 
very focused on the web site for the customers. Marketing can see that this will be 
a real selling point and the sales teams think that it will delight their contacts. They 
don’t realize that in order for the customer web site to be successful, the team needs 
to have all the other opportunities addressed first. 
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The first you know about any of this, however, is when you’re brought in to build 
the new customer web site. You get started working on it, but are finding that the 
people from the team who deal with the orders are very difficult to work with: they 
won’t answer questions clearly, don’t turn up to meetings that you’ve organized, 
and don’t answer emails unless they’re reminded to again and again. You’re sensing 
hostility, but you have no idea why—you’ve only been there a week. Surely you 
can’t have offended them already? 

You get in touch with some of the IT guys that you know from the last project you 
worked on for this company and ask them what’s up. They explain about the other 
projects that this team identified … and that the team actually thought those other 
projects were more important. However, someone in the marketing team, having 
heard about the possibility of the web site being developed, promised one of the 
big customers that it would be ready soon, so management decided to prioritize this 
project over the improvement of the systems. 

Now you understand why the team is so unresponsive! They’re upset because their 
own needs have been ignored, and now you’re working on the project that they’ve 
been forced into prematurely. 

At this point, it can be very easy to get depressed or start panicking. What if the 
team continues to sabotage the project and you get blamed when it isn’t delivered? 
You don’t have the power to go back and work on the project they really wanted to 
happen, so perhaps you should just give up now … 

The point, though, is that now you understand what was causing the team to be 
unhelpful and unresponsive. Armed with that knowledge, you can do something 
about it! 

As we’ve already discussed, often the project manager won’t be involved in deciding 
which projects will be undertaken. In this particular situation, however, you can 
try to mitigate some of the impacts of the web site project being prioritized over 
that of updating the existing systems. 

Firstly, you have a discussion with Pamela, the team member who’s been the main 
cause of friction so far. You explain that you understand there were originally other 
projects on the cards, and ask her to clarify for you what they would have entailed. 
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As she talks, you realize that some of the elements of the existing manual process 
are going to be problematic for your project as well—for instance, it won’t be possible 
to determine whether or not an item is in stock without someone making a phone 
call. 

In this particular example, there’s an obvious route forward—help to identify the 
modernizations of the existing system that are required for the web site project to 
be a real success. Then push either for these to be brought into the scope of your 
own project, or for a separate team to be set up to deal with those issues in parallel. 

’t be able to influence the organization to work on the 
productivity improvements as well as the site, just having spoken to Pamela seems 

of the “techie guys” who had taken the time to really understand why the team is 
so frustrated. She has started responding to your queries and emails and even seems 
to have told the rest of the team that they should help you out as well. 

The point is that without understanding where your project’s roots lie, you’re flying 
blind. By investing some time to find out a little more about how the discovery 
work was or wasn’t done, and how the decisions were made, you can gain a valuable 

can also give you an early warning of any office politics that might make your life 
difficult! 

However, even if you won

to have improved relations immensely. She commented that you were the first one 

insight into the challenges you might face, day to day, on the project. This approach 

Picking the Best Projects 
Choosing the best projects to work on involves a three-step process: 

1. Identify the opportunities. 
2. Compare the opportunities. 
3. Rank them and decide which to undertake. 

Identifying the Opportunities 
There are many approaches to identifying opportunities, some of which are more 
sophisticated than others, so let’s start by considering some of the basic tools that 
you’ll probably already have come across. 
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The most obvious option is a brainstorm. Get people in the organization together, 
and ask them to think of anything that annoys them, anything that could be done 
better, or things that aren’t being done yet that could be started. 

One model that you can use to get people to focus called Stop, Start, Continue. 
Here, you essentially ask the people in the room to name one task they want the 
organization to stop doing, one task that it should start doing, and one task that 
it should continue to do. 

The Stop, Start, Continue Approach 

If it’s obvious that a particular business process or set of processes is causing a lot 
of pain, manual work, or rework in the organization, it might be worth charting that 
process. You can do this using any tool—from the good old marker and whiteboard, 
through to bespoke process-flow mapping tools or UML diagrams.1 

Once you have drawn out the business process, look at each step and ask, “Why do 
we do this?” If there isn’t a good reason to take the step, remove it! If the step is 
necessary but could be done more intelligently, ask how. If the question of what 
needs to change isn’t answered easily, a project to fully investigate the options and 
create a solution could spring from your analysis. 

One example of the need for innovation is made clear by the anecdote about an 

better … at a time when horse-drawn carts were rapidly being replaced by motor 
cars. Making the buggy whip cheaper was not going to increase sales, since price 
was not the problem. 

Example 2.2. Innovate or Improve 

early 20th-century buggy whip manufacturer. The organization was focused on 
making whips (used on horses that drew buggies and carts) faster, cheaper, and 

1 UML stands for Unified Modeling Language, and constitutes a set of standard formats for creating flow 
diagrams of processes, data, etc. UML tends to be popular with usability professionals and software en-
gineers. As always, think carefully about the tools you choose—they need to be understandable and ac-
cessible to everyone involved. 
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Remember, though, that sometimes the opportunities that are the biggest—the pro-
jects that will make a huge difference to the business—might be those that don’t 
represent incremental improvements. In many cases, the real way to make a differ-
ence may be to realize that there’s a completely new direction to take, product to 
focus on, or way to operate. 

Comparing the Opportunities 
Once you have a list of opportunities that could be addressed, you then need to 
work out which is the most important. You might want to start by identifying what 
benefit would be generated if the process was fixed, the gap was filled, or the new 
service was created. Would it reduce the amount of work for someone? Make the 
company more money? Bring in new customers? Reduce risk in some way? 

Typically, the reasons why a company decides to approach an opportunity are 
one—or a combination—of the following benefits: 

! to increase income (higher sales, new market, new service) 

! to decrease costs (make it cheaper, faster, lower inventory) 

! to improve productivity (same work done with less time/cost/people) 

! to reduce risk (increase tax compliance, improve audit score) 

Once you’ve identified what the benefit of each project is, you need to work out 
how big that benefit will be. Ideally, you’ll want to be able to measure the benefit 
in numbers somehow—whether it’s that someone can get 50% more invoices posted, 
that sales increase by $50,000, that widgets now cost only ten cents, or that your 
accountants smile for the first time in living memory. 

What’

At this stage, you’re still comparing the opportunities, not the projects! Think of 
problems and gaps at this stage—we’ll be looking at the solutions (projects) soon 
enough. 

s the Problem? 

Later on in this chapter, one of the discovery tools we’ll look at is value creation—an 
approach to working out the value that will be delivered by a project. 
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Ranking and Choosing Opportunities to Pursue 
Now that you have an idea of the available opportunities, and how much of a benefit 
could be gained from addressing them, you need to work out which one to tackle. 
You may have uncovered an opportunity that’s so big that you feel it’s imperative 
to go ahead and deal with it immediately. More likely, however, is the eventuality 
that you’ll have a number of options, and will need to decide which is the most 
important. 

First, rank the opportunities in order of their potential benefits. Second, work out 
what a project might entail in very, very rough detail—literally just a sentence or 
two describing how you’d go about solving the problem. If you have no clue, the 
project may well focus on researching and finding a solution that can, ultimately, 
be implemented! 

For instance, if we think back to our earlier case study, the problems had already 
been ranked in the order that was most important to the customer service organiza-
tion. Their focus was cost saving and productivity. It was when the marketing folks 
(who are more focused on increasing sales) got involved that the equation changed, 
as they were interested in the increased income. 

In this situation, we might rank the opportunities available through a project in 
terms of the number of areas each would affect. To do so, we could use a matrix 
like the one in Table 2.1. 

Ideally, the next step would be to quantify the benefit by working out the numbers. 
In the case of a clear cost saving, assigning a figure is easy. If you predict that redu-
cing paperwork will mean a monthly saving of the funds currently spent on paper, 
printers, photocopiers, and so on, you can simply total those numbers. When you 
start to predict increased sales and productivity improvements, however, the calcu-
lations become fuzzier. Don’t get hung up on representing everything in cash terms; 
instead, express the benefit as clearly as possible, so you can get it in front of the 
right people to have a decision made about the project. 
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Table 2.1. Ranking and Roughing Out Opportunities and Benefits 

BenefitOpportunity 

manual steps) and automation. 

Connect inventory system with existingSpeed up inventory checking. 

satisfaction) 

Develop additional functionality in the 

accommodate queries and complaintscomplaints. 

Project 

Productivity improvement; 
cost reduction 

Combine process analysis (to remove Remove manual work from 
current processes. 

Productivity improvement 
customer order system. 

Productivity improvement; 
increased income (from 
increased customer 

existing customer order system to 

tracking. 

Improve tracking of customer 
orders, queries, and 

Increased income Introduce customer service web site and 
email address. 

Allow customers to interact in 
more ways. 

Next, try to rank the projects in terms of which are easier or cheaper to complete. 
Depending on your situation, the questions of ease and affordability may be of 
greater or lesser importance. If people within your organization could be assigned 
to a given project, you’re probably more concerned with how quickly they could 
make a difference. On the other hand, if you’d have to pay a third party to come in 
and deal with the project, the project’s cost may be a bigger issue. 

Having worked out where the greatest benefit can be gained for the lowest cost, you 
can, in collaboration with the relevant stakeholders, pick a project or two to proceed 
with. 

It’s Only a Rule of Thumb 

Don’ ’t spent 
a great deal of time making sure that the potential benefits and projected costs are 
really accurate. 

This is a “rule of thumb” type tool—in the project Initiation phase, you should 
make sure that both the cost and benefit sides of the equation are investigated and 
validated. If you find that an element of the project is considerably different than 
you’d predicted, you might even come back to the discovery phase and pick a 
different project to work on. 

t forget that at this point, all you have are initial estimates. You haven
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This process is focused on finding the best projects for the organization. As an 

your business will gain from the projects you work on. 

the option of undertaking—across all your clients—and picking the ones most 
likely to benefit your own organization. The process will be the same, but some 

take a project that will make less profit, but has strong potential to lead to more 

for yourself as you do in helping your clients select the best projects for their own 
needs. 

Is the Best Project for the Organization the Best for You? 

external contractor or service provider, you also need to care about the benefits 

You might also want to conduct a similar comparison of the projects you have 

of the considerations might be different. For example, you might choose to under-

work in future. You should invest as much energy in choosing the right projects 

Spotting Bad Projects 
As we’ve already discussed, many project managers aren’t involved in the discovery 
phase, where good projects are selected. As a result, an ability to spot the signs of 
a bad project is a valuable skill for the project manager to develop. 

First of all, let’s think about some hallmarks of good projects: 

! They deliver big benefits, with defined metrics that specify the size of those be-
nefits. 

! They’re important to the future of the organization (or, in management speak, 
they’re “strategically important”). 

! Sufficient resources are invested in them. 

! They have supporters within the organization. 

We’ll talk more about the kinds of supporters you need, and the importance of 
having a sponsor for your project, later in this chapter. 

The hallmarks of a bad project contrast rather predictably with those outlined above: 



27Getting Started 

! Projects for which no one has really identified the business benefit, or for which 
the closest you can get to a cost estimate is someone waving their hands in a 
the-size-of-the-monster-catfish-I-caught-last-summer type gesture are dangerous. 

! Projects that focus too heavily on the present and neglect the future are dangerous. 
Think of the buggy whip manufacturer investing in making his production lines 
faster and cheaper, rather than realizing that a change in direction was needed. 

! Insufficient—or nonexistent—resource investments in a project are another 
warning sign that you should beware of. Projects without budgets, people, or 
equipment are risky from the outset. 

! Projects that are being undertaken even though only a few people in the organ-
ization believe that they should be completed are the most dangerous of all. 
These kinds of projects quickly start to feel like everyone’s just standing around 
watching, and waiting for you to slip up and prove them right. 

’s technology is very advanced, and as a consequence, our options seem 
limitless. It’s rare that tasks aren’t attempted because they’re viewed as being im-
possible. In fact, quite the opposite is true—organizations often choose the unlike-
liest paths, optimistically believing that their rough plans will all come right in 
the end. 

in my favor! Making sure that you’re focused on the real reasons for completing 
the project, rather than on what’s technically possible, is imperative. A benefit-
focused approach also often makes the difference between a fantastic project 
manager (who achieves what the organization needs) and a mediocre project 
manager (who does what’s asked, but doesn’t work out if that’s what’s best). 

Beware of Focusing In the Wrong Place 

Today

I have nothing against optimism, but personally, I like to have the odds stacked 

Why would any of these projects survive, you ask? Well, the reality is that they 
won’t! The reason that they get started in the first place is that the people creating 
the project aren’t really sure about what they’re trying to achieve. Helping them to 
define the business benefit is usually the first step to fixing this issue—as soon as 
they realize how important the project is, dedicating the required investment into 
resources is an obvious step to take. Supporters also flock to important projects (so 
much so that you might actually be overwhelmed). Making sure that the work is 
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aligned with the strategic objectives of the company is what those high-level sponsors 
are good at. 

Project, or Day-by-day Improvement? 
The other question that needs to be worked out during the discovery phase is 
whether a project is really needed at all. Although a project is, at its simplest, just 
a one-time piece of work, in practice, most organizations also have guidelines that 
describe what’s seen to constitute a project, and what’s regarded as merely a minor 
change or fix. 

As an example, the rule of thumb in many companies is, “if the job needs at least 
one full-time staff member for two weeks (or the equivalent), then it’s a project.” 
The important issue here is the size of the effort—if you’re going to have two people 
working full-time for a week, or four people working at 25% of capacity for two 
weeks, those staff hours all reflect the same amount of effort. A job that will take 
one person a day or two, by contrast, would not be treated as a real project. 

Work that’s routine or ongoing is never a project. The management speak for this 
kind of work tends to involved words like “operational excellence” or “continuous 
improvement,” which are both really just corporate ways of saying “being better at 
what we do every day.” Sometimes, a project will be undertaken to introduce a 
capability that will make the day-to-day work more efficient and productive—for 
instance, updating the systems that are used, or introducing new business processes 
such as problem, change, and incident management. 

Very small pieces of work, or mini-projects, may well be absorbed into the normal 
day-to-day work. This approach can blur the lines between project work and normal 
operations for many people. It’s worth understanding how the organizations you’re 
working with distinguish projects from regular work, and thinking about the impact 
this may have on the projects you’re leading. 

If some of the people involved in your projects usually just work on day-to-day 
operational tasks, they may be completely unfamiliar with a project-based style of 
work. You might need to meet with them separately to explain project management, 
clarify your role as the project manager, and illustrate how the project will be run. 
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priorities—it can be hard for individuals to prioritize project work over day-to-
day operational tasks unless they’ve been told this is the right attitude to take. 

Setting Expectations and Priorities 

You might also need to set expectations more explicitly around deadlines and 

Again, this isn’t a huge issue, but you should be aware of it. When you’re very used 
to completing project-based work, it can be easy to forget how the other half lives! 

Discovery Tools and Practices 
The full range of tools and practices that can be useful in discovering projects 
within an organization would include: 

! idea elicitation 

! portfolio management 

! organization building 

! resource planning 

On their own, the discussion of these tools could easily warrant a separate book, 
so I’m going to focus on the tools and practices you’re most likely to need as a project 
manager who gets involved once the decision to undertake the project has already 
been made: project proposals and value creation. 

Project Proposals 
Project proposals are simple, short (usually single-page) documents that outline 
the potential project, provide brief background information, identify the value of 
undertaking the project, and give a very rough estimate of the resources (budget, 
people, time) that would be required to deliver the project.2 Ideally, a project pro-
posal is collected for each of the possible projects, and from this pool, the projects 
that are determined to have the potential to deliver the greatest benefit to the organ-
ization are chosen. The project proposal is a document that illustrates the value of 
completing the project and recommending that the project be resourced. 

2 Project proposals are sometimes called project request documents (PRDs) or project charters, though 
the latter indicates a little more finality and is more like the project initiation document we’ll talk about 
later in this chapter. 
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Now, this may sound good, but have you spotted the big warning sign yet? These 
proposals are the first indication to management of what the project will be, and 
what it will deliver. They even include rough estimates of how long the project will 
take, how much it will cost, and how many people will need to be assigned to it. 
Yet minimal effort is invested in getting these estimates right—the project doesn’t 
exist yet, so no one’s actually working on it! Of course it would be unrealistic to 
expect anything else, so really this is just a caveat we all need to be aware of. 

We’ve already identified that project proposals are fundamentally flawed, so why 
am I advocating them? Well, what would be worse than a flawed project proposal? 
It would be worse to have nothing at all! At least if you have a proposal, you have 
documentation that represents the foundations of a contract between the project 
team, the customer, and management. Without it, you have to guess the expectations 
of each group—clearly an unenviable task unless your telepathic skills have been 
improving recently! 

But what can you do if there isn’t even a project proposal, and you’re faced with 
amorphous, hand-waving descriptions of what the project is meant to be? This is 
the beauty of the project proposal—you can have a proposal written retrospectively, 
even if the decision to go ahead with the project has already been made. Some 
companies and freelancers use a very similar template to form the basis of quotes. 

Once the project proposal is written—by you, or by someone else—what can it give 
us? There are three key pieces of information that project managers will want to 
obtain from the project proposal: 

1. Understand the project’s background. 
What problem does the problem solve? What process does it affect? 

2. Gain a clear explanation of the business value that the project will deliver. 
Why is the project important to the organization? 

3. Ascertain the expectations of the project’s timing, personnel, and budget. 
If, from the outset, you can see that the project is hopelessly underfunded, or 
that the delivery date is wildly optimistic, it will be better to deal with these 
concerns up-front rather than coming to them later, when your wish to change 
these factors may be perceived as an attempt to renege on the initial project 
agreement. 
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Project proposals can also help us to identify assumptions and constraints. Remember 
the four opportunities we discussed earlier, in the example in the section called 
“Discovery: Finding the Projects”? When we go back to write project proposals for 
each of those opportunities, it’ll become obvious that implementing a customer web 
site without fixing the manual processing, inventory, and call-tracking issues isn’t 
sensible. 

The scope of the project can then be expanded to include a complete customer rela-
tionship management (CRM) solution. This way, the operational team will only 
need to use one system to manage all of the customer interactions, and the task of 
optimizing the business processes can become part of your project. 

Value Creation 
Delivering value is the only real reason to undertake a project. Whether you’re in-
creasing the monetary value of your home by adding an extension, or increasing 
the productivity of a team by making computer systems easier to use, there should 
always be a clear benefit to completing the project. 

One of the most common issues that causes misunderstandings between business 
people and technical people is that they talk about value in different ways. For ex-
ample, a technical team member might be talking about load-balancing the servers 
and introducing new quad-core processors while the business person stares at her, 
perplexed. When she’s asked to elucidate, the techie starts trying to explain how it 
all works, so that the business person can comprehend the terms she’s using, rather 
than hearing the cry for help that’s inherent in the question! 

Getting into the habit of talking about value in business terms is both smart and 
useful for any project manager. It can help reduce the number of communication 
problems you’ll have, and smooth the way for the customer and the project team 
to work more effectively together. After all, if the technical person in the example 
above had explained that the project was needed so that twice as many customers 
could use the web site at the same time, all would have been clear to the project 
manager. 

Value equals money. When you’re talking about value creation, you’ll need to be 
able to tie the project back to money. Whether the value is direct (that is, you’re 
actually cutting costs or increasing sales), or indirect (you’re increasing productivity, 
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helping the organization’s public image, and so on), you should at least find it easy 
to explain what the value is. Ideally, it should also be possible to quantify that value, 
for instance, to say “this project will save $30,000, or the equivalent of 50% of a 
full-time staff member.”3 

You can work out whether a project is worth undertaking in a number of ways. 
Regardless of which method you use, the most important points to ensure are these: 

! The method for calculating value should be crystal clear (use the organization’s 
standard methodology, if one exists). 

! Any estimates of time or cost should be provided by the people who are closest 
to the problem. Only the people who are currently spending two hours a day 
manually reconciling invoices are going to know exactly how long it takes them. 

! The approach you’ll use to measure whether the results are actually being 
achieved should be identified up-front. For example, if you plan to make a saving 
of two hours per day, exactly how are you going to measure that? By asking the 
team members? Timing them while they work? 

Industry standard methods for calculating the value of a project do exist, but they 
can be quite complicated and certainly are more involved than those that are com-
monly used in most organizations. The most important point is to establish that 
value is being created, so that the organization can be certain to enjoy definite, 
measurable benefits if the project is undertaken. 

When the time comes to measure that benefit in a more sophisticated way, perhaps 
to justify funding or to compare similar opportunities, understanding more about 
net present value (NPV), return on investment (ROI), internal rate of return (IRR), 
and similar methods and measures will be useful. Appendix A lists some locations 
at which you can find out more about these formal metrics. 

3 As an aside, be aware that productivity savings seldom translate into staff actually being made redundant, 
except in very large-scale projects like mergers or factory relocations. The approach that involves 
measuring the amount of manual work that’s removed is used here to illustrate that the team members 
will have that much extra time to invest in their day-to-day tasks—time which, otherwise, they wouldn’t 
have had. 
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Now that you’ve hopefully seen or constructed a proposal for the project you’re 
about to undertake, and you’ve formed a better idea of what sort of value it will be 
creating, it’s time to move on to look at who will be affected by, and involved in, 
the project. 

Who Are All These People? 
… and what are they doing on my project? 

Even the smallest project can impact a number of people. As the project manager, 
you’re at the centre of an intricate web of people who are bound together by their 
common interest in the project you’re managing. Let’s meet the various people who 
are involved in any project, discuss the roles they play, and explore how you can 
manage their participation. 

Stakeholders 
Stakeholders are those people who hold a stake in the project—they’re people who 
care about the project’s outcome. “Stakeholders” is really a catch-all term that can 
be used to describe such disparate groups as senior management, end users of sys-
tems, customer representatives, administrators, members of the local community, 
and union representatives. Anyone who feels that the project might affect them 
could regard themselves as a stakeholder. 

How then do you go about identifying stakeholders? And why would you want to 
do so in the first place? 

It’s important to identify your stakeholders so that you can understand their points 
of view, and get an idea of the pressure they’ll try to exert on your project. An archi-
tect may not think to worry about the local group of amphibian enthusiasts until 
they start petitioning the local government to withdraw the permission it granted 
the architect to build on a particular site that is in fact among the last-remaining 
habitats of great-crested newts—which the architect has never even heard of before!4 

4 You may think I’m being funny here, but that’s a real world example! One of the office buildings on 
the business park where I work had to be delayed because the site was one of the last remaining habitats 
of the great-crested newt. 



34 The Principles of Project Management 

Luckily, most stakeholder groups are more obvious than this, and they’re usually 
very keen to have their voices heard from the outset. The way to start identifying 
stakeholders is to think about the project itself: 

! What are you building? 

! What business processes are you changing? 

! Who are the people that are currently executing those business processes? 

! How will they be impacted by the change? 

The easiest stakeholders to identify are those who are directly affected by the project. 
If we consider this chapter’s case study project, in which you’re introducing a web 
site to deal with customer orders, queries, and complaints, we can readily see that 
the main group affected will be the customer service team. The management of that 
team will also be affected, as will the IT staff who need to help make the existing 
call-tracking system integrate with your new web site. And, of course, the actual 
customers will be affected too—some of them may love the idea of reporting issues 
via a web site, but others will be concerned that the change in technology will mean 
slower, less personalized service. 

Thinking a little more broadly, we also realize that the sales and marketing teams 
are stakeholders in the project. After all, as soon as they heard about the possibility 
of the customer web site, they had the influence to get it prioritized over the other 
potential projects! After the project proposals were drawn up and you realized that 
the four projects really needed to be combined to deliver the true business value, 
the product supply team, who’s in charge of the warehouse (and therefore the in-
ventory system), were also identified as stakeholders. Can you think of anyone else 
who might be affected? 

Sometimes the most important stakeholders to worry about are those who are less 
obviously linked to the project. Senior managers who have promised to deliver a 
“step change” in the efficiency of the call centre group, or those who are trying to 
prove that the entire department could be outsourced to Bangalore, may keep their 
motives closer to their chests. Equally, interest groups from outside the company 
(whether they’re politicians, consumer groups, or the local amphibian enthusiasts’ 
society) may be difficult to locate. 
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Don’t get too hung up on identifying every possible person who might care about 
your project, but do make the effort to involve those that are obviously interested. 
Talk to people in the organization about who will be affected and actively seek out 
those who you believe will care most. Understand their concerns and think about 
how to involve them in the project. After all, taking the initiative and defining how 
they will be involved is better than ignoring them, then later having them force their 
way into a project meeting and explode at everyone! 

We’ll now look at two special groups of stakeholders—the project board and the 
project team itself. 

The Project Board 
The project board is a small group of people whose main responsibility is to make 
the really big project decisions. Much as you, as the project manager, have an in-
credibly important role to play, and indeed will make many of the day-to-day de-
cisions, you’ll always be focused on delivering the project. The project board is 
there to make the really big strategic decisions—even if that means potentially 
killing the project. 

Your project’s board should consist of: 

! the project sponsor 

! a technical advisor 

! a business advisor or domain expert (if needed) 

The project sponsor is the embodiment of the project customer, that is, the person 
for whom the project is being delivered. Typically, this person will be the head of 
the department that will benefit the most from the project, though in some cases, 
if multiple groups within the company will all benefit from the project, the sponsor 
may be someone who’s even higher up within the organization. This person is 
usually also the one who’s paying for the project, so he or she will have a clear in-
terest in ensuring that value for money is delivered. Ultimate decision-making au-
thority resides with the project sponsor. 

Choosing the right project sponsor is very important. This person needs to be inter-
ested enough to stay involved and take the project seriously. He or she equally needs 
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to be senior enough to have the authority to make the very big decisions—even the 
decision to cancel the project if necessary. 

Sometimes, you don’t get to choose the project sponsor: either someone has already 
been selected, or is chosen without much input from you. This can be fine—the 
sponsor may be interested in the project and have sufficient authority to help you 
achieve results. Equally, they may seem disinterested and disengaged from the 
project. 

person and discuss the project, his or her role within it, and your expectations. 
If the person can be the sponsor you need, engaging him or her in a discussion 
may well pique the sponsor’s interest and lead to more active involvement. Altern-

Dealing with Disinterested Sponsors 

If you find yourself working with a disinterested sponsor, sit down with that 

atively, if you need more than the sponsor can give, he or she may step aside 
quietly, or even volunteer to help you find a replacement. 

The technical advisor and business advisor or domain expert are there to provide 
perspective and advice to the project sponsor. The sponsor may not understand the 
full technical or business process implications of certain decisions that need to be 
made through the project—he or she can rely on these advisors to promote and en-
courage the best possible decision. 

As project manager, you should expect to meet with the project board regularly to 
provide progress updates and discuss any key decisions. Usually, the role of the 
project manager is to lay out the options and recommend the course of action that 
you believe is the best way forward. However, it’s important to realize that the 
project board’s job is to make the really crucial decisions, which may even extend 
to stopping the project if it’s been delayed too long, is too expensive, or if there’s 
evidence that the desired value will not or cannot be delivered. 

Usually, the biggest challenge with the project board is not to identify the three 
members, but to keep the size of the board to just three! All sorts of stakeholders 
will feel that they should be on the project board, particularly in organizations 
where decision-making authority is seen to convey status. 
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What you ideally want is for all stakeholders to feel that they’re being represented 
on the board by at least one of the three members, rather than needing to be on the 
board themselves. This is another reason why project board members are often 
senior members of the organization—if the other stakeholders report to them (either 
directly or indirectly), the board members will also be representing their views. 

But let’s get back to our example. Before we realized that the four projects really 
needed to be combined, the project might have had a very different project board, 
as different teams would have been involved and affected. However, for the combined 
project, we identify that since the customer service, sales, marketing, IT, and product 
supply departments are all affected, John Vaswani, the Head of Operations (which 
encompasses all these groups) is the right person to be the project sponsor. 

The technical advisor will be Sandra Chan, Head of IT, who can advise on how the 
solutions being proposed will fit with the existing company systems, and how on-
going maintenance and support will be completed. The Head of Customer Service, 
Adam Garcia, will also participate on the board as the business expert. They will, 
of course, be advised by their own operational teams, but the point is that the project 
board will include three key people who can make the big calls! 

As soon as she heard about the project board being formed, the Head of Marketing 
wanted to be included as well. You had a difficult decision to make. As far as pos-
sible, it’s best to keep the number of board members low. Any efforts to expand the 
board can easily snowball until half of your stakeholders want to be on the board 
casting their votes! That said, if the project scope is broad, and you’re going to be 
working on business processes in a wide range of areas, as in this case, it can be 
useful to have multiple business experts. 

In this case, however, you sit down with the marketing chief and explain that the 
marketing department will still be consulted—you want to have some of the market-
ing team on the project as “consultants” to ensure that the solution that’s developed 
isn’t solely focused internally, on the customer service team’s needs. The marketing 
department’s point of view would also be represented on the project board by John 
Vaswani, who, as Head of Operations, will be interested in making sure that all of 
the different areas work together as efficiently as possible. 

You come away from this meeting with a double win: content with the proposed 
arrangement, the Head of Marketing has already assigned some of her team members 
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to be more directly involved with your project. You’ve also managed to keep the 
size of the project board down to three, which will make the decision-making process 
much smoother than it would have been if the team was bigger. 

The Project Team 
The other stakeholders that are very obviously quite invested in the project’s success 
are the project team members themselves. These are the folks who are working 
alongside you to deliver the actual work and, as such, they’re essential! Depending 
on your circumstances, the project team members may herald from different back-
grounds and companies, and may have been brought together just for this specific 
project, or they might comprise an existing team that’s been charged with focusing 
its efforts on this new challenge. 

Whichever is the case, ensuring that you have the right mix of abilities on the project 
team is key. We’ll talk a lot more in later chapters about how to help your team 
members work well together, but the first step towards harmony is to make sure 
that they have the skills necessary for the job. 

As with the other stakeholders, you’ll want to understand where the people in your 
project team are coming from. You may well find yourself with a mix of contractors 
and employees, some working full-time and some part-time. What are their personal 
motivations? How do they feel about working on this project? Are they viewing it 
as the opportunity of a lifetime or a punishment? Do they feel they have the needed 
skills, or are they worried that they’re out of their depth? 

“Hang on a second!” I hear you protest. “I’m not their manager. Why should I care 
about how they’re feeling?” 

Even though you may not be their line manager, or responsible for their careers, 
you still need to care about how your team members feel, since this will affect your 
project. People will always be the most complicated component of any project, so 
it’s crucial that you become adept at understanding them. While this may seem 
daunting, the reality is that just by listening to your team and trying to understand 
where they’re coming from, you’ll learn almost everything you need to know. The 
elements that you don’t uncover by talking to them, you’ll learn from watching 
them work together (or failing to work together, as the case may be!). 
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When you’re starting a project with a new team, I suggest that you sit down, one on 
one, with each individual. Ask them what they’re looking forward to and what 
they’re feeling apprehensive about. Share your vision for the project and how you 
see them being involved. Try not to pile on the expectations too much, though; 
rather, focus on listening to how they feel about the project and what concerns they 
might have. 

What If It’s Just Me? 
Sometimes you may find yourself being both project manager and project team. In 
this situation you might doubt the need for project management. Your doubts would 
be valid! If you’re a team of one, the tools and practices of project management that 
focus on team collaboration won’t be as useful. With no need to share and commu-
nicate, you can keep track of your tasks and deliverables however you like. 

Realistically though, much of the true value of project management is in communic-
ating to the stakeholders and project board, rather than your team. Project success 
depends on the involvement, trust and often contributions of the stakeholders. 
Equipping the project board to make well-informed key decisions is also extremely 
important. 

If you are a freelancer or similar, primarily working solo on projects, then you may 
well want to strip down to just the essential tools and best practices. By focusing 
on the tools that smooth your interfaces to stakeholders and project board, you will 
get the most out of your investment in project management. For more information, 
see Appendix A. 

Stakeholder Tools and Best Practices 
Let’s examine some of the tools and best practices that will help you identify 
stakeholders and manage their involvement in your project. 

The Project Organization Chart 
A project organization chart is a simple graphical illustration of who’s involved in 
the project and where they fit in the overall organizational, or project, plan. First 
you’d include yourself, the project manager, with the project team linked in beneath. 
You report to the project board, which is led by the project sponsor. Depending on 
the specifics of your project, you will likely then group the remaining stakeholders 
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into their respective areas (for instance, end users and IT staff). These groups are 
shown on either side of the project team, since they’ll be giving input as the project 
progresses, as Figure 2.1 reflects. 

To create a project organization chart, follow these steps: 

! Write down the names of everyone who’s involved in the project. 

! Group them according to their roles—project board members, stakeholders, and 
project team members. In most cases, you’ll need to split the stakeholders’ group 
further into the various stakeholder categories. 

! Chart the results graphically, with project board at the top, the project team in 
the middle, and stakeholders radiating out from them. If some of the stakeholders 
report to the project board members, it may be worth indicating this on the chart. 

Figure 2.1. A simple organization chart 
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The project organization chart is useful because it illustrates to everyone within the 
organization who’s directly involved in the project (that is, the project team and 
board), and who has a more advisory role to play. You may need to consider estab-
lishing a team of key stakeholders who will be directly involved in the project, 
whether they’re providing realistic testing for the product, or helping with the re-
quirements gathering task. 

If people in your project haven’t worked together in the past, or if they’re spread 
across offices or even time zones, it may be worth adding their photos and contact 
information to the organizational chart. Making it easy for team members and 
stakeholders to get in touch with each other can only aid communication and 
collaboration. 

Is There Anybody Out There? 

As your project progresses, keeping the project organization chart up to date becomes 
more and more important. Projects tend to get more complex as they continue, and 
more people get involved, and understanding where any given person fits into the 
bigger picture is important if you are to have a context for his or her input. A partic-
ular stakeholder who complains about everything, wants to be involved in every 
decision, and generally makes a nuisance of himself or herself can be difficult to 
deal with. But, by looking at the project organization chart, you might realize that 
that particular individual is really a minor stakeholder, but reports to the project 
sponsor. In the process, you may also recognize that the person is trying to get no-
ticed in the run-up to the annual review period, which can help you work out how 
best to deal with this individual. 

Perhaps you’ll choose to have a word with that person in private, and ask for his 
or her help in making the project a success; you may also involve this person more 
obviously in the project so he or she obtains the desired visibility. On the other 
hand, if the person is being positively destructive, you might choose to have a word 
with the sponsor to see if that individual’s efforts couldn’t be redirected somewhere 
more constructive. 
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Quite often, your organizational chart will evolve. Before your project has really 
started, you might not have a full picture of what the team will look like, and 
which stakeholders will be involved. It’s a useful tool from the very start, though, 

progress to a shareable electronic version later on during the project’s Initiating 
or Planning phases. 

Organizational Chart Evolution 

so always start by drawing a rough chart on a piece of paper, even if you only 

The Communication Plan 
A communication plan is a simple document that outlines how you will communic-
ate the project process, how frequently you’ll do so, who will be invited or involved, 
and who will be in charge of making sure the communication occurs. 

The communication plan should cover everything from monthly email updates 
(which might be sent to all the interested parties) to daily meetings (for the project 
team) and fortnightly board meetings (organized by you with the project board). It 
might also define what specific information you’ll be reporting to a much wider 
public—for instance, for particularly important projects, it might be worth posting 
summary updates on the homepage of the company’s intranet. Therefore, anyone 
who’s interested in the project, or feels that their own work might somehow overlap 
with what your team is doing, can see what’s going on. You should always include 
your contact details alongside this type of communication—after all, you never 
know who might warn you of the next big project hiccup! 

Letting Them Know 

Believe it or not, some of the value of your communication plan lies just in letting 
people know they’ll be kept informed! Uncertainty is the cause of a lot of noise 
in projects. The communication plan can not only reassure stakeholders that 
they’ll be kept in the loop, but can also inform them of how and when this will 
happen. It can also help you to ensure their input is directed to the appropriate 
people and points in the project, and avoid having them crash your team meetings! 



43Getting Started 

Initiating Your Project 
Now we’re ready to really get going with the project! So let’s look at why initiating 
your project well is so important, and how you should go about it. We’ll also invest-
igate some of the tools and best practices for doing so. 

The Purpose of Initiating 
The purpose of the Initiating phase is to set the project up for success. I often argue 
that it is the most important phase of the project life cycle, since, if it’s neglected, 
the results can be catastrophic. After all, the beginning of the project is the point at 
which you form with the customer the contract (both formal and informal) that ex-
plains what will be delivered, roughly how it will be done, and when it will be 
ready. 

The formal contract will be the piece of paper you sign, but the informal contract 
is the unspoken understanding between yourself and the other interested parties. 
Often the informal contract is the more important of the two—people are more in-
terested in what they believe you’re going to deliver than the specifics written in 
the contract. This is especially true if the contracts are drawn up by a lawyer or 
separate part of the organization. If you’re working internally and there’s no formal 
contract, the informal contract is all that matters! 

Unless this is agreed on, you and the customers can walk away with completely 
different understandings of what you’re trying to accomplish. These differences 
of perspective will only creep out of the woodwork to cause you trouble later on, 
unless you consciously shine a light on them during the project’s initiation. 

Keeping the Project in Perspective 

Initiating is also the best chance you’ll get to define success. At the very outset you 
can agree on the project’s success criteria—key elements that need to be delivered 
for the project to be successful. These criteria will then help guide you throughout 
the project. Of course, if it’s obvious from your initial discussions that the success 
criteria aren’t clearly linked to the business purpose of the project, again, you’ve 
uncovered a potential stumbling block very early, before too much energy has been 
invested in the project. 
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The Process of Initiating 
The process of project initiation is quite simple. Gather information about: 

! why the project is happening 

! what needs to be delivered and how this will be done 

! who will be involved 

! the timings to which the project will be delivered 

Make sure to get input from all the key stakeholders: 

! Summarize the why, what, how, who, and when of the project into a Project 
Initiation Document. 

! Review the Project Initiation Document with the project board and key stakehold-
ers to get their agreement. 

! Hold a kickoff meeting to herald the start of the project, share the success criteria, 
and plan going forward with the project team, board members, and key stake-
holders. 

There may well be a number of unfamiliar terms in that process explanation, but 
don’t worry about that just now. We’re about to look at the different tools and best 
practices that will help you get your project off to a flying start. The key point to 
take away from the initiating process is that you should start the project with 
everyone on the same page, and move forward towards a common, agreed goal. 

Initiation Tools and Best Practices 
The project’s Initiation phase will be eased by the following key tools and practices. 

The Project Initiation Document 
The Project Initiation Document (PID) summarizes the what, how, when, and why 
of the project. It represents the agreement between all parties on what the project 
is about and, importantly, why the project is being undertaken. Although obviously 
some facets will change during the course of the project (notably the details of how 
the project is achieved, the project’s timings, and the resources available) the fun-
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damentals of what the project is and why it’ll make a difference to the organization 
should be pretty stable. 

The Project Initiation Document needs to summarize: 

! the project’s objective (what you’re trying to achieve) 

! the key deliverables (how you’re going to achieve the objective) 

! the overall rationale for the project (why you’re undertaking it) 

! the initial timings (when it will be achieved) 

! the project’s initial organization (who is involved) 

Other elements that should be included in the initiation document are key assump-
tions and constraints, and success criteria. You may also want to include high-level 
information about the risk and quality management approaches you’ll use, although 
this detail is often included in the project plan, rather than the PID. 

It’s important that the PID be as concise as possible. The shorter the PID, the greater 
are the chances that the stakeholders will actually read it at the outset, which can 
smooth the project’s progress over time. 

Once you’ve written your initiation document, don’t just stick it on a shelf and 
forget about it! The document should be agreed upon up-front with your project’s 
key stakeholders (including the project sponsor and board), and should be referred 
to subsequently throughout the project. Whenever you’re making difficult decisions 
about which changes to the project’s scope or design should be accepted, referring 
to the project’s original objectives and success criteria will prove invaluable. 

The Project Initiation Document is not a legal contract. For a start, it’s much 
shorter than any contract I’ve ever seen! The PID can’
If you’re a freelancer or a business providing services to a client, you still need to 

to refer to the PID in the contract, but since it’s accepted that the actual execution 
of the project will likely diverge from the descriptions in the PID, you can’t rely 
on it as you would a contract. 

A PID Is Not a Contract! 

t replace the contract, either. 

make sure that you have all your regular contracts in place. You probably want 
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If you’re employed by an organization, and providing project management services 
to another part of the same company, it will depend very much on the company 
culture whether or not you need to have a contract in place. Many companies 
don’t have formal contracts for internal projects. In such cases, the PID serves an 
even more important role, since it’s the only place where the expectations that 
the project team and customer have of each other are recorded. 

Let’s consider the project initiation document for our example project, which will 
address all four opportunities originally identified during the discovery phase. 

The first section defines the business need—it’s simply a paragraph or two that 
describes the opportunity for the project, as Figure 2.2 shows. 

Figure 2.2. The Business Need section of the PID 

Then comes the project objective, as shown in Figure 2.3. You’ll notice that this 
part is written to a particular format that includes: 

! an overall description of what the project’s about 

! a description of the key areas to be addressed 

! a definition of the specific business benefit that the project will realize 

This is a very useful format for describing objectives. You may find another standard 
in use in your organization, though, and it’s often best to use the format that people 
are familiar and comfortable with. 



47Getting Started 

Figure 2.3. The Project Objective section of the PID 

SMAC: specific, measurable, actionable, and consistent. 
The key feature is that at the end of the project, you should be able to say “yes, 
we did that” or “no, we failed.” There should be no gray areas. Throughout the 
project, you should be able to track the team’s progress towards those objectives. 

SMAC Your Objectives 

Your objectives should be 

The next section of the PID identifies the project deliverables, as shown in Figure 2.4; 
it describes how you’re going to achieve the objective. This description must neces-
sarily be completed on a very high level, because the project is just getting star-
ted—you haven’t done any detailed planning yet. Here, you just need to give an 
idea of the biggest chunks of work to be done. Try to make sure that no deliverable 
will take longer than a month to complete, though—if you’re still looking at phases 
of three months or more, break those phases into a little more detail. 

Figure 2.4. The Project Deliverables section of the PID 

Next, we come to the project timeline. If the project is one that you’re familiar with, 
you might already have a good idea of rough timelines for the various phases as 
well as the project overall. If you can, list the major deliverables against the week 
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or month in which they’ll be delivered (there’s no fine detail here, of course—you’d 
really only use a weekly breakdown if the project time was less than three months). 
In this case, the first two pieces of work are going to define the rest of the timeline, 
so we’re only setting a deadline for these two phases, as Figure 2.5 shows. 

Figure 2.5. The Estimated Timeline section of the PID 

Is it Feasible? 

In some organizations, the initial analysis of the business processes and investig-
ation of whether to buy or build a system might form what’s known as a feasibility 
study or feasibility project

the main project is worth undertaking, and what would be required if it was. 

. Rather than starting the full project with such uncer-
tainty, a separate smaller project would be undertaken just to work out whether 

The last part of the PID outlines the project organization. For this project, we’ve 
just pasted in the organization chart that we’d already prepared, as in Figure 2.6. 
Depending on how much the organization values role descriptions, you might want 
to put in more detail about what’s expected of each individual. 

Figure 2.6. The Project Organization section of the PID 
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Brief details of assumptions and constraints are often included in the Project Initi-
ation Document. If the feasibility study had been split into a separate project, we 
would have listed all the assumptions we were making about buying the technical 
solution as compared to building one. However, since this project is starting with 
an investigation, these sections are not as important as they might be if we were 
going straight into the Executing phase. 

The Kickoff Meeting 
The kickoff meeting is more of a best practice than a tool. It’s essentially a meeting 
at which you bring together the key players in the project to officially get the project 
started. Usually this will take at least a couple of hours, but you should judge an 
appropriate timeframe based on the complexity of your project. 

The key attendees of the kickoff meeting are the project team and the interested 
stakeholders. The kickoff meeting is probably the first time that everyone involved 
will have come together for the project, so it’s a great opportunity to get everyone 
enthused. Since you are (I hope!) working on a project that’s important to the future 
of the organization, you might want to ask the sponsor to say a few words about 
why he or she thinks the project is important, and what will be achieved, before 
going into the main discussion points. A typical kickoff meeting agenda might look 
like this: 

! welcome and introduction 

! highlights from PID (with a particular focus on the “why” of the project) 

! project approach (sharing some of the details of how the project will be managed) 

! communication plan (so that everyone knows when they’ll hear more) 

! plan for moving forward (that is, what will happen in the immediate future) 

The fifth point is the one likely to inspire the most debate. Hopefully, through the 
process of creating the project initiation document (PID), you’ve ensured that you’ve 
captured everyone’s opinions about why the project should happen. Conversely, 
the project approach and communications plan are unlikely to be particularly con-
troversial. But the plan for actually going and tackling the work can inspire rigorous 
debate! 

This is why it’s particularly important to have the key stakeholders in the meeting, 
as well as the team—it would be a rare project on which you won’t need their help 
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and input during the actual project activities, so involving them in some of the 
initial planning work is a smart move. 

Hand Out the PID 

The real focus of the kickoff meeting is to get everyone aligned on the initiation 
of the project, so why not hand out a copy of the Project Initiation Document to 
every attendee? This will make sure everyone has the same information from 
which to form expectations of what the project will involve, and how it will work. 

Seven Essential Steps 
for a Successful Initiation 
Follow this advice, and you’ll drastically increase your chances of running a suc-
cessful project that makes a real difference! 

1. Pick projects that are important to the organization and to its future. 

2. Make sure that you have appropriate resources for your project—whether those 
include people, equipment, or budget. 

3. Include the people who are affected by, and interested in, your project in the 
project itself—their inputs and opinions matter! 

4. Set up a project board with the necessary members right at the beginning of the 
project, not just when the difficult decisions need to be made. 

5. Create a Project Initiation Document and review it with the project team, board 
members, and key stakeholders. 

6. Get your project started with a kickoff meeting, both to ensure the alignment of 
stakeholder expectations, and get everyone enthusiastic about the project! 

7. Create a communications plan that outlines who needs to be kept informed about 
your project’s progress, and how you’re going to communicate with those people. 
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Summary 
In this chapter, we firstly looked at the discovery phase—how projects are identified 
and prioritized based on the business value they can deliver, and their relative im-
portance to the future of the organization as a whole. We then considered a discovery 
tool and a best practice: project proposals and value creation, respectively. The 
former is a short summary of the project, which can be compared to other project 
proposals in order to evaluate its priority. Value creation is an important task because 
unless you know up-front what business benefits you are trying to deliver, you 
won’t know whether or not the project has been successful when you complete it! 

Next, we looked at all the people involved in the project, ranging from stakeholders 
(essentially anyone who’s affected by the project) to the project board (which makes 
the really big decisions) and the project team (those that actually undertake the 
work). The key tools we discussed included the project organization chart and 
communication plan. 

Finally—and most importantly—we looked at actually getting your project off the 
ground! The key tools we considered were the PID and kickoff meeting. The Project 
Initiation Document (PID) summarizes the what, why, how, who, and when of the 
project, so that you can share and agree on these details with the project’s stakehold-
ers. The kickoff meeting brings everyone involved together to start the project, 
helping the stakeholders feel engaged in the project, and demonstrating the commit-
ment of the project board. 

Make sure that you familiarize yourself with the tools that we’ve been talking 
about. One really good way of coming to terms with these tools is to retrospectively 
create some of the documents for a project you’re currently working on (or one 
that you’ve already completed). A great way to start is by creating a project pro-
posal and a PID. 

Create a PID for an Existing Project 





Chapter3 
Getting The Job Done 
At this point you hopefully understand what your project is and more importantly 
why you’re doing it. So what next? We’re going to look at the next three phases of 
the project life cycle that we discussed in Chapter 1: Planning, Executing, and 
Controlling. These phases form a loop, which we go through repeatedly until the 
project closes. 

Planning 
Planning is arguably the most important phase of your project. Skimp here and 
you’ll suffer later. But if you invest in planning, the entire project will run much 
more smoothly. 

In this section, we’ll first look at why you need to plan. We’ll discuss what aspects 
you should plan, and we’ll see how to go about creating an initial project plan. Fi-
nally, we’ll investigate the different tools and techniques that will help you become 
a master planner! 
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Why Plan? 
If you’ve ever worked on a project for which the project plan seemed to be miles 
long and permanently out of date, you’re probably skeptical about project plans. I 
don’t blame you! It’s perfectly understandable to think planning is a waste of time 
if it never seems to do any good. 

That said, there are a number of good reasons to plan: 

! to understand your project better 

! to work out the best way to approach things 

! to communicate to both your team and the client or customer exactly how the 
project is going to be approached 

! to help you get work done and keep track of progress 

! to provide direction 

Sometimes, planning is just as much about the process as the eventual end result. 
Planning can be useful simply because it allows you to allocate time to really 
thinking about how the project will be achieved. This process will help you under-
stand your project better, as you’ll have outlined the biggest chunks of work, you’ll 
understand what needs to be delivered, and you’ll have noted any key dependencies 
at play in the project (that is, things that have to be completed before other things 
can be started). 

Likewise, a better understanding of what the project will entail can help you 
identify the best approach to tackling it. Are you going to be able to give good estim-
ates because you’ve done similar projects in the past, or is this project a whole new 
world of unknown complexity? 

Plans are often most valuable as a shared understanding of how the project is going 
to be approached. Once you move on from tiny projects for which you and your 
laptop are the only resources required, you’ll realize how valuable plans can be. 
You’ll start to have more people involved—clients or customers, the project team, 
and a project board. These people will be asked to make key decisions, and they’ll 
want to understand the impacts of those decisions. One really powerful way to il-
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lustrate this is to show them how different choices will affect the project plan and 
schedule. 

Without a plan, it becomes very hard to execute and control your project. How do 
you know what to do next, or whether you’re on track? Of course, this doesn’t mean 
that the plan should be full of minute detail—it isn’t a replacement for your personal 
to-do list. Nor should you spend more time updating the percentage complete figures 
on the plan than doing actual work. Striking the right balance is the key to successful 
planning, so we’ll look at it in detail in the coming sections. 

Planning was once explained to me as being similar to driving a long distance. The 
plan you need for a journey doesn’t include every minor course correction, and it 
can’t accommodate your need to overtake a black SUV 39 minutes into the journey. 
Instead, the focus is on providing the direction and identifying the key decision 
points (when to get on the freeway, which way to turn at the traffic lights, and so 
on) that you’ll need to work through to get to your destination. 

What to Plan 
Traditional project planning is focused around tasks—jobs that you need to do, or 
actions you need to take. At first glance, this might seem sensible. A task-based plan 
will literally give you a list of items that you need to do, like a to-do list for the entire 
project. 

The problem with tasks, however, is that they’re hard to measure, and are rarely a 
good indication of progress. If you’ve completed 80% of your tasks, does that mean 
that 80% of the project is complete? How can you measure whether a task is 10% 
complete or 90% complete? This problem is particularly common in knowledge 
work, where the intricacies of developing an algorithm, or designing the right layout, 
can take much more (or occasionally much less) time than expected. 

So, if we’re not planning tasks, what should we plan instead? 

We should plan deliverables—the actual end-products of your project, be they 
tangible (machines, buildings, cash) or intangible (software, a brand identity, and 
so on). 

The difference between a task and a deliverable is that the task is the job you’re 
busy doing (building, designing, creating), while the deliverable is the product you 
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end up with (a wall, a design, a document). For instance, the task might be “lay the 
foundations,” but the end product or deliverable is the foundations themselves. 

With some tasks, it can difficult to identify the associated deliverables, but you 
should always focus on the end product, rather than the task itself. For instance, in 
a software project, the team might spend a lot of time on the task of writing docu-
mentation or detailing designs, but what really matters at the end of the day is the 
documentation or design itself. 

Measuring the percentage of tasks complete (or similar techniques) is an extremely 
dangerous practice. The biggest problem is that it’s a very subjective meas-
ure—you’re usually relying on individuals to define whether they’re 10% complete 
or 90% complete. 

Why is this a problem? 

People are overoptimistic. 
How often have you thought something would take half the amount time that 
it actually took? 

People lie. 
They know when you want the job done and will reassure you that it’ll be 

’t actually started (often this comes after the 
overoptimism mentioned above). 

Even if a task seems to be half-done after two days, if you’ve allocated six 
days to it, there’s a good chance that it will take six days to achieve. 

As a general rule, measures that involve just two possibilities (that is, is it finished, 
or is it not finished?) are much more effective and accurate. This is another com-
pelling reason to focus on deliverables rather than tasks—
complete or incomplete. 

The Perils of Percent Complete 

ready, even if they haven

Work expands to fill the available time. 

deliverables are either 

How to Plan 
Planning a project for the first time is a six-step process: 

1. Break down the project into pieces small enough to work with. 
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2. Identify dependencies. 

3. Estimate how long each piece will take. 

4. Add some contingency. 

5. Consider the risks. 

6. Represent the plan in a format that the team, board, and stakeholders will under-
stand and follow. 

Let’s look at this process in detail. 

Breaking Down the Deliverables 
The first task you need to work out is how you’re going to break the single end-goal 
of your project into individual deliverables that are small enough to be both 
achievable and measurable. Striking the right balance here is crucial: deliverables 
that are too large can be paralyzing (they’re so big you don’t even know where to 
start!), but if you focus too much on the detail, you’ll be micro-managing the project. 

Let’s look at an example. Suppose we’re developing a web site for a local cake 
shop—one that’s never had any kind of online presence before. Although the business 
has sound reasons for approaching the project (the owners believe a web site will 
give them a broader reach and will thereby increase sales), they’re a little hazy on 
exactly what it is they want. This is where you come in. You’ve had some discussions 
with the owner and the staff, trying to get a basic list of requirements together and 
to generate some ideas. Now you’re at the point of trying to pull together what you 
think should be built into a project plan. 
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An initial attempt to break down the project into realizable deliverables gave us the 
list shown in Figure 3.1. 

Figure 3.1. Initial deliverables breakdown 

For this example, we’re assuming that you’ve already agreed whether you are 
building the site from scratch or whether a particular set of technologies will be 
used—if not, then investigating, recommending, and agreeing on the technology 
choices would need to be added to the plan as well. 

The chunks of work listed in Figure 3.1 represent the main deliverables, and have 
been broken down further when they seemed too big. At this initial stage, we’re not 
trying to get into a great deal of detail—we’re just aiming to break everything down 
into chunks that will take less than a week to complete each. In other words, the 
lowest level of detail for tasks in a given project should constitute no more than 
five days’ work. 
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Identifying Dependencies 
The next step is to identify the dependencies—which deliverables depend on other 
deliverables. For instance, if the Get a Quote form was going to send an email direct 
to the head baker, the relevant email addresses would need to be set up first. 

It’s important, however, to focus on the true dependencies. Since many of us start 
out doing projects in which we simultaneously project manage and do all the work, 
it’s easy to get into the mentality of believing that all work has to happen sequen-
tially. When you’re on your own, you’re typically only able to work on one item at 
a time, so you work on one task after the other. This is what in project management-
speak is known as a resource dependency: the only reason why the two deliverables 
can’t be worked on in parallel is because you have a limited number of people (or 
resources) available to do the work. 

You may well end up putting some tasks in sequence because of resource restrictions, 
but leave that until later. For now, try to focus on the work that by its nature demands 
to be done in sequence. You may find that there aren’t many tasks that are truly 
dependent on each other. This is quite typical in knowledge work, whereas tradi-
tional project management areas, such as construction, are awash with dependen-
cies—foundations need to be dug, and concrete poured and set, before a structure 
can be built, for example. 

Dependency identification can help you recognize holes in your initial breakdown 
of deliverables. It’s only when we look at the dependencies for each section that 
we realize that we haven’t actually got the site design in the plan! All the sections 
of the web site that we’re planning to build depend on some agreement on an 
overall design, but at the moment, this is implicit in the plan. We need to flag that 
this needs to be done, and the overall design scheme must be agreed on, before any 
of the individual deliverables can be completed. 

Identifying dependencies can be as simple as drawing some arrows on your list of 
deliverables to indicate which items precede others. If your list of deliverables starts 
to look more like a piece of abstract modern art than a plan at this point, you might 
want to consider moving it over into a flowchart, as I’ve done in Figure 3.2. 
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Figure 3.2. A simple dependency flowchart for our plan 

Estimating Time 
Estimating the time a project will take is probably the most maligned (and most 
frequently overlooked) part of the planning process. When they’re pressed for time, 
many project managers make the mistake of creating estimates themselves by 
plucking numbers out of the air seemingly at random (or so it feels to the team when 
they’re presented with the time frames in which they must achieve everything!). 

The point of estimating is to predict how long the production of the various deliv-
erables will take, so that you can build an initial project schedule. Although 
schedules are often mistaken for project plans, in fact a schedule is just one part of 
a project plan. We’ll discuss this more a little later, when we talk about representing 
your plan. 

The key rule to remember when estimating time is this: 
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The person who will actually undertake a given piece of work should create the 
estimates. 

It’s as simple as that. 

If you’re trying to estimate for work that will be performed by more than one person, 
that subteam needs to agree on an estimate together. Ideally, you’ll already have 
involved your team in the breaking down of the work into logical chunks and in 
working out the dependencies, but even if you’ve gone it alone on those parts of 
the process, it’s absolutely essential to involve them in the estimating process. 

Why is this so important? Because estimates need to be realistic. More than that, 
estimates need to be realistic for the people who’ll work with them. How would 
you feel if someone came along and told you that the work you’re going to do is 
going to take you one week? If your project manager is lucky, then he’s magically 
guessed an achievable estimate. If he’s as unlucky as you feel right now, he’s got it 
totally wrong. The end result? You’re unhappy because you’re having unrealistic 
deadlines forced on you, and he’s going to be unhappy because you’re never going 
to get that work delivered in a week. 

Okay, so you’ve got the point that the right people need to be involved in this task. 
But how does this estimating process actually work? 

If you’re extraordinarily lucky, you’ll be part of an experienced team that’s working 
on a project that’s very similar to all the other projects the team members have ever 
done. It’s like being blessed with a great builder: they can predict fairly accurately 
how long it’ll take for them to build a wall, or lay flooring in your kitchen, because 
they’ve done it umpteen times before. If you’re in this situation, then thank your 
lucky stars and listen carefully to the estimates your team members are giving you. 

More likely, at least some aspects of the project will be new. Perhaps some of the 
folks in your team have never worked on this kind of project before; perhaps a new 
technology or approach is being employed. Whatever the specifics, there’s likely 
to be some element that casts uncertainty into the ring. In such cases, you want to 
look at two aspects. The first is to consider breaking down the deliverables fur-
ther—by looking at smaller parts of the job, the person creating the estimation may 
be able to be more accurate, or to draw more parallels to past experience. The second 
is to make use of some averaging techniques. 
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A few averaging techniques are available, and you can choose the one you prefer. 
The options vary in complexity, but two of the simpler equations are: 

! (Most optimistic + least optimistic) ÷ 2 

This really is just the average of your longest and shortest estimates. 

! [Most optimistic + (4 x most likely) + least optimistic] ÷ 6 

The point of this method is to give extra weight to the most likely estimate. 

Probably a more important task, once you’ve obtained your estimates, is to work 
out how you feel about them. Your own feelings about the reliability of your estim-
ates will determine how you communicate them. 

One common—and serious—problem with estimating is that people involved in 
the project often mistake estimates for something else entirely. Some mistake them 
for guesses that have no credibility. These people are likely to steamroll over your 
project plan because they believe that all the estimates have just been pulled out of 
thin air. Others mistake estimates for targets or deadlines—they will then hold you 
to those initial estimates, lambasting you if you don’t “meet your targets.” 

Both of these misconceptions are dangerous because they force you and your team 
to react defensively. If people outside the project team see your estimates as guess-
timates, the team will start to do this as well—after all, why should they put proper 
effort into the estimating task if that effort isn’t rewarded? Equally, if estimates are 
seen as targets, the smart thing for individuals to do is to give themselves more time 
than they really need, so that they can guarantee to meet these targets. 

In fact, it’s very difficult to create accurate estimates for work that will be performed 
more than six to eight weeks from now. When you’re working on a particular phase 
of the project, you can plan that phase with reasonable accuracy, getting right down 
into the detail of what needs to be achieved. But the phase that starts three months 
from now? Forget it. It’s either so far away you don’t have an opinion, or it has that 
rosy tint that smacks of overoptimism. 

Instead of planning the entire project in one fell swoop, you should use a rolling 
wave approach that gives very rough, broad-based estimates for any deliverable 
that’s too far out to estimate (typically more than eight weeks away), and only putting 
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the effort in to breaking down the detail, and estimating properly, the work that’s 
coming in the immediate future. 

By communicating that this is the approach you’ll use, you’ll also help to combat 
the two side effects listed above—you can openly admit that the estimates for the 
second and third phases of the project are rough as sandpaper, but defend the accur-
acy of the estimates for the work coming in the next few weeks. This way, your 
team members can be confident that they’re investing time and energy in making 
estimates that’ll be protected, and those who want to steamroll your project schedule 
will be forced to restrict their activities to the later phases of the project. And by 
the time you get to those later phases in the project, you’ll have data to defend the 
accuracy of your estimates for the first phase, and to knock back any criticism of 
your methods. 

Estimating Conventions 

A method for estimating that’
shirt sizes (XXL, XL, L, M, S, XS) to designate the rough size of a deliverable or 
task. Then, as the rolling wave approaches, proper estimates should be represented 
in hours. The difference in measurement highlights the firmness of the estim-
ate—any deliverable marked as L is obviously less accurate than the estimate—
17 hours—for a specific deliverable. 

s championed by Kevin Lawver is initially to use t-

say, 

Adding Contingency 
In theory, now that you’ve finished estimating, you should have a fairly good idea 
of how long it’s going to take to deliver the project. You also have more detail about 
when the project’s initial deliverables will be produced. Now it’s time to add con-
tingency. 

Contingency is extra time that’s allowed in the schedule to cover unexpected events, 
such as a milestone that takes longer to achieve than you planned, a problem that’s 
harder to solve than you realized, or local transport links being severed due to a 
collapsed mine shaft, which puts the entire team back a day—or longer. 1 

1 This might sound silly, but it actually happened at my office recently. The city I live in is connected 
by a tram network. A forgotten mineshaft collapsing directly underneath one of the main lines meant 
that everyone who relied on public transport to get to work (a significant percentage of the workforce!) 
had their commuting time doubled for a few weeks whilst the city worked to restore the tram services. 
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As well as catering to the unexpected, contingency is a good way to factor in expected 
events that’ll have an impact on the schedule. These events include task switching, 
other work, and personal commitments. 

When you’re breaking deliverables into milestones, and estimating how long it will 
take to deliver them, it’s normal to assume that everyone’s working a full week. 
When someone asks us how long something will take, we naturally assume that 
they mean “if you were focusing on this and this alone, how long would it take?” 
The reality, though, is that we’re seldom focused on just one thing. 

Most people are working on more than one item at a time. Some efficiency is 
therefore lost due to task switching—the time it takes to shift from one job to another. 
As well as task switching, you’ll need to take into account all the day-to-day tasks 
that need taking care of (checking email, answering the phone, and so on), regular 
events (like departmental meetings, training courses, fire drills), and other events 
that, though they’re less regular, still aren’t really helping your project to move 
forward (organizing the office party, taking time off for a dentist’s appointment, and 
so on). 

We also need to think about public holidays, long weekends, illness, the likelihood 
that team members might be on holiday (which you can keep track of reasonably 
easily) and that people outside of the team, but on whom you depend, might be 
away on holiday or on training. The week-long absence of the key infrastructure 
team member who you need to set up your database links can really throw you off 
schedule. 

So, how do we go about adding contingency to the schedule? 

The traditional method has always been to estimate tasks, factor in dependencies, 
and identify where you have inherent contingency. Inherent contingency arises 
when you have one task that relies on another, and unavoidable time in between 
the two. So, if Task A is estimated to start on day 10 and to last for three days (until 
day 13), but Task B cannot start until day 16, in effect, you can take six days to 
complete Task A before it will start to affect the project. In addition to these cases 
of inherent contingency, you'll probably also deliberately add contingency to risky 
tasks. This could either be achieved by increasing the estimates for those tasks, or 
by specifically adding extra contingency into your schedule. Some practitioners 



65Getting The Job Done 

suggest automatically adding 40% to any estimate to combat overoptimistic tenden-
cies and to allow time for things to go wrong. 

As I explained earlier, however, planning tasks (and then measuring the percentage 
complete) is a dangerous approach. Instead, we intend to plan deliverables and 
milestones, focusing on what we’re actually trying to achieve, rather than on the 
actions we’ll take to do so. The net effect is that at any given point you can ask “is 
this deliverable finished?” and there are only two possible answers: yes or no. 
Given this approach, how do we go about handling contingency? 

Like estimates, contingency is another concept that’s often misunderstood by 
project stakeholders. They want predictability—to know that there’s a plan and 

of our projects being used to very different styles of work than we are. People who 
typically work on projects understand that since they’re one-off efforts, the time 

tomers are the people in charge of day-to-day operations—they’re used to work 
that’s always the same, is completed over and over again, and therefore, is much 

For this reason, it’
Depending on the organizational environment in which you find yourself, you 
might not want to communicate about the existence of contingency at all. I’ve 
known plenty of project managers who, realizing that any contingency that the 
project board saw on the project plan was likely to be forcibly removed (“
don’t really need all this free time do you?”), chose instead to swallow up all the 
contingency in the milestones, separately briefing the team on the real estimates 
and contingency available. Depending on the organization you’re working for or 
with, having your plans rewritten by senior management may be a serious risk. 

Maintaining separate plans for management and the project team is just the sort 
of project management overhead you don’t need. Instead, consider what other 
name you could give to the contingency to make it seem less like free time to your 
stakeholders, and more like an essential part of the plan. For instance, if you were 
working on a software development project, it would be perfectly reasonable to 
have a bug-fixing stage built in to every phase of the project. 

Communicating Contingency to Stakeholders 

that it will be followed exactly. Often, this need is exacerbated by the customers 

needed to complete a specific milestone can vary. By contrast, many of our cus-

more predictable in terms of time, cost, quality, and scope. 

s also important to think about how to communicate contingency. 

You 
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We could choose to add contingency to every milestone and deliverable, giving an 
extra day here and there to every small achievement on our list. In my experience, 
however, this kind of contingency gets used up on almost every project—as I men-
tioned above, people tend to work to deliver a piece of work when it’s due, allowing 
the work to expand to fill the available time, rather than trying to meet the original 
deadline and preserve the contingency. Really, this is just human nature, so alloc-
ating contingency at this level of detail encourages contingency to be used up when 
it isn’t really needed. 

Instead of adding contingency at this detailed level, then, it’s best to add it at a 
much higher level. Rather than adding a day here, and two days there, add a week 
of contingency for the entire first release that you’re planning. How much contin-
gency will you add? The way to answer this question is to imagine that everything 
possible goes wrong over that phase of the project—how much time would you like 
to have up your sleeve to recover? How much time would mean the difference 
between the project’s failure and its success? 

Considering the Risks 
Risk management is considered as part of the planning process because panic rarely 
results in the best approach for dealing with an issue. Risks are no more than ele-
ments that might go wrong in your project—they could be internal (“We’re using 
the latest version of SharePoint server and the learning curve might mean it take 
longer than expected.”) or external to your project (“Everyone keeps talking about 
cost savings and restructuring—does that mean I’m going to lose half my team mid-
project?”). 

The process for creating a Risk Management Plan is as follows: 

1. Identify potential risks. 
2. Rate them by likelihood and severity. 
3. Choose which risks to plan for. 
4. Make plans for dealing with those risks. 

The process you use to complete the initial identification step is entirely up to you. 
Brainstorming with the team, considering issues that have cropped up in previous 
projects, or even using the “common risks” checklists that exist for your particular 
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industry, are all valid approaches. The main thing is to write down every risk you 
can think of—there’s no need to filter the options at this initial stage. 

You then need to rate each risk, first on the likelihood of its occurrence (how likely 
is it to actually happen?) and then on its severity (how bad is it if this does happen?). 
Simplicity is king here—use a five-point scale, or even just a high-medium-low se-
lection, to rate the risks on your list. 

As an example, let’s think back to the cake shop web site building project that we 
considered earlier. Here are a couple of example risks that we might face on that 
project shown in Table 3.1: 

1. Insufficient photos and content are available for the site. 

2. The customer is very busy and doesn’t find time to participate in design reviews. 

Table 3.1. Risk Rating 

SeverityLikelihoodRisk 

1243Insufficient photos and content 

933Client doesn’

Overall 

t participate in design reviews 

The first risk is pretty severe—you won’t be able to deliver the project deliverables 
without pictures and content. I’d score it as a risk of rating four. The likelihood as-
sessment is more subjective. In this case, we’ve gathered from our discussions with 
the clients that they’re really quite new to the online world, so this risk is not un-
likely. We score it a three. To get the total risk figure, we multiply the two numbers 
together to get 12. 

The second risk is less severe—you can probably deliver the site even without full 
involvement from the customer, but it might not be to your usual standard of quality. 
I’d rank this risk a three. The customer also seems fairly committed to the project, 
so we can rank the likelihood of this risk occurring as a three as well. The total risk 
figure, therefore, is nine. 

The aim of rating the risks is to allow you to decide which ones you’re going to plan 
for. There’s no hard-and-fast rule for this—the risks you choose to plan for will de-
pend on your own—and the organization’s—attitude to risk. Typically, though, you 
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wouldn’t plan for risks that are extremely unlikely to occur, unless they were likely 
to be catastrophically severe. Equally, there may be some risks that are much bigger 
than the project itself, and for which you probably don’t need to plan—for example, 
the risk of a complete evacuation of the city you work in because of a terrorist threat. 
On the other hand, if you’re working for the Defense Department, that might well 
be a scenario you need to plan for! 

Let’s assume for the moment that you’re going to plan for any risks that you rated 
as extremely likely to occur and for the more severe risks that were less likely to 
occur. In this case, this approach translates to risks with a rating of approximately 
ten or more. Now you need to come up with plans for what you’ll do if any of these 
risks become realities. 

The ideal here is that you decide on a course of action—a response to each 
risk—ahead of time. These plans to offset the impacts of the issues are called mitig-
ation plans. The key advantages of mitigation plans are that they allow for much 
higher quality project planning, and they allow you to make the preparations neces-
sary to overcome the issues when they arise. 

As an example, let’s think back to the first risk example we discussed above, where 
we didn’t have enough content and pictures to complete the site. The mitigation 
plan for this risk could include convincing the customer to hire a marketing person 
to provide the content, or to have a member of our own team taking on the task 
(with an associated project cost, of course, as this task was not included in the initial 
plan). We might even choose to highlight the risk to the customers early, so they, 
too, can set aside enough time to complete some preparation in advance, and address 
the issue successfully if it arises. 

The “Do Nothing”

It’s perfectly acceptable to decide that no mitigation is required for a given risk. 
—and simply accept the consequences—if the risk 
’s still important to consider each risk and decide 

what to do about it ahead of time. This approach will save time and stress later 
if the risks rear their ugly little heads. 

 Mitigation Strategy 

You can choose to do nothing
becomes reality. Regardless, it
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Representing the Plan 
With all the work we’ve done so far, you’ll be pleased to hear that the time has come 
to represent your project plan. In the next section, we’ll look at specific tools and 
formats you can use to create your plan, but right now, we’re going to explore the 
elements your project plan needs to contain, and how you should represent and 
communicate it to the people involved in your project. 

First of all, let’s just reiterate that the schedule is not the plan. The schedule repres-
ents a group of timings that you’re going to try to hit. The total project plan comprises 
literally everything you have done in the project’s Planning phase. 

The key aspects that your project plan should cover are: 

deliverables and milestones 
the items you’re actually going to deliver, broken down into logical, manageable 
chunks 

schedule 
the goals that will be achieved on given timings, based on the estimates you’ve 
compiled 

assumptions and constraints 
the circumstances or factors you’ve assumed to be true, and that you’ve identified 
as limitations, combined to explicitly state the framework or context you’re 
operating within 

risk management plan 
the risks you’ve anticipated, and the steps you’ll take to mitigate them if they 
materialize 

Don’t forget all the work you’ve already done on the Project Initiation Document 
(discussed in Chapter 2). Depending on the project, it may well be sensible to reit-
erate the reasons why you’re undertaking the project, as well as the objective, the 
high-level deliverables, and the success criteria. 

At the very least, you should make sure that you personally refer to that Initiation 
Document frequently, to make sure you’re staying true to the reasons why the project 
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was begun. It’s very easy to get caught up in making the project happen while 
moving further and further away from actually delivering the promised value. 

Detailing the project’s assumptions and constraints is important because it provides 
context for the work. Whenever you work with someone else, you both bring loads 
of background understanding, past experience, and associated assumptions to the 
job. The point of flagging the assumptions and constraints is to nail down the 
project’s context. 

As an example, in the web site design project, perhaps the customer has presumed 
that you’ll not only provide the technical underpinning for the web site, but also 

past that clients want to retain complete control of any text or imagery on the web 
sites that you build for them. 

Putting this assumption down in writing right at the beginning of the project 
should hopefully cause it to become a topic for discussion, so that the plan (and 
budget estimates) can be adjusted if this service is needed. By the same token, 
even if this assumption isn’t discussed, and this particular point becomes an issue 

’s being executed, you’ll have documentation outlining the 

than a confused idea that “something’s gone wrong.” This will make tackling the 

An example of a common constraint on technical projects might be that the project 
team has to operate within the existing technical infrastructure. Hence, designing 

’s systems are all 
Linux based would be purposeless. 

successful projects in the world started as scribbles on the back of an envelope, 
a cigarette pack—even an airsick bag! 

There’s nothing wrong with this, so long as you make it obvious—and keep in 
mind—that these plans are rough. Problems usually arise when you take a back-
of-an-envelope plan and try to make it look professional. 

Assumptions and Constraints 

the content, pictures, and branding. You, on the other hand, have found in the 

later, when the project
assumptions and constraints you were operating under, rather than little more 

problem head-on with the people involved much easier, and more effective. 

a system that would only work on Windows when the client

Beware Back-of-an-envelope Plans! 

Naturally, your first attempts at planning may well be rough. Some of the most 
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Perhaps you’re just trying to get the plan into an electronic format. So you fire up 
some project management software (yes, you’re probably thinking of the same 
product I am) and start inputting your scribbles. Then, the software demands more 
and more information from you: start dates, durations, end dates, dependencies. 
Your rough plan didn’t have this detail … but all you really want is to be able to 
show the plan, right? What’s the harm in just filling in your best guess so you can 
do so? 

Next, your boss calls. She’s interested in seeing what the project schedule looks 
like, so you show her the Gantt chart that the software has produced for you. She’s 
pleased and prints a copy to show her boss. 

In your next project review or board meeting, you realize that something terrible 
has happened: because the plan looked good, everyone has assumed that it is both 
complete and accurate. People are now holding you to the project plan that was 
written on the back of an envelope simply because it looks like it was properly 
estimated, the dependencies were worked out, and the contingency was carefully 
added. 

The moral of the story? If your plan is rough, make it look rough. I’m not advocating 
that you photocopy the envelope and hand it round (although that might not be 
a bad idea!), but that you should consider the impact of the format you choose to 
present your plan. People almost always assume that a plan that looks professional 
is also accurate. You may be better off presenting a plan that looks less snazzy, 
but won’t be mistaken for a finished product. 

Tools and Best Practices 
Now that we’ve got a grip on the steps involved in the Planning phase, let’s look at 
a number of different tools and best practices that’ll help you as you’re planning 
the project. These tools can be used as required during the project—and they all 
work well together, so feel free to use whichever tools you prefer whenever you 
need them! 

The Work Breakdown Structure 
A Work Breakdown Structure (WBS) is a representation of the scope of the project. 
It comprises a tree structure that hierarchically represents the project and its com-
ponent deliverables. A WBS for your project should show 100% of the scope and 
the deliverables—literally everything that has to be delivered for your project. 
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To construct a WBS, start with the overall project and break it into component de-
liverables. Then, break each deliverable into its component parts. You should keep 
breaking the parts down into smaller levels of detail until the pieces are both 
achievable and manageable. My personal rule of thumb for this task is that the 
smallest nodes should comprise deliverables that won’t take longer than two or 
three days to achieve. Equally, you don’t want to plan milestones that take mere 
hours to complete, since such will err into the realm of personal productivity (your 
own to-do list), rather than constituting true project planning. 

A WBS can be represented in a number of ways—I’ve seen them created in everything 
from Powerpoint and Visio to Omnigraffle. Choose software that you’re comfortable 
with, and that allows you to draw boxes and arrows quickly, or offers inherent tools 
for creating hierarchical diagrams. 

Once you’ve become used to drawing WBS diagrams, you may find that you can 
just as easily plot them on paper and turn them into lists of deliverables in normal 
text. I’d strongly recommend you at least always start with a hierarchy, though, or 
else you can too easily find yourself creating lists of tasks rather than hierarchies 
of deliverables. Figure 3.3 shows a WBS. 

Figure 3.3. An example WBS 
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The Gantt Chart 
A Gantt chart is the diagram most people think of when they think of the words 
“project plan.” In fact, it’s just a way of representing the project schedule in a par-
ticular type of bar chart. 

Traditionally, it lists the tasks involved in the project on the left-hand side, with 
bars representing each tasks’s duration overlaid on a calendar to the right. As we 
have already discussed, it’s better to plan deliverables than tasks, but we can still 
use the Gantt chart to identify which deliverables will be worked on when. 

I’ve created an example Gantt chart for our cake shop web site example, which you 
can see in Figure 3.4. Here, you can see that I’ve indicated only the true dependen-
cies. The plan does look a little unrealistic, however, since many of the tasks that 
are currently shown to be taking place in parallel are actually going to be worked 
on sequentially by our team members. If I were going to use this chart to communic-
ate the schedule for the project, I’d probably make an assumption that stages could 
not be worked on concurrently, and I’d make the stages dependent on each other. 

Figure 3.4. An example Gantt chart before resources are allocated 

Traditional project management techniques would have you assign each deliverable 
to the team members who’ll be working on it, then perform what’s called resource 
leveling. This is the process by which you identify that some people in your team 
have a daily workload of 200%, whereas others are operating at 20% of capacity. 
The idea is that, once you’ve identified these discrepancies, you can reallocate tasks 
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to those who are underutilized, taking some of the pressure off those who are 
overutilized. 

The reality with modern knowledge work, however, is that specific skills are usually 
required for particular tasks. Reallocating coding work to your design specialist 
isn’t very likely to speed up the project (it might even cause a revolt!). But perhaps 
more realistically, bringing someone into the team for two weeks when there’s in-
tensive coding to be done may also slow the project down rather than speed it up.2 

If you’re in a position to reallocate work to any individual in your team, resource 
leveling might be a useful approach for you. Alternatively, the best approach might 
be to set up the project so the team members disseminate the work among themselves. 
Indeed, this is one of the key tenets of some agile development processes, such as 
Scrum,3 and often leads to team members feeling much more ownership for the 
work they do. 

My preferred approach to resource allocation and leveling is to manage these 
functions on a short-term, rolling basis within the team. Team members can often 
figure out much smarter ways of helping each other than you can predict weeks 
ahead of time on your own. We’ll talk more about this concept later in the chapter, 
when we consider the Executing phase of the project loop. 

Obviously, if the initial plan proves that you need an extra programmer, designer, 
or CSS guru, then you probably want to think about expanding your team. However, 
that need will probably be obvious from the initial schedule you prepare, so you 
needn’t go the resource leveling route. 

Plan Reviews 
More a technique than a tool, plan reviews help you to keep your plan alive. A plan 
review is a short meeting (of not more than 30 minutes) in which you review the 
project plan with a group of people. I recommend that you conduct separate plan 
reviews for different groups of people. For example, your project team will have 
different interests from the project’s key stakeholders, and from the project board. 

2 This particular subject has already been covered eloquently and thoroughly by Fred Brooks in The 
Mythical Man Month (Addison Wesley, 1975). If you’re working in the computing or Web industry, and 
have never read this book, it’s definitely worth the time. 
3 http://en.wikipedia.org/wiki/Scrum_(development) 



75Getting The Job Done 

A plan review consists of taking people through the plan at a high level, and only 
going into the detail that’s relevant to them. Your key stakeholders, for instance, 
may predominantly be interested to know when you will want their involvement. 
The project board is going to be more interested in when the key decisions will 
need to be made. 

Without plan reviews, confusion may arise about what the team’s working on, and 
how the project’s progressing. Take advantage of these meetings as opportunities 
to clear up any confusion and to deal with misunderstandings head-on. 

Dealing with Set Deadlines 
Ideally, you’ll work out how long a project’s going to take, having gathered estimates, 
added contingency, and considered the risks, then defined the schedule and derived 
the estimated project deadline. The sad reality is that often, projects don’t work out 
this way. 

We’ve all been in a situation where we’re given a project after senior management 
has announced that it will be delivered by June 1st. After all, it’s the “Next Big 
Thing,” and it’s essential for the company’s success. And they’re showing stunning 
leadership by letting everyone know that they’re not only going after this goal, but 
that they’re doing so aggressively. 

Does this sound familiar? As a project manager, you’re very likely to have to deal 
with this kind of situation. You’ll find yourself in the midst of a project for which 
no planning has been done, but a final deadline has already been set. Not only that, 
but the assumption is that you can deliver the moon on a stick and the sun in a 
paper bag by that deadline. 

So what do you do? First, work out how much trouble you’re in. Break down the 
deliverables, gather the estimates, and decide how much contingency you’d have 
liked to have. You work out that the realistic deadline for the Next Big Thing project 
is actually December 1st. 

But now what? How can you convince management that you need an extra six 
months in the project plan? 
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If you’re in a wonderful, supportive work environment, you may choose to tackle 
this issue head-on. Go and explain that the deadline is unachievable, that you simply 
can’t make it. I predict one of two things will happen: 

1. Management will replace you with someone who claims they can deliver the 
project on time. 

2. Management will decide this is a cunning tactical ploy to get more budget or re-
sources, and will start throwing more cash and people at you. 

The good news is that the guy setting the unrealistic deadline probably doesn’t 
understand the detail of the project. If he did, he wouldn’t be setting unrealistic 
deadlines, right? Right. 

So why is this good news? Because all you have to do to go from being depressed 
because you’re chairman of a train-crash-in-waiting, to being the superhero project 
manager is to remember the balance quadrant. 

After all, you understand that you can’t do everything with nothing. You’re already 
working under a time constraint, but the other three factors (quality, cost, and scope) 
are yours to play with. Work out what you can achieve by June 1st, and what you 
need to get there. Then ask for it. Well, if you’re smart, you’ll probably ask for a 
little bit more, and management will negotiate down to what you actually need. 

One way of making the impossibility of the set deadline really come alive for folks 
who just don’t understand is to write the project deadline at the far right of a 
whiteboard, and work backwards, detailing the high-level tasks that need to be 
achieved. It will soon become apparent that everything can’t be squeezed into the 
available time, and then you can have a reasonable discussion about what can be 
done. 

The most important point is to take the emotion out of the discussion. Get everyone 

the emotional reaction of a boss who’s being told she can’t have what she wants, 
and a team that’s being asked to achieve the impossible. 

Illustrating the Crunch 

to calm down and face reality, making it about what needs to be done, rather than 
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People who throw unrealistic deadlines around often don’t really understand the 
implications of what they’re asking for. You could try to educate them, or you could 
just come up with a better plan. Define what’s doable in the time frame, get the re-
sources you need, and then build it. By the time you’ve delivered the basic function-
ality that is possible, your customers might have realized that they don’t really need 
all the bells and whistles they were asking for in the first place. 

Executing 
The Executing phase of the project life cycle is all about doing the work—creating 
the product. It’s where many new project managers feel most comfortable, since 
they’ve come from being part of the project team. Nevertheless, there are still some 
key issues you’ll need to look at from a project management perspective. 

Let Your Team Have Ownership 
For me, there’s really just one rule for the Executing phase of the project: 

Each and every deliverable needs to have an owner. 

Each and every deliverable or milestone, each page that needs to be built, each 
database that must be configured, each design that must dazzle, needs to be owned 
by one person. That individual is personally responsible and accountable for making 
it happen. 

That’s not to say that each deliverable is only worked on by one person, but that 
there has to be someone in the team who feels committed to getting that design 
created, page written, or feature built. That person will coordinate the work of the 
others involved, escalate issues to the project manager if it looks like things are going 
off-track, and ask for help when it’s needed. 

This approach may seem a bit onerous. You might be worrying that it’s too much 
pressure to put on your team. After all, you’re the project manager—you’re the one 
who’s meant to have the responsibility, right? Think about the times when you’ve 
been happiest at work. Weren’t those times when you had control over the outcome 
of the work you were doing? When someone showed enough trust in you to give 
you ownership for a project, but also enough support to help you do it? Giving 
people responsibility isn’t a burden, it’s freedom. 
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The Link to Personal Productivity 
Twinned with the idea of giving people ownership for deliverables is the concept 
of personal productivity. If you’re giving people the responsibility to get a job done, 
you also need to give them the freedom to do it their own way. 

If you ever find your project plans resembling a to-do list more than a set of deliv-
erables and estimates, stop and take a step back. Planning your project is about 
working out what needs to be delivered, not dictating to your team the minor detail 
of how they should get the job done. 

There are a number of great books and resources about time management, prioritizing, 
and personal productivity. For some pointers, check out Appendix B. In short, let 
your people get their work done their way. 

Tools and Best Practices 
There are a number of tools and best practices that can help us through the Executing 
phase. 

Adding Ownership to Your Existing Plans 
By this point, you already have a plan. The next step is to add ownership to the 
mix. I recommend you do this on a rolling basis—assign ownership to the pieces 
of work that you and your team will be focusing on for the next two or three weeks 
(it can be difficult to make good ownership choices for work to be completed further 
out than this). 

After all, you don’t know whether Alex will have been having a hard time getting 
his head around the database design, or Sandy will have finished the design much 
faster than expected. Keep things as flexible as possible while keeping the project 
going. 

If you have a strong, well-gelled team, you might find it’s best to let the team distrib-
ute work among themselves. This way, people can stretch themselves, knowing that 
the entire team is behind them, and will help out if they come unstuck. However, 
if your team isn’t working well together, or it’s the first time these particular people 
have worked together, letting team members decide how to distribute the work can 
cause extra, and unnecessary, anxiety. 
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Stand-up Meetings 
Stand-up meetings are exactly what the name implies: meetings in which each 
person stands up in front of the other attendees to give a brief update about what 
they’re doing. Depending on the type of work you’re doing, you might want to 
conduct these meetings daily, or slightly less frequently, though it’s unlikely you’ll 
want to do them less often than once every two or three days, because when you 
meet less frequently, it becomes hard to keep the meetings short and sweet. 

As the team members stand up, they give an update on what they’ve achieved, and 
what they’ll be doing next, and they highlight any issues or opportunities they’ve 
faced. 

Making Next Steps Stick 

One effective way of making sure that team members know what they need do 
after the meeting is to leave sticky notes and pens in the center of the table, so 
that team members who have a next step to pursue can just write it down and 
stick it on their screen or to-do list when they get back to their desks. 

Stand-up meetings reinforce another great practice: keeping your team size small. 

ating as a true team. The ideal team size is probably no more than seven or eight. 

This doesn’t mean that you can never work on a project that requires more than 
seven or eight people. It merely means that when your team becomes larger than 
this, you should break into subteams. 

If you ever find your legs getting tired because you’re trying to get updates from 
twenty people in a stand-up meeting, you definitely need to invest in the subteams 
principle! In fact, upon examining your team, you may find that your people have 
already organized themselves into the most effective groupings—all they need 

entire team won’t be tied up in an overly long meeting each time! 

Team Size 

Groups of more than six or seven people have been found to have difficulty oper-

from you is the structural change to start having meetings separately. As the project 
manager, you may end up attending multiple update meetings, but at least the 



80 The Principles of Project Management 

Stand-up meetings are a great way to keep everyone in the team up to date on the 
project’s progress. More importantly, they can be a great way to identify overlaps 
between people’s work, problems that other team members could help with, or the 
fact that someone is too busy (or not busy enough—it does occasionally happen!) 
and that work needs to be redistributed. 

You might want someone to take notes, but the most important issue is to make 
sure that people walk away from the meeting knowing their next steps.4 In other 
words, they leave the meeting knowing the tasks they need to go and do now, 
whether it’s to help Rada out with that CSS bug, or to give Selim some extra testing 
to do as he’s finished coding early. 

Controlling 
The Controlling phase of the project life cycle is all about understanding how you’re 
doing, tracking your progress, and adapting to changing circumstances. 

Are You on Track? 
“Are you on track?” is probably the question you will be asked most as a project 
manager. Everyone wants to know whether the project’s deliverables are going to 
be delivered on time and, if not, what you’re doing about it. 

It’s important, therefore, to be able to answer this question for yourself first! 

We’ve already done most of the hard work in this regard. When we were planning 
the project, we planned deliverables, not tasks. This means that we are able simply 
to track whether something is completed or not, rather than worrying about the 
percentage of each task that’s complete. During execution, we’ve given ownership 
of discrete deliverables to just one person, so that individual is the ultimate authority 
on whether or not we’re on track to deliver that element on time. 

Most importantly, we have broken down our deliverables to a level of detail that’s 
fine enough to ensure that we’re always going to know—to within a day or 
two—whether we’re on track. If a deliverable isn’t on time, we’ll only be off-target 
by a day or two, since that’s the total time allocated to any task. This is much better 

4 Usually, you’re going to be a good choice for note-taker, since the others in the team are likely focused 
on reporting back and problem-solving together. 



Getting The Job Done 81 

than waiting three weeks to realize that we not only are we three weeks late, but 
that it will take another two weeks to actually deliver a piece of work! 

Measuring Deliverables 
Measuring deliverables is a simple matter of asking “is it done?” For this to be ef-
fective, though, we need to make sure that both the project team and the customer 
have the same understanding of what “done” means. 

As an example, let’s go back to our cake shop web site project. One of the key pieces 
of functionality was a slideshow designed to share photos of wedding, birthday, 
and other custom cakes with customers who might want to order similar cakes for 
themselves. 

Tony, a developer in your team, has taken ownership for the creation of the 
slideshow functionality. This functionality was broken into three key deliverables: 

! displaying a single photo 

! transitioning from one photo to the next 

! adjusting the settings (faster, slower, category selection) 

You’ve checked in with Tony, and all seems to be going well. He’s demonstrated 
the different functions, asking for advice on a few points, and getting help from 
yourself and Matteo, the interaction designer. 

The problem comes at the stand-up meeting the day after Tony finished work on 
the slideshow. He reports at the stand-up meeting that he’s intending to spend the 
day “working the kinks out of the system.” You’re surprised—after all, you’d seen 
the functionality demonstrated. 

You ask Tony what’s up. He explains that the slideshow does work, it’s just he 
hadn’t actually been building any tests as he coded, so yesterday afternoon when 
he started playing around with the finished slideshow, he found a bunch of errors. 

The issue here is that Tony thought “done” meant “it’s been coded,” but you thought 
it meant “coded, tested, and ready to go.” Since you had this difference in your 
minds from the very beginning of the development, it’s affected everything—the 
estimates that Tony gave you, the way he approached the task, and the questions 
you were asking to judge whether things were on track or not. 
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Neither definition is right or wrong, but there are obvious implications. If we take 
Tony’s definition, there needs to be a load of testing and quality assurance built 
into the project plan at a later stage. If we were using your definition of “done,” 
Tony probably would have given longer estimates in the first place. 

Essentially, it’s important to make sure you’re clear from the outset about what 
you’ll define as “done.” Otherwise, you might encounter some nasty surprises as 
you work through your project. 

Measuring Everything Else 
Measuring deliverables is the step that probably gives you the most important indic-
ation of how the project’s going—it tells you how much of the scope has been de-
livered. On the other hand, we know that there are three other factors that matter 
just as much: time, cost, and quality. 

Project management practitioners use a system called Earned Value Management 
(EVM) to measure the value delivered (earned value) to date against what was 
planned. If you’re working in an environment where EVM is routinely used, it’s 
worth investing the time to understand the intricacies of this system. 

However, if you’re mainly going to be communicating with people who aren’t already 
familiar with EVM, you may find you spend more time explaining the measures 
you’re using than actually communicating the value delivered to date. 

I find that the following three measures can give a good indication of how the pro-
ject’s going: 

1. scope delivered
Which deliverables have been completed? 

2. the percentage time that’s passed versus time planned 
Given the scope completed, are we early, on time or late according to the original 
plan? 

3. budget used to date
It’s usually smart to compare this value both to the scope delivered (“If we’ve 
already spent half the budget, have we delivered half the scope?”) and time 
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that’s passed (“If we’re halfway through the project timings, how much of the 
budget have we spent?”). 

Exactly how you choose to illustrate your progress is up to you, but you’ll probably 
find that different ways of representing how the project’s going will be useful for 
sending different messages to various stakeholders. For instance, you might take 
your Gantt chart and color all the deliverables that came in on time green, and make 
those that were late red. This color coding will highlight the particular pieces of 
scope that are proving problematic. 

Budget is almost always best represented as a percentage of the overall budget used. 
You may find that you need to spend a lot up-front to guarantee the end results of 
a project—and that’s something the customer should be made aware of at the outset 
of the project. But even the most trusting customer is going to be concerned about 
a project that’s used 50% of its budget and only delivered 10% of the desired 
product. 

Quality, on the other hand, is much more difficult to measure with a generic 
method. Part of your role as the project manager is to define how quality will be 
assured and measured. For instance, in a software engineering project, you might 
focus on what percentage of the code has been tested, or how many of the bugs that 
were found have been fixed; in a construction project, there may be tests to determine 
strength of the structure. In many projects, there’s also an aesthetic dimen-
sion—whether the end product looks and feels as if it’s of high quality. 

Every year an appalling percentage of projects undertaken in both the private and 
public sector go over budget, fail to deliver what was promised, or deliver some-

you can to make your project a success, but also to act as an early-warning system 
if things are going wrong. 

It’s much better for your company or organization if you realize early that a project 
will fail to deliver what’s needed. Whether you notice that the budget is being 
used up much faster than anticipated, or that the scope is overambitious given 

Resisting the Spiral Out of Control 

thing late or subpar. As project manager, your role is not only to do everything 

the time allocated, you need to flag the issue immediately, and deal with it. The 
worst situation a project can be in is the throwing-good-money-after-bad 
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point—when the organization is continuing to invest even though the costs far 
outweigh the initially conceived benefits, simply because too much has already 
been spent for the project to be canceled outright. 

I’m a firm believer that the mark of a great project manager is knowing when to 
press ahead to make the project happen, and when to hold up your hands and 
say, “The best thing we can do is stop.” 

Risks, Issues, and Bugs 
If you’re not on track, it probably means that one of your risks has materialized. 
Risks are risks when they are still just potential problems that haven’t arisen yet. 
Once a risk is realized, project management-speak deems it to be an issue. 

Issues exist at the project level. If you’re from a technical or production background, 
it can be very easy to confuse issues with bugs or defects, but issues are different 
from bugs. Bugs are technical errors—a system failing to behave in the way you in-
tended. Defects are product errors—an aspect that fails to meet quality standards. 
Issues are risks that have come to life; they’re problems that mean you can’t carry 
on with the project as planned. This doesn’t necessarily mean that you have to stop 
the project completely; it may just be that you need to adapt your direction or your 
methods a little. 

Luckily, you’ve already planned for those risks that you felt deserved consideration. 
If any of these have become issues, the great news is that you have a ready-made 
plan for dealing with them. You may also have encountered other issues—either 
risks that you didn’t identify, or risks that you identified but chose not to create 
mitigation plans for. 

You’ll be able to deal with most issues within the project team, and occasionally 
with help or input from a key stakeholder who has the right expertise or perspective. 
Sometimes, though, you’ll have an issue that’s so severe that it needs to be taken 
to the project board for a decision. Typically, such problems arise when the issue 
has such serious cost, quality, scope, or time implications that the sponsor of the 
project needs to be consulted. 

For instance, imagine that you encounter a risk that means there’s a 50-50 chance 
that the project might overrun its estimated time frame by six months. The estimated 
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cost of this late delivery would be $200,000—that’s the cost of the extra resources 
needed in those six months, as well as the lost opportunity (if the project had been 
released on time, there would have been additional sales, lower running costs, and 
so on). You could eliminate the risk by spending $100,000 now. How do you make 
this decision? 

The reality is that the implications of this business decision are such that you must 
involve your project board. Your role is to make sure the board members understand 
the situation, the risks, and the associated costs. If your project board members and 
sponsor have been picked carefully, they will be at the right level in the organization 
to make the decision about whether to spend the $100,000 up-front, or to wait it 
out and risk the delay with its associated cost implications. 

My personal litmus test for whether the project board needs to be consulted is to 
imagine that the worst case scenario arises. If it did, and I reported the situation 
in my regular status updates, would the board be accepting or outraged? 

The answer depends on the context of your project. The example of the potential 
$200,000 delay cost versus the up-front investment of an additional $100,000 
seems significant enough to warrant board involvement, but on a $10 million 
project, this sum may be small enough to lose down the back of the proverbial 
sofa without anyone realizing. 

Imagine the board members hear about the situation after the fact—if they would 
be upset about not being involved, take the decision to them. 

Knowing When to Consult the Board 

Verification Versus Validation 
Throughout the Executing and Controlling processes, you’ll constantly be verifying 
the fact that you’re creating the deliverables that you planned to create. Verification 
is simply the process of checking that you’ve built what you intended. 

Validation is a separate matter. Validation is checking that whatever you’re deliv-
ering is actually going to deliver the promised value. Validation is what brings you 
to change course mid-project, despite the fact that you’re delivering everything on 
time, within budget, and to the correct scope and quality. 
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The average project manager thinks that his or her role is to make the project happen 
as smoothly as possible. His or her focus is verification—to make sure that the team 
is building what was promised. 

Great project managers distinguish themselves by caring more about the point of 
the project than anything else. They care about delivering what the customer really 
needs—not necessarily the product, which can easily become the focus, but the 
value that underlies it. Validation is their watchword. 

Looping Back to Plan 
Most of the time during the Controlling phase, you’ll find yourself making minor 
adjustments to the plan. It will rarely be necessary to restart the planning process 
from the beginning. Generally, you’ll find yourself doing some work (executing), 
identifying whether you’re on track (controlling), making some minor adjustments 
(planning), and then continuing on working again. 

Occasionally, you might find that a serious rethink is needed, in which case you 
should consider using more of the planning process we discussed earlier in this 
chapter. If this happens, make sure that you involve your team and your stakeholders. 
It’s easy when you’re under pressure to try to do it all yourself, but this is more 
likely to cause further issues and delays than to get it done faster, because people 
haven’t been properly consulted. 

Tools and Best Practices 
Let’s look in a bit more detail at the tools and best practices that can help you keep 
track of your projects. 

Issue Lists 
Issue lists are used to keep track of the risks that have become reality, posing a 
challenge to your project’s progress. The issue list documents issues with your 
project; by contrast, bug lists are concerned with errors in your product (the software, 
web site, or other item that you’re building). 

The main reason to keep your issue list separate from your bug list is that addressing 
the items on each list requires very different skillsets. Bugs are typically corrected 
through coding changes. Occasionally, what’s listed as a bug is in fact evidence of 
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a design flaw or misunderstanding, so the resolution is a change in, or clarification 
of, the design. 

Project issues are typically less technical. Often, resolving a project issue is going 
to depend more on your negotiation skills than your programming ability. Some 
might even need to be escalated to the project board for a final decision, although 
as the project manager, you’ll usually be asked to provide at least a recommendation 
of what you think should be done. 

If you take a look at the example issue list in Figure 3.5, you’ll see the fields that 
you’d typically expect—a number (for ease of reference), description, priority level 
(resist the urge to mark everything as HIGH!), owner (the person who’s responsible 
for resolving the issue), a flag to indicate whether the board will need to be involved, 
next steps or the documented resolution, the date recorded, the target date for res-
olution, the actual resolution, and the current status. Status should be fairly simple: 
either Open (that is, the issue has been raised, but nothing’s been done yet), WIP 
(Work In Progress), or Closed (done and dusted). 

Figure 3.5. An example issue list from the cake shop web site project 

Adding to Your Planning Tools 
Back in the Planning phase, we already created a Work Breakdown Structure (listing 
all the deliverables, broken down into manageable chunks) and a Gantt chart 
(showing the deliverables against their estimated time lines). During execution, we 
added ownership details to at least one of these plan representations. During the 
Controlling phase, we can reuse the same format to indicate when a deliverable has 
been completed, and whether it was done on time or not. 

Although you might not feel like you need to update the plans in order to know 
whether your project is on track (this is more likely to be the case on simpler, 
smaller projects), it’s worth getting into the habit of doing so. For a start, eventually 
you will be leading projects that, due to their size and complexity, require more 
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sophisticated tracking. Another reason to update your initial plans is to help you 
judge the accuracy of your estimates. 

The latter benefit can be very useful if you find there’s a particular pattern to the 
delays on your project. If every deliverable is completed just a day later than planned, 
you might want to consider adding a day to every estimate in the next project (or 
even to the current one). This assessment might also tell you about how your team 
is only really performing well under that last-minute pressure, particularly if that 
last day is heralded by copious consumption of energy drinks and the haggard looks 
of people who have slept under their desks, if at all! 

One-on-ones 
Although you’ve already instituted stand-up meetings in which the whole team 
shares their progress, plans, issues, and opportunities, it’s still important to catch 
up with your team members individually on a regular basis. We’ve all hated working 
for a manager who paid no attention to the people in the team and spent all their 
time in idle chat. Show your team the respect they deserve. 

Even if we ignore the human impact of having a chat over coffee, there are distinct 
advantages for your project too. One to one, your people may share more of their 
apprehensions or concerns with you. The skeptics in your team are going to be the 
first to notice smoke on the horizon, so listen to them. Equally, they may be more 
likely to share the great idea that’s been knocking around in the back of their heads 
for weeks, or to let you know that they might have a bit of extra capacity to help 
Selim out with that database configuration. 

Learning to deal with people factors rather than the elegant, logical simplicity of 
technology can be a bit of a rough ride at first, but soon it will become second nature 
to you. 

Summary 
First up in this chapter we considered the Planning phase of the project life cycle. 
We talked about the different reasons to plan, chief among them being the fact that 
planning helps you to understand your project better, and to communicate aspects 
of it to others. We then considered what to plan (deliverables, not tasks!), and how 
to plan, by following this six-step process: 
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1. Break the project into pieces small enough to work with. 

2. Identify dependencies. 

3. Estimate how long each piece will take. 

4. Add some contingency. 

5. Consider the risks. 

6. Represent the plan in a format that the team, project board, and stakeholders will 
understand and follow. 

We then looked at the Executing phase, which is probably the project life cycle 
phase we’re all most comfortable with. We talked about making sure that each de-
liverable is owned by someone in the team and also about the links between the 
project and personal productivity. 

“Are you on track?” is the key question to be answered in the Controlling phase of 
the project life cycle. In identifying how to answer this question, we also realized 
that a precise definition of “done” or “complete” is needed before we can really 
control our projects. We talked about how to measure not only scope, but also time, 
budget, and quality. We discussed risks and issues, and explored the fact that risks 
are potential problems, but issues are real; we also made the distinction between 
an issue (at the project level) and a bug (at the product level). We also touched on 
the difference between verification (did I build what I said I would?) and validation 
(have I built what is really needed?). 

At each phase of the project life cycle, we investigated the tools and best practices 
that will help you ensure team members are on-track, keep stakeholders informed, 
chart your progress, and achieve the project’s goals. 

In the next chapter we will look at how to keep the project running smoothly. 





Chapter4 
Keeping It Smooth 
In this chapter, we’re going to look at the skills that help you keep everything running 
smoothly. First, we’ll consider the importance of communication and collaboration, 
and discuss some tips to help you communicate effectively and foster a collaborative 
environment for your team. 

We’ll then look at managing change (one of the biggest challenges for any project 
manager!), providing you with tools and techniques to help you make the right de-
cision as often as possible—and to recover gracefully from any missteps. 

Communication and Collaboration 
Communication is about imparting and receiving information, while collaboration 
is about working together as effectively as possible. In this section, we’ll not only 
talk about how to keep the project’s stakeholders informed, but also about how to 
help your project team members work together both within the team, and with the 
stakeholders, customers, and management. 
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Communication 
Communication is an everyday part of everyone’s life—so why does it deserve 
particular attention in project management? Good communication can make a project, 
just as bad communication can destroy it. If people involved in your project are 
confused, trouble is on the horizon. 

The only thing worse than confusion is when there is absolute clarity … over differ-
ent versions of events! If you and your team members believe that installing the 
new computer system and software is what your project is all about, but the customer 
thinks you have promised to eradicate all paperwork, sooner or later this mismatch 
of expectations is going to become a big problem. 

Being able to communicate effectively is a key skill for any project manager. Com-
munication isn’t just talking and emailing, though—good communication involves 
three key aspects: form, method, and content. 

Form 
In your previous interactions with people, you’ll already have experienced the 
various forms of communication. You’ve undoubtedly experienced interpersonal 
communication: one on one communication, including conversations, arguments, 
and negotiations. You’ve probably seen or given presentational communication, 
typically in one to many situations, where one person at a time communicates to a 
group. And you’ll know all about many to many communication, which ranges from 
the productive team discussion to the mini-riots in which both sides become increas-
ingly emotional (think of discussing politics around the dinner table). 

Each of these forms of communication can involve one- or two-way communication. 
In most situations, you’ll want interaction, so you’ll probably need two-way com-
munication. Occasionally, though, you’ll just want to impart information, in which 
cases one-way communication may be just fine. 

It’s important to remember that the form of communication isn’t the only element 
that will determine how interactive communication will be—even if you set up a 
meeting with the intent that it to be a two-way discussion, other factors can cause 
one-way communication to occur. For instance, if one group has a great deal of 
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power over the other (as in the case of student-teacher meetings), the less powerful 
group may be hesitant to speak. 

Being able to judge which form offers the best way to communicate in a particular 
situation is one of the skills that a project manager must develop. It’s a talent that’s 
very much part of the art of project management, rather than the science, since 
picking the best form may depend just as much on intuition as on the facts available. 

Choosing the Right Form of Communication 

If you’re finding it difficult to work out the best form of communication to use, 
try thinking about the best-case scenario, and the worst-case scenario, that could 
result from your use of different forms of communication. For instance, if you tell 

’ll 
hang his head and apologize; the worst is that he’
spend the rest of the day updating his CV and uploading it to job sites rather than 
doing any work. On the other hand, if you talk to him about it one-to-one, the 
worst-case scenario may still eventuate, but it’ ’
rassing him in front of all his colleagues. 

Tim off in front of the team for being late, the best that could happen is that he
ll get angry, bear a grudge, and 

s less likely, as you won t be embar-

That said, there are some general guidelines that you can use: 

If it’s personal, individual, or sensitive, deal with it one-to-one. 
Whether Jim’s ongoing illness is causing project delays, you are concerned that 
Ankur won’t want to work on the new burger chain contract because of his reli-
gious beliefs, or simply that Alex is being promoted, these situations—and 
others like them—should be dealt with individually first, in a one-to-one 
meeting, rather than in a group setting. 

Separate meetings that have different purposes. 
If you want to update stakeholders on the progress of the project, inviting them 
to the team meeting in which team members will discuss the achievability of 
the project deadline isn’t smart. Run a separate, short presentation for the 
stakeholders, and make time for a lengthier team meeting to encourage open 
discussion—without senior management in the room getting upset. 
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Choose the appropriate format for your purpose. 
Consider what you’re trying to achieve, and choose the best form for that pur-
pose. Presentations are good for informing groups of people of progress, a de-
cision, or an upcoming change. They aren’t a good format for discussion—if 
you want two-way communication, hold a meeting instead. Similarly, turning 
the team meeting into a series of one-to-one discussions with individual members 
isn’t a productive use of anyone’s time except yours, so schedule mini-meetings 
instead, or just catch up over coffee! 

Method 
Every day, we’re faced with multiple decisions about which communication 
method we should use—phone, email, voicemail, instant messenger, letter, fax, 
meeting, video conference, audio conference, desktop sharing, text message (SMS), 
podcasts, video casts, blogs, wikis, and more. 

When you’re choosing a method of communication, there are some basic consider-
ations that you should review, such as whether the method promotes a push ap-
proach (that is, information is pushed out to the receiver, as it is via an email or 
presentation), or a pull approach (in which the person who needs information asks 
for or collects it when it’s needed, as is the case with blogs, noticeboards, and so 
on). Also keep in mind that some methods support different forms of communication 
better than others. For instance, email is a good method for one-to-one and one-to-
many communication, but terrible for many-to-many discussions or conversations. 

Possibly the most complex consideration when you’re selecting a method of com-
munication involves assessing people’s expectations of that method. Some people 
view email as a high priority, and will deal with it accordingly; others believe that 
it’s a low-urgency form of communication, and that if something’s important, people 
will pick up the phone and actually talk to one another. 

As an example, my personal preference for the hierarchy of communication methods 
can be explained like this. The best way to get hold of me is always email. Instant 
messenger is probably a close second, but unlike some people, I’m not logged in all 
the time, so an email still may be read faster. I let my phone go to voicemail more 
often than not, and will frequently check my email before I access my voice messages. 



95Keeping It Smooth 

Faxes get routed to my email inbox, but it can take me weeks to get to real hard 
copy mail, partly because I travel so much that I’m seldom in the office, and partly 
because I expect anyone with an important question to email me! Planned face-to-
face or virtual meetings (whether they’re audio or video conferences) are fine, but 
unless you send me an electronic invitation at least a week in advance, I’m unlikely 
to be able to carve out the time for your meeting. Of course, this hierarchy is complex 
and very personal, so my usual advice to colleagues and acquaintances is just, “The 
best way to get hold of me is email,” rather than a long and involved prescription 
of preferences! 

How does your personal hierarchy of methods compare to this? Is email king for 
you too, or do you prefer for people to come and talk to you in person, or at least 
to pick up the phone? Now think of the person who’s your opposite in terms of his 
or her communications preferences. How are that person’s preferences different 
from yours? If you send him or her an email, will it be given a different priority 
than you intend? 

For example, my friend Simone, who’s in Human Resources and very much a people 
person, is uncomfortable with some communication methods, which she views as 
impersonal. If something’s urgent, Simone expects a phone call. Not only that, but 
that if it’s truly urgent, she expects that you will not only leave a voicemail message, 
but that you’ll ring back again if you don’t hear from her in an hour or two. 

She loves it when people come to her desk to ask her a question, although sometimes 
if she is getting distracted a lot she’ll go and sit in a meeting room to get some work 
done. She only very occasionally signs on to her instant messenger client and treats 
all email as low-priority communication. She revels in face-to-face meetings, but 
rarely schedules them in advance, preferring to grab people on the day and have 
an impromptu discussion. I’m sure you can imagine how difficult we found it to 
work together at first! 

Each person’s preferences for communication methods are extremely personal. 
Don’t try to impose your preferences on others, but understand theirs so you can 

Personal Preferences Prevail! 

communicate more effectively. 
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The point here is that it’s important to understand how these communication pref-
erences will affect your project. It may be worth having a team discussion about 
communication, to help your team members understand which parties are happy 
to be interrupted with a request for help, and who would prefer to get an email or 
an instant message asking them to signal when they have five minutes to talk. 

It can be helpful to conduct an exercise with your team to illustrate the differences 
in the priorities people place on different communication methods. List the most 
commonly used methods of communication for your organization or team. Give 
each person a printed copy of the list, and ask them to rank the methods in order 
of importance. Then, compare notes. This is a good way of illustrating just how 
different people’s expectations can be! 

Communication Preferences Exercise 

Of course, you also need to understand the preferences of your key stakeholders 
and the project board. You might spend hours carefully crafting project status update 
emails, only to find that the stakeholders are still coming and perching on the edge 
of your desk, asking you how it’s going. You’ll get frustrated because it feels like 
you’re repeating yourself, and they’ll get frustrated because you keep sending them 
long emails when all they want is a 15-minute briefing on a Monday morning, so 
they understand what’s going on. 

If your job involves using technology day in and day out, it’s easy to forget that 
it doesn’t come as easily to others. Many folks still find electronic communication 
impersonal, feeling that it’s emotionless. Since emails and instant messages lack 
personal cues, like tone of voice, facial expressions, and body language, they can 
lend themselves to misunderstandings. 

“Is responding electronically the right thing to 
do?”—particularly when a difference of opinion occurs. Hostile email chains can 

’s really needed is a judiciously timed 
phone call to sort things out before the situation escalates out of control. 

Technophiles, Take Note! 

Try consciously to think, 

grow very quickly, and sometimes all that

Sometimes, it’ll be enough to decide how key updates and decisions will be com-
municated (as you did in the communication plan you prepared during the project 
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Initiation phase), but sometimes, a little trial and error may be in order. Whatever 
you plan for your current project, you’ll find that the experience adds up, and soon 
you’ll be picking the best combination of form, method, and content without much 
conscious thought. 

Content 
In addition to the forms and methods of communication, there’s also the question 
of the actual content—the information you’re trying to convey. This may include 
facts and figures, a project status update, a summary of recent meetings, or a key 
project decision. But, whatever your content, you need to make sure that you’re 
clear on three issues: 

1. purpose What are you trying to achieve? 

2. structure How are you going to present the information? 

3. outcomes What should the people receiving the information do once they 
have it? 

When you’re considering the purpose of your communication, you need to think 
about it not just from your point of view, but also from those of your audience. First 
of all, define what you want to achieve: for example, “update the project board on 
the project’s status.” But what do the project board members want? Do they just 
want to receive the information? Do they want reassurance that the project is on 
track? Do they want to know if any key decisions need to be made? Or all of the 
above? 

Once you’ve defined the purpose of the communication both for yourself and your 
audience, you can focus on structure. What sort of structure will communicate the 
information most effectively, given the communication’s purpose? If the purpose 
of the project status update is to reassure the project board that the project’s on 
track, you want to make that point obvious as quickly as possible. That’s why many 
people choose “traffic light indicators” for their status updates—anything commu-
nicated in green is on track, anything in yellow or orange has issues, and any points 
that are made in red are in jeopardy. These visual cues mean that the message behind 
the words is brought to the forefront as quickly as possible. 
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Most people will finish reading an email, watching a presentation, or sitting in a 
meeting with one key thought in their heads: “What do you want me to do about 
it?” You should always answer this question in your communication. Sometimes 
it will be as simple as recording a list of “next steps” for your team after a team 
meeting. Other times, you’ll need the project board to go away and make a decision 
about how to proceed, given an issue that has been encountered. Whatever outcome 
you desire, the more obvious you make it, the more likely you’ll be to get it. 

Next Communication Details 

Sometimes you don’t need any action from your audience—especially if the 
communication was purely informative. In this case, it’s smart to round off your 
communication with information about when the next communication will be 
scheduled or issued. This reassures people that no further action is needed on 
their parts, other than turning up to the next meeting or reading the next email. 

Creating the Feedback Loop 
It’s very easy for us project managers to get focused on how we’ll be communicating 
to the project team, stakeholders, and project board. However, it’s just as important 
to make sure that everyone out there knows how to communicate back to you! You 
need to know about great ideas, issues popping up on the horizon, and potential 
risks and opportunities just as much (if not more so!) as stakeholders need to be 
informed of the project’s progress, and the team needs to know when the deliverables 
are due. The way to achieve these goals is through a feedback loop. 

Giving the Option of Anonymity 

Sometimes, in particularly political environments, it can be worth creating an 
“ideas box” into which people can drop slips of paper on which they’ve explained 
ideas they’ve had for your project. If you want to be slightly more high-tech, you 

In an environment where being overly negative, realistic, or even just too honest 
could cost staff members their next promotions, creating these anonymous avenues 
can be both very important and very valuable. 

could create a web page to allow people to submit their suggestions anonymously. 

Depending on the culture of the organization where you’re working, you could es-
tablish the feedback loop in a number of ways. You might set aside ten minutes of 
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each team meeting to allow people to voice their concerns or share ideas they’ve 
had. You could also make a point of having a quick, regular coffee with your key 
stakeholders, to give them the chance to informally share their ideas, experiences, 
and expertise. Sometimes, you’ll need to actively pursue this interaction, but 
sometimes, by making clear that your door is open, and dealing constructively with 
the concerns brought to your attention, you can create an environment where people 
automatically feel comfortable coming and talking to you. 

Collaboration 
Collaboration, although it requires excellent communication, is about working to-
gether as effectively as possible. As the project manager, most of your interaction 
with the stakeholders and the project board will focus on communication. However, 
with the project team, collaboration is the focus: as project manager, you’re respons-
ible both for leading the team and for fostering an environment in which the team 
can collaborate effectively. 

Where successful communication primarily relies on a good communication flow, 
collaboration is about forming relationships. With a new team working on a new 
project, your team members may feel unsure about each other as well as the new 
challenges they’re undertaking. Even if the individuals have worked together in the 
past, there may still be aspects of the new project that will introduce uncertainty. 

Turning Groups into Teams 
Putting individuals together makes them a group, but only when they can work to-
gether effectively will they really be a team. Helping your people to become a team, 
rather than remaining a group, is one of the most important roles you have as a 
project manager. 

But how do you go about it? First of all, you need to understand how group dynamics 
work. There is, of course, an entire field of study that deals with organizational 
psychology and groups in the workplace. Here, we’ll look at a simple model that 
explains the stages that groups go through as they become teams, namely forming, 
storming, norming, performing, and adjourning. These phases are depicted in Fig-
ure 4.1. 
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Figure 4.1. Forming, storming, norming, performing, and adjourning 

In the forming stage, group members get to know each other, and start to understand 
what the point of the group is. In project terms, this stage typically takes place when 
the team is originally formed, and the Initiating phase is underway. It’s a time of 
information gathering and introductions. At this stage, people are usually still very 
independent and focused on themselves: what does the project mean for them? 
What will they be doing? 

As project manager, you can help smooth the forming stage by making time to un-
derstand your team, and giving them a chance to get to know each other. Encourage 
the team members to share information about their backgrounds, past experiences, 
and reasons for wanting to work on the project. Share information about the project 
they’ll be undertaking, but don’t overwhelm them with details of exactly what each 
team member will be doing. 
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If possible, bring all the team members together in person at the start of the project. 
Have everyone introduce themselves and talk a bit about their backgrounds, ex-
periences, and skills. If the team has really never worked together before, you 
might include some “icebreaking”
your session, to allow individuals can get to know each other and build relation-

If you’ ’
should still hold a kickoff meeting. Call everyone on the phone, or into an online 
chat, and try to get the team talking as much as possible. Encourage everyone to 
find time after the initial meeting to talk to every other member of the team, 
whether it’
feel like a lot of initial overhead that’s unrelated to the project tasks, but if it makes 

1 

Start the Project with a Get-to-know-you Session 

 exercises. Try to build plenty of free time into 

ships informally. 

re unable to get everyone together, or if they re working remotely, you 

s in person, on the phone, or via instant messenger. This time might 

your team work better together, the up-front investment will definitely pay off 
later. 

The group then progresses to storming, where differences of opinion come to the 
fore. Confrontations about how to proceed with the project, who should decide 
which deliverables are owned by whom, what the best approaches will be, and what 
tools should be used, will abound. For those group members who don’t enjoy con-
frontation and conflict, this can be a very painful stage. Others may revel in the 
perceived competition and push to “win,” or have their proposed ideas or methods 
chosen. 

In project terms, storming is most likely to begin during the Planning phase of the 
project. Depending on the maturity of the individuals on the team, it may involve 
only a short period of time, but some groups never move out of the storming stage. 
Since it’s definitely not the most productive state for a group to be in, your role as 
manager is to help the team to achieve consensus and a route forward as soon as 
possible. The main things to emphasize are tolerance and patience—help people 
to respect each others’ opinions and experience, and to realize that the conflict 
won’t continue forever! 

1 You might want to think about videoconferencing, but many people are still a bit uncomfortable 
with this technology. Judge what you think is best based on people’s levels of comfort with the 
technology. 
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Stuck Storming? 

chances of project failure. If your team is conflict-ridden for a long time, start 

whether conflict is focused around a particular issue—if so, it might be best to 
bring it out in the open, and have a brainstorming meeting on that specific topic. 

If particular individuals are continually at each other’s throats, then try to work 
out what’s going on. Are they simply having a personality clash? Or is there some 

cilitate a discussion, try to tone down the emotion, and focus on the root of the 

you’ve noticed the problem, and hope that they'll try to be more understanding 
of each other—and work better together in future—may do the trick. 

As a last resort, you might even need to consider removing “bad apples” from the 
team for the health of the whole. 

Some groups get stuck in the storming stage, and unfortunately, it increases the 

thinking about what you could do to overcome the problem. Try to work out 

serious difference of opinion underlying their arguments? You might want to fa-

problem. Alternatively, having a quiet word with each individual, stating that 

Next comes the norming stage, where group members start to work together more 
easily. Often, this stage involves agreeing on standard ways of working, tools that 
will be utilized, and the ways in which issues and conflicts will be dealt with. The 
group starts to feel more like a team at this stage, with members trusting each other 
more and starting to help each other more frequently. 

There is a danger in the norming stage that the group can become too conformist. 
It’s in such situations that phenomena like groupthink—where the group automat-
ically assumes that the idea that the group agrees on must be the best, and ignores 
outside inputs or different ideas—can surface. It’s important to keep an eye out 
for these kinds of problems, and to address them by actively promoting the con-
sideration of different ideas by the team. 

Beware of Groupthink! 

Performing is the most productive stage. The group is now truly a team, and together 
they can achieve much more than they could as a collection of individuals. They 
rely on each other for help and support, and though this doesn’t mean that there’s 
no disagreement, it does indicate that healthy ways of dealing with differing opinions 
have been developed. 
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Often, teams acting in the performing stage need very little managing—they can 
make decisions, allocate work, complete it, and keep track of their progress. This 
doesn’t mean that a project manager is no longer needed, but that you’re most likely 
to be working with the team, rather than having to direct them, which might have 
been necessary in the earlier stages while the group was forming. 

The final stage that teams experience is adjourning—the team is disbanded, usually 
when the project is completed. Some even refer to this stage as mourning, since 
after being in a performing team, individuals feel a real sense of loss on separation. 
Often individuals will have built up strong relationships with other team members, 
and may stay in contact long after the initial team has been disbanded. 

Team dynamics is one of the trickiest areas for new project managers. Sometimes, 
your role will require you to get in there and get your hands dirty—deal with conflict, 
make changes to the structure of the team, and so on. But at other times, the best 
thing you can do is to do nothing, allowing the natural progression of the cycle to 
develop the team. 

Sadly, there aren’t any prescriptions for how long it will take the team to move from 
one stage to the next, nor how to move a group along. As you gain more experience, 
you'll become more adept at doing the right thing at the right time, but to start you 
off, here are some top tips for each stage of the process: 

forming 
Make time for people to get to know each other at the start of the project. Diving 
straight into the work without making time for this important process means 
that your team members will remain tentative with each other—they, and the 
project, won’t gain the benefits of their working as a proper team. 

storming 
Accept that conflict is normal and that suppressing it won’t move you for-
ward—the disagreements will simply remain simmering beneath the surface. 
Let team members sort it out, and only step in when things are going too far. 
Some raised voices can be okay, but screaming insults—or worse—obviously 
is not. 
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norming 
It can be tempting to just sit back and enjoy the peace and quiet when the team 
is involved in this stage. They’ll be getting on with their tasks, and generally 
working well with each other. Your main role is to keep an eye on whether the 
team is becoming too inwardly focused, or succumbing to groupthink. Also, 
continue to support relationship building and encourage new ideas at this stage. 

performing 
Your primary role here is to preemptively avoid anything that could interfere 
with the performance of the group. Be a filter for them—don’t let anyone (in-
cluding management!), or anything, bug your team. Take away as much of the 
administrative burden as you can, and let the team focus on achieving as much 
as they can together. 

adjourning 
Different people will handle the team’s break up differently. Accept this, but 
be sure to celebrate the work that the team undertook together! 

Fostering a Collaborative Environment 
As project manager, there’s a lot you can do to help create a collaborative working 
environment for your team. Some of the following tips will be more effective at 
certain stages of the team development process just discussed, as identified below. 

Encourage relationship building. 
People need to build up at least a basic level of rapport before they’ll be able to 
work together well. If at all possible, get the team together in person at the be-
ginning of the project for one or two days. Brainstorm project approaches, run 
some exercises, and leave plenty of time for individuals to interact with each 
other one on one. (Forming, Storming) 

Reward collaboration. 
Members of your team need to feel that they’ll be rewarded for helping each 
other. These rewards don’t need to be anything as big as a salary incent-
ive—simply acknowledging the team member’s individual contributions publicly 
as and when they’re made is enough to show the value of their work. You could 
also encourage your team to thank each other in the team meetings. (Storming, 
Norming, Performing) 
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Discuss communication preferences up-front. 
We talked in the previous section about people having different preferences for 
the ways they communicate and interact with each other. Discuss these prefer-
ences up-front, and let each team member identify his or her preferred method 
of communication. Create a poster or sheet that reminds everyone that Adam, 
Rob, and Jas all prefer email, Sinead, Layla, Priya, and Victoire prefer face-to-
face meetings, and Li, Arun, and Kai are fine with either instant messenger or 
telephone. (Forming, Storming) 

Set up a regular team meeting. 
As well as making it easier for you to communicate information to the whole 
team, team meetings provide a valuable opportunity for discussion and relation-
ship building. Encourage team members to raise concerns, or ask for help from 
each other in this forum. (Storming, Norming) 

Define an issue reporting and resolution process. 
Accept that there will be differences of opinion, and realize that this is a symbol 
of a healthy team! Make sure everyone knows how to raise a concern, and how 
a decision will be made about it. If you agree the process early on, it will be 
easy to make sure you follow it consistently, and will help people to feel that 
they’ve been listened to and treated fairly. (Storming, Norming) 

It may be difficult to carve out time for these “soft” pursuits. Even people in your 
group may object, citing that getting on with work is more important than getting 

a lot more than a loosely-coupled group. The time invested in this objective will 

Making Time for Soft Work 

to know each other. You need to make time, because an effective team can achieve 

pay off handsomely in improved productivity. 

Working Remotely 
These days, many of us find ourselves working with people who are spread across 
both time and space—working together in an office is almost a luxury! So how do 
you collaborate effectively with a team that you might never have met in person? 
How do you ensure that team works well across multiple locations and time zones? 
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The first thing to understand is that the same issues matter—it’s only the way in 
which they’re achieved that’s different. At the end of the day, people are still people. 
Interpersonal relationships are still important. You can have just as rich a working 
relationship with someone you only ever talk to over email, instant messenger, and 
the phone as you do with the person who sits next to you in the office. 

Here are some suggestions for helping remote teams to work together more effectively: 

Share lots of contact details. 
Create a document that contains your team members’ contact details—their 
names, addresses, phone numbers, fax numbers, email addresses, and instant 
messenger identities. Add a photo so that people have a picture of who they’re 
communicating with. Make it as easy as possible for people in the team to 
communicate with each other, and to view each other as real people—not just 
names behind email messages. 

Pull together a skills matrix. 
Document the skills your different team members have, so that if someone needs 
help with a particular issue or task, he or she doesn’t have to wait until the next 
team meeting to ask for assistance. This tactic helps to replace the “ask around 
the office” option that collocated teams have. 

Create group spaces. 
In real offices, a team can grab a meeting room to discuss something at short 
notice. Try to create the same opportunity in the virtual environment—set up 
a dedicated teleconference number used just for that team, and create a wiki or 
bulletin board where updates can be given by team members when an intensive 
team task is being worked on. If collaborating is made easy, it’s more likely to 
happen. 

Be respectful of time and routine differences. 
In the office, it’s obvious when someone isn’t working. When team members 
are working remotely, people need to adjust to each other’s routines—an issue 
that’s often further complicated by many freelancers and remote workers 
working from home offices. Be clear about who works when—if your team 
members are spread across different time zones, make sure that details of where 
everyone is, and the current times in those locations, are easily accessible. 
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2 has a personalized clock tool that allows you to select 
cities from around the world and have the local time in each city displayed 
on a single screen. Whenever I work with teams that are spread around the 
globe, I encourage everyone to use this tool—it can help team members to 
choose the method of communication that’s most appropriate, given the local 
time of the recipient. For instance, it might be lunchtime for you, but if you 
need an answer from Paawan (who’s 4.5 hours ahead of you) before the end 

’
than send an email after your lunch break. 

Keeping Track of Time Zones 

Timeanddate.com

of the day, you ll realize it makes more sense to pick up the phone now, rather 

Overdo it personally. 
You need almost to over-invest in relationship building. Often, if you’re working 
with a team whose members are all based remotely, you’ll become something 
of a hub—team members may be more likely to come to you than to go to each 
other. Become a facilitator—know everyone’s strengths, weaknesses, skills, and 
preferences, and match them appropriately as the need arises. 

Transitioning from Project to Personal Plans 
The other big challenge for collaboration is to shift gear from focusing on the project 
as a whole, to honing in on personal plans—a challenge that requires you to look 
at the project in a different level of detail. As we discussed during the Planning 
section of Chapter 3, at a project level, the focus is almost always on the items that 
are being delivered. But in reality, people actually work on tasks day-to-day—they 
define what’s needed to create the deliverable in question, and follow a process to 
build the components that will combine into the final product. 

Although each deliverable should have one (and only one) owner who’s accountable 
for making sure that item is completed, there will, of course, be a need for individuals 
to work together on different tasks. Being able to effectively define and delegate 
tasks is something that your team members will need to get used to and become 
good at. 

2 http://www.timeanddate.com/ 
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The process of taking a deliverable and breaking it into the tasks required to achieve 
it won’t be a foreign concept for you. Every day we all decide that we want to achieve 
something (a goal or deliverable) and work out what we need to do to make it happen. 
The challenge lies in doing this in such a way that everyone involved understands 
what’s needed, and makes sure that progress is made. 

It’s at this point that items like project specifications and design documents come 
into their own. Having a written record of what needs to be achieved can be a very 
powerful tool for making sure people are working towards the same goal. There are 
other ways to help ensure that the image you have of what you need to do or build 
is the same as the picture in your teammates’ minds. You might involve the team 
in informal sketching sessions with just a whiteboard and pen, storyboarding a 
process or system (such as mapping a customer experience or interaction). For more 
technical projects, you might want to use UML (Unified Modeling Language), or 
even mathematical specifications. 

The most effective way to communicate the project’s components, and explore how 
they translate into individual tasks, is to take the approach that works for everyone 
involved. For instance, if you’re designing a web site, Adobe Photoshop mockups 
may be clearer for everyone than code decompositions, unless you only need to 
communicate with developers who can read code as easily as they can normal prose. 
Likewise, using UML is only a good idea if everyone involved in the project can 
easily understand it—you don’t want people expending more effort to understand 
the communication technique than they spend considering the idea you’re trying 
to communicate. 

Don’t forget that it’s not just your team members that need to be on the same page 
in terms of what’
members might all agree on the design and build it, but all your work will be 
useless if the customer and end users want something else. Define how you will 
get the initial customer/user requirements at the beginning of the project, and also 
consider how you will confirm with them along the way that what you’re building 
will meet their needs. 

Looking Beyond the Team 

s being built: consider the customer and end users too. Your team 

To be honest, there are countless different approaches for helping your team to 
collaborate. What’s important is not that you choose the trendiest or most talked-
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about one, but that you allow the team to choose the method that will help its 
members collaborate most effectively. Both the preferences of individuals in the 
team, and the nature of the project, will need to be taken into account, but the crit-
ical thing is that everyone feels comfortable with the method chosen. 

Effective Leadership and Management 
A project manager has two roles—one as manager, coordinating the efforts on the 
project, the other as leader, making sure that the project delivers the right results. 

Stephen Covey’s 7 Habits of Highly Effective People illustrates the difference between 
leadership and management with these lines: 

“… envision a group of producers cutting their way through the jungle with ma-
chetes. They’re the producers, the problem solvers. They’re cutting through the 
undergrowth, cutting it out. 

The managers are behind them, sharpening their machetes, writing policy and 
procedure manuals, holding muscle development programs, bringing in improved 
technologies and setting up working schedules and compensation programs for 
machete wielders. 

The leader is the one who climbs the tallest tree, surveys the entire situation and 
yells “Wrong jungle!”3 

Making sure that progress is made as quickly and efficiently as possible while en-
suring that everyone’s heading in the right direction is a key skill for any project 
manager. 

Paul Hersey and Ken Blanchard developed a model for understanding how people’s 
needs for direction and management differ depending on the situation they’re in. 
In the same way, the style of the manager or leader should change to fit what indi-
viduals need most from them.4 The leadership and management behavior types 
defined by Hersey and Blanchard are illustrated in Figure 4.2. 

3 Stephen Covey, 7 Habits of Highly Effective People, Simon and Schuster UK Ltd, London 1989. 
4 Paul Hersey, Kenneth Blanchard and Dewey Johnson Management of Organizational Behavior, Prentice 
Hall, New Jersey 2000. 
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Figure 4.2. Leadership and management behavior types 

There are four main styles of behavior leadership and management: 

S1: Directing 
Directing involves close supervision, defining roles and tasks in detail, and 
telling the team member what to do and how to do it. 

S2: Coaching 
Coaching, which is more interactive, entails helping the team member to come 
up with his or her own ideas and follow them through, but still required you 
to define roles and the broad approach. 

S3: Supporting 
With this style, day-to-day decisions (such as which tasks to complete) rest with 
the team member; the manager participates in those decisions on an as-needed 
basis. 



111 Keeping It Smooth 

S4: Delegating 
Wholesale pieces of work are given to the team member to own; that team 
member chooses if and when to involve the manager. 

Team members can be at a variety of developmental levels: 

D1: Low Competence, High Commitment 
The team member’s keen and motivated, but lacks some of the knowledge or 
skills required. 

D2: Some Competence, Low Commitment 
The team member has some skills, but still needs some help and direction, and 
may lack motivation. 

D3: High Competence, Variable Commitment 
The team member’s experienced, and has all the right skills, but might lack the 
confidence or motivation to just “go it alone.” 

D4: High Competence, High Commitment 
The team member’s experienced, confident and motivated—possibly even more 
skilled than the manager in the relevant arena. 

The diagram Figure 4.2 illustrates how the management style should match the 
development level of the team member. For instance, a D1 team member ideally 
requires S1 leadership—the team member is keen, but lacks knowledge or skills, 
so he or she would require close supervision and direction. The key point here is 
that it’s crucial that you match your management approach to individuals’ develop-
ment levels. Let’s look at a couple of examples to illustrate why. 

Example 4.1. Example: S4 to D1 

First, let’s consider the situation in which a brand new person joins your team. Your 
project is to develop a web site that collects customer orders, complaints, and 
queries, and provides the functionality necessary to deal with them. The new guy’s 
role is testing—he’s going to be going through the whole site looking for bugs and 
inconsistencies. On his first day, you show him to his desk, sit him down in front 
of the computer, and then rush off to an all-day meeting somewhere else. 
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Example 4.2. Example: S1 to D4 

As a counter example, imagine you’re going on holiday for three weeks. While 
you’
gresses and that things are on track when you return. Despite the fact that this col-
league is arguably more experienced than you, you prepare copious notes and in-
structions, explaining the most basic concepts of project management in intimate 
detail. 

The most likely outcome is that you will seriously annoy—if not insult—your col-

’ll come back to find that the 
key things you wanted doing (like making sure the regular status reports go out) 
haven’t happened, and though your project is on track, your working relationship 
with your colleague is permanently damaged! 

capability (she’s probably better than you!) and you’ve been treating her with an S1 
style (directing in minute detail). Had you simply delegated the work and asked 
her nicely to continue the couple of things that were different in your project (that 
is, matching her D4 capabilities with an S4 style), you’

re away, a fellow project manager will be making sure that your project pro-

league by treating her like a rank amateur, and she will just keep your project on 
track in her own way, ignoring your instructions. You

Again, the issue here is a mismatch of styles. Your colleague is at a D4 level of 

d both be much happier. 

Why won’t this situation work? He’s likely to be at D1 (eager, but not really sure of 
what he should be doing or how) and you’re treating him with the S4 style, delegating 
the entire piece of work to him. The best result you can expect is that you come 
back to find out that he’s worked out vaguely what the web site is about, and has 
made some notes about not liking the color. The worst-case scenario is that he’s 
annoyed and no longer motivated to do well—you might even find he’s not there 
when you get back! 

Bear in mind that all the people in your team will be at different stages of develop-
ment. Also remember that they won’t be approach all tasks with the same level of 
capability and confidence—your strongest technical person may need no help at 
all with technical matters (D4), but she might need a lot more help from you to 
prepare a presentation for the project board (S1 or S2). Try to predict who’s going 
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to need your help and with which tasks, and you’ll find it much easier to manage 
your own time and involvement as well! 

Tools and Best Practices 
Let’s consider some tools and best practices that will help you keep your commu-
nication and collaboration running smoothly. 

Email Etiquette 
We all know how to use email. Using email effectively, however, is another matter 
entirely! By introducing a little structure and adopting a few tips, you can drastically 
improve the efficiency of your email communications: 

Write a good subject line. 
It should be descriptive and specific. For example, “ProjectABC Approval: Final 
Sign-off Requested by 5pm 29 Nov 08” is better than “Sign Off Please.” 

Use cues to indicate the action needed. 
Make clear whether something is just FYI (For Your Information) or whether 
approval, action, or input is needed. Put the key verb in the subject line. 

Reverse the structure. 
Typically, when we’re communicating a recommendation, request, or summary, 
we assume we need to talk through the background, the process, and the results 
before getting to the real point of the message. People are busy. Help them out 
by placing a summary of what you’re telling them, or what you need them to 
do, right at the top of your email, with the details to follow in subsequent 
paragraphs. Your readers will then have the choice to trust your summary and 
act, or to read the rest to understand your reasoning. 

If you need something done, set a deadline. 
It’s difficult to convey priority well in an email, and the myriad of other tasks 
that your recipients needs to complete will often take precedence over whatever 
you ask of them. Setting a reply-by date helps them to focus on getting back to 
you when you need them to, rather than letting your request drop to the bottom 
of their to-do list. 
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Use lists and bullet points. 
Lists and bullet points are easier to scan than paragraphs, and will allow the 
people reading your email to get the key points much more quickly. 

Be specific about responsibilities. 
Make it very obvious in your email who’s meant to take ownership for a task 
or next step—put their names in bold or capital letters, so that they can’t be 
missed. Don’t leave any next steps undelegated—place a name alongside each 
one, and if everyone needs to do the task, such as updating the issue list, then 
say “all.” Emails are not a good place to solicit volunteers for a task. 

Keep it short and simple (KISS). 
Emails that are longer than about three paragraphs won’t get read. Make sure 
any point that’s actionable is right at the beginning, along with the key inform-
ation you are imparting. 

Know when to step outside of email! 
Email is a wonderful tool, but sometimes things are better dealt with over the 
phone, instant messenger, or in person. If emails are flying back and forth, either 
when you’re trying to explain something complex, or when there’s a disagree-
ment brewing, consider stepping out to another medium. Don’t let things escalate 
out of control in a nasty email spiral! 

Meeting Standards 
Meetings are frequently reviled in the workplace, mainly because people end up 
sitting through so many meetings that seem pointless. The biggest courtesy you can 
pay to your colleagues is to make clear the purpose of the meeting up-front, so they 
can opt out if they aren’t needed. There are a range of other tactics you can use to 
ensure your meetings are always effective: 

Publish an agenda up-front. 
Make sure that everyone knows what will be discussed. An AOB (any other 
business) section is a common inclusion, but your colleagues need to trust that 
if a discussion arises in which they should be involved, you’ll request a separate 
meeting that involved the right people, rather than making decisions without 
them. 
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Use PEPS—purpose (why you’re having the meeting), end products (what 
the outcomes will be), and standards (standards you’ll adhere to)—
ize the meeting’s objective. Here’s an example: 

Purpose: 

End Products: 

Owner will be assigned to send invitations. 

Owner will be assigned to organize decorations. 

Standards: Be on time. 

Meeting will not overrun the allocate time. 

Everyone’s opinion counts—allow others to speak. 

PEPS Up Your Meetings 

to summar-

Plan the annual Christmas party. 

Venue, menu, and price are all agreed. 

Make clear whose attendance is required and whose is optional. 
It’s easy to simply invite everyone to every meeting. It’s also a lazy approach. 
Keep the list of “must attend” invitees as small as possible, and only add people 
to the “optional” list if they truly might be interested in the meeting. 

Pay attention to logistics. 
If the purpose of your meeting is to map out a new business process, holding 
the meeting in a small room with no whiteboard or flip-chart is nonsensical. If 
you want to have a short meeting, don’t provide chairs—stand-up meetings are 
easy to keep short. If you want people to participate fully in a brainstorming or 
problem-solving exercise, make sure the environment is comfortable. Book the 
meeting room with the comfy chairs, or take everyone out to the nearest coffee 
shop. Think about whether providing food, coffee, and so on, would be a smart 
move. 

Keep it short. 
There are very few real situations where a meeting should take longer than one 
hour, let alone three or four! Usually, long meetings like these are amalgamations 
of smaller meetings, but someone has been too lazy to break them out into their 
component parts. Rather than thinking, “How do I get—and keep—everyone in 



The Principles of Project Management 116 

the room?” ask yourself, “What's the smallest group that could discuss this issue 
and make the right decision?” 

Use a “parking lot.” 
Have a flip-chart, whiteboard, or (if you are teleconferencing) a suitably labeled 
document that can act as your “parking lot.” Whenever anyone starts getting 
into a very detailed discussion that would be better dealt with outside the 
meeting, “park” it by noting it on the parking lot page. Of course, as the project 
manager, you’ll need to make sure that these issues are dealt with, otherwise, 
you’ll just be seen as trying to silence discussion. 

Project Status Updates 
Keeping everyone—from the project board, to interested stakeholders—informed 
of the project’s status is important. A best-practice approach to doing this is to send 
out project status updates either electronically (via email or as a document attached 
to email) or on paper. 

In some organizations, you might even want to hold a regular update mini-meeting, 
although you should be very careful about doing this unless you’re certain it will 
be appreciated by participants. You don’t want to create another pointless meeting 
that people will only resent! 

It’s important that stakeholders know when they can expect an update. Updates 
should be regular and always delivered to the same schedule, if possible—for ex-

’s also good to be clear about the 

original update time? 

Predictability Is Key 

ample, a weekly update sent every Thursday. It
process of exceptions. If the Thursday is a public holiday, for instance, should 
the stakeholders expect an update a day earlier, or the first working day after the 

The typical format of a project status update is as follows: 

high-level status 
The project’s high-level status is typically indicated by a combination of descrip-
tion and traffic-light coding: on track (green), some issues (yellow) or off track 
(red). 
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summary of current achievements and issues 
This paragraph describes the current state of the project. 

more detail 
This section’s makeup will depend on the nature of your project. You might 
include the highest level project plan you have, showing the different phases 
and whether they’re on track or not. Alternatively, you might want to list the 
key issues that require attention, so that the Project Board can understand what 
you’re struggling with. 

attachments 
Common attachments include the current project plan, an issues list, and the 
original Project Initiation Document, to remind everyone of the original reasons 
for undertaking the project. 

Plans 
As you might expect, your project plan is a key element of your communication 
and collaboration. All the people in the team (and some stakeholders outside of it) 
will need to know what will be worked on next, what the key priorities are, and 
how the work will be distributed. 

You can reduce work for yourself and increase the likelihood that your project plan 
will be kept up to date if you use it as a way of communicating work allocation. 
You can add people’s names to indicate who owns a particular deliverable, and add 
color-coding to impart status information. 

Don’t ever just blindly send out your current project plan to anyone who asks 
about the project. First, think about whether it’s the best way to communicate 
with them. Does it have the right level of detail? Does it contain the information 
they need? Consider creating a cut-down version if that’s needed, rather than 
swamping people with too much detail. 

Think Before You Send! 

Issue Tracking Software 
As soon as you encounter more than one or two issues with a project, the value of 
establishing a central list where issues can be logged, prioritized, and resolutions 
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recorded becomes apparent. A number of different software options are available, 
some of them open source and free, others incurring the sort of cost that requires 
senior management approval. 

As always, the point is to find the simplest thing that works. For some teams, issue 
tracking is as simple as a spreadsheet in a shared space; for others it’s a tie-in to 
full-blown project management software. To successfully choose an approach to 
issue tracking, you’ll need to work out which tool will actually be used, and what 
issue tracking process will be followed before you actually encounter any issues. 
It’s easier to educate your team about a process when they aren’t worrying about 
how to fix a specific problem. 

takes to resolve each issue, document exactly what was done to resolve the issue, 
and whether it worked. All too soon, the issue tracking process will become 
cumbersome, and people will stop following it. If they feel like they’re spending 
more time tracking issues than they are fixing them, they’ll look to circumvent 
the process. Stick with something simple and effective, and it’s much more likely 
that it will be used. 

Reduce the Issue Tracking Burden 

You may be tempted to ask the team to track all sorts of extra data simply to make 
your life easier. For instance, you might ask them to track exactly how long it 

The main value of issue tracking tools is that they let you see the current state of 
affairs in one place. You can then easily prioritize the issues that need to be ad-
dressed most urgently, and put others on hold (or even decide not to invest effort 
in resolving them). Sometimes, issues are put on hold when it’s realized that a 
project activity might resolve them. I once worked on a project in which a number 
of issues were discovered as we worked to automate a process. But all of the issues 
were placed on hold because we realized that instead of dealing with the issues 
individually, a completely different tack was needed to achieve the project itself. 
We completely eliminated the process that was being automated, and achieved the 
business goal in a different way, so the issues eventually moved from “on hold” 
status to “will not fix” status. 

An issue tracking system will also help you to consider assigning the ownership of 
different issues to people within the team, and redistributing the workload, for ex-
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ample, when it becomes apparent that one person is having to deal with ten times 
as many issues as anyone else. 

Identifying and categorizing the root cause of issues is not always useful during the 
project, but it’s invaluable when you’re looking back on what you’ve done. For in-
stance, if 80% of your issues in a project were the result of design misunderstandings, 
there’s probably something you can do to change the design process in future. You 
might not be able to eliminate all the issues, but you could certainly identify them 
earlier on, when making a change would be cheaper, or preempting them before 
they become problems. 

Wikis 
Wikis (web sites to which anyone can add new or edit existing content) can also be 
useful for issue tracking, but their true value lies in knowledge management. If you 
have a team that’s collaborating on the development of a new software system, for 
example, using a wiki to collate the rough technical documentation provided by 
multiple team members can work very effectively. 

The wiki’s organic growth potential, and it’
to form a double-edged sword. When wikis are being actively used and maintained, 

soon as the amount of information that’s being recorded grows beyond a certain 
point, or becomes very diverse, problems arise. At that point, you either need to 
invest time to add structure, prune and reintroduce content to the right sections, 
or move to a tool that has an inherent structure. 

Outgrowing Your Wiki 

s ability to be updated easily, combine 

and are focused on a specific topic or set of topics, they work well. However, as 

It may be worth agreeing some sort of structure up-front, but the beauty of wikis is 
that they evolve, growing organically as new information is added. As with any 
software solution, you need to make sure that the wiki actually meets the team’s 
needs, and that your team is comfortable using it. Mandating a new tool without 
providing any support is almost always a waste of time and, potentially, money. 

The RASCI Matrix 
RASCI is a collaboration matrix that defines different roles that people in the project 
can play, either for the entire project, or for individual tasks. RASCI goes beyond 
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communication to define the involvement of individuals in deliverables and work. 
When you have lots of people involved in a project, or stakeholders trying to get 
more involved than you’d like them to be, RASCI provides clarity and can help you 
to explain why someone’s involvement is (or isn’t!) needed. 

RASCI is an acronym that can be explained as follows: 

responsible The person who’s responsible for delivering the piece of work 
(usually a project deliverable) is the first person to identify. For 
any given task, only one person should be responsible. 

accountable This person is “on the hook”—he or she must make sure the deliv-
erables are completed. In a project situation, the accountable person 
will almost always be the project manager. You’ll approve the de-
liverable, checking that it meets the appropriate standard, and that 
it won’t damage any other aspect of the product or project. 

supportive Supportive parties are people who can help support the person 
who’s responsible, usually by providing help or resources. 

consulted The consulted people are those who have information that might 
be needed, be it data, past experience, or skills. They will typically 
be consulted in order to deliver the work. 

informed These are people who don’t need to be involved with, or to approve 
the work, but would like to know what has been done. 

To illustrate how the concept of RASCI can be used in practice, take a look at the 
snippet I’ve reproduced from a project RASCI chart in Figure 4.3. 

Figure 4.3. An example RASCI matrix 
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In this example, the project involves creating a web site for a pie shop. The lead 
designer is Natalie, who’s responsible for delivering the web site design. The project 
manager is Meri, who’s ultimately accountable for making sure the deliverables are 
up to scratch. 

Timo and Laura are the marketing folks involved in the project; they playing a 
supportive role were the web site design is concerned, using their experience of 
marketing the pie shop to help Natalie understand what the key branding messages 
will be. 

Saul is the main web developer in your team, and he needs to be consulted about 
what’s feasible in terms of design. Fadil and Laurence are going to be building the 
back end of the web site, where the pages that users see connect to a database. They 
don’t feel like they need to have a say in the design process itself, but as it will affect 
the work they’ll be doing, they’d like to stay Informed. 

For any given task or deliverable, the RASCI concept is applied to work out who 
should be involved in the process, and in what capacity. It’s essentially just a very 
specific way of detailing roles and responsibilities for a set of deliverables. 

The crucial point to note is when you use the RASCI matrix, you must ensure that 
it’s developed collaboratively. Those involved need to agree on which role they 
will be fulfilling—you can’t just write up the matrix, email it out, and expect 
everyone to fall into line! 

Figure 4.4. An alternative representation of the RASCI matrix 

Managing Multiple Projects 
One of the happy side effects of having created all the project documents, from 
project plan to issue lists, is that they make managing multiple projects much easier. 
It is almost a luxury these days to only work on one project at a time—many of us 
find ourselves juggling a number of projects, and the people on our teams are as-
signed to many different projects, too. 
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This can cause complications: team members who don’t have 100% of their time 
assigned to your projects can find themselves torn between the priorities of com-
pletely different pieces of work. You may also find it difficult to keep track of all 
the details of your different projects if you try to keep them all in your head. 

Using the project tools makes it easier for you, as well as your team. Emails that are 
very clear about responsibilities and deadlines help team members to prioritize 
their work. Status updates help the stakeholders to know what’s going on, but they 
also provide a helpful refresher on the project’s current status when you’re switching 
between projects on a daily basis. Issue lists help to ensure that barriers are broken 
down, and that issues aren’t forgotten. Plans help to direct work. 

You may even find that you want to expand some of the tools to cover multiple 
projects—status update newsletters that contain details of all the projects being 
worked on might be beneficial if the stakeholder group is roughly the same for all 
the projects. Beware, however, of overintegrating: it may be useful to you to have 
one plan for all the projects, but unless the teams are the same for each project, it 
may simply confuse everyone else. 

Managing Change 
In projects, change is as much a certainty as death and taxes are in life. Dealing with 
change not only pragmatically but positively is one of the hallmarks of a great project 
manager. In order to do so, you need to be able to understand the different types of 
change and reasons for change; to communicate the impact of change effectively so 
that the right decision can be made and lastly to effectively implement change as 
necessary. 

Types of Change 
There are a number of different reasons why change might be required, but for all 
those reasons, there are essentially just two types of change: 

1. change arising from a new requirement
Some change arises from a new need that is discovered during the course of the 
project. Usually this occurs because of a change either in internal circumstances 
(something within the organization or project) or external circumstances 
(something in the wider world, be it government, legal requirements, or similar). 
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2. change arising from an undocumented requirement
This type of change occurs when an existing need that was somehow overlooked, 
deemed to be out of scope, or otherwise remained unaddressed, is identified as 
being a necessary part of the project scope. 

For instance, when the Enron scandal hit in the US and the new SOX (Sarbanes 
Oxley) requirements were introduced, any financial projects running at the time 
suddenly had a new set of requirements to deal with. SOX not only impacts how 
the accounting itself is done, it also affects the processes within the company. 
Technical systems projects would have felt a similar impact when the Y2K problem 
came to the fore. 

Of course, new requirements might be much more mundane than these examples. 
If you were developing a reporting system for a business that experienced a reorgan-
ization, the reporting areas would change because of the reshuffle. Obviously, con-
tinuing with the old structure isn’t going to make sense, because people aren’t 
working like that anymore, so the change is necessary and unpredicted. 

Undocumented requirements can often cause change—consider the cake shop web 
site project we mentioned in Chapter 3. The client on that project might presume 
that your team would create the content for the web site as well as completing the 
technical work to set it up. If this expectation was overlooked in the listing of as-
sumptions during the Planning phase, it could well become a change that will be 
requested at some point during execution. 

It’s important to understand which type of change you’re dealing with, because the 
type of change is very likely to affect the perception of how that change should be 
dealt with. If the project board and your stakeholders feel that you overlooked an 
obvious requirement (that is, the change is an undocumented requirement), they 
probably won’t take kindly to your suggesting that extra funding is needed to accom-
modate this need. 

Before we get ahead of ourselves and talk about money, however, we need to talk 
about dealing with requests for change and how to decide whether changes will be 
made or not. 
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Change Control 
Change control involves having a process for collecting requests for change, invest-
igating the impact of each change, prioritizing those impacts, and getting approval 
to make a change (given its impact). 

First, let’s take a step back. I’m sure you’re thinking, “Why do we need such a big 
process for something as simple as making a change? Surely we just do what the 
customer asks?” 

In a perfect world of unlimited time, funding, and resources, you’d be right. We’d 
take the list of potential changes and just work through them, one by one. But I’m 
sure that you can think back to a time when “just a few small adjustments” snow-
balled into days and weeks more work for you or your team—even though that work 
was never really part of the plan? You’d make the requested change and then 
something else would need to be changed as well, until eventually the end product 
was so different from the original design that it was unrecognizable. 

Your role as project manager is about making the project happen on time and 
within budget, and delivering the agreed scope and quality. Part of the point of 
having you there is to make sure that the project doesn’t cost more than it deliv-
ers—that there’s an acceptable return on investment. No one wants to spend $100,000 
on a project that’s only worth $50,000. 

Change control, then, is really a process of ensuring that the impact of a change is 
really considered before you go ahead and do it. As with the issue tracking process, 
it’s important to define how changes will be registered and considered up-front, so 
that when the first changes come along everyone knows how they’ll be dealt with. 

The Change Control Process 
Though your change control process may be heavily tailored to your environment 
and project, there are a number of key steps that will apply in all circumstances: 

Gather the change requests (CRs). 
You want to have some basic information on each requested change, including 
the benefits it will generate and which parts of the project it affects. 
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Understand the impacts. 
Your first step, on receiving a change request, is to form an understanding of 
the change and what it’s going to mean for the project. Will it mean a design 
change? More work? Less work? Will you need to get a specialist in to make the 
change, or could your team handle it? 

Communicate the impacts and get a decision. 
Make sure that the project board understands what the change means for the 
project in terms of cost, time, scope, and quality. At the end of the day, the final 
decision rests with the board—your role is to make sure they have the appropri-
ate understanding to make the right call. There should only be three possible 
decisions: yes, make the change; no, don’t make the change; and investigate the 
change further. 

When you’re communicating the impact of a change, make sure you inform 

refer them to the original reasons why the project was undertaken, and have 
them consider the question, “Does this change help drive those original 
needs?” 

Does the Change Fit the Project? 

the board about the cost, time, quality, and scope impacts of the change. Also 

Communicate the decision. 
Whether the change is going to be undertaken or not, you need to make sure 
that you let the stakeholder who proposed it (and any others affected by it) know 
what the outcome of the review process was. Be careful not to fall into the pos-
ition of justifying the decision—if the requesters want to argue with the decision, 
they need to argue with the project board, not you! 

Execute the change. 
If the decision was to go ahead with the change, then you’ll need to adjust your 
plans accordingly, and execute the change. As with the rest of the project, you’ll 
need to ensure that you have control mechanisms in place. That way, if imple-
menting the change turns out to have greater impact than anyone anticipated, 
you can spot it early and escalate the issue to the board if needed. 

Whether you choose to execute the change control process on paper or in electronic 
format is up to you—consider in particular the nature of the organization you’re 
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working with. Personally, I believe that project managers should work to make 
change control as easy as possible. However, some project managers actively dis-
courage changes by making the change control process arduous—for instance, using 
paper forms that have to be filled out in triplicate before they will be considered. 

Viewing change as the enemy is not a constructive approach. Some changes will 
indeed mean more work, but stakeholders might also identify real opportunities 
that’ll make a big difference to your project’s effectiveness. Involving the project 
board to make the decision based on the potential value of individual change requests 
will hopefully weed out the gold-plating requests—those that are nice to have, but 
not essential—leaving only those that make a real difference. 

ging from it without considering the implications of change is always a mistake. 

Blind Divergence Is Always a Mistake 

Sticking rigidly to the project plan can sometimes be a mistake, but blindly diver-

Change Request or Project Deliverable? 
One of the most difficult situations you will have to deal with as a project manager 
arises when stakeholders (and maybe even the project board) feel that something 
you see as a change was implicit in the original scope of the project. 

This leaves you in a very difficult position—you have agreed to a certain scope, and 
expanding that will have obvious cost and time implications. Your customers, on 
the other hand, evidently thought it was in your original quote, so they’re quite 
appalled that you want to discuss additional resources or time to make it happen! 

It’s at times like this that your diligence in the Initiating and Planning phases of the 
project will really pay off. Revisit the Project Initiation Document and the project 
plan. Was the deliverable actually identified there, but you’ve somehow overlooked 
it? Try to understand why the customer’s perceptions differ so much from yours on 
this point. 

If you find that the deliverable wasn’t included in the original scope, you have two 
options. You can agree that it was implicit in the scope, and agree to complete the 
change without additional resources or time. Alternatively, you can point to the 
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scope that was signed off by the board, show that the deliverable in question was 
not included, and negotiate more resources or time, depending on what’s needed. 

Of course, there are times when playing hardball on these issues doesn’t seem the 
right thing to do in terms of preserving your relationship with the customer. You 
may well decide to take a short-term hit to build the long-term relationship. If you 
choose to take this approach, however, take the opportunity to revisit the project 
scope—if you’ve already found one hidden assumption, there may well be others. 
Don’t get stung by the impact of misperceptions—or miscommunications—over and 
over again. Get everything out in the open, and work out whether you need a full 
renegotiation of the project if you discover that the customer was expecting the 
project to include lots of extras that you haven’t planned. 

Tools and Best Practices 
The change control process can be assisted by the use of several tools. 

The Balance Quadrant 
Sometimes it’s best to try and illustrate the impact of a change visually. Although 
we’ve already talked about the four key areas in the quadrant being time, cost, 
quality, and scope, it can be very powerful to place these four aspects in a grid and 
illustrate what the impact of each change will be. 

For example, in communicating the impact of a change to add new functionality to 
a web site that you were building, you could present the two scenarios illustrated 
in Figure 4.5. 

What this diagram indicates is that, whichever path is chosen, it’ll entail additional 
cost and an increase to the project scope. You need the board to choose between is 
a two-week delay on the project’s launch, and a higher instance of bugs if you launch 
on time, but have had to divert resources to work on the extra functionality. 

Stakeholder Reviews 
Encouraging change may seem a strange thing for a project manager to do. After all, 
change seems to result in all these difficult discussions and decisions, right? While 
that’s true, ensuring that change takes place at the right time can be very powerful. 
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Figure 4.5. Illustrating the impacts of proposed changes with the balance quadrant 

Stakeholder reviews provide a means for inviting input and anticipating potential 
change early in the process, when changes will likely be less expensive to make. 

The later you leave change, the more expensive it will be. It’s almost always more 
difficult and more costly to change something that has already been built than it is 
to change the design before a single brick (be it literal or figurative) is laid. 

This point is obvious in projects that produce something physical. Everyone under-
stands that asking for the windows in the house you’re building to be moved six 
inches higher after the walls have been built will be expensive. Making that change 
while the design is still on paper is straightforward and cheap; making it later in 
the process means breaking down bricks that have already been laid. Illustrating 
this point is a simple matter of walking around on site. 

The problem in knowledge work is that the detail of what needs to be reworked, 
knocked down, or rebuilt is more difficult to explain. The deliverables seem more 
ethereal, so stakeholders may misunderstand their impacts. For instance, if you’ve 
designed your database system with the storage of text files in mind, a sudden 
change of requirements that means you need to accommodate audiovisual content 
will have a big impact on this aspect of the project. 

Involving stakeholders early, so that they can highlight missing pieces of the puzzle, 
or communicate their bright ideas for improvement is a smart way of getting ahead 
of the curve. Manage change or it will manage you! 

So what does a stakeholder review actually involve? Essentially, it’s just a matter 
of meeting with stakeholders and reviewing the project plans with them. If you’re 
building a product, you might show them the early design sketches or prototypes. 
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In the technology realm, this kind of user involvement is best practice in any 
case—many aspects of the interaction design, usability testing, and user-centered 
design processes rely on the product’s early exposure to users. 

Be careful, though, that you don’t go too far. The point of stakeholder reviews is to 
gain input, not to try to have your stakeholders and users actually design the product 
themselves. 

Change Requests 
Change requests (CRs) can take many forms—you may be happy to accept CRs via 
email, provided the required information is provided in each one. You might want 
people to fill in an electronic form, or summarize what they want in a Word docu-
ment. The important point is to garner sufficient information quickly, so that you 
can evaluate the scope and impact of the change. 

Typically, the a change request involves these sections: 

proposer the details of the person who’s requesting the change, includ-
ing his or her contact details 

description an explanation of the change that’s being requested 

business benefit a description of the value the change will deliver, and how 
it will be delivered 

priority an identification of the importance of the change requested 

There should also be a section either on the change request form itself, or in the 
tracking system you’re using, to collate the CRs together, enabling you and your 
team members to add in information about the impacts of the change—effectively 
answering questions such as, What would be involved? How much would it cost? 
And how long would it take? 

Change Review Boards 
If you don’t receive many change requests, you might just add an agenda point to 
your regular project board meetings to discuss the proposed changes. However, if 
you’re getting a large number of CRs to consider, or you need to have a decision on 
a CR before the next project board meeting, you might want to call a change review 
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board—a meeting that will allow you to consider the different CRs and make de-
cisions about which to proceed with. 

If a number of different CRs are vying for resources, it may be smart to invite 
stakeholder advocates to come to the board and “make their cases” for the changes 
they requested. Much as you’re giving the project board the hard facts (including 
the time, cost, impacts on scope and quality), organizational considerations that 
you’re not well placed to comment on may also come into play. In such cases, bring 
in one advocate for each change request, and give him or her a few minutes to 
present the case for that change. 

This kind of approach can have a number of positive effects: 

! The project board receives extra information that can help them make the best 
decisions for the project. 

! The stakeholders get to see the value of the other change requests that have been 
submitted. They may realize that other needs should take priority for the good 
of the project, and the organization. 

! Some stakeholders may find that they will benefit from changes proposed by 
another area—changes that may possibly even negate the need for their own 
change request to be acted upon. 

In this kind of meeting, your role is largely that of coordinator. You want everyone 
to get a fair hearing, and for decisions to be made at the end of the meeting. Try to 
keep people focused on the value of the changes by asking direct questions about 
the value that each change will deliver, and trying to defuse any overly emotional 
reactions. 

Replanning Sessions 
The outcome of many change requests is an agreement to go ahead and make the 
change. If a number of CRs have been considered and approved, a larger replan may 
be needed than if just one or two changes have been given the go-ahead—though 
of course, that will depend on the nature of the approved changes! Either way, the 
approval of changes provides a good opportunity to bring your team together for a 
replanning and brainstorming session. 
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As in previous planning rounds, involving the team will really help them to feel a 
sense of ownership for the deliverables they’ll be working on. It’s also a great chance 
to find opportunities to work smarter rather than harder. 

For instance, if a number of the changes that have just been agreed are going to affect 
the same aspect of the product, making the design changes for them all together 
will likely be a sensible approach. You might even find some overlaps which actually 
mean that the total impact of all the changes is less than the sum of the individual 
impacts! 

Summary 
We started this chapter by considering communication and why it’s so important 
to successful project management. We discussed the forms (one-to-one, one-to-many, 
many-to-many), methods (email, face-to-face meetings, instant messenger, and so 
on), and contents (purpose, structure, and outcomes) of communication, as well as 
the different preferences that people have for the aspects of communication. 

We then talked about collaboration, and saw how you can take a group of individuals 
and turn it into a team that works. We talked about the process of team formation, 
which involves the steps of forming, storming, norming, performing, and adjourning 
(or mourning). We talked about the difference between management and leadership, 
and saw that, as people have different levels of ability and motivation for tasks, you 
need to alter your management style accordingly. 

We then explored a range of tools and best practices that can help you to commu-
nicate and collaborate effectively, including rules for email etiquette, meeting 
standards, project status updates, plans, issue tracking software, wikis, and the 
RASCI matrix. 

The second part of this chapter addressed the issues associated with managing 
change. A defined change control process is essential to the success of any project, 
ans it allows you to ensure that change requests are collected, the impact of the 
proposed changes are considered, and a measured decision is made about each. 

The tools and best practices that we discussed in relation to change control included 
the balance quadrant. stakeholder reviews, change requests, change review boards, 
and replanning sessions. 
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Now that we’ve discussed communication, collaboration, and handling change, it’s 
time to set our sights on the home stretch: closing the project and moving on to 
other endeavours. 



Chapter5 
Following Through 
At this point, you’re familiar with most of the project life cycle. You’ve successfully 
initiated your project and been through a number of loops of the Planning, Executing, 
and Controlling phases. You’ve understood the business value of the project, and 
have driven towards this at every decision point in the project. You’ve kept stake-
holders, your project board, and, of course, your team informed and involved. Most 
of all, you’ve managed change well, and now you’re approaching the finish line. 

In this chapter, we’ll talk about the final phase of the project life cycle: Closing. 
We’ll also discuss what comes next, whether it’s handing the project over to another 
team, or running the day-to-day operations of the finished product yourself. Finally, 
we’ll consider how to move on to new projects without your customers feeling like 
you’ve deserted them! 

Closing the Project 
In order to complete the final phase of the project life cycle—Closing—we first need 
to talk about how we know we’re ready for it. How do we know when a project is 
finished? And what will we do if the customer doesn’t agree that we’re done? Once 
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we’ve considered this all-important point, we’ll talk about the actual process of 
closing the project. We’ll also consider some useful tools and best practices that 
will help you to close out smoothly and effectively. 

Knowing When You’re Done 
Knowing when you are ready to move out of the Planning, Controlling, and Executing 
cycle, and on to closing the project seems deceptively simple. You just move on to 
closing once you’ve finished the actual doing of the project, right? 

Well … maybe. On closer inspection, identifying the end of the project isn’t so 
simple. Do you draw the line when most of the project deliverables have been 
completed? When people on your team are starting to run out of work and you need 
to release them? When the business value promised has been delivered? 

There are compelling reasons to close at any of these points. Once the majority of 
project deliverables have been completed, your project team will start to run out of 
things to do. No one wants to waste resources, and although folks in the team might 
find it a welcome relief to have a couple of days with less to do, having no work for 
an extended period of time is boring. Realistically, their skills are probably in high 
demand—in some cases you may find you have to fight to keep your team together 
right up until the end of the project! 

On the other hand, the business value promised may take a while to be de-
livered—after all, many projects focus on delivering a product or designing a new 
process that will deliver results in the longer term. In contrast, your project’s focus 
will have been on creating that product or process and making sure it’s adopted. 
Obviously, you wouldn’t want to keep resources tied up until that value was de-
livered. 

Knowing the right time to close can be tricky, but if you did your initiating right, 
you’ll know exactly when you’re approaching the home stretch. 

Back when we initiated the project, we wrote and agreed on a Project Initiation 
Document. Along with some basic details of scope, time lines, and so on, it also 
included a section that defined success criteria. 

These success criteria describe what you’re trying to achieve in the project itself, 
as well as the long-term business benefits that are expected as the pay back for the 
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initial investment in the project. One of the reasons that keeping the PID up to date 
as the project progresses, and changes are made to its scope, time, quality, and cost 
factors, is to make sure that these success criteria are still relevant. 

The time to start thinking about closing the project is when the currently agreed set 
of success criteria will soon be met. 

How far in advance you will realize you’re about to hit your success criteria and 
start working on the Closing phase will depend on the overall length of your project. 
On a three-week project, you might only realize it a couple of days in advance. On 
a three-year project, you’ll probably realize that you’re heading towards completion 
two to three months in advance. 

Don’t Fixate on “The Date” 

If you’ve been very focused on a particular date—whether it’s a key date on which 
a new process will begin to be used, or a product will be launched—you might 
fall into the trap of thinking that this is the end of the project. It’s important to 
draw the distinction between key dates and the actual end of the project. 

For instance, in the run-up to the end of 1999, many technology companies and 
IT departments were very focused on January 1, 2000, since that was when the 
Y2K risk was expected to take effect. Y2K projects needed to have all relevant 
code changes completed by this date, but the projects themselves would probably 
not have been closed until sometime in the year 2000. Activities that might have 
occurred after the key date would have included documentation, extra support 
in case new bugs were introduced in the rush to fix date issues, and the actual 
process of closing the project and celebrating its success (or investigating its fail-
ure!). 

Gaining Customer Agreement 
You cannot decide independently, as project manager, that a project can be closed. 
As in every other part of your project, the team, the project board, and your stake-
holders will have their own opinions on the topic, and these will need to be taken 
into account. To put it bluntly, at the end of the day, your customer is the only fat 
lady who can sing! 
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In reality, there are three scenarios: 

1. total success
The project has delivered everything that was planned, it all works perfectly, 
and you’ve become such a hero that they’re building a statue in your honor. 
People in the office high-five you as you walk past. In a movie, you’d be the 
character with whom the perky theme tune was always associated. 

2. compromise
The project has delivered the most important elements, and through a review 
of the project success criteria, you and the customer will come to an agreement 
that the project can be closed. It’s likely there are a number of conditions that 
need to be met before they will be 100% happy. 

3. total disconnect
You (and probably your team members) believe that you’ve done what you were 
asked to do, but the customers are in a completely different place. They either 
think you’ve broken your contract with them, or they didn’t realize the implic-
ations of what they agreed to at the outset, so they’re continually moving the 
finish line. 

It will probably come as no surprise to you that scenarios two and three are more 
likely than scenario one. Every now and again you’ll get the awesome feeling of 
having totally hit one out of the park, but usually you’ll be aiming for compromise 
and consensus. After all, complex projects have complex results. What you need 
to avoid is the total disconnect. 

A good project manager should be able to do this by keeping customers (both the 
stakeholders and the project board) engaged and involved through the project. As 
always, it’s not a problem if people to disagree with you, but it will be a big deal if 
that disagreement, distrust, and unhappiness comes at you around a blind corner. 

Hopefully, you have the finger on the pulse, so you know what the customer reaction 
is going to be when you start talking about closing the project. If you’re faced with 
a situation of total disconnect, the next section is for you—it explains how to deal 
with this scenario. However, if you’re faced with either of the other scenarios, you 
can begin the process of closing the project. 



137Following Through 

Handling a Total Disconnect 
Somewhere in the past of every seasoned project manager there’s The Project That 
Went Wrong. We all learn by making mistakes, and it’s fairly safe to say that we’ve 
all found ourselves in the awful total disconnect situation, convinced that we’re in 
the right and that our team has done what it was asked to do, and totally bewildered 
by the fact that the customers seem to have turned into angry, bitter, screaming 
monsters at the mere suggestion that the project is almost finished. 

If you find yourself in this situation, you need to go into what I like to call “emer-
gency mode.” The first thing you must do is stop. Stop talking about closing the 
project, stop talking about moving your people on to other projects or client accounts, 
and most of all, stop trying to convince your customers that you’ve done what they 
asked you to. Though all of these may seem like sensible actions, in fact they’re just 
going to inflame the situation further and infuriate your project’s customers. 

The second thing you need to do is listen. Don’t sit there looking bored and thinking 
of your next comeback while they rant: really listen. Don’t talk other than to ask 
clarifying questions. Let your customers rant, vent, let it all out. You need to under-
stand what’s really wrong, how the disconnect arose, and how it developed without 
you realizing it. When they stop, ask “Is there anything else?” Sometimes you’ll 
need to talk through multiple layers of anger and frustration before you reach the 
fundamental problem. 

Next, you need to understand. You may need to talk to multiple people before you 
really understand what the issue is, so don’t rush into it. Once you’ve listened to 
someone, repeat their key points to ensure you’ve understood their concerns, but 
don’t suggest solutions or start bargaining. Just make sure you comprehend what 
they’re saying, then go and talk to the other people whose points of view you need 
to understand. Keep doing this even when you feel bruised and battered from all 
the negativity. It’s important that you really understand what the problem is. 

By this point you’ll have achieved two very important goals. First, you’ll have 
formed a true understanding of what’s gone wrong, and an appreciation for your 
customers’ points of view. Second, you’ll have taken a lot of the emotion out of the 
situation. Really listening to your customers will remove a lot of the anger, hurt, 
and frustration they’re feeling. And calm people are a lot easier to bargain with. 
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The next thing you’ll need to do is to form solutions—work out paths that will take 
you forward. In all likelihood, you’ll have shielded your project team from the wrath 
of the customers, but team members need to understand the issue so that they can 
help you come up with ways to solve it. So share the customers’ issues with them, 
and brainstorm a range of solutions. 

In most cases, your options are likely to look something like this: 

! Scrap the project and start over. 

! Close this project and start a new one to address the gaps. 

! Renegotiate your definition of success, and formulate a new plan to achieve it. 

Of course, the usual time, cost, scope, and quality implications will need to be 
considered. It’s usually at this point that things become sticky, because the question 
of who will bear the cost (monetary or otherwise) of the chosen solution is likely 
to be hotly contested. If you’re an outside contractor, this might be a good time to 
consult your lawyer and check the exact terms and conditions of your contract. If 
you’re an internal project manager delivering a project for a department other than 
your own, you probably want to get your managers involved at this point to help 
negotiate. 

The next step is to renegotiate. Present your potential solutions to the project board 
and ask the board members to decide which route should be taken. Be honest about 
the implications of each option; give the board the data it needs to make the best 
decision. 

If part of the reason you wound up in this mess is that you didn’t have a project 
board, this is the time to form one. In crisis situations, it’s important to have the 
right people make the decisions. You needn’t call the group a project board, of 
course—they can be an emergency committee, a customer review panel, or whatever. 
The name’s not important. What’s important is that you have the people with both 
the ability and the authority making the big decisions. 

Once a decision has been reached, you can continue. Form the new plan, kick off 
the new project, close the existing project—take whatever steps have been agreed. 
Whatever you do, make sure that you don’t start again until you’re confident that 
the new approach will have a better outcome than the old one. 
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Closing a Project 
Closing your project involves a four step process: review, agree, complete, and cel-
ebrate. As in other project activities, it’s important, first of all, to determine who 
needs to be involved in each step. For instance, you might want to celebrate the 
project being completed with everyone involved, but actually completing the final 
tasks would primarily involve your project team. 

Let’s take a closer look at each of these phases now. 

Review 
The first step in closing is to review the project, presenting the product or process 
that has been delivered. Your focus should be on the success criteria that were 
agreed in the Initiating phase, and were revisited regularly when changes were made 
during the Planning, Executing, and Controlling phases. Consider each success 
criterion, and show either how it has been achieved, or why it won’t be achieved. 

If a decision has been taken not to try and achieve a given success criterion (for 
whatever reason), it may be worth reminding the audience about when that decision 
was taken and why. Significant decisions like these would normally have been 
taken by the project board. For instance, the project may have required that one of 
the ISO quality standards was met, but the associated cost of producing all the 
documentation may have been deemed excessive, so this success criterion may have 
been amended or removed during the course of the project. 

You should also give an overview of the starting point for the project (the original 
Project Initiation Document is a good tool here) and highlight the changes that were 
made to the four areas of the balance quadrant: key decisions that impacted cost, 
time, quality, and scope. 

Your project review (which will typically be a meeting, as we’ll discuss below) 
should essentially answer four questions: 

1. Has the project come in on or under budget? 
2. Has the project been delivered on time? 
3. Has the project delivered the required scope? 
4. Has the project been delivered to the required standard of quality? 
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What Not

Don’
If you’ve built a product, and you want to demonstrate it, set up a demo that’s 

’t want people to focus on the detail 
of the product while you’re trying to close the project itself. In any case, it’s 
best to share the demonstrations as soon as possible, to show progress in your 
project, rather than waiting until the end! 

Don’t discuss the details of any changes. 
Don’t get into the detail of why certain changes were or weren’t included. 
This is not the time for stakeholders to dispute change approvals or disap-
provals made by the project board (or change board). 

Don’t revise the project’

your team look good. Don’t start rewriting the course of events—people in 
the audience will notice, and you’ll lose credibility while derailing your 
meeting. Focus on what was achieved, and steer clear of trying to make ex-
cuses. 

 to Do In Your Project Review 

t show a live demo. 

separate from the project review. You don

s history. 
Your project review is about reviewing the project, not making yourself or 

Agree 
The next step is to gain agreement on exactly what remains to be done before the 
project can be officially closed. You’ll probably already have put some thought into 
this as part of your project planning, but since customer agreement is such a key 
part of the Closing phase, it’s important for this stage to be very transparent for 
everyone involved. Typical deliverables at this stage would be documentation, 
training for those who will perform the new process or support the product, and 
administrative tasks such as completing final budget reconciliations. 

If, in your project review meeting, there’s literally nothing else to be done on the 
project, you’ve probably left the review too late. If there’s nothing left to do, your 
project team has probably been sitting idle. It’s better to have the review meeting 
as the finish line is approached, and agree how to take the last few steps together, 
than to have everyone hanging around twiddling their thumbs. 



141 Following Through 

Complete 
The next stage is to complete the final tasks and deliverables that were agreed to. 
How well you execute this point is going to heavily influence people’s perceptions 
of how the project was handled, so it’s important to pay attention to detail. Dot the 
i’s and cross the t’s, and make sure the documentation is completed properly and 
training is given due attention. 

As your team members are likely to be winding down on this project and may 
already be starting up on others, it can be easy for them to get distracted. After all, 
the new project may seem more exciting than writing up documentation or similar, 
seemingly administrative, tasks.1 You may find that it’s more necessary at this stage 
than any other to keep a close eye on your progress and to follow up regularly with 
those who are responsible for delivering these last few milestones. 

It’s also worth overcommunicating at this stage. The review stage will have brought 
a spotlight to bear on the project, so make sure that people are kept informed about 
progress and any delays. 

Particularly if you were operating under a formal contract, one of the final tasks 
should certainly be getting official sign-off from the customer that the project has 
been delivered. You should also specify any future relationship, whether it be that 
you will be providing ongoing operational support, or handing over to another team. 
We’ll discuss this further in the next section. 

Celebrate 
Last, but certainly not least, it’s important to celebrate the end of the project! It’s 
easy for projects to fizzle out as they’re completed, for the new process or product 
to become the status quo for the stakeholders, for the project board’s attention to be 
diverted elsewhere, and for project team members to float off to their next projects 
or assignments. 

The project managers that I most enjoyed working with were those that were brave 
enough to face reality and generous enough to give credit where it was due. They 
never gave false praise—when they applauded you for a job well done, you always 

1 Incidentally, this is another great reason to make sure that these tasks are dealt with throughout the 
course of the project, rather than leaving them all to the end! 
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knew their praise was genuine, which made it all the more valuable. And when 
they held a project celebration, the focus was always on the team and what it had 
achieved, not the amount of alcohol consumed or the fanciness of the venue. 

Make a concerted effort to celebrate the end of the project and to make sure that 
everyone knows what was delivered, both in terms of the process or product de-
veloped, and the business value delivered. It may be months or even years since 
the original rationale for doing the project was shared—since then, the project has 
become an entity all its own. 

Though you shouldn’t have let the focus become diverted from the value you were 
creating by undertaking the project, it can be easy for the wider organization to 
forget. Celebration is a great opportunity to remind everyone why the project was 
undertaken, and what value it promises, and also to recognize individual contribu-
tions from the team members or stakeholders. 

Tools and Best Practices 
The selection of tools and best practices that will help you through the closing 
process are as follows. 

The Project Review Meeting 
The review and agree stages of the Closing phase should happen as part of a project 
review meeting. Typically, this would take place as a presentation to the project 
board, with key stakeholders also invited to attend and participate. Your team 
members should also be present, and it may be smart to distribute the presentation 
among them, so that those who have made particular contributions get to display 
their work. 

The project review meeting should not be a blow-by-blow account of the project, 
though. The focus needs to remain on the products or processes that have been de-
livered, and keeping these meetings short and crisp is the best way to make them 
effective. By the end of the meeting you want two things: firstly, an agreement that 
the project can be closed, and secondly, a list of the items or tasks that need to be 
completed before the end of the project. This should be a checklist of the final ac-
ceptance criteria for the project. 
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This is potentially the most important meeting of your entire project. Make sure 
that you send out an agenda well in advance, and that all the key people are able 
to attend. Make sure that those who are invited understand how crucial the meeting 
is (follow up on a one-to-one basis if you feel it’s required) and that they understand 
this is the “speak now or forever hold your peace” moment. Define the outcomes 
that you want (that is, agreement and next steps) up-front and standards for the 
meeting (for example, that you won’t dive into detail unless it’s crucial to achieving 
the meeting’s outcomes). Most of all, try to keep to time, and to keep everyone in 
the room engaged. A project review in which people pay more attention to their 
email or Sudoku puzzles than to what is being said is almost a guarantee that zombie 
stakeholders—stakeholders who keep “coming back from the dead” with requests 
for changes or improvements after the project has been closed—will haunt you in 
the future. 

agreed to and exactly when those decisions were made. Having details of the 
budget used, projections of whether the final bits of work can be completed on 
time, and the relevant quality and scope information (such as the percentage of 
product tests passed, for example) will show that you are in control. 

Be Prepared! 

Prepare well for this meeting. You need to have details of the changes that were 

Project Sign-off 
Formal project sign-off is desirable in any project, but it’s absolutely essential when 
you’re in a contractual relationship. You should pull together a document that details 
what was delivered, and references the original Project Initiation Document as well 
as the change log of decisions made through the project. Ideally, it should very 
closely mirror the original PID, checking off the deliverables that have been com-
pleted. Again, the focus here is on what was delivered and the key decisions that 
were made, not the minutiae of what happened step by step through the project. 

Getting the customer (usually the project sponsor and board) to sign on the dotted 
line to agree that you have delivered what was asked is good practice for closing 
the project, but also great insurance against queries and concerns in the future. 

We’ll talk more in the next section about making arrangements for the future. If 
you’ll be providing ongoing maintenance or even running the day-to-day operations 
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of the project’s product, you’ll also want to attach and reference details of these ar-
rangements and any associated contracts or service level agreements. 

Formal sign-off can be a crystallizing point. Board members who may have happily 
agreed in the review meeting that the project can be closed may hesitate to officially 
give their signature to that fact. Something about signing a piece of paper and the 
associated perception of legality can make people very cautious. So take extra 
care to pay attention to the details and get all your facts right, since this is the 
time they’re most likely to be examined and questioned. 

Be Prepared 

Customer Feedback and a Key Measures Score 
Both these tools achieve the same end: they help you obtain feedback from your 
customers about how the project was run. The focus here is on the project manage-
ment process itself, rather than what has been delivered. 

The customer feedback session or survey is a free-form exercise—you might want 
to design a few key questions around whether the customer felt appropriately in-
volved, well informed, and so on, but you’re mainly trying to get their perspective 
on how well you ran the project, what you did well, and what you could have done 
better. In the absence of a more formal framework, this is the best way to gather 
feedback. 

If there are a number of customer representatives (say multiple stakeholders in ad-
dition to the project board), you might want to hold a face-to-face session, with the 
atmosphere of a group brainstorm rather than a formal review. You might feel re-
spondents will communicate more freely if you collect feedback anonymously via 
an electronic or paper survey. 

Either way, the mere act of asking for feedback can leave a very positive impression 
on your customers—they will appreciate that you care about improving, and want 
to learn from the experience. 

If you’re working in or for an organization that has a little more sophistication in 
its project management operations, you might complete a key measures score. This 
is a series of criteria that are used to define the project’s success. The criteria will 
vary from organization to organization, but typically include measures relating to 
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properly initiating, planning, executing, controlling, and closing your project, as 
well as appropriate communication and documentation. 

As with any test, it’s nice to know what the questions will be in advance, so if you 
work in or with an organization that values key measures scores, be sure to ask 
about them up-front. It probably won’t lead you to run your project any differently, 
but it might save you some time to know that there’s a desire for plans or document-
ation to be set out in a particular format or meet certain standards. 

Some organizations evaluate key measures via self-assessment—that is, the project 
team marks itself on the different measures. Others ask the customers to evaluate 
the project’s performance against these measures. A blended approach may also be 
used. Make sure that you understand the implications of such scores—some com-
panies view them as a very important performance measure, and may link compens-
ation to the score achieved. 

The Lessons Learned Session 
While the tools we’ve just discussed focus on getting customer feedback on how 
the project was managed, a lessons learned session is an opportunity for the project 
team to reflect on what went well, what didn’t, and what could be done differently 
in future. 

The focus of this session shouldn’t be on assigning blame for things that went wrong 
in the course of the project, but on learning from experience. The best way to do 
this tends to be by holding a brainstorm session, potentially using the project plan 
or status update documents to jog people’s memories about what might have 
happened towards the beginning of the project. 

It’s important to try and keep the team focused on the positives as much as the 
negatives—it’s easy for the group to zone in on the mistakes that have been made 
without realizing that there were lots of ideas that worked well and should be re-
applied in future. Keeping the right balance ensures that the session doesn’t become 
demotivating. 
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positive I can think of, so that during the meeting I can pepper the conversation 
with encouragement for a job well done if the team starts to focus too much on 
the problems encountered and mistakes made. 

Being Consciously Positive 

Personally, I prepare for these sessions by consciously writing down everything 

After you’ve held the brainstorming meeting, it’s useful to compile a document 
summarizing what was discussed, and what lessons were learned through the project. 
Think of it as a one-page summary of everything you learned about project manage-
ment on that particular project. When you’re kicking off a new project, having a 
collection of such one-pagers to read through can help you avoid pitfalls and improve 
your chances of success. 

Expanding the Audience 

’s 
wider than just the project team. Others in your organization might also be able 
to learn from the tools and best practices you used and found successful, as well 
as the pitfalls you’ve identified. 

You might also choose to hold a lessons learned review with an audience that

The Closure Celebration 
Once the project is truly completed, the final loose ends tied up, and your docu-
mentation, training, and handover are all completed, it’s time to celebrate! Hopefully 
you have achieved some great results by completing this project, and now’s your 
opportunity to recognize everyone’s hard work, as well as reminding the organization 
of the value that’s been delivered. 

It’s easy to forget about this “softer” side of project management, but letting your 
project team and stakeholders just drift away as the project fizzles out is not a 
winning strategy. Last impressions count, so take the opportunity to celebrate what’s 
been achieved. It’s a rare project that manages to be completed without at least some 
cause for celebration. 

Usually some sort of public gathering is appropriate—depending on the organization 
you’re working for, the local bar or an in-house conference room may be the best 
venue. Strive to include everyone—and realize that this may mean scheduling the 
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celebration during working hours so that those with family or other commitments 
aren’t excluded. 

In addition, you might want to follow up to make sure that members of the team 
who really did well are recognized for it. Often, you’ll have working in your team 
people who don’t report to you directly from a career perspective. Take the time to 
talk to these team members’ managers, put in that promotion recommendation, or 
even award some sort of prize if you feel that’s appropriate. 

Making sure that individuals are rewarded for good work has an impact not only 
on the project you’re just finishing, but for future projects as well. If the next person 
assigned to one of your project teams realizes that hard work will be noticed, you’re 
more likely to get that star performance than if they figure that you can have no 
impact on their salary, promotion prospects, or anything other than whether they 
get home on time today. 

What Comes Next? 
Projects aren’t undertaken in a vacuum, nor does their closure mean that there’s 
nothing else to be done. In order to effectively close your project, you also need to 
think about what happens next. 

In doing so, you first need to consider your own role (or that of the organization 
you’re working for). Are you going to be involved in the ongoing operations of the 
product, or do you need to hand it over to another group that will run the process 
or product that your project developed? 

Delivering the project on time, within budget, to the required level of quality and 
scope makes you a good project manager. Making sure that the training and docu-
mentation are set up so that the promised value will continue to be delivered into 
the future makes you an amazing project manager. 

Defining Your Role 
Up until this point, your role has been to manage the project—to bring it in on time, 
within budget, to the required levels of scope and quality. Once this is done, how-
ever, you might have a number of different roles. 



148 The Principles of Project Management 

For instance, you might be in charge of the department that will execute the process 
your project defined, or use the product that your project built. If this is the case, 
your focus will shift to ensuring that the process or product can be used as effectively 
as possible. You will become an operational manager, concerned with the day-to-
day running of the business. 

Alternatively, you might not be involved at all in the day-to-day operations of your 
product, but you may still be expected to provide support if something goes wrong 
with it. For instance, if your project was to deliver some new software to control 
the manufacturing lines at a pet food factory, you’re unlikely to have to manage the 
orders for horse meat, but you might be expected to come back and arrange the 
eradication of a bug in the software that was erroneously labeling all the dog food 
as “PussyDLite.” 

Of course, in all likelihood, you may have none of these roles—you’re quite likely 
to move off to managing a completely different project, potentially in a different 
organization, particularly if you operate as a contractor or consultant. However, you 
need to realize that someone will be operating in these roles, and that you will be 
judged on how well you equip them to do their jobs post-project. When we discuss 
tools later in this chapter, we’ll discuss best practices for documentation and han-
dover that will make this happen smoothly. 

Understanding your role in the future of the project (or the process or product that 
was developed) is very important as it will help you to prioritize what matters most 
as you close the project and look to the future. 

Knowing When to Renegotiate 
One of the primary reasons for understanding how your role is changing as the 
project finishes is so that you know when to renegotiate. For instance, it may have 
become apparent that the customer expects ongoing support and maintenance once 
the new software system that you have installed is deployed. This may not have 
been included in your original project contract, in which case, you’d need to rene-
gotiate the relationship and define how this ongoing support service will work. 

On the other hand, if you’re an internal project manager, there’s a real risk that you 
will move on to other projects, only to find yourself continually pulled back into 
the fray on projects that you finished long ago. At first it may feel wonderful to be 
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needed, and the comfort zone of the completed project may be a welcome reprieve 
from the uncertainty and challenges of your current projects. 

However, if every time you finish a project a little bit more of your time is going to 
be taken up maintaining and responding to questions on your old projects, you’ll 
soon find that you don’t have enough time to focus on the present! Creating great 
documentation of the project itself (in the form of the plans, issue lists, change logs, 
and so on, that you were already maintaining) is a great help in shortcutting the 
questions. And putting proper structures in place to deal with ongoing support, 
maintenance, and day-to-day operations is what will set your project up for true, 
long-term success. 

You may indeed be the right person to provide those services, but if this is the case, 
it needs to be negotiated up-front. Having such expectations evolve over time will 
only result in you being viewed as a failure on both fronts—first, for never properly 
handing over the original project, and second, for failing to deliver your new projects 
properly because you’re always looking back. 

Whether you’re an internal project manager moving on to other projects in the same 
organization, or a contractor keen to provide services on an ongoing basis, it is im-
portant to define your role. It’s equally important to lay the ground rules for how 
that new role will work—be it via a formal contract (definitely a must if you’re an 
external contractor!) or a simple memo or agreement. 

The Superstar Handover 
Project handover consists of two aspects: training and documentation. Training 
tends not to be a big problem. After all, it’s been expected all along that people will 
need to be trained on how to follow the new process, or use the new product that 
has been developed. 

If you’ve been forward-thinking, you’ll have realized that whoever will be doing 
support in future will need extra, in-depth, technical training so that they understand 
not just the what, but also the how and the why of the project.2 This will allow the 

2 In this case, “technical” should be read in a broader sense than simply to mean “relating to technology.” 
For instance, if you were defining a new financial process, the required technical understanding would 
include an in-depth knowledge of accounting principles and practices. 
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person tasked with the product’s operation to complete that extra level of 
troubleshooting in case something goes wrong. 

On the other hand, excitement levels in your life have to be at an especially low 
ebb for project documentation to be one of the highlights of your week. It’s safe to 
say that documentation is one of those deliverables that everybody loves to hate. 

Sadly, project documentation is a boring task that’s really quite essential. Imagine, 
for instance, that your entire team enters a lottery pool, and they win $20 million 
the day after the project is completed. Reaching those team members on their private 
beaches to ask questions about how to get the pet food labeling software to stop 
printing in hieroglyphics will become very difficult. 

This example is definitely extreme, but the underlying issue—namely, that after a 
very short time no one from the original project team will be available to answer 
questions or deal with issues—is a very real one. People move on to new roles, leave 
companies, or move across the country every day. And although some initial 
teething troubles may mean that support is top of the agenda immediately after a 
project has gone live, there may well be weeks, months or even years of trouble-free 
operation before that first Big Question or Big Problem is encountered. 

As such, investing in documentation and training is essential. The good news is 
that throughout the project you’ve been documenting! The Project Initiation Docu-
ment, project plan, issue lists, project board meeting minutes, change proposals, 
and project change log already paint a fairly complete picture of what happened 
through the project, and who was involved. The project sign-off documents the 
agreed project outcome. 

Pulling together these documents, identifying any gaps, and binding it all together 
with a brief document should give adequate documentation of the project manage-
ment side of things. 

On the other hand, the documentation of the process or product that was the focus 
of the project should be one of the project deliverables. In the same way, training 
should be developed as part of the project itself, not just as an afterthought at the 
end of the project. We’re discussing it here because it’s so important for a successful 
project closing, but in fact the actual work should have been done back in the 
Planning, Executing, and Controlling loops. 
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At this point, it pays to work very closely with the people who’ll be taking over 
the operational and support work. Don’t fall into the trap of relying too heavily 

sure they are trained so they can produce the documentation (which does occa-
sionally happen), make sure you have the hard copy to back up your soft skills. 

Documentation Is as Important as Training 

on informal training and handover. Unless your role is officially defined as making 

Defining how handover of day-to-day operations will work, and what the ongoing 
support model is, should also have been a project deliverable. Don’t worry if you 
have forgotten these tasks, or left them until the Closing phase. Essentially all you’re 
going to do is a final loop through the PEC cycle in order to complete these deliver-
ables. 

Tools and Best Practices 
Let’s take a look at the tools and best practices that can help you through the han-
dover process. 

The Project Documentation Pack 
We’ve already alluded to the first weapon in your arsenal here. The project docu-
mentation pack consists of all the project artifacts, from the initial Project Initiation 
Document to the project plans, issue lists, and change logs, and finally the project 
sign-off. 

Slap a table of contents on the front, and reference the documentation, training, and 
any subsequent contracts or agreements that cover the product’s ongoing operations. 
It pays to deliver this pack not only to the project board, but also to the folks who 
will be operating the product and providing support in future. If there’s some sort 
of shared document repository, store it there as well. 

Finally, keep a copy for your records. That way, even if you’re approached with 
questions, you can simply hand over the bundle of documentation, rather than 
having to wrack your brains for the details of a project long finished. 
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Service Level Agreements 
If you’re going to be providing ongoing support for the product or process that your 
project delivered, you need a service level agreement (SLA). This defines exactly 
what support is expected and on what timings it should be delivered. For instance, 
it would define the different types of events that are supported (incidents, problems, 
changes), as well as the severity levels that the events may be awarded (critical, 
major, minor, routine) and the agreed targets for resolving each event type. 

As an example, let’s imagine you’re providing ongoing support for a customer order 
web site. An example of a critical (highest severity) event—an issue that breaks 
regular service—might be the web site being completely unavailable. This is both 
the most severe and the most urgent issue possible, as no orders can be received 
until the web site is restored. As a result, this kind of severe, urgent issue would 
need a fast response, probably within a matter of hours. 

Of course, not everything needs to be dealt with so quickly. The underlying issues 
that cause events to occur over and over might only be fixed weeks or months after 
they’re discovered, depending on the severity of the problems they cause. It’s im-
portant to define the levels of service up-front, since negotiating at a time when 
your customer is actually experiencing a severe incident is either going to be seen 
as blackmail, or your lack of ability to prioritize issues! 

If you’re working in the technology space, a wealth of best practices have been 
documented around the creation and administration of service level agreements. 
One of the most widely acknowledged frameworks is ITIL—the Information Tech-
nology Infrastructure Library. Check Appendix B for references to further resources. 

Operational Contracts 
If you’re going to have any ongoing involvement after your project is closed, you 
need to consider your contractual position. The contract for the project probably 
didn’t mention ongoing support, and even if it did, you’d want to revisit that now. 
Making sure that everyone is aligned on what’s expected up-front is much cheaper 
than dealing with a law suit later. 

When you’re drawing up an operational contract, you need to consider the measures 
that are included very carefully. What you measure will drive the behavior of both 
your and the client’s organizations. We’ve all been on the phone with a call-centre 
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employee who’s evidently being assessed on the length of their calls (the shorter 
the better!). The person seems more focused on palming you off to another depart-
ment than actually answering your query or fixing your problem. 

This isn’t because the person’s bad at the job—in fact, he or she is doing exactly 
what the measurement approach requires. The problem is that the measure isn’t 
well aligned with the actual purpose of the organization—to provide customer ser-
vice! When you’re drawing up operational contracts, take care to ensure that the 
measures defined are appropriate, measurable, and realistic. 

Summary 
This chapter kicked off with a discussion of the final phase of the project cycle: 
Closing. We explained how we can identify the point at which we should start 
closing the project, and explored the importance of customer agreement. We also 
considered how to recover from a total disconnect situation in which you and your 
customer are of completely different opinions. 

We then talked through the actual process of closing, including the need to review, 
agree, complete, and celebrate. The tools and best practices that were recommended 
for closing included the project review meeting, project sign-off, customer feedback 
and key measures score, a lessons learned session, and of course, the closure celeb-
ration. 

Next, we talked about what comes after the project closure. We saw that you need 
to begin by working out what your role is. Are you going to run the product’s ongoing 
operations, provide support, or simply move on to another project altogether? 
Whatever your ongoing role will be, excellent handover is extremely import-
ant—that’s why we talked about how best to achieve it. The tools we discussed—the 
project documentation pack, service level agreements, and operational con-
tracts—will, without doubt, help smooth the handover process. 

Now, we’ve completed a project, let’s talk about your future as a project manager! 

Looking to the Future 
Now that you have successfully closed your project, taking care to ensure that it 
was appropriately documented, and that handover was successful, you need to look 
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to the future. In many cases, this will mean a new project and a new beginning. 
And in some cases, it might mean a follow-up project that delves into detail on a 
new issue or opportunity that was discovered in your last project. 

Whatever the content of your next project, it will present an opportunity to further 
hone your skills as a project manager, and your mastery of the project management 
toolbox. 

The Next Project … and the Rest 
The beauty of project management is that the toolkit remains the same, no matter 
what project you’re undertaking. The science of project management lies in under-
standing the processes, tools, and best practices that are associated with the job. 
The art of project management is all about developing the judgment, intuition, and 
soft skills to choose the right tools, people, and processes, and the finesse to use 
them to great effect. 

As your experience increases, you’ll become more confident about choosing the 
right tool for each aspect of a project. You may also find that, as you work on bigger 
and more complex projects, more rigor—and more advanced tools—are required. 
Appendix B provides pointers to some resources that will give you these advanced 
skills, while Appendix C is designed to help you explore the option to pursue pro-
fessional project management qualifications. 

Whatever you do in your career as a project manager, make sure you work to find 
your own style. Learn from the project managers you’ve worked with in the 
past—think about what you want to emulate, and what you don’t! If you can, find 
yourself a mentor—a more experienced project manager who can advise you on 
how to deal with tricky situations, or help you when you’re not sure which tool 
will suit your needs best. 

You needn’t try to be an expert from the outset. Focus instead on improving with 
each project that you do, developing intuition about which tools to pick, how to 
handle tricky situations, and how best to achieve the project’s ends. 

But most of all, keep at it! Like any skill, project management takes practice to 
perfect. You should now have a solid foundation in the knowledge and skills re-
quired—from here, it will only get easier. Good luck! 



Appendix A: Tools 
In this appendix, you’ll find templates and examples for the key tools from each 
project phase. Where appropriate, there’s also extra information and pointers to 
additional resources. This is intended as an easy reference guide to the tools—don’t 
forget that if you need to understand more about why the tools are recommended, 
you’d do well to refer back to the original chapters where they were discussed. 

Initiating 
Here’s an outline of the tools that can help you during the project’s initiation. 

Project Proposal Template 
This template is designed to guide you as you prepare your project proposal. 

Proposed Project 
In this section, briefly outline the project you’re proposing. A couple of sentences 
describing what the project will be about should be sufficient. Think of it as the 
“elevator pitch” for your project—how you’d describe it if you only had two minutes 
to do so. 

Background 
Give some background information that’s primarily focused on the problem to be 
solved by the project. If the circumstances surrounding the project are particularly 
complex, you might choose to divide this section into a general description of the 
context, and an outline that details exactly what problem is to be solved. 

Value Creation 
Since at this stage there will have been limited investigation into the value creation 
potential of the project, focus this section on providing an idea of what type of value 
the project has (for example, the potential cost savings and/or productivity improve-
ments), and an order of magnitude estimate of that potential value. For instance, 
you might indicate that the project would save $1-200,000, or that the workload 
currently undertaken by two or three full-time employees, would be eliminated. 
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Resources Required 
In order to illustrate the possible return on investment, you also need to indicate 
what kinds of resources your project will need. This information will also help the 
organization to prioritize different projects it’s considering. As an example, you 
might indicate that you need three people and a budget of approximately $50,000. 
Any specialist resources (be it equipment, consultants, or similar) that you expect 
will be required should be mentioned here as well. 

Measuring Value Creation 
Broadly speaking, value comes in two flavors: hard and soft. Hard value indicates 
cash savings or additional income. Soft value usually indicates time or effort savings 
that won’t necessarily translate immediately into cash. 

As an example, a project might save $100,000 in direct costs (such as licenses, fees, 
production costs, or similar) and improve efficiencies. Efficiency improvements are 
often measured as a percentage of a job role—the assumption is made that you’re 
saving “half a person,” or something similar. Some organizations translate this value 
into actual savings as well (claiming the reduction in salary costs and so on), but 
many just redirect that existing effort to new endeavors, so the actual savings don’t 
ever actually reach the bottom line. 

There are a number of standard approaches to reflecting value. Below I’ve included 
a brief summary of what each one actually means, as well as a pointer to resources 
to teach you more if you need to. Typically, you’d want a financial analyst, or 
someone with similar skills, to perform the actual calculations, since they’ll have 
the required expertise. 

net present value (NPV) 
NPV gives you the present value of the project, taking into account the income 
that’s generated (or costs saved) over a number of years, less the costs of the 
project and any ongoing operational costs. An NPV that’s greater than zero in-
dicates that the project is viable; if the figure’s less than zero, the benefit does 
not outweigh the costs of the project. 
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internal rate of return (IRR) 
IRR reflects the benefits of undertaking the project as a “rate of interest” on the 
money spent on the project. So, for instance, a project with an internal rate of 
return of only 2% might not be undertaken, because the money could be invested 
externally for a greater return. When comparing projects, the one with the 
higher IRR is usually the one to undertake. 

benefit cost ratio 
As the name implies, this is a ratio that compares the benefits of the project 
against its costs. Projects with a benefit cost ratio that’s greater than 1 are desir-
able. 

payback period 
This figure reflects the length of time that it takes for the project to “earn back” 
its cost. So if your project is estimated to create an extra $10,000 of value per 
year, but the original cost was $50,000, the payback period will be five years. 

opportunity cost 
This figure represents the cost of choosing one project (or opportunity) over 
another. This is why it is still important to choose the best option, not just the 
first viable project according to the financial metrics. 

For further details of these metrics, including formal definitions and exact formulae, 
the best references tend to be finance and accounting texts. A primer I find useful 
is Accounting for Non-Accounting Students, Fifth Edition, by J.R. Dyson.1 There 
are also plenty of books in the “finance for non-finance managers” genre as well. 

1 Harlow, Financial Times Prentice Hall, 2001 
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Project Organization Chart 
There’s no set standard for a project organization chart—the main thing you need 
to consider is what will make sense for the people who are reading it. If you have 
a lot of people on the project, cramming them all into a graphical representation 
may not make sense. You might instead choose to produce a chart that shows the 
groups that are involved with the project, followed by a list of who’s included in 
each group. 

As a reminder, figure Figure A.1 is the project organization chart example that we 
saw in Chapter 2. 

Figure A.1. Project organization chart 
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Communication Plan Template 

Table A.1. 

OwnerAudienceMethodDescription 

the 
communication 

Method of 
communication 

How often it 
will happen 

Name of the 
communication 

MeetingDaily 

Email newsletterMonthlyStakeholder update 

MeetingEvery two 
weeks 

deliver to 
department 

Wider 
development 

Section of 
newsletter 

QuarterlyContribution to 
department 
newsletter 

Be wary of using the term “biweekly” since it has dual meanings—it can mean 
“twice per week” and “every two weeks.” ’s best to use an unambigu-
ous term (such as “every two weeks”), or to spell out what you mean. 

Frequency 

Who is responsible Who will receive 

Project manager Project team Project team meeting 

Project manager Stakeholders 

Project manager Project board Board meeting 

Project manager to 

administration 

Beware of the Biweekly Meeting 

 For clarity, it

Project Initiation Document 
Here’s an example of a Project Initiation Document. 

Project Initiation Document 

Customer Service Modernization Project 

BUSINESS NEED (WHY) 

person in the CS team spends more than a day a week dealing with paperwork, 

Example A.1. An Example Project Initiation Document 

Currently, the customer service division performs a lot of manual work. Each 
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when the primary focus should be customer interaction. Tracking orders, 
queries, and complaints is difficult, and a lot of time is spent manually pulling 
together information so that reporting can be completed. When answering a 
call, the customer service agent isn’t able to see all of the recent orders, queries, 
and complaints for the given customer, so customers often have to repeat inform-
ation depending on who they speak to. 

In addition, there’s no linkage between the CS and inventory systems, so each 
day a number of calls have to be fielded by the product supply team just so that 
those taking orders can check that there are sufficient stocks to fulfill the order 
before placing it. Customers have also fed back via the sales teams and their 
customer service contacts that they would like to be able to place orders and 
log queries and complaints online or via email, rather than having to call the 
organization each time. 

PROJECT OBJECTIVE (WHAT) 
TO: modernize the customer service processes and systems 

IN A WAY THAT: 

! removes manual rework from the processes and procedures 

! effectively connects ordering, inventory, and customer query systems 

! provides appropriate reporting and tracking of customer orders, queries, and 
complaints 

! allows customers to interact via telephone, email, or web phone, both to 
make initial contact and to check for updates 

SO THAT: 

Customer satisfaction is increased to a score of 60% and running costs are de-
creased by $20 000 per annum. 

PROJECT DELIVERABLES (HOW) 

! evaluation and recommendation as to whether to implement a generic CRM 
solution or whether to build one internally 
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Objectives of the chapter:

The main objective of this chapter is to
have a basic understanding of various
concepts used in Disaster Management.
The concepts explained here are:
Disaster, Hazard, Vulnerability, Capacity,
Risk and Disaster Management Cycle.
Apart from the terminologies, the chapter
also tries to explain various types of
disasters. In standard VIII, IX and X
many of you have already been
introduced to some of these concepts.
This chapter has been designed
to upgrade your knowledge and skill
so as to have a better understanding of
natural hazards, disasters and their
management.

After reading this chapter the
students and the teachers will be
able to have a basic understanding
of the concepts and should be able
to differentiate between them with
suitable examples.

Chapter 1
INTRODUCTION TO DISASTER MANAGEMENT

Background:

The global context:

Disasters are as old as human history but
the dramatic increase and the damage
caused by them in the recent past have
become a cause of national and international
concern. Over the past decade, the number
of natural and manmade disasters has
climbed inexorably. From 1994 to 1998,
reported disasters average was 428 per year
but from 1999 to 2003, this figure went up to
an average of 707 disaster events per year
showing an increase of about 60 per cent
over the previous years. The biggest rise was
in countries of low human development,
which suffered an increase of 142 per cent.

The figure 1.1 shows the deadliest disasters
of the decade (1992 – 2001). Drought and
famine have proved to be the deadliest
disasters globally, followed by flood,
technological disaster, earthquake, winds-
torm, extreme temperature and others. Global
economic loss related to disaster events
average around US $880 billion per year.

Fig : 1.1 World Scenario: Reported Deaths from all
Disasters (1992-2001)
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Indian scenario:

The scenario in India is no different from
the global context. The super cyclone of
Orissa (1999), the Gujarat earthquake
(2001) and the recent Tsunami (2004)

Table 1.1 Major disasters in India since 1970

Sl. No Disaster Impact
Cyclone

1 29th October 1971, Orissa Cyclone and tidal waves killed 10,000
people

2 19th November, 1977, Cyclone and tidal waves killed 20,000
Andhra Pradesh people

3 29th and 30th October 1999, Cyclone and tidal waves killed 9,000 and
Orissa 18 million people were affected
Earthquake

4 20th October 1991 Uttarkashi An earthquake of magnitude 6.6 killed
723 people

5 30th September 1993 Latur Approximately 8000  people died and
there was a heavy loss to infrastructure

6 22 May 1997 Jabalpur 39 people dead
7 29th March 1997, Chamoli 100 people dead
8 26th January, 2001, Bhuj, More than 10,000 dead and heavy loss

Gujarat to infrastructure
Landslide

9 July 1991, Assam 300 people killed, heavy loss to roads
and infrastructure

10 August 1993, Nagaland 500 killed and more than 200 houses
destroyed and about 5kms. Road
damaged.

11 18th August 1998, Malpa 210 people killed. Villages were washed
away

Flood
12 1978 Floods in North East India 3,800 people killed and heavy loss to

property.
13 1994 Floods in Assam, More than 2000 people killed and

Arunachal Pradesh, Jammu and thousands affected
Kashmir, Himachal Pradesh,
Panjab, Uttar Pradesh, Goa,
Kerala and Gujarat

affected mill ions across the country
leaving behind a trail of heavy loss of life,
property and livelihood.  Table 1.1 shows
a list of some of the major disasters that
have caused colossal impact on the
community.
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While studying about the impact we need to
be aware of potential hazards, how, when
and where they are likely to occur, and the
problems which may result of an event. In
India, 59 per cent of the land mass is
susceptible to seismic hazard; 5 per cent of
the total geographical area is prone to floods;
8 per cent of the total landmass is prone to
cyclones; 70 per cent of the total cultivable
area is vulnerable to drought. Apart from this
the hilly regions are vulnerable to avalanches/
landslides/hailstorms/cloudbursts. Apart from
the natural hazards, we need to know about
the other manmade hazards which are
frequent and cause huge damage to life and
property. It is therefore important that we are
aware of how to cope with their effects.

We have seen the huge loss to life, property
and infrastructure a disaster can cause but
let us understand what is a disaster, what
are the factors that lead to it and its impact.

What is a Disaster ?

Almost everyday, newspapers, radio and
television channels carry reports on disaster
striking several parts of the world. But what
is a disaster? The term disaster owes its

origin to the French word “Desastre” which
is a combination of two words ‘des’ meaning
bad and ‘aster’ meaning star. Thus the term
refers to ‘Bad or Evil star’. A disaster can
be defined as “A serious disruption in the
functioning of the community or a society
causing wide spread material, economic,
social or environmental losses which exceed
the ability of the affected society to cope
using its own resources”.

A disaster is a result from the combination
of hazard, vulnerability and insufficient
capacity or measures to reduce the potential
chances of risk.

A disaster happens when a hazard impacts
on the vulnerable population and causes
damage, casualties and disruption. Fig: 1.2
would give a better illustration of what a
disaster is. Any hazard – flood, earthquake
or cyclone which is a triggering event along
with greater vulnerability (inadequate access
to resources, sick and old people, lack of
awareness etc) would lead to disaster
causing greater loss to life and property. For
example; an earthquake in an uninhabited
desert cannot be considered a disaster, no
matter how strong the intensities produced.

Fig: 1.2
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An earthquake is disastrous only when it
affects people, their properties and activities.
Thus, disaster occurs only when hazards
and vulnerability meet. But it is also to be
noted that with greater capacity of the
individual/community and environment to
face these disasters, the impact of a hazard
reduces. Therefore, we need to understand
the three major components namely hazard,
vulnerability and capacity  with suitable
examples to have a basic understanding of
disaster management.

What is a Hazard ? How is it clas-
sified ?

Hazard may be defined as “a dangerous
condition or event, that threat or have the
potential for causing injury to life or damage
to property or the environment.” The word
‘hazard’ owes its origin to the word ‘hasard’
in old French and ‘az-zahr ’ in Arabic
meaning ‘chance’ or ‘luck’. Hazards can be
grouped into two broad categories namely
natural and manmade.

Table 1.2: Various types of hazards

Types Hazards
Geological Hazards 1. Earthquake 4. Landslide

2. Tsunami 5. Dam burst
3. Volcanic eruption 6. Mine Fire

Water & Climatic Hazards 1. Tropical Cyclone 6. Cloudburst
2. Tornado and Hurricane 7. Landslide
3. Floods 8. Heat & Cold wave
4. Drought 9. Snow Avalanche
5. Hailstorm 10.Sea erosion

Environmental Hazards 1. Environmental pollutions 3. Desertification
2. Deforestation 4. Pest Infection

Biological 1. Human / Animal Epidemics 3. Food poisoning
2. Pest attacks 4. Weapons of Mass

Destruction

1. Natural hazards  are hazards which are
caused because of natural phenomena
(hazards with meteorological, geological or
even biological origin). Examples of natural
hazards are cyclones, tsunamis, earth-
quake and volcanic eruption which are
exclusively of natural origin. Landslides,
floods, drought, fires are socio-natural
hazards since their causes are both natural
and man made. For example flooding may
be caused because of heavy rains, landslide
or blocking of drains with human waste.

2. Manmade hazards  are hazards which
are due to human negligence. Manmade
hazards are associated with industries or
energy generation facilities and include
explosions, leakage of toxic waste, pollution,
dam failure, wars or civil strife etc.

The list of hazards is very long. Many occur
frequently while others take place
occasionally. However, on the basis of their
genesis, they can be categorized as
follows:
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What is vulnerability ?

Vulnerability may be defined as “The extent
to which a community, structure, services
or geographic area is likely to be damaged
or disrupted by the impact of particular
hazard, on account of their nature,
construction and proximity to hazardous
terrains or a disaster prone area.”

Vulnerabilities can be categorized into
physical and socio-economic vulnerability.

Physical Vulnerability: It includes notions of
who  and what  may be damaged or
destroyed by natural hazard such as earth-
quakes or floods. It is based on the physical
condition of people and elements at risk,
such as buildings, infrastructure etc; and their

proximity, location and nature of the hazard.
It also relates to the technical capability of
building and structures to resist the forces
acting upon them during a hazard event.

Figure 1.3 shows the settlements which are
located in hazardous slopes. Many landslide
and flooding disasters are linked to what you
see in the figure 1.3. Unchecked growth of
settlements in unsafe areas exposes the
people to the hazard. In case of an earth-
quake or landslide the ground may fail and
the houses on the top may topple or slide
and affect the settlements at the lower level
even if they are designed well for earthquake
forces.

Socio-economic Vulnerability: The degree
to which a population is affected by a hazard

Chemical, Industrial and 1. Chemical disasters 3. Oil spills/Fires
Nuclear Accidents 2. Industrial disasters 4. Nuclear

Accident related 1. Boat / Road / Train 3. Building collapse

accidents / air crash 4. Electric Accidents

Rural / Urban fires 5. Festival related

Bomb /serial bomb disasters

blasts 6. Mine flooding

2. Forest fires

Types Hazards

Figure 1.3 :  Site after pressures from population growth and urbanization
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will not merely lie in the physical components
of vulnerability but also on the socio-
economic conditions. The socio-economic
condition of the people also determines the
intensity of the impact. For example, people
who are poor and living in the sea coast don’t
have the money to construct strong concrete
houses. They are generally at risk and
loose their shelters when ever there is
strong wind or cyclone. Because of their
poverty they too are not able to rebuild their
houses.

What is capacity ?

Capacity can be defined as “resources,
means and strengths which exist in
households and communities and which
enable them to cope with, withstand,
prepare for, prevent, mitigate or quickly
recover from a disaster”. People’s capacity
can also be taken into account. Capacities
could be:

Physical Capacity: People whose houses
have been destroyed by the cyclone or crops
have been destroyed by the flood can
salvage things from their homes and from
their farms. Some family members have
skills, which enable them to find employment
if they migrate, either temporarily or
permanently.

Socio-economic Capacity: In most of the
disasters, people suffer their greatest losses
in the physical and material realm. Rich
people have the capacity to recover soon
because of their wealth. In fact, they are
seldom hit by disasters because they live in

safe areas and their houses are built with
stronger materials. However, even when
everything is destroyed they have the
capacity to cope up with it.

Hazards are always prevalent, but the
hazard becomes a disaster only when there
is greater vulnerability and less of capacity
to cope with it. In other words the frequency
or likelihood of a hazard and the vulnerability
of the community increases the risk of being
severely affected.

What is risk ?

Risk is a “measure of the expected losses
due to a hazard event occurring in a given
area over a specific time period. Risk is a
function of the probability of particular
hazardous event and the losses each
would cause.” The level of risk depends
upon:

❖ Nature of the hazard

❖ Vulnerability of the elements which are
affected

❖ Economic value of those elements

A community/locality is said to be at ‘risk’
when it is exposed to hazards and is
likely to be adversely affected by its
impact. Whenever we discuss ‘disaster
management’ it is basically ‘disaster risk
management’. Disaster risk management
includes all measures which reduce disaster
related losses of life, property or assets by
either reducing the hazard or vulnerability
of the elements at risk.
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Disaster Management Cycle

Disaster Risk Management includes sum
total of all activities, programmes and
measures which can be taken up before,
during and after a disaster with the purpose
to avoid a disaster, reduce its impact or
recover from its losses. The three key stages
of activities that are taken up within disaster
risk management are:

1. Before a disaster (pre-disaster).

Activities taken to reduce human and
property losses caused by a potential
hazard. For example  carrying out aware-
ness campaigns, strengthening the existing
weak structures, preparation of the disaster
management plans at household and

community level etc. Such risk reduction
measures taken under this stage are termed
as mitigation and preparedness activities.

2. During a disaster (disaster
occurrence).

Initiatives taken to ensure that the needs and
provisions of victims are met and suffering is
minimized. Activities taken under this stage
are called emergency response activities.

3.  After a disaster (post-disaster)

Initiatives taken in response to a disaster
with a purpose to achieve early recovery and
rehabilitation of affected communities,
immediately after a disaster strikes. These are
called as response and recovery activities.

Disaster Risk Reduction can take place in the following ways:

1. Preparedness

This protective process embraces measures which enable governments, communities
and individuals to respond rapidly to disaster situations to cope with them effectively.
Preparedness includes the formulation of viable emergency plans, the development
of warning systems, the maintenance of inventories and the training of personnel.
It may also embrace search and rescue measures as well as evacuation plans for
areas that may be at risk from a recurring disaster.

Preparedness therefore encompasses those measures taken before a disaster event
which are aimed at minimising loss of life, disruption of critical services, and damage
when the disaster occurs.

2. Mitigation

Mitigation embraces measures taken to reduce both the effect of the hazard and the
vulnerable conditions to it in order to reduce the scale of a future disaster. Therefore
mitigation activities can be focused on the hazard itself or the elements exposed to
the threat. Examples of mitigation measures which are hazard specific include water
management in drought prone areas, relocating people away from the hazard prone
areas and by strengthening structures to reduce damage when a hazard occurs.

In addition to these physical measures, mitigation should also aim at reducing the
economic and social vulnerabilities of potential disasters
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Reference:  Are you prepared? Learning from the Great Hanshin-Awaji
Earthquake Disaster - Handbook for Disaster Reduction and Volunteer activities

Figure 1.4 : Disaster Management

In the subsequent chapters we would
discuss in detail some of the major hazards
prevalent in our country its causes, impact,
preparedness and mitigation measures that
need to be taken up.

Reference for further reading:

1. Reading materials of 11th Community Based
Disaster Risk Management Course,
Bangkok, Thailand July 21 – August 1, 2003.

2. Anderson, M. and P. Woodrow. 1989. Rising
from the Ashes: Development Strategies in

Times of Disaster. UNESCO and West view
Press, Inc., Colorado.

3. Anderson M. Vulnerability to Disaster and
Sustainable Development: A General
Framework for Assessing Vulnerability.

4. UNDP Disaster Management Training
Programme.1992. An Overview of Disaster
Management.

5. International Federation of Red Crescent
Societies World Disaster Report: Focus on
Community resilience.

6. http://www.unisdr.org/eng/l ibrary/l ib-
terminology
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Exercise

1) Explain with examples the difference
between hazard, and vulnerability. How
does capacity influence vulnerability?

2) Explain in detail the vulnerability
profile of our country.

3) Define risk and suggest two ways of
reducing risk with appropriate
examples.

4) Briefly discuss the Disaster
Management Cycle with suitable
examples.
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The discussion on various terminologies has
helped us in having a basic understanding
of disaster management. However, each
hazard has its own characteristics. To
understand the significance and implications
of various types of hazards we must have a
basic understanding about the nature,
causes and effects of each hazard type and
the mitigation measures that need to be
taken up. In this chapter, we would discuss
the following hazards namely earthquake,
tsunami, landslide, flood, cyclone and
drought that we normally face in our country.

Chapter 2
NATURAL HAZARDS - CAUSES, DISTRIBUTION
PATTERN, CONSEQUENCE, AND MITIGATION

MEASURES

kilometers under the sea to 65 kilometers
under the continents. The crust is not one
piece but consists of portions called ‘plates’
which vary in size from a few hundred to
thousands of kilometers (Fig 2.1.1). The
‘theory of plate tectonics’ holds that the
plates ride up on the more mobile mantle,
and are driven by some yet unconfirmed
mechanisms, perhaps thermal convection
currents. When these plates contact each
other, stress arises in the crust (Fig 2.1.2).

These stresses can be classified according
to the type of movement along the plate’s
boundaries:

a) pulling away from each other,

b) pushing against one another and

c) sliding sideways relative to each other.

All these movements are associated with
earthquakes.

The areas of stress at plate boundaries
which release accumulated energy by
slipping or rupturing are known as 'faults'.
The theory of 'elasticity' says that the crust
is continuously stressed by the movement
of the tectonic plates; it eventually reaches
a point of maximum supportable strain. A
rupture then occurs along the fault and the
rock rebounds under its own elastic stresses
until the strain is relieved. The fault rupture
generates vibration called seismic (from the
Greek 'seismos' meaning shock or

2.1 Earthquake

Earthquake is one of the most destructive
natural hazard. They may occur at any time
of the year, day or night, with sudden impact
and little warning. They can destroy buildings
and infrastructure in seconds, killing or
injuring the inhabitants. Earthquakes not
only destroy the entire habitation but may
de-stabilize the government, economy and
social structure of the country. But what is
an earthquake?  It is the sudden shaking of
the earth crust. The impact of an earthquake
is sudden and there is hardly any warning,
making it impossible to predict.

Cause of  Earthquake :

The earth’s crust is a rocky layer of varying
thickness ranging from a depth of about 10
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Fig. : 2.1.1 : Tectonic Plates

Seven major plates and several minor ones- They move a few inches a year,
riding on semi-molten layers of rock underneath the crust

Fig. : 2.1.2 : Tectonic Plates



Natural Hazards & Disaster Management

12

San Andreas fault,
California, U.S.A

Table 2.1.1 Different types of plate movement

Plate Motions Examples Illustrations

Divergent - where new
crust is generated as the
plates pull away from each
other.

The Mid-Atlantic Ridge,
which splits nearly the entire
Atlantic Ocean north to
south, is probably the best-
known and most-studied
example of a divergent-plate
boundary. The rate of
spreading along the Mid-
Atlantic Ridge averages
about 2.5 centimeters per
year (cm/yr), or 25 km in a
million years.

2. Convergent - where
crust is destroyed as one
plate dives under another.

Ring of Fire and The
Himalayan mountain range
dramatically demonstrates
one of the most visible and
spectacular consequences
of plate tectonics.

3. Transformational - where
crust is neither produced
nor destroyed as the plates
slide horizontally past each
other.

The San Andreas fault
slicing through the Carrizo
Plain in the Temblor Range
east of the city of San Luis
Obispo

Mid Atlantic Ridge
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Body waves  (P and S waves) penetrate
the body of the earth, vibrating fast. ‘P’
waves travel about 6 kilometers per hour
and ‘S’ waves travel with a speed of 4
kilometers per hour.

Surface waves  vibrate the ground
horizontally and vertically. These long
period waves cause swaying of tall buildings
and slight waves motion in bodies of water
even at great distances from the epicenter.

earthquake) waves, which radiates from the
focus in all directions.

The point of rupture is called the 'focus' and
may be located near the surface or deep
below it. The point on the surface directly
above the focus is termed as the 'epicenter'
of the earthquake (see Fig 2.1.3).

Fig 2.1.3

General characteristics

Earthquake vibrations occur in a variety of
frequencies and velocities. The actual
rupture process may last for a few seconds
to as long as one minute for a major
earthquake. The ground shaking is caused
by ‘body waves’ and ‘surface wave’.

♦ Deep:- 300 to 700 kms from the earth
surface

♦ Medium:- 60 to 300 kms

♦ Shallow: less than 60 kms

The deep focus earthquakes are rarely
destructive because by the time the waves
reach the surface the impact reduces.
Shallow focus earthquakes are more
common and are extremely damaging
because of their proximity to the surface.

Measuring Earthquakes

Earthquakes can be described by the use
of two distinctively different scales of
measurement demonstrating magnitude
and intensity. Earthquake magnitude  or
amount of energy released is determined
by the use of a seismograph’ which is an
instrument that continuously records ground
vibration. The scale was developed by a
seismologist named Charles Richter. An
earthquake with a magnitude 7.5 on the
Richter scale releases 30 times the energy
than one with 6.5 magnitudes. An earthquake
of magnitude 3 is the smallest normally felt
by humans. The largest earthquake that has
been recorded with this system is 9.25
(Alaska, 1969 and Chile, 1960).

The second type  of scale, the earthquake
intensity  scale measures the effects of an
earthquake where it occurs. The most widely
used scale of this type was developed in 1902
by Mercalli an Italian seismologist. The scale
was extended and modified to suit the modern
times. It is called the Modified Mercalli Scale ,
which expresses the intensity of earthquake
effect on people, structure and the earth’s
surface in values from I to XII.  With an intensity
of VI and below most of the people can feel
the shake and there are cracks on the walls,

Earthquakes can be of three types based
on the focal depth:
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Fig 2.1.4 shows the adverse effect s of an earthquake

but with an intensity of XII there is general
panic with buildings collapsing totally and there
is a total disruption in normal life.

Predictability : Although some scientists claim
ability to predict earthquakes, the methods are
controversial. Accurate and exact predictions
of such sudden incidents are still not possible.

Typical adverse effects

Physical damage:

down of communication facilities.  The effect
of an earthquake is diverse. There are large
number of casualties because of the poor
engineering design of the buildings and
close proximity of the people. About 95 per
cent of the people who are killed or who are
affected by the earthquake is because of
the building collapse. There is also a huge
loss to the public health system, transport
and communication and water supply in the
affected areas.

Distribution pattern of Earthquakes
in India

India falls quite prominently on the 'Alpine -
Himalayan Belt'. This belt is the line along
which the Indian plate meets the Eurasian
plate. This being a convergent plate, the
Indian plate is thrusting underneath the
Eurasian plate at a speed of 5 cm per year.
The movement gives rise to tremendous
stress which keeps accumulating in the
rocks and is released from time to time in
the form of earthquakes.

Fig 2.1.5: Fault line in India

Damage occurs to human settlement,
buildings, structures and infrastructure,
especially bridges, elevated roads, railways,
water towers, pipelines, electrical generating
facilities. Aftershocks of an earthquake can
cause much greater damage to already
weakened structures.

Secondary effects include fires, dam failure
and landslides which may block water ways
and also cause flooding. Damage may occur
to facilities using or manufacturing
dangerous materials resulting in possible
chemical spills. There may also be a break

Fig 2.1.5 Fault lines in India
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The seismic zoning map of India is divided
into four zones namely Zone II, III, IV and V,
with zone V shown in red colour in
figure 2.1.6 being most vulnerable to

earthquakes.  Much of India lies in zone III.
New Delhi the capital city of India lie in zone
IV where as big cities like Mumbai and
Chennai are in zone III.

Table 2.1.2: List of significant Earthquakes in India

Year Location Magnitude of 6+

1950 Arunachal Pradesh - China Border 8.5

1956 Anjar, Gujarat 7.0

1967 Koyna, Maharashtra 6.5

1975 Kinnaur, Himachal Pradesh 6.2

1988 Manipur - Myanmar Boarder 6.6

1988 Bihar - Nepal Border 6.4

1991 Uttarkashi - Uttar Pradesh Hills 6.0

1993 Latur - Maharashtra 6.3

1997 Jabalpur, Madhya Pradesh 6.0

1999 Chamoli, Uttar Pradesh 6.8

2001 Bhuj, Gujarat 6.9

2005 Muzaffarabad (Pakistan) Impact in 7.4

Jammu & Kashmir

Fig: 2.1.6
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Possible risk reduction measures:

Community preparedness:  Community
preparedness is vital for mitigating
earthquake impact. The most effective way
to save you even in a slightest shaking is
'DROP, COVER and HOLD'.

Planning:  The Bureau of Indian Standards
has published building codes and guidelines
for safe construction of buildings against
earthquakes. Before the buildings are
constructed the building plans have to be
checked by the Municipality, according to
the laid down bylaws . Many existing lifeline
buildings such as hospitals, schools and fire
stations may not be built with earthquake
safety measures. Their earthquake safety
needs to be upgraded by retrofitting
techniques.

Public education  is educating the public
on causes and characteristics of an

Effect of Soil type on ground shaking Essential requirements in a Masonry building

earthquake and preparedness measures. It
can be created through sensitization and
training programme for community,
architects, engineers, builders, masons,
teachers, government functionaries
teachers and students.

Engineered structures:  Buildings need
to be designed and constructed as per the
building by laws to withstand ground
shaking. Architectural and engineering
inputs need to be put together to improve
building design and construction practices.
The soil type needs to be analyzed before
construction. Building structures on soft
soil should be avoided. Buildings on soft
soil are more likely to get damaged even
if the magnitude of the earthquake is not
strong as shown in Figure 2.1.7. Similar
problems persist in the bui ldings
constructed on the river banks which have
alluvial soil.

 Fig: 2.1.7
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Web Resources:

§ www.nicee.org: Website of The National
Information Center of Earthquake
Engineering (NICEE) hosted at Indian
Institute of Technology Kanpur (IITK) is
intended to collect and maintain information
resources on Earthquake Engineer-ing and
make these available to the interested
professionals, researche-rs, academicians
and others with a view to mitigate
earthquake disasters in India. The host also
gives IITK-BMTPC Earthquake Tips.

§ www.imd.ernet.in/section/seismo/static/
welcome.htm Earthquake Information –
India Meteorological Department, India. IMD
detects and locates earthquakes and
evaluates seismicity in different parts of the
country.

§ www.bmtpc.org In order to bridge the gap
between research and development and
large scale application of new building
material technologies, the erstwhile Ministry
of Urban Development, Government of
India, had established the Building Materials
And Technology Promotion Council in July
1990.

§ www.earthquake.usgs.gov Source for
science about the Earth, its natural and living
resources, natural hazards, and the
environment.

Exercise:

1. What are earthquakes ? List out the
causes of an earthquake.

2. Differentiate between magnitude and
intensity of an earthquake. How are
they measured ?

3. Identify three major mitigation
measures to reduce earthquake risk.

2.2 Tsunami

The term Tsunami has been derived from
a Japanese term Tsu meaning 'harbor' and
nami meaning 'waves'. Tsunamis are
popularly called tidal waves but they
actually have nothing to do with the tides.
These waves which often affect distant
shores, originate by rapid displacement of
water from the lake or the sea either by
seismic activity, landslides, volcanic
eruptions or large meteoroid impacts.
What ever the cause may be sea water is
displaced with a violent motion and swells
up, ultimately surging over land with great
destructive power.  The effects of a
tsunami can be unnoticeable or even
destructive.

Causes of a Tsunami

The geological movements that cause
tsunamis are produced in three major
ways. The most common of these are fault
movements on the sea floor, accom-
panied by an earth-quake. They release
huge amount of energy and have the
capacity to cross oceans. The degree of
movement depends on how fast the
earthquake occurs and how much water
is displaced. Fig 3.1  shows how an
earthquake causes tsunami.

The second most common cause of the
tsunami is a landslide either occurring under
water or originating above the sea and then
plunging into the water. The largest tsunami
ever produced by a landslide was in Lituya
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Fig 2.2.2 Picture of a Tsunami

Fig 3.1 An Earthquake causing Tsunami

Bay, Alaska 1958. The massive rock slide
produced a wave that reached a high water
mark of 50 - 150 meters above the shoreline.

The third major cause of tsunami is volcanic
activity. The flank of a volcano located near
the shore or under water may be uplifted or
depressed similar to the action of a fault, or,
the volcano may actually explode. In 1883,
the violent explosion of the famous volcano,
Krakotoa in Indonesia, produced tsunami
measuring 40 meters which crushed upon
Java and Sumatra. Over 36,000 people lost
their lives in this tyrant waves.

General Characteristics:

Tsunami differs from ordinary ocean waves,
which are produced by wind blowing over
water. The tsunamis travel much faster than
ordinary waves. Compared to normal wave
speed of 100 kilometers per hour, tsunami
in the deep water of the ocean may travel
the speed of a jet airplane - 800 kilometers
per hour! And yet, in spite of their speed,
tsunami increases the water height only
30-45cm and often passes unnoticed by
ships at sea.

Contrary to the popular belief, the tsunami
is not a single giant wave. It is possible for a
tsunami to consist of ten or more waves
which is then termed as 'tsunami wave train'.
The waves follow each other 5 to 90 minutes
apart. Tsunami normally causes flooding as
a huge wall of water enters the main land.

Predictability:
There are two distinct types of tsunami
warning:

a) International tsunami warning systems
and

b) Regional warning systems.
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Fig 2.2.3 Flooding caused by the 2004 Tsunami in
Tamil Nadu

Tsunamis have occurred in all the oceans
and in the Mediterranean Sea, but the great
majority of them have occurred in the Pacific
Ocean. Since scientists cannot exactly
predict earthquakes, they also cannot
exactly predict when a tsunami will be
generated.

a) International Tsunami Warning
Systems: Shortly after the Hilo
Tsunami (1946), the Pacific Tsunami
Warning System (PTWS) was
developed with its operational center
at the Pacific Tsunami Warning Center
(PTWC) near Honolulu, Hawaii. The
PTWC is able to alert countries several
hours before the tsunami strikes. The
warning includes predicted arrival time
at selected coastal communities where
the tsunami could travel in few hours.
A tsunami watch is issued with
subsequent arrival time to other
geographic areas.

b) Regional Warning Systems usually
use seismic data about nearby
earthquakes to determine if there is a
possible local threat of a tsunami. Such
systems are capable enough to
provide warnings to the general public
in less than 15 minutes.

In 1995 the US National Oceanic and
Atmospheric Administration (NOAA)
began developing the Deep Ocean
Assessment and Reporting of Tsunami
(DART) system. By 2001 six stations had
been deployed in the Pacific Ocean. Each
station consists of a sea bed bottom
pressure recorder (at a depth of about
6000 m) which detects the passage of a
tsunami and transmits the data to a
surface buoy. The surface buoy then
radios the information to the PTWC.

In India, the Survey of India  maintains a
tide gauge network along the coast of India.
The gauges are located in major ports as
shown in the figure 2.2.4. The day-to-day
maintenance of the gauge is carried with the
assistance from authorities of the ports.

Fig. 2.2.4 : Tide gauge network in India

Apart from the tide gauge, tsunami can be
detected with the help of radars. The 2004
Indian Ocean tsunami, recorded data from
four radars and recorded the height of
tsunami waves two hours after the
earthquake. It should be noted that the
satellites observations of the Indian Ocean
tsunami would not have been of any use in
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delivering warnings, as the data took five
hours to process and it was pure chance
that the satellites were overhead at that time.
However, in future it is possible that the
space-based observation might play a direct
role in tsunami warning.

Typical adverse effects:

Local tsunami events or those less than 30
minutes from the source cause the majority
of damage. The force of the water can raze
everything in its path. It is normally the
flooding affect of the tsunami that causes
major destruction to the human settlements,
roads and infrastructure thereby disrupting
the normal functioning of the society.

Withdrawal of the tsunami causes major
damage. As the waves withdraw towards
the ocean they sweep out the foundations
of the buildings, the beaches get destroyed
and the houses carried out to sea. Damage
to ports and airports may prevent
importation of needed food and medical
supplies. Apart from the physical damage,
there is a huge impact on the public health
system. Deaths mainly occur because of
drowning as water inundates homes. Many
people get washed away or crushed by the
giant waves and some are crushed by the
debris, causes.

There are very few evidences which show
that tsunami flooding has caused large scale
health problem.

Availability of drinking water has always
been a major problem in areas affected by
a disaster. Sewage pipes may be damaged
causing major sewage disposal problems.
Open wells and other ground water may be
contaminated by salt water and debris and
sewage. Flooding in the locality may lead
to crop loss, loss of livelihood like boats and
nets, environmental degradation etc.

Tsunami - A Terror

The year 2004 has come to an end.
A memorable year it has been.
Ups and downs and highs and lows

in the past year we have seen.
The year went by smoothly
but came to a crashing end.
Nature's fury shattered the life of so many
Broken pieces we are still to mend.
Tsunami - a huge tidal wave

swept over the life of all.
Nature's wrath spared none
Mankind suffered a great fall.
Thousands of homes were destroyed
Thousands of lives were taken.
We have taken nature for granted

and a heavy price we have forsaken.

The aftershocks of the disaster
We are still enduring.
The ones alive are being given help
Their pains we are curing.
In the history of mankind

This blemish will remain forever.
When reminded of this grave calamity
The world will always shiver.
The wounds will take time to heal
This disaster will always remain in our
mind.
But we will stand up with a smile

And walk ahead leaving this terror
behind.

Ashwathi Thampi
J.K. Singhania School
(Standard VIII), Thane
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Date Location Impact
1524 Near Dabhol, Maharashtra Sufficient data not available
02 April 1762 Arakan Coast, Myanmar Sufficient data not available
16 June 1819 Rann of Kachchh, Gujarat Sufficient data not available
31 October 1847 Great Nicobar Island Sufficient data not available
31 December 1881 An earthquake of 7.9 in the Entire east coast of India and

Richter scale in Car Nicobar Andaman & Nicobar Islands;
Island 1m tsunamis were recorded at

Chennai.
26 August 1883 Explosion of the Krakatoa volcano East coast of India was affected;

in Indonesian. 2m tsunamis were recorded at
Chennai.

26 June 1941 An 8.1 Richter scale earthquake in East coast of India was affected
the Andaman archipelago. but no estimates of height of the

tsunami is available
27 November 1945 An 8.5 Richter scale earthquake at West coast of India from north to

a distance of about 100km south Karwar was affected; 12m tsunami
of Karachi was felt at Kandla.

26 December 2004 Banda Aceh, Indonesia; Tamil Nadu, The East cost of India was affected.
Kerala, Andhra Pradesh, Andaman The waves measured around 10 m
and Nicobar Islands, India; Sri Lanka; high killing more than 10,000 precious
Thailand; Malaysia; Kenya; Tanzania lives.

Table 2.2.1: History of tsunami’s in India

Distribution pattern of  Tsunami in
India:

Even though India has not faced frequent
Tsunamis but there is a need to identify the
areas that are generally affected by Tsunamis.
The whole of the Indian coastal belt is prone
to Tsunami. Table 2.2.1 shows incidents of
tsunamis that have affected our country.

Possible risk reduction measures:

While it is of course not possible to prevent
a tsunami, in certain tsunami prone
countries some measures have been taken
to reduce the damage caused on shore.
Japan has implemented an extensive
programme of building tsunami walls of up
to 4.5m (13.5 ft) high in front of populated
coastal areas. Other localities have built
flood gates and channels to redirect the
water from incoming tsunamis. However,

their effectiveness has been questioned, as
tsunamis are often higher than the barriers.
For instance, the tsunami which hit the island
of Hokkaido on July 12, 1993 created waves
as much as 30m (100 ft) tall - as high as a
10-story building. The port town of Aonae
on Hokkaido was completely surrounded by
a tsunami wall, but the waves washed right
over the wall and destroyed all the wood-

Fig 2.2.5 Tsunami walls in populated coastal
areas of Japan
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framed structures in the area. The wall may
have succeeded in slowing down and
moderating the height of the tsunami but it
did not prevent major destruction and loss
of life.

Some other systematic measures to protect
coastlines against tsunamis include:

Site Planning and Land Management -
Within the broader framework of a
comprehensive plan, site planning
determines the location, configuration, and
density of development on particular sites
and is, therefore, an important tool in
reducing tsunami risk.

Fig 2.2.6 Damaged houses constructed on the sea
coast in Chennai

- The designation and zoning of tsunami
hazard areas for such open-space
uses as agriculture, parks and
recreation, or natural hazard areas is
recommended as the first land use
planning strategy. This strategy is
designed to keep development at a
minimum in hazard areas.

- In areas where it is not feasible to
restrict land to open-space uses, other
land use planning measures can be
used. These include strategically
controlling the type of development
and uses allowed in hazard areas, and
avoiding high-value and high-
occupancy uses to the greatest degree
possible.

Engineering structures – Most of the
habitation of the fishing community is seen
in the coastal areas. The houses
constructed by them are mainly of light
weight materials without any engineering
inputs. Therefore there is an urgent need to
educate the community about the good
construction practices that they should adopt
such  as:

Fig 2.2.7 Design solution to tsunami effect

• Site selection – Avoid building or living
in buildings within several hundred feet
of the coastline as these areas are
more likely to experience damage from
tsunamis.

• Construct the structure on a higher
ground level with respect to mean sea
level.
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• Elevate coastal homes: Most tsunami
waves are less than 3 meters in height.
Elevating house will help reduce
damage to property from most
tsunamis.

• Construction of water breakers to
reduce the velocity of waves.

• Use of water and corrosion resistant
materials for construction.

• Construction of community halls at
higher locations, which can act as
shelters at the time of a disaster.

Flood management - Flooding will result
from a tsunami. Tsunami waves will flood
the coastal areas. Flood mitigation
measures could be incorporated.

Web Resources:

§ http://ioc.unesco.org/itsu/  IOC/UNESCO
International Coordination group for the
Tsunami Warning System in the Pacific (ICG/
ITSU), Paris, France

§ http://quake.usgs.gov/tsunami/ Tsunamis and
Earthquakes, USGS, USA

§ www.asc-india.org Amateur Seismic Centre
is a comprehensive website carrying details
of state wise seismicity for the country. This
also has extensive reports on various past
Earthquakes/Tsunamis.

§ http://www.prh.noaa.gov/pr/itic/ International
Tsunami Information Center, Honolulu, Hawaii

§ http://www.tsunami.org/ Pacific Tsunami
Museum site. Includes answers to frequently
asked questions, links, and information
related to Pacific Ocean tsunamis.

Exercise:

1. What is Tsunami? Identify three
causes, consequences and impact of
tsunami waves.

2. How can we predict Tsunami?

3. Suggest five risk reduction measures
that can be taken up to prevent severe
damage.

2.3 CYCLONE

What is a Cyclone?
Cyclone is a region of low atmospheric
pressure surrounded by high atmospheric
pressure resulting in swirling atmospheric
disturbance accompanied by powerful winds
blowing in anticlockwise direction in the
Northern Hemisphere and in the clockwise
direction in the Southern Hemisphere. They
occur mainly in the tropical and temperate
regions of the world. Cyclones are called
by various names in different parts of the
world as mentioned in box on the next page.

General Characteristics:

Cyclones in India are moderate in nature.
Some of the general characteristics of a
cyclone are:

1. Strong winds

2. Exceptional rain

3. Storm surge

Cyclones are generally accompanied by
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Cyclones are known by different names
in different parts of the world:

♦ Typhoons in the Northwest Pacific
Ocean west of the dateline

♦ Hurricanes in the North Atlantic
Ocean, the Northeast Pacific Ocean
east of the dateline, or the South
Pacific Ocean.

♦ Tropical cyclones - the Southwest
Pacific Ocean and Southeast Indian
Ocean.

♦ Severe cyclonic storm” (the North
Indian Ocean)

♦ Tropical cyclone (the Southwest
Indian Ocean)

♦ Willie-Willie in Australia

♦ Tornado in South America

strong winds which cause a lot of
destruction. In some cases it is
accompanied by heavy downpour and also
the rise in the sea which intrudes inland
there by causing floods.

Fig 2.3.1 Orissa Super Cyclone

29th October 1999, Super-cyclone with wind
speed of 260-300 km/hour hit the 140
kilometer coast of Orissa with a storm surge
created in the Bay-of-Bengal with water level
9 metres higher than normal. The super

Fig 2.3.2 Stages of cyclone formation

storm travelled more than 250 km inland and
within a period of 36 hrs ravaged more than
200 lakh hectares of land, devouring trees
and vegetation, leaving behind a huge trail
of destruction. The violent cyclone was
merciless and broke the backbone of
Orissa’s economy and killed thousands and
devastated millions.

The development of a cyclone covers three
stages namely

a) Formation and initial development
state:  Four atmospheric/ oceanic
conditions are necessary for the
formation of a cyclone namely:

♦ A warm sea temperature in
excess of 26 degree centigrade,
to a depth of 60 meters, which
provides abundant water vapour
in the air by evaporation.

♦ High relative humidity (degree to
which the air is saturated by
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water vapor) of the atmosphere
to a height of about 7000 meters,
facilitates condensation of water
vapor into droplets and clouds,
releases heat energy and
induces drop in pressure.

♦ Atmospheric instability (an above
average decrease of tempera-
ture with altitude) encourages
considerable vertical cumulus
cloud convection when conden-
sation of rising air occurs.

♦ A location of at least 4-5 latitude
degrees from the Equator allow
the influence of the force due to
the earth’s rotation (Coriolis
force) to take effect in inducing
cyclonic wind circulation around
low pressure centers.

Fig 2.3.3 Cyclone formation

b) Fully matured:  The main feature of a
fully mature tropical cyclone is a spiral
pattern of highly turbulent giant

cumulus thundercloud bands. These
bands spiral inwards and form a dense
highly active central cloud core which
raps around a relatively calm zone.
This is called the “eye”  of a cyclone.
The eye looks like a black hole or a
dot surrounded by thick clouds. The
outer circumference of the thick cloud
is called the ‘eye wall’.

c) Weakening or decay:  A tropical
cyclone begins to weaken as soon as
its source of warm moist air is abruptly
cut off. This is possible when the
cyclone hits the land, on the cyclone
moves to a higher altitude or when
there is the interference of another low
pressure.

Depending on their track on the warm
tropical sea and proximity to land a cyclone
may last for less than 24 hours to more than
3 weeks.  On an average the life cycle of a
cyclone (a cyclone to complete these three
stages mentioned above) takes six days.
The longest cyclone is typhoon John which
lasted for 31 days (August to September,
1994 in the north east and north west pacific
basins).

Indian Cyclones

Cyclones vary in frequency in various parts
of the world. The 7516.6 kilometers long
Indian coastline is the earth’s most cyclone
battered stretch of the world. Around 8 per
cent of the total land area in India is prone
to cyclones. About two-third of the cyclones
that occur in the Indian coastline occur in
the Bay of Bengal. The states which are
generally affected in the east coast are
West-Bengal, Orissa, Andhra Pradesh;
Tamil Nadu and on the west coast Gujarat,
Maharashtra, Goa, Karnataka and Kerala.
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Distributional Pattern:

The map of India (Fig 2.3.4) shows the areas
that are generally affected by strong winds/
cyclones. Some of the major cyclones that
have affected the country in the past are as
mentioned in table 2.3.1

Fig 2.3.4 Wind and Cyclone map of India

Table 2.3.1: Death associate with noteworthy Tropical Cyclones (1970 – 2005)

Sl No Year Area Death toll

1 1971 Eastern Coast 9658

2 1972 Andhra Pradesh and Orissa 100

3 1977 Chennai, kerala & Andhra Pradesh 14,204

4 1979 Andhra Pradesh 594

5 1981 Gujarat 470

6 1982 Gujarat & Maharashtra 500

7 1984 Tamil Nadu & Andhra Pradesh 512

8 1985 Andhra Pradesh 5000

9 1990 Andhra Pradesh 957

10 1990 Orissa 250

11 1999 Orissa 8913

(Source: Office of the US Foreign Disaster Assistance)

damage. The satellites track the movement
of these cyclones based on which the people
are evacuated from areas lively to be
affected. It is difficult to predict the accuracy.
Accurate landfall predictions can give only
a few hours’ notice to threatened population.

India has one of the best cyclone warning
systems in the world. The India
Meteorological Department (IMD) is the
nodal department for wind detection,
tracking and forecasting cyclones. Cyclone
tracking is done through INSAT satellite.
Cyclone warning is disseminated by several
means such as satellite based disaster
warning systems, radio, television,
telephone, fax, high priority telegram, public
announcements and bulletins in press.
These warnings are disseminated to the
general public, the fishing community

Warning:
Low pressure and the development can be
detected hours or days before it causes

especially those in the sea, port authorities,
commercial aviation and the government
machinery.
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Elements at Risk:  Strong winds, torrential
rains and flooding cause a huge loss to life
and property. The 1999 Super Cyclone of
Orissa killed more than 10,000 precious
lives with women and children greatly
affected. Apart from loss to life there is a
huge loss to infrastructures like houses built
of mud, older buildings with weak walls,
bridges, settlements in low lying areas.

Typical Adverse effect:

First, in a sudden, brief onslaught, high
winds cause major damage to infrastructure
and housing, in particular fragile
constructions. They are generally followed
by heavy rains and floods and, in flat coastal
areas by storm surge riding on tidal waves
and inundating the land over long distances
of even upto 15 kilometer inland.

Physical damage – structures will be
damaged or destroyed by the wind force,
flooding and storm surge. Light pitched roofs
of most structures especially the ones fitted
on to industrial buildings will suffer severe
damage.

Casualties and public heath – caused by
flooding and flying elements, contamination
of water supplies may lead to viral
outbreaks, diarrhea, and malaria.

Water supplies – Ground and pipe water
supply may get contaminated by flood
waters.

Crops and food supplies – high winds and
rains ruin the standing crop and food stock
lying in low lying areas. Plantation type crops
such as banana and coconut are extremely
vulnerable. Salt from the sea water may get
deposited on the agricultural land and
increase the salinity. The loss of the crop
may lead to acute food shortage.

Communication – severe disruption in the
communication links as the wind may bring
down the electricity and communication
towers, telephone poles, telephone lines,
antennas and satellite disk and broadcasting
services. Transport lines (road and rail) may
be curtailed, Lack of proper communication
affects effective distribution of relief
materials.

Possible Risk Reduction Meas-
ures:

Coastal belt plantation -  green belt
plantation along the coastal line in a scientific
interweaving pattern can reduce the effect of
the hazard. Providing a cover through green
belt sustains less damage. Forests act as a
wide buffer zone against strong winds and
flash floods. Without the forest the cyclone
travel freely inland. The lack of protective forest
cover allows water to inundate large areas and
cause destruction. With the loss of the forest
cover each consecutive cyclone can penetrate
further inland.

Hazard mapping  – Meteorological records
of the wind speed and the directions give
the probability of the winds in the region.
Cyclones can be predicted several days in
advance. The onset is extensive and often

2.3.5 Mangrove plantation on the coastal belt
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very destructive. Past records and paths can
give the pattern of occurrence for particular
wind speeds. A hazard map will illustrate
the areas vulnerable to cyclone in any given
year. It will be useful to estimate the severity
of the cyclone and various damage
intensities in the region. The map is
prepared with data inputs of past
climatological records, history of wind
speed, frequency of flooding etc. Fig.2.3.6
shows the wind and cyclone zone map of
Andhra Pradesh.

Fig. 2.3.6 Andhra Pradesh state wind and
cyclone zone map

Fig 2.3.7 A shelter with special feature to withstand
cyclones and floods. Traditional homes can be
improved by building in disaster resistant features.
Such homes could withstand cyclones with moderate
speeds.

plains is at utmost risk. Siting of key facilities
must be marked in the land use. Policies
should be in place to regulate land use and
building codes should be enforced.

Engineered structures  – structures need
to be built to withstand wind forces. Good
site selection is also important. Majority of
the buildings in coastal areas are built with
locally available materials and have no
engineering inputs. Good construction
practice should be adopted such as:

- Cyclonic wind storms inundate the
coastal areas. It is advised to construct
on stilts or on earth mound.

- Houses can be strengthened to resist
wind and flood damage. All elements
holding the structures need to be
properly anchored to resist the uplift
or flying off of the objects. For example,
avoid large overhangs of roofs, and the
projections should be tied down.

- A row of planted trees will act as a
shield. It reduces the energy.

- Buildings should be wind and water
resistant.

- Buildings storing food supplies must
be protected against the winds and
water.

- Protect river embankments.
Communication lines should be
installed underground.

- Provide strong halls for community
shelter in vulnerable locations.

Land use control  designed so that least
critical activities are placed in vulnerable
areas. Location of settlements in the flood
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Construction at ground level –risk of inundation
If natural elevation is not available construction on

stilts or on artificially raised earth mounds

Large overhangs get lifted and broken. For large overhangs, use ties.
Fig. 2.3.8 Safe Construction Practices

Flood management  – Torrential rains,
strong wind and storm range leads to
flooding in the cyclone affected areas. There
are possibilities of landslides too. Flood
mitigation measures could be incorporated
(see section on floods for additional
information).

Improving vegetation cover  – The roots
of the plants and trees keep the soil intact
and prevent erosion and slow runoff to

Fig 2.3.9 Coastal belt plantation

prevent or lessen flooding. The use of tree
planted in rows will act as a windbreak.
Coastal shelterbelt plantations can be
developed to break severe wind speeds. It
minimizes devastating effects. The Orissa
calamity has also highlighted the need for
urgent measures like shelterbelt plantation
along cyclone-prone coastal areas. Species
chosen for this purpose should not only be
able to withstand the impact of strong
cyclonic winds, but also check soil erosion.

Web Resources:
§ www.imd.ernet.in Indian Meteorologi-cal

Department (IMD) provides all India weather
report, end of monsoon season report,
weather charts, satellite images, rainfall maps,
earthquake reports and severe weather
warnings. IMD provides cyclone warnings from
the Area Cyclone Warning Centres (ACWCs)
It has developed the necessary infrastructure
to originate and disseminate the cyclone
warnings at appropriate levels. It has made
operational a satellite based communication
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2.4 FLOOD

Flood is a state of high water level along a
river channel or on the coast that leads to
inundation of land, which is not usually
submerged. Floods may happen gradually
and also may take hours or even happen
suddenly without any warning due to breach
in the embankment, spill over, heavy rains
etc.

There are different types of floods namely:
flash flood, riverine flood, urban flood, etc.
Flash floods  can be defined as floods which
occur within six hours of the beginning of
heavy rainfall, and are usually associated
with cloud bursts, storms and cyclones
requiring rapid localized warnings and
immediate response to reduce damage.
Wireless network and telephone
connections are used to monitor flood
conditions. In case of flash floods, warnings
for timely evacuation may not always be
possible.

Causes:

There are several causes of floods and differ
from region to region. The causes may vary

system called Cyclone Warning Dissemination
System for direct dissemination of cyclone
warnings to the cyclone prone coastal areas.

§ www.ndmindia.nic.in Natural Disaster
Management India. Provides current news on
Flood, Drought and Cyclones, Weather Links
from NIC and weather conditions/
temperatures on Indian Ocean
(www.weather.nic.in).

§ www.bmtpc.org/disaster.htm In order to bridge
the gap between research and development
and large scale application of new building
material technologies, the erstwhile Ministry
of Urban Development, Government of India,
had established the Building Materials And
Technology Promotion Council in July 1990.

§ www.gsdma.org/cycpre.htm Link to Cyclone
preparedness on the Gujarat State Disaster
Management Authority website. The
Government of Gujarat (GOG) established the
Gujarat State Disaster Management Authority
to co-ordinate the comprehensive earthquake
recovery program.

§ www.osdma.org website of Orissa State
Disaster Mitigation Authority. The Government
of Orissa established the Orissa State Disaster
Management Authority to co-ordinate the
comprehensive Orissa Super Cyclone
recovery program. Visit the section ‘Safety
Tips’ for cyclones and other hazards.

§ www.tropmet.res.in The IITM functions as a
national centre for basic and applied research
in monsoon meteorology of the tropics in
general with special reference to monsoon
meteorology of India and neighborhood. Its
primary functions are to promote, guide and
conduct research in the field of meteorology
in all its aspects.

§ www.colorado.edu/hazards  is an excellent site
having a comprehensive coverage of disaster-
related information organized in an easy to
read way.

Exercise
1. Explain the characteristics of a

cyclone.

2. Explain in detail the conditions
necessary for the development of a
cyclone.

3. Identify risk reduction measures for
cyclones.
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from a rural area to an urban area. Some of
the major causes are:

a. Heavy rainfall

b. Heavy siltation of the river bed reduces
the water carrying capacity of the
rivers/stream.

c. Blockage in the drains lead to flooding
of the area.

d. Landslides blocking the flow of the
stream.

e. Construction of dams and reservoirs

f. In areas prone to cyclone, strong winds
accompanied by heavy down pour
along with storm surge leads to
flooding.

Typical Adverse Effects:

The most important consequence of floods
is the loss of life and property. Structures
like houses, bridges; roads etc. get
damaged by the gushing water, landslides
triggered on account of water getting
saturated, boats and fishing nets get
damaged. There is huge loss to life and
livestock caused by drowning. Lack of
proper drinking water facilities,
contamination of water (well, ground water,
piped water supply) leads to outbreak of
epidemics, diarrhoea, viral infection, malaria
and many other infectious diseases.

Flooding also leads to a large area of
agricultural land getting inundated as a result
there is a huge crop loss. This results in
shortage of food, and animal fodder. Floods
may also affect the soil characteristics. The
land may be rendered infertile due to erosion
of top layer or may turn saline if sea water
floods the area.

Distributional Pattern of floods in
India

Floods occur in almost all the river basins
of the country. The Vulnerability Atlas of
India shows pictorially the areas liable to
floods. Around 12 per cent (40 million
hectare) of land in India is prone to floods.

Fig 2.4.1 Map showing Flood Zones in India

Most of the flood affected areas lie in the
Ganga basin, Brahmaputra basin
(comprising of Barak, Tista, Torsa,
Subansiri, Sankosh, Dihang and Luhit), the
northwestern river basin (comprising
Jhelum, Chenab, Ravi, Sutlej, Beas and the
Ghagra), peninsular river basin (Tapti,
Narmada, Mahanadi, Baitarani, Godavari,
krishna, Pennar and the Kaveri) and the
coastal regions of Andhra Pradesh,
Tamilnadu, orissa and Kerela. Assam, Uttar
Pradesh, Bihar and Orissa are some of the
states who have been severely prone to
floods. Our country receives an annual
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rainfall of 1200 mm, 85% of which is
concentrated in 3-4 months i.e June to
September. Due to the intense and periodic
rain, most of the rivers of the country are
fed with huge quantity of water, much
beyond their carrying capacity.

Table 2.4.1 below shows some of the major
floods that have affected the country.

Table 2.4.1 Death Toll in major floods of India

Year Number of Location
people killed

1961 2,000 North
1968 4,892 (1) Rajasthan, Gujarat - (2) North-East, West Bengal, Assam
1971 1,023 North India
1978 3,800 North, Northeast
1980 1,600 Uttar Pradesh, Bihar, Gujarat, Kerala, Haryana
1989 1,591 Maharashtra, Andhra Pradesh, Gujarat
1994 2,001 Assam, Arunachal Pradesh, Jammu and Kashmir, Himachal,

Punjab, Uttar Pradesh, Goa, Kerala, Gujarat states
1995 1,479 Bihar, Haryana, Jammu & Kashmir, Punjab, Uttar Pradesh,

West Bengal, Maharashtra
1997 1,442 Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Gujarat,

Himachal Pradesh, Jammu and Kashmir, Karnataka, Kerala,
Maharashtra, Madhya Pradesh, Orissa, Punjab, Rajasthan,
Sikkim, Uttar Pradesh, West Bengal states

1998 1,811 Assam, Arunachal, Bihar, Kerala, Meghalaya, Punjab, Sikkim,
Uttar Pradesh, West Bengal states

2000 1,290 Gujarat, Andhra Pradesh, Assam, Arunachal Pradesh, Bihar,
Himachal Pradesh, Kerala, Madhya Pradesh, Punjab, Uttar

Pradesh, West Bengal

level rises. Except for flash floods there is
usually a reasonable warning period. Heavy
precipitation will give sufficient warning of
the coming river flood. High tides with high
winds may indicate flooding in the coastal
areas. Evacuation is possible with suitable
monitoring and warning. Warning is issued
by the Central Water Commission (CWC),
Irrigation & Flood Control Department,

Warning:

Flood forecasting and warning has been
highly developed in the past two decades.
With the advancement of technology such
as satellite and remote-sensing equipments
flood waves can be tracked as the water

and Water Resources Department.
CWC maintains close liaison with the
administrative and state engineering
agencies, local civil authorities to
communicate advance warning for
appropriate mitigation and preparedness
measures.
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Possible Risk Reduction Meas-
ures:

Mapping of the flood prone areas  is a
primary step involved in reducing the risk of
the region. Historical records give the
indication of the flood inundation areas and
the period of occurrence and the extent of
the coverage. Warning can be issued
looking into the earlier marked heights of the
water levels in case of potential threat. In
the coastal areas the tide levels and the land
characteristics will determine the
submergence areas. Flood hazard mapping
will give the proper indication of water flow
during floods.

Land use control will reduce danger of life
and property when waters inundate the
floodplains and the coastal areas. The
number of casualties is related to the
population in the area at risk. In areas
where people already have built their
settlements, measures should be taken to
relocate to better sites so as to reduce
vulnerability. No major development should
be permitted in the areas which are
subjected to high flooding. Important
facilities like hospitals, schools should be
built in safe areas. In urban areas, water
holding areas can be created like ponds,
lakes or low-lying areas.

Fig 2.4.3 Khash Dhalai Flood Shelter.
Flood shelters like this are just one example of how
communities can protect themselves from the worst
of the floods. Banks of earth are raised by up to  5
metres and cover an area of several kilometres. The
people dig a huge pond in the middle and use this
earth to raise the ground. Whenever the floods come,
people can bring their livestock, possessions – even
their homes – to safety. The pond in the middle
becomes an important source of food, as it is used
to farm fish.

Fig 2.4.2 Houses constructed on stilts in slum areas

Construction of engineered structures  in
the flood plains and strengthening of
structures to withstand flood forces and
seepage. The buildings should be
constructed on an elevated area. If
necessary build on stilts or platform.

Flood Control  aims to reduce flood
damage. This can be done by decreasing
the amount of runoff with the help of
reforestation (to increase absorption could
be a mitigation strategy in certain areas),
protection of vegetation, clearing of debris
from streams and other water holding areas,
conservation of ponds and lakes etc. Flood
Diversion include levees, embankments,
dams and channel improvement. Dams can
store water and can release water at a
manageable rate. But failure of dams in
earthquakes and operation of releasing the
water can cause floods in the lower areas.
Flood Proofing reduces the risk of damage.
Measures include use of sand bags to keep
flood water away, blocking or sealing of
doors and windows of houses etc. Houses
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2.5 DROUGHT

What is Drought?

Drought is either absence or deficiency of
rainfall from its normal pattern in a region
for an extended period of time leading to
general suffering in the society. It is interplay
between demand that people place on
natural supply of water and natural event
that provides the water in a given
geographical region. The state of Kerala
which receives more than 3000 mm of
rainfall every year is declared drought
affected as it is insufficient to have two
good crops.  The more the imbalance in
supply the higher is the drought. The
following will help explaining this general
definition of the drought further.

♦ It is a slow on-set disaster and it is
difficult to demarcate the time of its
onset and the end.

♦ Any unusual dry period which results
in a shortage of useful water.

may be elevated by building on raised land.
Buildings should be constructed away from
water bodies.

Flood Management  In India, systematic
planning for flood management commenced
with the Five Year Plans, particularly with
the launching of National Programme of
Flood Management in 1954. During the last
48 years, different methods of flood
protection structural as well as non-
structural have been adopted in different
states depending upon the nature of the
problem and local conditions. Structural
measures include storage reservoirs, flood
embankments, drainage channels, anti-
erosion works, channel improvement works,
detention basins etc. and non-structural
measures include flood forecasting, flood
plain zoning, flood proofing, disaster
preparedness etc. The flood management
measures undertaken so far have provided
reasonable degree of protection to an area
of 15.81 million hectares through out the
country.

Web Resources:

§ www.cwc.nic.in website of the Central Water
Commission of India, (CWC) of India.

§ http://wrmin.nic.in website of the Ministry of
Water Resources, GoI.

§ www.imd.ernet.in Indian Meteorological
Department (IMD) provides all India weather
report, end of monsoon  season report,
weather charts, satellite images, rainfall maps,
earthquake reports and severe weather
warnings.

§ www.ndmindia.nic.in Natural Disaster
Management India. Provides current news on
Flood, Drought and Cyclones, Weather Links
from NIC and weather conditions
temperatures on Indian Ocean
(www.weather.nic.in).

§ www.nih.ernet.in India National Institute of
Hydrology perform tasks such as Ground
water zone mapping, Flood plain mapping,
land use, salinity, sedimentation, Soil erosion,
water-logging etc.

Exercise

1. Define Flood. List out some of the
causes and adverse effects of floods.

2. Name two basins in India that are
frequently affected by flood and explain
the warning dissemination system of
India in the flood affected areas.

3. Explain in detail atleast five possible
risk reduction measures for floods.
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What on earth do you know about
water?

••••• Approximately 80 per cent of
earth’s surface is covered with
water but only 1% of it is fresh
water that we can use.

••••• About 2.7 per cent of the total
water available on the earth is
fresh water of which about 75.2
per cent lies frozen in Polar
Regions and another 22.6 per
cent is present as ground water.
The rest is available in lakes,
rivers, atmosphere, moisture, soil
and vegetation. This 1% of water
is now threatened by pollution!

••••• Today, we have approximately the
same amount of water as when
the Earth was formed. Earth will
not get/generate any more water!

••••• We are using up the fresh water
faster than we are recharging our
groundwater

♦ Drought is a normal, recurrent feature
of climate. Climate is expected to show
some aberrations and drought is just
a part of it.

♦ Drought can occur by improper
distribution of rain in time and space,
and not just by its amount.

♦ Drought is negative balance between
precipitation and water use (through
evaporation, transpiration by plants,
domestic and industrial uses etc) in a
geographical region.

The effects of drought accumulate slowly
over a considerable period of time.

Causes of Drought

Can you think of what causes drought?

Though drought is basically caused by
deficit rainfall, which is a meteorological
phenomenon, it manifests into different
spheres because of various vulnerability
factors associated with them (see the box).
Some of these factors are human induced.
Though drought is a natural disaster, its
effects are made worst in developing
countries by over population, over grazing,
deforestation, soil erosion, excessive use
of ground and surface water for growing
crops, loss of biodiversity.

General Characteristics:

– Types of droughts

Drought proceeds in sequential
manner. Its impacts are spread across
different domains as listed below.

– Meteorological drought

Meteorological drought is simple
absence/deficit of rainfall from the
normal. It is the least severe form of
drought and is often identified by sunny
days and hot weather.

– Hydrological drought

Hydrological drought often leads to
reduction of natural stream flows or
ground water levels, plus stored water
supplies. The main impact is on water
resource systems.
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– Agricultural drought

This form of drought occurs when
moisture level in soil is insufficient to
maintain average crop yields. Initial
consequences are in the reduced
seasonal output of crops and other
related production. An extreme
agricultural drought can lead to a
famine, which is a prolonged shortage
of food in a restricted region causing
widespread disease and death from
starvation.

Socio-economic drought

Socio-economic drought correlates the
supply and demand of goods and services
with the three above-mentioned types of
drought. When the supply of some goods
or services such as water and electricity are
weather dependant then drought may cause
shortages in supply of these economic
goods.

Measuring Drought :

Elements at Risk

In general, all those elements that are
primarily dependent on water are most
affected. It affects the rainfed crops and then
slowly creeps into the irrigated crops. People
who are dependent on agriculture and areas
where the other livelihood opportunities are
least developed are greatly affected. The
herdsman, landless labourer, subsistence
farmers, women, children and farm animals
are the most vulnerable groups.

Can you think of some more vulnerability
factors to drought?

♦ Low soil moisture holding capacity
♦ Absence of irrigation facilities
♦ Livestock without adequate fodder

storage facilities
♦ Poor water management
♦ Deforestation
♦ Over grazing
♦ Water consuming cropping patterns
♦ Excessive ground water draft
♦ Soil erosion
♦ Population growth and urbanization
♦ Industrialization
♦ Global warming

Can you believe it!!!

Cherapunji in Meghalaya, which was said
to receive highest rainfall in the world, is
now reeling under acute drinking water
problem. This is because of water runoff,
denudation and no storage facilities.

Fig 2.5.1

Meteorological Drought

Hydrological Drought

Agricultural Drought

Socio-economic Drought
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Drought Mathematics

The following criteria have been set by
the Indian Meteorological Division (IMD)
for identifying the drought.

• Onset of drought: Deficiency of a
particular year’s rainfall exceeding
25 per cent of normal.

• Moderate drought: Deficit of rainfall
between 26-50 per cent of normal.

• Severe drought: Deficit of rainfall
more than 50 per cent of normal.

Fig 2.5.2 Map showing drought prone states in India.

Typical adverse effects

Drought, different from any other natural
disaster, does not cause any structural
damages. As the meteorological drought
turns into hydrological drought, the impacts
start appearing first in agriculture which is
most dependant on the soil moisture.
Irrigated areas are affected much later than
the rainfed areas. However, regions
surrounding perennial rivers tend to
continue normal life even when drought
conditions are prevailing around. The
impacts slowly spread into social fabric as
the availability of drinking water diminishes,
reduction in energy production, ground
water depletion, food shortage, health
reduction and loss of life, increased
poverty, reduced quality of life and social
unrest leading to migration.

Distribution Pattern
Ø  Around 68 per cent of India’s total area

is drought prone to drought.
Ø 315 out of a total of 725 Talukas in 99

districts are drought prone.
Ø 50 million people are annually affected

by drought.
Ø In 2001 more than eight states suffered

the impact of severe drought.
Ø In 2003 most parts of Rajasthan

experienced the fourth consecutive
year of drought.

Possible Risk Reduction Meas-
ures:

There are various mitigation strategies to
cope up with drought.

1. Public Awareness and education:  If
the community is aware of the do’s and
don’ts, then half of the problem is
solved. This includes awareness on
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the availability of safe drinking water,
water conservation techniques,
agricultural drought management
strategies like crop contingency plans,
construction of rain water harvesting
structure. Awareness can be
generated by the print, electronic and
folk media.

2. Drought Monitoring:  It is continuous
observation of the rainfall situation,
availability of water in the reservoirs,
lakes, rivers etc and comparing with
the existing water needs in various
sectors of the society.

3. Water supply augmentation and
conservation  through rainwater
harvesting in houses and farmers’
fields increases the content of water
available. Water harvesting by either
allowing the runoff water from all the
fields to a common point (e.g. Farm
ponds, see the picture) or allowing it
to infiltrate into the soil where it has
fallen (in situ) (e.g. contour bunds,
contour cultivation, raised bed planting
etc) helps increase water availability
for sustained agricultural production.

4. Expansion of  irrigation  facilities
reduces the drought vulnerability. Land
use based on its capability helps in
optimum use of land and water and
can avoid the undue demand created
due to their misuse.

5. Livelihood planning  identifies those
livelihoods which are least affected by
the drought. Some of such livelihoods
include increased off-farm employment
opportunities, collection of non-timber
forest produce from the community
forests, raising goats, carpentry etc.

Fig. 2.5.3 Rain Water harvesting

Fig 2.5.4 A watershed showing collection of water
to common point.

6. Drought planning:  the basic goal of
drought planning is to improve the
effectiveness of preparedness and
response efforts by enhancing
monitoring, mitigation and response
measures.

7. Planning would help in effective
coordination among state and national
agencies in dealing with the drought.
Components of drought plan include
establishing drought taskforce which
is a team of specialists who can advise
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the government in taking decision to
deal with drought situation,
establishing coordination mechanism
among various agencies which deal
with the droughts, providing crop
insurance schemes to the farmers to
cope with the drought related crop
losses, and public awareness
generation.

Ralegan, before drought mitigation efforts

Ralegan, after drought mitigation efforts

 What a mitigation approach can
do? A success story

The people of Ralegan Siddhi in
Maharashtra transformed the dire straits
to prosperity. Twenty years ago the
village showed all traits of abject poverty.
It practically had no trees, the topsoil had
blown off, there was no agriculture and
people were jobless. Anna Hazare, one
of the India’s most noted social activists,

Fig 2.5.5

Web Resources:

http://dmc.kar.nic.in/default.htm
www. watershedindia.net
www.rainwaterharvesting.org
www.drought.unl. edu

Exercise

1. Why is drought a slow onset disaster?
Identify five factors that cause drought.

2. Explain the four different types of
drought

3. Identify the elements that are at risk in
areas that are prone to drought and
identify five risk reduction measures
to combat drought.

started his movement concentrating on
trapping every drop of rain, which is
basically a drought mitigation practice.
So the villagers built check dams and
tanks. To conserve soil they planted trees.
The result: from 80 acres of irrigated area
two decades ago, Ralegan Siddhi has a
massive area of 1300 acres under
irrigation. The migration for jobs has
stopped and the per capita income has
increased ten times from Rs.225 to 2250
in this span of time.
The entire effort was only people’s
enterprise and involved no funds or
support from the Government.

2.6 LANDSLIDE

What is a landslide?

The term’ landslide’ includes all varieties of
mass movements of hill slopes and can be
defined as the downward and outward
movement of slope forming materials
composed of rocks, soils, artificial fills or
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Table 1 : Definitions
Landslide Hazard refers to the potential of occurrence of a damaging landslide within
a given area; such damage could include loss of life or injury, property damage, social
and economic disruption, or environmental degradation.
Landslide Vulnerability reflects the extent of potential loss to given elements (or set
of elements) within the area affected by the hazard, expressed on a scale of 0 (no
loss) to 1 (total loss); vulnerability is shaped by physical, social, economic and
environmental conditions.
Landslide Risk  refers to the probability of harmful consequences-the expected number
of lives lost, persons injured, extent of damage to property or ecological systems, or
disruption of economic activity –within a landslide prone area. The risk may be individual
or societal in scope, resulting from an interaction between the hazard and individual
or societal vulnerability.
Landslide Risk Evaluation is the application of analyses and judgments
(encompassing physical, social, and economic dimensions of landslide vulnerability)
to determine risk management alternatives, which may include determination that the
landslide risk is acceptable or tolerable.

Fig 2.6.1 Landslide in hilly terrain of India

combination of all these materials along
surfaces of separation by falling, sliding and
flowing, either slowly or quickly from one
place to another. Although the landslides are
primarily associated with mountainous
terrains, these can also occur in areas where
an activity such as surface excavations for
highways, buildings and open pit mines
takes place.  They often take place in
conjunction with earthquakes, floods and
volcanoes. At times, prolonged rainfall
causing landslide may block the flow of river
for quite some time. The formation of river
blocks can cause havoc to the settlements
downstream on its bursting. Some of the
common definitions are below in table 1.

Causes of Landslide

There are several causes of landslide. Some
of the major causes are as follows:

1. Geological Weak material: Weakness
in the composition and structure of
rock or soil may also cause landslides.

2. Erosion: Erosion of slope toe due to
cutting down of vegetation,
construction of roads might increase
the vulnerability of the terrain to slide
down.

3. Intense rainfall: Storms that produce
intense rainfall for periods as short as
several hours or have a more
moderate intensity lasting several days
have triggered abundant landslides.
Heavy melting of snow  in the hilly
terrains also results in landslide.

4. Human Excavation of slope and its toe,
loading of slope/toe, draw down in
reservoir, mining, deforestation,
irrigation, vibration/blast, Water
leakage from services.
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Fig 2.6.2 Bhachau Landslide - The land slipped
during the 26th January 2001 earthquake event in
Bhachau. Note that people are still camped beneath.
Monsoon rains could possibly wash the soil down
slope.

5. Earthquake shaking has triggered
landslides in many different
topographic and geologic settings.
Rock falls, soil slides and rockslides
from steep slopes involving relatively
thin or shallow dis-aggregated soils or
rock, or both have been the most
abundant types of landslides triggered
by historical earthquakes.

6. Volcanic eruption Deposition of loose
volcanic ash on hillsides commonly is
followed by accelerated erosion and
frequent mud or debris flows triggered
by intense rainfall.

Type of Landslides:

The common types of landslides are
described below. These definitions are
based mainly on the work of Varnes
(Varnes, D.J., 1978).

• Falls: Abrupt movements of materials
that become detached from steep
slopes or cliffs, moving by free-fall,
bouncing, and rolling.

• Flows: General term including many
types of mass movement, such as
debris flow, debris avalanche, lahar,
and mudflow.

• Creep: Slow, steady downslope
movement of soil or rock, often
indicated by curved tree trunks, bent
fences or retaining walls, tilted poles
or fences.

• Debris flow Rapid mass movement
in which loose soils, rocks, and organic
matter combine with entrained air and
water to form slurry that then flows
down slope, usually associated with
steep gullies.

• Debris avalanche A variety of very
rapid to extremely rapid debris flow.
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• Lahar Mudflow or debris flow that
originates on the slope of a volcano,
usually triggered by heavy rainfall
eroding volcanic deposits, sudden
melting of snow and ice due to heat
from volcanic vents, or the breakout
of water from glaciers, crater lakes
or lakes dammed by volcanic
eruptions

• Mudflow Rapidly flowing mass of wet
material that contains at least 50 per
cent sand, silt, and clay-sized
particles.

• Lateral spreads Often occur on very
gentle slopes and result in nearly
horizontal movement of earth
materials. Lateral spreads usually are
caused by liquefaction, where
saturated sediments (usually sands
and silts) are transformed from a solid
into a liquefied state, usually triggered
by an earthquake.

• Slides Many types of mass movement
are included in the general term
“landslide.” The two major types of
landslides are rotational slides and
translational landslides.

• Topple A block of rock that tilts or
rotates forward and falls, bounces, or
rolls down the slope.

Adverse Effects:

The most common elements at risk are the
settlements built on the steep slopes, built
at the toe and those built at the mouth of
the streams emerging from the mountain
valley. All those buildings constructed
without appropriate foundation for a given

Fig 2.6.4 adverse effects of landslide

Distributional Pattern:

Landslides constitute a major natural hazard
in our country, which accounts for
considerable loss of life and damage to
communication routes, human settlements,
agricultural fields and forest lands. The
Indian subcontinent, with diverse
physiographic, seismic, tectonic and
climatological conditions is subjected to
varying degree of landslide hazards; the
Himalayas including Northeastern
mountains ranges being the worst affected,
followed by a section of Western Ghats and
the Vindhyas. Removal of vegetation and
toe erosion have also triggered slides.
Torrential rainfall on the deforested slopes
is the main factor in the Peninsular India
namely in Western Ghat and Nilgiris. Human
intervention by way of slope modification
has added to this effect.

soil and in sloppy areas are also at risk.
Roads, communication lines are vulnerable.
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One of the worst tragedies took place at
Malpa Uttarkhand (UP) on 11th and 17th
August 1998 when nearly 380 people were
killed when massive landslides washed
away the entire village. This included 60
pilgrims going to Lake Mansarovar in Tibet.
Consequently various land management

Fig 2.6.5 Spots showing major landslides in India

measures have been initiated as mitigation
measures. Fig. 2.6.6 shows landslide
hazard zonation map of India with red being
areas more susceptible to landslides than
areas depicted in light  yellow.

Table 2.6.2 : Some of the major Landslides in the last one decade

October 1990 Nilgris 36 people killed and several injured. Several
buildings and communication network damaged

July 1991 Assam 300 people killed, road and buildings damaged
November 1992 Nilgiris Road network and buildings damaged,

Rs.5 million damage estimate
July 1993 Itanagar 25 people buried alive 2 km road damaged
August 1993 Kalimpong, 40 people killed, heavy loss of

West Bengal property
August 1993 Kohima, 200 houses destroyed, 500 people died, about 5 km

Nagaland road stretch was damaged
November 1993 Nilgris 40 people killed, property worth several lakhs

damaged
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Source: http://www.geoengineer.org/photos/
reearth1.jpg

Fig. 2.6.7 Retaining wall - Reinforced wall constructed
as a mitigation measure.

Possible risk reduction measures:

Hazard mapping  locates areas prone to
slope failures. This will help to avoid building
settlements in such areas. These maps will
also serve as a tool for mitigation planning.

Land use practices such as:

§ Areas covered by degraded natural
vegetation in upper slopes are to be
afforested with suitable species.
Existing patches of natural vegetation
(forest and natural grass land) in good
condition, should be preserved

§ Any developmental activity initiated in
the area should be taken up only after
a detailed study of the region has been
carried out.

§ In construction of roads, irrigation
canals etc. proper care is to be taken
to avoid blockage of natural drainage

§ Total avoidance of settlement in the
risk zone should be made mandatory.

§ Relocate settlements and infrastruc-
ture that fall in the possible path of the
landslide

January 1994 Kashmir National Highway 1A severely damaged
June 1994 Varundh ghat, 20 people killed, breaching of ghat road

Konkan Coast damaged to the extent of 1km at several
places

May 1995 Aizwal 25 people killed. Road severely damaged
Mizoram

September 1995 Kullu, HP 22 persons killed and several injured. About 1 km
road destroyed

14,August 1998 Okhimath 69 people killed
18,August 1998 Malpa, 205 people killed. Road network to Mansarovar

Kali river disrupted
August 2003 Uttarkashi Heavy loss of infrastructure

§ No construction of buildings in areas
beyond a certain degree of slope

Retaining Walls  can be built to stop land
from slipping (these walls are commonly
seen along roads in hill stations). These are
constructed to prevent smaller sized and
secondary landslides that often occur along
the toe portion of the larger landslides.

Surface Drainage Control Works  The
surface drainage control works are
implemented to control the movement of
landslides accompanied by infiltration of rain
water and spring flows.
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Engineered structures  with strong
foundations can withstand or take the
ground movement forces. Underground
installations (pipes, cables, etc.) should be
made flexible to move in order to withstand
forces caused by the landslide

Increasing vegetation cover  is the
cheapest and most effective way of arresting
landslides.  This helps to bind the top layer
of the soil with layers below, while preventing
excessive run-off and soil erosion.

Insurance  will assist individuals whose
homes are likely to be damaged by
landslides or by any other natural hazards.

References for further reading:
§ http://www.csre.iitb.ac.in/rn/resume/landslide/

lsl.htm Landslide Information System - Center
of Studies in Resource Engineering IIT
Mumbai.

§ http://landslides.usgs.gov USGS National
Landslide Hazards Program (NLHP)

§ http://www.fema.gov/hazards/landslides/
landslif.shtm Federal Emergency
Management Agency FEMA, USA is tasked
with responding to, planning for, recovering
from and mitigating against disasters.

§ http://ilrg.gndci.pg.cnr.it/ The International
Landslide Research Group (ILRG) is an
informal group of individuals concerned about
mass earth movement and interested in
sharing information on landslide research.

Exercise
1. What are landslides ? List out five

major causes of landslides in India.

2. Identify major type of landslides.

3. Suggest risk reduction measures for
landslide mitigation.
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Indirect Effects

• Tsunamis

• Seiches

• Landslides

• Floods

• Fires



Seismic Resistant Construction

• Prevent non-structural damage from 

minor shaking

• Prevent structural damage and minimize 

non structural damage in occasional 

moderate shaking

• Avoid collapse or serious damage in 

rare, major ground shaking
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Earthquake Resistant Designs

• Construction and Maintenance

• Need for more comprehensive approach

• Importance of conceptual design

• Decrease of demands

• Action of the soil-structure system
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IS 1893( Part 1 ) :2002

Indian Standard

CRITERIA FOR EARTHQUAKE RESISTANT
DESIGN OF STRUCTURES

PART 1 GENERAL PROVISIONS AND BUILDINGS

( Fijth Revision )

FOREWORD

This Indian Standard ( Part 1 ) ( Fifth Revision) was adopted by the Bureau of Indian Standards, afler the
draft finalized by the Earthquake Engineering Sectional Committee had been approved by the Civil Engineering
Division Council.

Himalayan-Nagalushai region, Indo-GangeticPlain, Western India, Kutch and Kathiawarregions are geologically
unstable parts of the country, and some devastating earthquakes of the world have occurred there. A major
part of the peninsular India has also been visited by strong earthquakes, but these were relatively few in
number occurring at much larger time intervals at any site, and had considerably lesser intensity. The earth@ake
resistant design of structures taking into account seismic data from studies of these Indian earthquakes has
become very essential, particularly in view of the intense construction activity all over the country. It is to
serve this purpose that IS 1893 : 1962 ‘Recommendations for earthquake resistant design of structures’ was
published and revised first time in 1966.

As a result of additional seismic data collected in India and further knowledge and experience gained since
the publication of the first revision of this standard, the sectional committee felt the need to revise the standard
again incorporating many changes, such as revision of maps showing seismic zones and epicentres, and adding
a more rational approach for design of buildings and sub-structures of bridges. These were covered in the
second revision of 1S 1893 brought out in 1970.

As a result of the increased use of the standard, considerable amount of suggestions were received for modifying
some of the provisions of the standard and, therefore, third revision of the standard was brought out in 1975.
The following changes were incorporated in the third revision:

a)

b)

c)

d)

e)
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The standard incorporated seismic zone factors (previously given as multiplying factors in the second
revision ) on a more rational basis.

Importance factors were introduced to account for the varying degrees of importance for various
structures.

In the clauses for design of multi-storeyed buildings, the coefficient of flexibility was given in the
form of a curve with respect to period of buildings.

A more rational formula was used to combine modal shear forces.

New clauses were introduced for determination of hydrodynamic pressures in elevated tanks.

Clauses on concrete and masonry dams were modified, taking into account their dynamic behavionr
during earthquakes. Simplified formulae for design forces were introduced based on results of extensive
studies carried out since second revision of the standard was published.

The fourth revision, brought out in 1984, was prepared to modifi some of the provisions of the standard as a
result of experience gained with the use of the standard. In this revision, a number of important basic modifications
with respect to load factors, field values of N, base shear and modal analysis were introduced. A new concept
of performance factor depending on the structural framing system and on the ductility of construction was
incorporated. Figure 2 for average acceleration spectra was also modified and a curve for zero percent damping
incorporated.

1
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In the fifth revision, with a view to keep abreast with the rapid development and extensive research that has
been carried out in the field of earthquake resistant design of various structures, the committee has decided
to cover the provisions for different types of structures in separate parts. Hence, IS 1893 has been split into
the following five parts:

Part 1 General provisions and buildings

Part 2 Liquid retaining tanks — Elevated and ground supported

Part 3 Bridges and retaining walls

Part 4 Industrial structures including stack like structures

Part 5 Dams and embankments

Part 1 contains provisions that are general in nature and applicable to all structures. Also, it contains provisions
that are specific to buildings only. Unless stated otherwise, the provisions in Parts 2 to 5 shall be read necessarily
in conjunction with the general provisions in Part 1.

NOTE — Pending finalization of Parts 2 to 5 of IS 1893, provisions of Part 1 will be read along with the relevant
clauses of IS 1893 : 1984 for structures other than buildings.

The following are the major and important moditlcations made in the fifth revision:

a)

b)

c)

d)

e)

f)

@

h)

J)

k)

The seismic zone map is revised with only four zones, instead of five. Erstwhile Zone I has been
merged to Zone 11. Hence, Zone I does not appear in the new zoning; only Zones II, 111,IV and V do.

The values of seismic zone factors have been changed; these now reflect more realistic values of
effective peak ground acceleration considering Maximum Considered Earthquake ( MCE ) and service
life of structure in each seismic zone.

Response spectra are now specified for three types of founding strata, namely rock and hard soil,
medium soil and soft soil.

Empirical expression for estimating the fundamental natural period Taof multi-storeyed buildings
with regular moment resisting frames has been revised.

This revision adopts the procedure of first calculating the actual force that maybe experienced by
the structure during the probable maximum earthquake, if it were to remain elastic. Then, the concept
of response reduction due to ductile deformation or frictional energy dissipation in the cracks is
brought into the code explicitly, by introducing the ‘response reduction factor’ in place of the earlier
performance factor.

A lower bound is specified for the design base shear of buildings, based on empirical estimate of the
fimdarnental natural period Ta.

The soil-foundation system factor is dropped. Instead, a clause is introduced to restrict the use of
foundations vulnerable to differential settlements in severe seismic zones.

Torsional eccentricity values have been revised upwards in view of serious darnages observed in
buildings with irregular plans.

Modal combination rule in dynamic analysis of buildings has been revised.

Other clauses have been redrafted where necessary for more effective implementation.

It is not intended in this standard to lay down regulation so that no structure shall suffer any damage during
earthquake of all magnitudes. It has been endeavored to ensure that, as far as possible, structures are able
to respond, without structural darnage to shocks of moderate intensities and without total collapse to shocks
of heavy intensities. While this standard is intended for the earthquake resistant design of normal structures,
it has to be emphasized that in the case of special structures, such as large and tall dams, long-span bridges,
major industrial projects, etc, site-specific detailed investigation should be undertaken, unless otherwise specified
in the relevant clauses.
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Though the basis for the design of different types of structures is covered in this standard, it is not implied
that detailed dynamic analysis should be made in every case. In highly seismic areas, construction of a type
which entails hea~y debris and consequent loss of life and property, such as masonry, particularly mud masonry
and rubble masonry, should preferably be avoided. For guidance on precautions to be observed in the construction
of buildings, reference maybe made to IS 4326, IS 13827 and IS 13828.

Earthquake can cause damage not only on account of the shaking which results from them but also due to
other chain effects like landslides, floods, fires and disruption to communication. It is, therefore, important to
take necessary precautions in the siting, planning and design of structures so that they are safe against such
secondary effects also.

The Sectional Committee has appreciated that there cannot bean entirely scientific basis for zoning in view
of the scanty data available. Though the magnitudes of different earthquakes which have occurred in the
past are known to a reasonable degree of accuracy, the intensities of the shocks caused by these earthquakes
have so far been mostly estimated by damage surveys and there is little instrumental evidence to corroborate
the conclusions arrived at. Maximum intensity at different places can be fixed on a scale only on the basis of
the observations made and recorded after the earthquake and thus a zoning map which is based on the maximum
intensities arrived at, is likely to lead in some cases to an incorrect conclusion in view of(a) incorrectness in
the assessment of intensities, (b) human error in judgment during the damage survey, and (c) variation in
quality and design of structures causing variation in type and extent of damage to the structures for the same
intensity of shock. The Sectional Committee has therefore, considered that a rational approach to the problem
would be to arrive at a zoning map based on known magnitudes and the known epicentres ( see Annex A )
assuming all other conditions as being average and to modifi such an idealized isoseismal map in light of
tectonics ( see Annex B ), lithology ( see Annex C ) and the maximum intensities as recorded from damage
surveys. The Committee has also reviewed such a map in the light of the past history and future possibilities
and also attempted to draw the lines demarcating the different zones so as to be clear of important towns,
cities and industrial areas, after making special examination of such cases, as a little modification in the zonal
demarcations may mean considerable difference to the economics of a project in that area. Maps shown in
Fig. 1 and Annexes A, B and C are prepared based on information available upto 1993.

In the seismic zoning map, Zone I and II of the contemporary map have been merged and assigned the level
of Zone 11. The Killari area has been included in Zone III and necessary modifications made, keeping in view
the probabilistic hazard evaluation. The Bellary isolated zone has been removed. The parts of eastern coast
areas have shown similar hazard to that of the Killari area, the level of Zone II has been enhanced to Zone III
and connected with Zone III of Godawari Graben area.

The seismic hazard level with respect to ZPA at 50 percent risk level and 100 years service life goes on
progressively increasing from southern peninsular portion to the Himalayan main seismic source, the revised
seismic zoning map has given status of Zone III to Narmada Tectonic Domain, Mahanandi Graben and Godawari
Graben. This is a logical normalization keeping in view the apprehended higher strain rates in these domains
on geological consideration of higher neotectonic activity recorded in these areas.

Attention is particularly drawn to the fact that the intensity of shock due to an earthquake could vary locally
at anyplace due to variation in soil conditions. Earthquake response of systems would be affected by different
types of foundation system in addition to variation of ground motion due to various types of soils. Considering
the effects in a gross manner, the standard gives guidelines for arriving at design seismic coet%cients based
on stiffness of base soil.

It is important to note that the seismic coefficient, used in the design of any structure, is dependent on nany
variable factors and it is an extremely difficult task to determine the exact seismic coefficient in each given
case. It is, therefore, necessa~ to indicate broadly the seismic coefficients that could generally be adopted
in different parts or zones of the country though, of course, a rigorous analysis considering all the factors
involved has to be made in the case of all important projects in order to arrive at a suitable seismic coeftlcients
for design. The Sectional Committee responsible for the formulation of this standard has attempted to include
a seismic zoning map (see Fig. 1 ) for this purpose. The object of this map is to classifi the area of the country
into a number of zones in which one may reasonably expect earthquake shaking of more or less same maximum
intensity in future. The Intensity as per Comprehensive Intensity Scale ( MSK64 ) ( see Annex D ) broadly
associated with the various zones is VI ( or less ), VII, VIII and IX ( and above ) for Zones II, III, IV and V
respectively. The maximum seismic ground acceleration in each zone cannot be presently predicted with
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accuracy either on a deterministic or on a probabilistic basis. The basic zone factors included herein are
reasonable estimates of effective peak ground accelerations for the design of various structures covered in
this standard. Zone factors for some important towns are given in Annex E.

Base isolation and energy absorbing devices may be used for earthquake resistant design. Only standard
devices having detailed experimental data on the performance should be used. The designer must demonstrate
by detailed analyses that these devices provide sufficient protection to the buildings and equipment as envisaged
in this standard. Performance of locally assembled isolation and energy absorbing devices should be evaluated
experimentally before they are used in practice. Design of buildings and equipment using such device should
be reviewed by the competent authority.

Base isolation systems are found usefhl for short period structures, say less than 0.7s including soil-structure
interaction.

In the formulation of this standard, due weightage has been given to international coordination among the
standards and practices prevailing in different countries in addition to relating it to the practices in the field
in this country. Assistance has particularly been derived from the following publications:

a) UBC 1994, Uniform Building Code, International Conference of Building Officials, Whittier, Ckdifomia,
U.S.A.1994.

b) NEHRP 1991, NEHRP Recommended Provisions for the Development of Seismic Regulations for New
Buildings, Part 1: Provisions,ReportNo. FEMA 222, Federal EmergencyManagement Agency,WashingtO%
D.C., U.S.A., January 1992.

c) NEHRP 1991, NEHRP Recommended Provisions for the Development of Seismic Regulations for New
Buildings, Part 2: Commentary, Report No. FEMA 223, Federal Emergency Management Agency,
Washington, D. C., U.S.A., January 1992.

d) NZS 4203:1992, Code of Practice for General Structural Design and Design Loadings for Buildings,
Standards Association of New Zealand, Wellington, New Zealand, 1992.

In the preparation of this standard considerable assistance has been given by the Department of Earthquake
Engineering, University of Roorkee; Indian Institute of Technology, Kanpuq IIT Bombay, Mumbai; Geological
Survey of India; India Meteorological Department, and several other organizations.

The units used with the items covered by the symbols shall be consistent throughout this standard, unless
specifically noted otherwise.

The composition of the Committee responsible for the formulation of this standard is given in Annex F.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2:1960 ‘Rules for rounding off numerical values ( revised )’. The number of signflcant places retained in
the rounded off value should be the same as that of the specified value in this standard.

(Earthquake Engineering Sectional Committee, CED 39 )

4





As in the Original Standard, this Page is Intentionally Left Blank



IS 1893( Part 1 ): 2002

Indian Standard

CRITERIA FOR EARTHQUAKE RESISTANT
DESIGN OF STRUCTURES

PART 1 GENERAL PROVISIONS AND BUILDINGS

( Ffth Revision )

1 SCOPE

1.1 This standard ( Part 1 ) deals with assessment of
seismic loads on various structures and earthquake
resistant design of buildings. Its basic provisions
are applicable to buildings; elevated structures;
industrial and stack like structures; bridges; concrete
masonry and earth dams; embankments and retaining
walls and other structures.

1.2 Temporary elements such as scaffolding, temponuy
excavations need not be designed for earthquake
forces.

1.3 This standard does not deal with the construction
features relating to earthquake resistant design in
buildings and other structures. For guidance on
earthquake resistant construction of buildings,
reference may be made to the following Indian
Standards:

IS 4326,1S 13827,IS 13828,IS 13920and IS 13935.

2 REFERENCES

2.1 The following Indian Standards are necessary
adjuncts to this standard:

Is No.

456:2000

800:1984

875

(Part l): 1987

(Part 2):1987

(Part 3):1987

(Part4 ):1987

(Part 5):1987

Title

Code of practice for plain and
reinforced concrete ( fourth
revision )

Code of practice for general
construction in steel ( second
revision )

Code of practice for design loads
( other than earthquake ) forbuildings
and structures:

Dead loads — Unit weights of
building material and storedmaterials
( second revision)

Imposed loads ( second revision)

Wind loads ( second revision)

Snow loads ( second revision)

Special loads and load combinations
( second revision)

IS No.

1343:1980

1498:1970

1888:1982

1893 (Part4)

2131:1981

2809:1972

2810:1979

4326:1993

6403:1981

13827:1993

13828:1993

13920:1993

13935:1993

Title

Code of practice for pre-stressed
concrete (first revision )

Classification and identification of
soils for general engineering
purposes (first revision )

Method of load test on soils (second
revision )

Criteria for earthquake resistant
design of structures: Part 4 Industrial
structures including stack like
structures

Method of standard penetration test
for soils (first revision )

Glossary of terms and symbols
relating to soil engineering ( jirst
revision )

Glossary of terms relating to soil
dynamics (fzrst revision)

Earthquake resistant design and
construction of buildings — Code
of practice ( second revision )

Code of practice for determination
of bearing capacity of shallow
foundations (first revision )

Improving earthquake resistance of
earthen buildings — Guidelines

Improving earthquake resistance of
low strength masonry buildings —
Guidelines

Ductile detailing of reinforced
concrete structures subjected to
seismic forces — Code of practice

Repair and seismic strengthening of
buildings — Guidelines

SP 6 ( 6 ) :1972 Handbook for structural engineers:
Application of plastic theory in
design of steel structures
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3 TERMINOLOGY FOR EARTHQUAKE
ENGINEERING

3.1 For the purpose of this standard, the following
definitions shall apply which are applicable generally
to all structures.

NOTE — For the definitions of terms pertaining to soil
mechanics and soil dynamics references may be made
to IS 2809 and IS 2810.

3.2 Closely-Spaced Modes

Closely-spaced modes of a structure are those of its
natural modes of vibration whose natural frequencies
differ from each other by 10 percent or less of the
lower frequency.

3.3 Critical Damping

The damping beyond which the free vibration motion
will not be oscillatory.

3.4 Damping

The effect of internal friction, imperfect elasticity of
material, slipping, sliding, etc in reducing the amplitude
of vibration and is expressed as a percentage of critical
damping.

3.5 Design Acceleration Spectrum

Design acceleration spectrum refers to an average
smoothened plot of maximum acceleration as a fimction
of frequency or time period of vibration for a specitled
damping ratio for earthquake excitations at the base
of a single degree of freedom system.

3.6 Design Basis Earthquake ( DBE )

It is the earthquake which can reasonably be expected
to occur at least once during the design life of the
structure.

3.7 Design Horizontal Acceleration Coefficient
(Ah)

It is a horizontal acceleration coefficient that shall be
used for design of structures.

3.8 Design Lateral Force

It is the horizontal seismic force prescribed by this
standard, that shall be used to design a structure.

3.9 Ductility

Ductility of a structure, or its members, is the capacity
to undergo large inelastic deformations without
significant loss of strength or stiffness.

3.10 Epicentre

The geographical point on the surface of earth vertically
above the focus of the earthquake.

3.11 Effective Peak Ground Acceleration ( EPGA )

It is O.4 times the 5 percent damped average spectral
acceleration between period 0.1 to 0.3 s. This shall
be taken as Zero Period Acceleration ( ZPA ).

3.12 Floor Response Spectra

Floor response spectra is the response spectra for a
time history motion of a floor. This floor motion time
history is obtained by an analysis of multi-storey
building for appropriate material damping values
subjected to a specified earthquake motion at the base
of structure.

3.13 Focus

The originating earthquake source of the elastic waves
inside the earth which cause shaking of ground due
to earthquake.

3.14 Importance Factor (1)

It is a factor used to obtain the design seismic force
depending on the functional use of the structure,
characterised by hazardous consequences of its failure,
its post-earthquake functional need, historic value,
or economic importance.

3.15 Intensity of Earthquake

The intensity of an earthquake at a place is a measure
of the strength of shaking during the earthquake, and
is indicated by a number according to the modified
Mercalli Scale or M.S.K. Scale of seismic intensities
(see AnnexD ).

3.16 Liquefaction

Liquefaction is a state in saturated cohesionless soil
wherein the effective shear strength is reduced to
negligible value for all engineering purpose due to
pore pressure caused by vibrations during an
earthquake when they approach the total confining
pressure. In this condition the soil tends to behave
like a fluid mass.

3.17 Lithological Features

The nature of the geological formation of the earths
crust above bed rock on the basis of such characteristics
as colour, structure, mineralogical composition and
grain size.

3.18 MagnitudeofEarthquake ( Richter% Magnitude)

The magnitude of earthquake is a number, which is a
measure of energy released in an earthquake. It is
defined as logarithm to the base 10 of the maximum
trace amplitude, expressed in microns, which the
standard short-period torsion seismometer ( with a
period of 0.8s, magnification 2800 and damping nemly
critical ) would register due to the earthquake at an
epicentral distance of 100 km.
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3.19 Maximum Considered Earthquake ( MCE )

The most severe earthquake effects considered by
this standard.

3.20 Modal Mass ( lf~ )

Modal mass of a structure subjected to horizontal or
vertical, as the case maybe, ground motion is apart
of the total seismic mass of the structure that is effective
in mode k of vibration. The modal mass for a given
mode has a unique value irrespective of scaling of
the mode shape.

3.21 Modal Participation Factor ( Pk)

Modal participation factor of mode k of vibration is
the amount by which mode k contributes to the overall
vibration of the structure under horizontal and vertical
earthquake ground motions. Since the amplitudes of
95 percent mode shapes can be scaled arbitrarily, the
value of this factor depends on the scaling used for
mode shapes.

3.22 Modes of Vibration ( see Normal Mode)

3.23 Mode Shape Coefficient ( $i~)

When a system is vibrating in normal mode k, at any
particular instant of time, the amplitude of mass
i expressed as a ratio of the amplitude of one of the
masses of the system, is known as mode shape
coefficient ( @i~).

3.24 Natural Period (T)

Natural period of a structure is its time period of
undamped free vibration.

3.24,1 Fundamental Natural Period ( T1)

It is the first ( longest ) modal time period of vibration.

3.24.2 Modal Natural Period ( T~)

The modal natural period of mode k is the time period
of vibration in mode k.

3.25 Normal Mode

A system is said to be vibrating in a normal mode when
all its masses attain maximum values of displacements
and rotations simultaneously, and pass through
equilibrium positions simultaneously.

3.26 Response Reduction Factor (R)

It is the factor by which the actual base shear force,
that would be generated if the structure were to remain
elastic during its response to the Design Basis
Earthquake ( DBE ) shaking, shall be reduced to obtain
the design lateral force.

3.27 Response Spectrum

The representation of the maximum response of

IS 1893( Part 1 ) :2002

idealized single degree freedom systems having certain
period and damping, during earthquake ground
motion. The maximum response is plotted against the
undamped natural period and for various damping
values, and can be expressed in terms of maximum
absolute acceleration, maximum relative velocity, or
maximum relative displacement.

3.28 Seismic Mass

It is the seismic weight divided by acceleration due
to gravity.

3.29 Seismic Weight (W)

It is the total dead load plus appropriate amounts of
specified imposed load.

3.30 Structural Response Factors ( S,/g )

It is a factor denoting the acceleration response
spectrum of the structure subjected to earthquake
ground vibrations, and depends on natural period
of vibration and damping of the structure.

3.31 Tectonic Features

The nature of geological formation of the bedrock in
the earth’s crust revealing regions characterized by
structural features, such as dislocation, distortion,
faults, folding, thrusts, volcanoes with their age of
formation, which are directly involved in the earth
movement or quake resulting in the above
consequences.

3.32 Time History Analysis

It is an analysis of the dynamic respmse of the structure
at each increment of time, when its base is subjected
to a specific ground motion time history.

3.33 Zone Factor (Z)

It is a factor to obtain the design spectrum depending
on the perceived maximum seismic risk characterized
by Maximum Considered Earthquake ( MCE ) in the
zone in which the structure is located. The basic zone
fiwtorsincluded in this standard are reasonable estimate
of effective peak ground acceleration.

3.34 Zero Period Acceleration ( ZPA )

It is the value of acceleration response spectrum for
period below 0.03 s ( frequencies above 33 Hz).

-,.
4 TERMINOLOGY FOR EARTHQUAKE
ENGINEERING OF BUILDINGS

4.1 For the purpose of earthquake resistant design
ofbuildings in this standard, the following definitions
shall apply.

4.2 Base

It is the level at which inertia forces generated in the
strnctnre are transferred to the foundation, which then
transfers these forces to the ground.

9



IS 1893( Part 1 ) :2002

4.3 Base Dimensions (d)

Base dimension of the building along a direction is
the dimension at its base, in metre, along that direction.

4.4 Centre of Mass

The point through which the resultant of the masses
of a system acts. This point corresponds to the centre
of gravity of masses of system.

4.5 Centre of Stiffness

The point through which the resultant of the restoring
forces of a system acts.

4.6 Design Eccentricity ( e~i)

It is the value of eccentricity to be used at floor i in
torsion calculations for design.

4.7 Design Seismic Base Shear ( V~)

It is the total design lateral force at the base of a
structure.

4.8 Diaphragm

It is a horizontal, or nearly horizontal system, which
transmits lateral forces to the vertical resisting elements,
for example, reinforced concrete floors and horizontal
bracing systems.

4.9 Dual System

Buildings with dual system consist of shear walls
( or braced frames ) and moment resisting frames such
that:

a) The two systems are designed to resist the
total design lateral force in proportion to their
lateral stiffness considering the interaction
of the dual system at all floor levels; and

b) The moment resisting frames are designed
to independently resist at least 25 percent
of the design base shear.

4.10 Height of Floor ( hi )

It is the difference in levels between the base of the
building and that of floor i.

4.11 Height of Structure(k)

It is the difference in levels, in metres, between its
base and its highest level.

4.12 Horizontal Bracing System

It is a horizontal truss system that serves the same
function as a diaphragm.

4.13 Joint

It is the portion of the column that is common to other
members, for example, beams, framing into it.

4.14 Lateral Force Resisting Element

It is part of the structural system assigned to resist
lateral forces.

4.15 Moment-Resisting Frame

It is a frame in which members and joints are capable
of resisting forces primarily by flexure.

4.15.1 Ordinary Moment-Resisting Frame

It is a moment-resisting frame not meeting special
detailing requirements for ductile behaviour.

4.15.2 Special Moment-Resisting Frame

It is a moment-resisting frame specially detailed
to provide ductile behaviour and comply with
the requirements given in IS 4326 or IS 13920 or
SP6(6).

4.16 Number of Storeys ( n )

Number of storeys of a building isthe number of levels
above the base. This excludes the basement storeys,
where basement walls are connected with the ground
floor deck or fitted between the building columns. But,
it includes the basement storeys, when they are not
so connected.

4.17 Principal Axes

Principal axes of a building are generally two mutually
perpendicular horizontal directions inphmof abuilding
along which the geometry of the building is oriented.

4.18 P-A Effect

It is the secondary effect on shears and moments of
frame members due to action of the vertical loads,
interacting with the lateral displacement of building
resulting from seismic for~es.

4.19 Shear Wall

It is a wall designed to resist lateral forces acting in
its own plane.

4.20 Soft Storey

It is one in which the lateral stiffness is less than
70 percent of that in the storey above or less than
80 percent of the average lateral stiffness of the three
storeys above.

4.21 Static Eccentricity ( e~l)

It is the distance between centre of mass and centre
of rigidity of floor i.

4.22 Storey

It is the space between two adjacent floors.

4.23 Storey Drift

It is the displacement of one level relative to the other
level above or below.
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4.24 Storey Shear ( ~)

It is the sum of design lateral forces at all levels above
the storey under consideration.

4.25 Weak Storey

It is one in which the storey lateral strength is less
than 80 percent of that in the storey above, The storey
lateral strength is the total strength of all seismic force
resisting elements sharing the storey shear in the
considered direction.

5 SYMBOLS

The symbols and notations given below apply to the
provisions of this standard:

.4h

A~

bi

c

d

DL

‘dl

eS1

ELX

ELY

EL,

Froof

Fi

$?

h

hi

I

IL

h4k

Design horizontal seismic coefficient

Design horizontal acceleration spectrum
value for mode “kof vibration

ith Floor plan dimension of the building
perpendicular to the direction of force

Index for the closely-spaced modes

Base dimension of the building, in metres,
in the direction in which the seismic force
is considered.

Response quantity due to dead load

Design eccentricity to be used at floor i

calculated as per 7.8.2

Static eccentricity at floor i defined as the
distance between centre of mass and centre
of rigidity

Response quantity due to earthquake load
for horizontal shaking along x-direction

Response quantity due to earthquake load
for horizontal shaking along y-direction

Response quantity due to earthquake load
for vertical shaking along z-direction

Design lateral forces at the roof due to all
modes considered

Design lateral forces at the floor i due to
all modes considered

Acceleration due to gravity

Height of structure, in metres

Height measured from the base of the
building to floor i

Importance factor

Response quantity due to imposed load

Modal mass of mode k
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n

N

Pk

Q,

Q~~

r

R

S’a/g

T

~

Tk

T1

VB

pB

q

qk

vroof

w

Wi

z

Oik

a

%

kc

A*
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Number of storeys

SPT value for soil

Modal participation factor of mode k

Lateral force at floor i

Design lateral force at floor i in mode k

Number of modes to be considered as per
7.8.4.2

Response reduction factor

Average response acceleration coefficient
for rock or soil sites as given by Fig. 2
and Table 3 based on appropriate natural
periods and damping of the structure

Undamped natural period of vibration of
the structure (in second )

Approximate fundamental period ( in
seconds )

Undamped natural period of mode k of
vibration (in second )

Fundamental natural period of vibration
(in second )

Design seismic base shear

Design base shear calculated using the
approximate fimdamental period T,

Peak storey shear force in storey i due to
all modes considered

Shear force in storey i in mode k

Peak storey shear force at the roof due to
all modes considered

Seismic weight of the structure

Seismic weight of floor i

Zone factor

Mode shape coet%cient at floor i in mode
k

Peak response (for example member forces,
displacements, storey forces, storey shears
or base reactions ) due to all modes
considered

Absolute value of maximum response in
mode k

Absolute value of maximum response in
mode c, where mode c is a closely-spaced
mode.

Peak response due to the closely-spaced
modes only
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Pij Coefficient used in the Complete Quadratic
Combination ( CQC ) method while
combining responses of modes i andj

oi Circular frequency in rad/second in the
iti mode

6 GENERAL PRINCIPLES AND DESIGN
CRITERIA

6.1 General Principles

6.1.1 Ground Motion

The characteristics ( intensity, duratio~ etc ) of seismic
ground vibrations expected at any location depends
upon the magnitude of earthquake, its depth of focus,
distance from the epicentre, characteristics of the path
through which the seismic waves travel, and the soil
strata on which the structure stands. The random
earthquake ground motions, which cause the structure
to vibrate, can be resolved in any three mutually
perpendicular directions. The predominant direction
of ground vibration is usually horizontal.

Earthquake-generated vertical inertia forces are to be
considered in design unless checked and proven by
specimen calculations to be not significant. Vertical
acceleration should be considered in structures with
large spans, those in which stability is a criterion for
design, or for overall stability analysis of structures.
Reduction in gravity force due to vertical component
of ground motions can be particularly detrimental in
cases of prestressed horizontal members and of
cantilevered members. Hence, special attention should
be paid to the effect of vertical component of the ground
motion on prestressed or cantilevered beams, girders
and slabs.

6.1.2 The response of a structure to ground vibrations
is a fimction of the nature of foundation soil; materials,
form, size and mode of construction of structures;
and the duration and characteristics of ground motion.
This standard specifies design forces for structures
standing on rocks or soils which do not settle, liquefi
or slide due to loss of strength during ground vibrations.

6.1.3 The design approach adopted in this standard
is to ensure that structures possess at least a minimum
strength to withstand minor earthquakes ( <DBE ),
which occur frequently, without damage; resist
moderate earthquakes ( DBE ) without significant
structural damage though some non-structural damage
may OCCUEand aims that structures withstand a major
earthquake ( MCE ) without collapse, Actual forces
that appear on structures during earthquakes are much
greater than the design forces speciiled in this standard.
However, ductility, arising from inelastic material
behaviourand detailing, and overstrength, arising from
the additional reserve strength in structures over and
above the design strength, are relied upon to account

for this difference in actual and design lateral loads.

Reinforced and prestressed concrete members shall
be suitably designed to ensure that premature failure
due to shear or bond does not occur, subject to the
provisions of IS 456 and IS 1343. Provisions for
appropriate ductile detailing of reinforced concrete
members are given in IS 13920,

In steel structures, members and their connections
should be so proportioned that high ductility is obtain~
tide SP 6 ( Part 6 ), avoiding premature failure due to
elastic or inelastic buckling of any type.

The specified earthquake loads are based upon post-
elastic energy dissipation in the structure and because
of this fact, the provision of this standard for design,
detailing and construction shall be satisfied even for
structures and members for which load combinations
that do not contain the earthquake effect indicate larger
demands than combinations including earthquake.

6.1.4 Soil-Structure Interaction

The soil-structure interaction refers to the effects of
the supporting foundation medium on the motion of
structure. The soil-structure interaction may not be
considered in the seismic analysis for structures
supported on rock or rock-like material.

6.1.5 The design lateral force specified in this standard
shall be considered in each of the two orthogonal
horizontal directions of the structure. For structures
which have lateral force resisting elements in the two
orthogonal directions only, the design lateral force
shall be considered along one direction at a time, and
not in both directions simultaneously. Structures,
having lateral force resisting elements (for example
frames, shear walls ) in directions other than the two
orthogonal directions, shall be analysed considering
the load combinations specified in 6.3.2.

Where both horizontal and vertical seismic forces are
taken into account, load combinations specified
in 6.3.3 shall be considered.

6.1.6 Equipment and other systems, which are
supported at various floor levels of the structure, will
be subjected to motions corresponding to vibration
at their support points. In important cases, it may be
necessary to obtain floor response spectra for design
of equipment supports. For detail reference be made
to IS 1893 (Part 4).

6.1.7 Additions to Existing Structures

Additions shall be made to existing structures only
as follows:

a) An addition that is structurally independent
from an existing structures shall be designed
and constructed in accordance with the
seismic requirements for new structures.

12
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b) An addition that is not structurally
independent from an existing structure shall
be designed and constructed such that
the entire structure conforms to the seismic
force resistance requirements for new
structures unless the following three
conditions are complied with:

1)

2)

3)

The addition shall comply with the
requirements for new structures,

The addition shall not increase the seismic
forces in any structural elements of the
existing structure by more than 5 percent
unless the capacity of the element
subject to the increased force is still in
compliance with this standard, and

The additicn shall not decrease the
seismic resistance of any structural
element of the existing structure unless
reduced resistance is equal to or greater
than that required for new structures.

6.1.8 Change in Occupancy

When a change of occupancy results in a structure
being re-classified to a higher importance factor ( 1 ),
the structure shall conform to the seismic requirements
for anew structure with the higher importance factor.

6.2 Assumptions

The following assumptions shall be made in the
earthquake resistant design of structures:

a)

b)

c)

Earthquake causes impulsive ground motions,
which are complex and irregular in character,
changing in period and amplitude each lasting
for a small duration. Therefore, resonance of
the type as visualized under steady-state
sinusoidal excitations, will not occur as it
would need time to buildup such amplitudes.

NOTE — However, there are exceptions where
resonance-like conditions have been seen to occur
between long distance waves and tall structures
founded on deep soft soils.

Earthquake is not likely to occur
simultaneously with wind or maximum flood
or maximum sea waves,

The value of elastic modulus of materials,
wherever required, may be taken as for static
analysis unless a more definite value is
available for use in such condition ( see
IS 456, IS 1343 and IS 800 )

6.3 Load Combination and Increase in Permissible
Stresses

6.3.1 Load Combinations

When earthquake forces are considered on a structure,
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these shall be combined as per 6.3.1.1 and 6.3.1.2
where the terms DL, IL and EL stand for the response
quantities due to dead load, imposed load and
designated earthquake load respectively.

6.3.1.1 Load factors for plastic design of steel
structures

In the plastic design of steel structures, the following
load combinations shall be accounted for:

1) 1.7( DL.+IL )

2) 1.7( DL*EL)

3) 1.3( DL+lL*EL)

6.3.1.2 Partial safety factors for limit state design
of reinforced concrete and prestressed concrete
structures

In the limit state design of reinforced and prestressed
concrete structures, the following load combinations
shall be accounted for:

1) 1.5( DL+lL)

2) 1.2( DL+ZL+EL)

3) 1.5( DL+EL)

4) 0.9DL* 1.5EL

6.3.2 Design Horizontal Earthquake Load

6.3.2.1 When the lateral load resisting elements are
oriented along orthogonal horizontal direction, the
structure shall be designed for the effects due to till
design earthquake load in one horizontal direction at
time.

6.3.2.2 When the lateral load resisting elements are
not oriented along the orthogonal horizontal directions,
the stmcture shall be designed for the effects due to
foil design earthquake load in one horizontal direction
plus 30 percent of the design earthquake load in the
other direction.

NOTE — For instance, the building should be designed
for ( + ELx i 0.3 EL.y ) as well as ( * 0.3 ELx * ELy ),
where x and y are two orthogonal horizontal directions,
EL in 6.3.1.1 and 6.3.1,2 shall be replaced by ( ELx i
0.3 ELy ) or ( ELy i 0.3 .!Lh ).

6.3.3 Design Vertical Earthquake Load

When effects due to vertical earthquake loads are to
be considered, the design vertical force shall be
calculated in accordance with 6.4.5.

6.3.4 Combination for Two or Three Component
Motion

6.3.4.1 When responses from the three earthquake
components are to be considered, the responses due
to each component may be combined using the
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assumption that when the maximum response from
one component occurs, the responses from the other
two component are 30 percent of their maximum. All
possible combinations of the three components ( ELx,
ELy and ELz ) including variations in sign ( plus or
minus ) shall be considered, Thus, the response due
earthquake force (EL ) is the maximum of the following
three cases:

1) %ELX*O.3 ELyho.3ELz

2) *ELy*O.3 ELx&O.3 ELz

3) *ELz* 0.3 ELx&O.3 ELy

where x and y are two orthogonal directions and z is
vertical direction.

6.3.4.2 As an alternative to the procedure in 6.3.4.1,
the response (EL ) due to the combined effect of the
three components can be obtained on the basis of
‘square root of the sum of the square ( SRSS )‘ that
is

EL = ~ (ELx)2+ (ELy)z+(ELz)2

NOTE — The combination procedure of 6.3.4.1 and
6.3.4.2 apply to the same response quantity (say, moment
in a column about its major axis, or storey shear in a
frame) due to different components of the ground motion.

6.3.4.3 When two component motions ( say one
horizontal and one vertical, or only two horizontal)
are combined, the equations in 6.3.4.1 and 6.3.4.2
should be modified by del >tingthe term representing
the response due to the component of motion not being
considered.

6.3.5 Increase in Permissible Stresses

6.3.5.1 Increase impermissible stresses in materials

When earthquake forces are considered along with
other normal design forces, the permissible stresses
in material, in the elastic method of design, maybe
increased by one-third. However, for steels having a
definite yield stress, the stress be limited to the yield
stress; for steels without a definite yield point, the
stress will be limited to 80 percent of the ultimate
strength or 0.2 percent proof stress, whichever is
smaller; and that in prestressed concrete members,
the tensile stre’ssin the extreme fibers of the concrete
may be permitted so as not to exceed two-thirds of
the modulus of rupture of concrete.

6.3.5.2 Increase in allowable pressure in soils

When earthquake forces are included, the allowable
bearing pressure in soils shall be increased as per
Table 1, depending upon type of foundation of the
structure and the type of soil.

In soil deposits consisting of submerged loose sands
and soils falling under classification SP with
standard penetration N-values less than 15 in seismic
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Zones III, IV, V and less than 10 in seismic Zone II,
the vibration caused by earthquake may cause
liquefaction or excessive total and differential
settlements. Such sites should preferably be avoided
while locating new settlements or important projects.
Otherwise, this aspect of the problem needs to be
investigated and appropriate methods of compaction
or stabilization adopted to achieve suitable N-values
as indicated in Note 3 under Table 1. Alternatively,
deep pile foundation may be provided and taken to
depths well into the layer which is not likely to liquefi.
Marine clays and other sensitive clays are also known
to lique~ due to collapse of soil structure and will
need special treatment according to site condition.

NOTE — Specialist literature may be referred for
determining liquefaction potential of a site.

6.4 Design Spectrum

6.4.1 For the purpose of determining seismic forces,
the country is classified into four seismic zones as
shown in Fig. 1.

6.4.2 The design horizontal seismic coefficient Ah
for a structure shall be determined by the following
expression:

.zIsa
Ah=—

2Rg

Provided that for any structure with T <0.1 s, the
value of A~will not be taken less than Z/2 whatever
be the value of I/R

where

z.

z=

R=

S’a/g =

Zone factor given in Table 2, is for the
Maximum Considered Earthquake ( MCE )
and service life of structure in a zone. The
factor 2 in the denominator of Z is used so
as to reduce the Maximum Considered
Earthquake ( MCE ) zone factor to the fktor
for Design Basis Earthquake ( DBE ).

Importance factor, depending upon the
functional use of the structures,
characterised by.hazardous consequences
of its failure, post-earthquake functional
needs, historical value, or economic
importance ( Table 6 ).

Response reduction factor, depending on
the perceived seismic damage performance
of the structure, characterised by ductile
or brittle deformations. However, the ratio
(I/R ) shall not be greater than 1.0( Table
7). The values of R for buildings are given
in Table 7.

Average response acceleration coefficient
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Table 1 Percentage of Permissible Increase in Allowable Bearing Pressure or Resistance of Soils

(L’lause 6.3.5.2)

S1 No. Foundation Type of Soil Mainly Constituting the Foundation
Ar >

Type I Rock or Hard Soil : Type H Medium S&ls : Type III Soft Soils: AU
Well graded gravel and sand All soils with N between 10 soils other than SP’J
gravel mixtures with or and 30, and poorly graded with N< 10
without clay binder, and sands or gravelly sands with
clayey sands poorly graded little or no fines ( SP1~)
or sand clay mixtures ( GB, with N> 15
CW, SB, SW, and SC )1)
having )@ above 30, where
N is the standard penetration
value

(1) (2) (3) (4) (5)

1) Piles passing through any 50 50 50
soil but resting on soil type I

ii) Piles not covered under 25 25
item i

iii) Raft foundations 50 50 50

iv) Combined isolated RCC 50 25 25
footing with tie beams

v) Isolated RCC footing without 50 25 —

tie beams, or unreinforced
strip foundations

vi) Well foundations 50 25 25

NOTES

1 The allowable bearing pressure shall be determined in accordance with IS 6403 or IS 1888.

2 If any increase in bearing pressure has already been permitted for forces other than seismic forces, the total increase
in allowable bearing pressure when seismic force is also included shall not exceed the limits specified above.

3 Desirable minimum field values of N — If soils of smaller N-values are met, compacting may be adopted to achieve
these values or deep pile foundations going to stronger strata should be used.

4 The values of N ( corrected values ) are at the founding level and the allowable bearing pressure shall be determined in
accordance with IS 6403 or IS 1888.

,
Seismic Zone Depth Below Ground N-Values Remark

level (in metres )

III, IV and V <5 15

> lo 25 For values of depths between 5 m and
10 m, linear interpolation is

11 ( for important <5 15 recommended
structures only ) > Ir) 20

1)

2)

5 The piles should be designed for lateral loads neglecting lateral resistance of soil layers liable to liquefy.

6 IS 1498 and IS 2131 may also be referred.

7 Isolated R, C.C. footing without tie beams, or unreinforced strip foundation shall not be permitted in soft soils with
N<1O.

See IS 1498.

See IS 2131.

15
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for rock or soil sites as given by Fig. 2 and
Table 3 based on appropriate natural periods
and damping of the structure. These curves
represent free tleld ground motion.

NOTE — For various types of structures, the
values of Importance Factor I, Response Reduction
Factor R, and damping values are given in the
respective parts of this standard. The method
( empirical or otherwise ) to calculate the natural
periods of the structure to be adopted for evaluating
S,/g is sdso given in the respective parts of this
standard.

Table 2 Zone Factor, Z

( Clause 6.4.2)

Seismic II 111 Iv v
Zone

Seismic Low Moderate Severe Very
Intensity Severe

z 0.10 0.16 0,24 0.36

6.4.3 Where a number of modes are to be considered
for dynamic analysis, the value of Ah as defined
in 6.4.2 for each mode shall be determined using the
natural period of vibration of that mode.

6.4.4 For underground structures and foundations
at depths of 30 m or below, the design horizontal
acceleration spectrum value shall be taken as half the
value obtained from 6.4.2. For structures and

3.0

2.5

2.0

1.5

1.0

0.5

foundations placed between the ground level and
30 m depth, the design horizontal acceleration spectrum
value shall be linearly interpolated between Ah and
0.5 Ah, where Ah is as specified in 6.4.2.

6.4.5 The design acceleration spectrum for vertical
motions, when required, may be taken as two-thirds
of the design horizontal acceleration spectrum specitled
in 6.4.2.

Figure 2 shows the proposed 5 percent spectra for
rocky and soils sites and Table 3 gives the multiplying
factors for obtaining spectral values for various other
clampings.

For rocky, or hard soil sites

-1

1+15~ 0.00< Ts”o.lo
s,

g
= 2.50 O.1O<T<O.4O

l.00/T 0.40< TS4.00

For medium soil sites

I

1+15~
s

O.OO<TSO.1O

~ = 2.50
g

O.1O<T<O.55

1.361T 0.55 sT<4.00

For soft soil sites

1

1+15Z
Sa

0.00 S T<O.1O

T
= 2.50 0.10 S TsO.67

1.67/T 0.67 ST<4.00

1 r I r r , ,

Type 1 (Rock, or Hard So

T

.....

h

Type II (Medium Soil)‘,‘, ,.
‘! ,,
\ ‘. /Tv~e II1(Soft Soil)

----------- --.--.--:.. ........— ----------
—

0.0
0.0 0.5 1.0 1“5 2’0 2“5 3“0 3“5 4“0

Period(s)

Fm. 2 RESPONSESPECTRA~R ROCKANDSOILSITESFOR5 PERC~ DAMPM
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6.4.6 In case design spectrum is specifically prepared
for a structure at a particular project site, the same
may be used for design at the discretion of the project
authorities

7 BUILDINGS

7.1 Regular and Irregular Configuration

To perform well in an earthquake, a building should
possess four main attributes, namely simple and regular
cotilguration, and adequate lateral strength, stiffness
and ductility. Buildings having simple regolar geomet~
and uniformly distributed mass and stiffness in plan
as well as in elevation, suffer much less damage than
buildings with irregular configurations. A building
shall be considered as irregular for the purposes of
this standard, if at least one of the conditions given
in Tables 4 and 5 is applicable,

7.2 Importance Factor Zand Response Reduction
FactorR

The minimum value of importanm factor,1, for ditlerent
building systems shall be as given in Table 6. The
response reduction factor, R, for different building
systems shall be as given in Table 7.

7.3 Design Imposed Loads for Earthquakes Force
Calculation

7.3.1 For various loading classes as specified in
IS 875( Part 2 ), the earthquake force shall be calculatcxl
for the full dead load plus the percentage of imposed
load as given in Table 8.

7.3.2 For calculating the design seismic forces of the
structure, the imposed load on roof need not be
considered.

7.3.3 The percentage of imposed loads given in 7.3.1
and 7.3.2 shall also be used for ‘Whole frame loaded’
condition in the load combinations specified in 6.3. L 1
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and 6.3.1.2 where the gravity loads are combined with
the earthquake loads [ that is, in load combinations
(3) in 6.3.1.1, and (2) in 6.3.1.2 ]. No further reduction
in the imposed load will be used as envisaged in
IS 875( Part 2 ) for number of storeys above the one
under consideration or for large spans of beams or
floors.

7.3.4 The proportions of imposed load indicated above
for calculating the lateral design forces for earthquakes
are applicable to average conditions. Where the
probable loads at the time of earthquake are more
accurately assessed, the designer may alter the
proportions indicated or even replace the entire
imposed load proportions by the actual assessed load.
In such cases, where the imposed load is not assessed
as per 7.3.1 and 7.3.2 only that part of imposed load,
which possesses mass, shall be considered. Lateral
design force for earthquakes shall not be calculated
on contribution of impact effects from imposed loads.

7.3.5 Other loads apart from those given above ( for
example snow and permanent equipment ) shall be
considered as appropriate.

7.4 Seismic Weight

7.4.1 Seismic Weight of Floors

The seismic weight of each floor is its full dead load
plus appropriate amount of imposed load, as specified
in 7.3.1 and 7.3.2. While computing the seismic weight
of each floor, the weight of columns and walls in any
storey shall be equally distributed to the floors above
and below the storey.

7.4.2 Seismic Weight of Building

The seismic weight of the whole building is the sum

of the seismic weights of all the floors.

7.4.3 Any weight supported in between storeys shall
be distributed to the floors above and below in inverse
proportion to its distance from the floors.

Table 3 Multiplying Factors for Obtaining Values for Other Damping

( Clause 6.4.2)

Damping, o 2 5 7 10 15 20 25 30
percent

Factors 3.20 1,40 1.00 0.90 0.80 0.70 0,60 0.55 0.50
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Table 4 Definitions of Irregular Buildings —
Plan Irregularities ( Fig. 3 )

( Clause 7.1 )

S1 No.

(1)

i)

ii)

iii)

iv)

v)

Irregularity Type and Description

(2)

Torsion Irregularity

To be considered when floor diaphragms are rigid
in their own plan in relation to the vertical structural
elements that resist the lateral forces. Torsional
irregularity to be considered to exist when the
maximum storey drift, computed with design
eccentricity, at one end of the structures transverse
to an axis is more than 1.2 times the average of
the storey drifts at the two ends of the structure

Re-en?rant Corners

Plan configurations of a structure and its lateral
force resisting system contain re-entrant corners,
where both projections of the structure beyond the
re-entrant corner are greater than 15 percent of
its plan dimension in the given direction

Diaphragm Discontinuity

Diaphragms with abrupt discontinuities or variations
in stiffness, including those having cut-out or open
areas greater than 50 percent of the gross enclosed
diaphragm area, or changes in effective diaphragm
stiffness of more than 50 percent from one storey
to the next

Out-of-Plane Offsets

Discontinuities in a lateral force resistance path,
such as out-of-plane offsets of vertical elements

Non-parallel Systems

The vertical elements resisting the lateral force
are not parallel to or symmetric about the major
orthogonal axes or the lateral force resisting elements

Table 5 Definition of Irregular Buildings —
Vertical Irregularities ( Fig. 4 )

( Clause 7.1 )

S1 No. Irregularity Type and Description

(1) (2)

i) a) Stiffness Irregularity — Soft Storey

A soft storey is one in which the lateral stiffness
is less than 70 percent of that in the storey above
or less than 80 percent of the average lateral stiffness
of the three storeys above

b) Stiffness Irregularity — Extreme Soft Storey

A extreme soft storey is one in which the lateral
stiffness is less than 60 percent of that in the storey
above or less than 70 percent of the average stiffness
of the three storeys above. For example, buildings
on STILTS will fall under this category,

Table 5 — Concluded

S1 No.

(1)

ii)

iii)

iv)

v)

Irregularity Type and Description

(2)

Mass Irregulari@

Mass irregularity shall be considered to exist where
the seismic weight of any storey is more than 200
percent of that of its adjacent storeys. The irregularity
need not be considered in case of roofs

Vertical Geometric Irregularity

Vertical geometric irregularity shall be considered
to exist where the horizontal dimension of the lateral
force resisting system in any storey is more than
150 percent of that in its adjacent storey

In-Plane Discontinuity in VerticalElenrentsResisttng
Lateral Force

A in-plane offset of the lateral force resisting
elements greater than the length of those elements

Discontinuity in CapaciQ — Weak Strorey

A weak storey is one in which the storey lateral
strength is less than 80 percent of that in the storey
above, The storey lateral strength is the total
strength of all seismic force resisting elements
sharing the storey shear in the considered direction.

Table 6 Importance Factors, 1

( Clause 6.4.2)

S1 No. Strue tur e Importance
Factor

(1) (2) (3)

i) Important service and community
buildings, such as hospitals; schools;
monumental structures; emergency
buildings like telephone exchange,

1.5

television stations, radio stations,
railway stations, fire station buildings;
large community halls like cinemas,
assembly halls and subway stations,
power stations

ii) AU other buildings 1.0

NOTES

1 The design engineer may choose values of importance
factor I greater than those mentioned above.

2 Buildings not covered in SI No. (i) and (ii) above may
be designed for higher value ofZ, depending on economy,
strategy considerations like multi-storey buildings having
several residential units.

3 This does not apply to temporary structures like
excavations, scaffolding etc of short duration.
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Table 7 Response Reduction Factor l), R, for Building Systems .

( Clause 6.4.2)

S1 No. Lateral Load Resisting System R

(1)

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

x)

xi)

(2)

Building Frame Systems

Ordinary RC moment-resisting frame ( OMRF )2)

Special RC moment-resisting frame ( SMRF )3)

Steel frame with
.

a) Concentric braces

b) Eccentric braces

Steel moment resisting frame designed as per SP 6 ( 6 )

Building with Shear Walls4~

Load bearing masonry wall buildings)

a) Unreinforced

b) Reinforced with horizontal RC bands

c) Reinforced with horizontal RC bands and vertical bars at corners of rooms and
jambs of openings

Ordinary reinforced concrete shear walls@

Ductile shear walls7)

Buildings with Dual Systemss)

Ordinary shear wall with OMRF

Ordinary shear wall with SMRF

Ductile shear wall with OMRF

Ductile shear wall with SMRF

(3)

3.0

5.0

4.0

5.0

5.0

1.5

2.5

3.0

3.0

4.0”

3.0

4,0

4.5

5.0

0 The va]ues of response riduction fact&s are to be used for buildings with lateral load resisting elements, and not Just

for the lateral load resisting elements built in isolation.

2) OMRF are those designed and detailedas per IS 456 or Is 800” but not meeting ductile detailing reqllirertlelltM

per IS 13920 or SP 6 (6) respectively.

3)

4)

5)

6)

n

s)

SMRF defined in 4.15.2.

Buildings with shear walls also include buildings having shear walls and frames, but where:

a) frames are not designed to carry lateral loads, or

b) frames are designed to carry lateral loads but do not fulfil the requirements of ‘dual systems’.

Reinforcement should be as per IS 4326.

Prohibited in zones IV and V.

Ductile shear walls are those designed and detailed as per IS 13920.

Buildings with dual systems consist of shear walls ( or braced frames ) and moment resisting frames such that:

a) the two systems are designed to resist the total design force in proportion to their lateral stiffness considering
the interaction of the dual system at all floor levels,; and

b) the moment resisting frames are designed to independently resist at least 25 percent of the design seismic base
shear,

.23
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Table 8 Percentage of Imposed Load to be
Considered in Seismic Weight Calculation

(Clause 7.3.1 )

Imposed Uniformity Percentage of Imposed
Distributed Floor Load
Loads ( kN/ mz )

(1) (2)

Upto and including 3.0 25

Above 3.0 50

7.5 Design Lateral Force

7.5.1 Buildings andportionsthereofshall be designed
and constructed, to resist the effects of design lateral
force specified in 7.5.3 as a minimum.

7.5.2 The design lateral force shall first be computed
for the building as a whole. This design lateral force
shall then be distributed to the various floor levels.
The overall design seismic force thus obtained at each
floor level, shall thenbe distributed to individual lateral
load resisting elements depending on the floor
diaphragm action.

7.5.3 Design Seismic Base Shear

The total design lateral force or design seismic base
shear ( VB) along any principal direction shall
be determined by the following expression:

where

Ah =

w.

V~ = AhW

Design horizontal acceleration spectrum
value as per 6.4.2, using the fundamental
natural period T,as per 7.6 in the considered
direction of vibration, and

Seismic weight of the building as per 7.4.2.

7.6 Fundamental Natural Period

7.6.1 The approximate fundamental natural period
of vibration ( T, ), in seconds, of a moment-resisting
frame building without brick in.fd panels may be
estimated by the empirical expression:

T. = 0,075 h07s for RC frame building

= 0.085 h075 for steel frame building

where

h = Height of building, in m. This excludes
the basement storeys, where basement walls
are connected with the ground floor deck
or fitted between the building columns.
But it includes the basement storeys, when
they are not so connected.

7.6.2 The approximate fundamental natural period
of vibration ( T, ), in seconds, of all other buildings,
including moment-resisting fimne buildings with brick
intil panels, may be estimated by the empirical
expression:

0.09

‘= m

where

h=

d=

Height ofbuilding, inw as defined in7.6.l;
and

Base dimension of the building at the plinth
level, in m, along the considered direction
of the lateral force.

7.7 Distribution of Design Force

7.7.1 Vertical Distribution of Base Shear to Differmt
Floor LeveLr

The design base shear ( V~ ) computed in 7.5.3 shall
be distributed along the height of the building as per
the following expression:

W h,z

Qi=J’B. l’

where

Qi =

Wi =

hi =

n .

Design lateral force at floor i,

Seismic weight of floor i,

Height of floor i measured from base, and

Number of storeys in the building is the
number of levels at which the masses are
located.

7.7.2 Distribution of Horizontal Design Lateral Force
to Different Lateral Force Resisting Elements

7.7.2.1 In case of buildings whose floors are capable
of providing rigid horizontal diaphragm action, the
total shear in any horizontal plane shall be distributed
to the various vertieal elements of lateral force resisting
system, assuming the floors to be infinitely rigid in
the horizontal plane.

7.7.2.2 In case of building whose floor diaphragms
can not be treated as infinitely rigid in their own plane,
the lateral shear at each floor shall be distributed to
the vertical elements resisting the lateral forces,
considering the in-plane flexibility of the diaphragms.

NOTES

1 A floor diaphragm shaJl be considered to be flexible,
if it deforms such that the maximum lateral displacement
measured from the chord of the deformed shape at
any point of the diaphragm is more than 1.5 times the
average displacement of the entire diaphragm.

*

.
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7.8

2 Reinforced concrete monolithic slab-beam floors or
those consisting of prefabricated/precast elements with
topping reinforced screed can be taken a rigid diaphragms.

Dynamic Analysis

7.8.1 Dynamic analysis shall be pefiormed to obtain
the design seismic force, andits distributionto different
levels along the height of thebuildingandtothevarious
lateral load resisting elements, for the following
buildings:

a) Regular buildings — Those greater than
40 m in height in Zones IV and ~ and those
greater than 90 m in height in Zones II and
111. Modelling as per 7.8.4.5 can be used.

b) irregular buildings ( as defined in 7.1 ) —
Allfiamedbuildingshigherthan12minZones
IVand~andthosegreaterthan40minheight
in Zones 11and III.

The analyticalmo&l fordynamicanalysisof buildings
with unusual configuration should be such that it
adequately models the types of irregularities present
in the building configuration. Buildings with plan
irregularities,as defimedin Table4 ( as per7.1 ), cannot
be modelled for dynamic analysis by the method given
in 7.8.4.5.

NOTE — For irregular buildings, lesser than 40 m in
height in Zones 11and III, dynamic anrdysis, even though
not mandatory, is recommended.

7.8.2 Dynamic analysis may be performed either

by the Time History Method or by the Response

Spectrum Method. However, in either method, the

design base shear ( VB) shall be compared with abase

shmr ( J?B) calculated using a fundamental period T,,

where T, is as per 7.6. Where t’~is less than ~~, all
the response quantities (for example member forces,
displacements, storey forces, storey shears and base
reactions) shall be multiplied by ~~ / V~.

7.8.2.1 The value of damping for buildings maybe
takenas 2 and 5 percentof the critical, forthe purposes
of dynamic analysis of steel and reinforced concrete
buildings, respectively.

7.8.3 TimeHistory Method

Time history method of analysis, when used, shall
be based on an appropriate ground motion and shall
be performed using accepted principles of dynamics.

‘7.8.4 Response Spectrum Method

Response spectrum method of analysis shall be
performed using the design spectrum specified in 6.4.2,
or by a site-specific design spectrum mentioned
in 6.4.6.

7.8.4.1 Free Ebration Analysis

Undamped free vibration analysis of the entire
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building shall be petiormed as per establishedmethods
of mechanicsusing the appropriatemasses and elastic
stiffness of the structural system, to obtain natural
periods (T) and mode shapes {$} of those of its modes
of vibration that need to be considered as per 7.8.4.2.

7.8.4.2 Modes to be considered

The number of modes to be used in the analysis should
be such that the sum total of modal masses of all modes
considered is at least 90 percent of the total seismic
mass and missing mass correction beyond 33 percent.
If modes with natural frequency beyond33 Hz are to
be considered, modal combination shall be carried out
only for modes upto 33 Hz. The effect of higher modes
shall be included by considering missing mass
correction following well established procedures.

7.8.4.3 Analysis of building subjected to design
forces

The building may be analyzed by accepted principles
of mechanics for the design forces considered as static
forces.

7.8.4.4 Modal combination

The peak response quantities ( for example, member
forces, displacements, storey forces, storey shears
and base reactions ) shall be combined as per Complete
Quadratic Combination ( CQC ) method.

I ,,

where

r .

pij =

Ai =

Lj =

Number of modes being considered,

Cross-modal coeffkient,

Response quantity in mode i ( including
sign ),

Response quantity in mode j ( including
sign ),

8&(l+J3)~15
pij =

(l+p2)2+452p( l+/.3)2

~=

p=

0.),=

(l)j=

Alternatively, the peak response quantities may be
combined as follows:

Modal damping ratio (in ffaction) as
specified in 7.8.2.1,

Frequency ratio = O,/(oi,

Circular frequeney in ith mode, and

Circular frequeney injth mode.

.’
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a) If the building does not have closely-spaced

modes, then the peak response quantity

( k ) due to all modes considered shall be
obtained as

k~ = Absolute value of quantity in mode k, and

r = Number of modes being considered

b) If the building has a few closely-spaced modes
( see 3.2), then the peak response quantity
( k“ ) due to these modes shall be obtained
as

where the summation is for the closely-spaced modes
only This peak response quantity due to the closely
spaced modes ( L“ ) is then combined with those of
the remaining well-separated modes by the method
described in 7.8.4.4 (a).

7.8.4.5 Buildings with regular, or nominally irregyla~{
plan configurations may be modelled as a system of
nm.ses lumped at the floor levels with each mass having
one degree of freedom, that of lateral displacement
in the direction under consideration. In such a case;
the following expressions shall hold in the computation
of the various quantities : “

a) A40dalA4ass — The mockdmass (M~)of mode
k is given by

where

~ = Acceleration due to gravity,

$i~ = Mode shape coefficient at floor J in
mode k, and

Py = Seismic weight of floor i.

b) Modal Participation Factors — The
modal participation factor ( P~ ) of mode k is
given by:

n

x ‘, @,k

,=1

c)

d)

e)

f)

Design Lateral Force at Each Floor in Each

Mode — The peak lateral force ( Qi~) at floor
i in mode k is given by

Q,k= .4k ~,~‘k ‘,

where

.4k = Design’ horizontal acceleration
spectrum value as per 6.4.’2 using
the natural period of vibration ( Tk)
of mode k.

Storey Shear Forcev in Each Mode — The
peak shear force ( P’,k) acting in storey i in
mode k is given by

&

j=l+l

Storey Shear Forcetv due to .411 A40dev

C’onividered — The peak storey shear force
( Vi) in storey i due to all modes considered
is obtained by combining those due to each
mode in accordarice with 7:8.4.4.

Lateral ~orces at Each Storey Due to .411

Mode,v Con,videred — The design lateral
forces, F,,,,,f and F,, at roof and at floor i :

F,,,,,f = I;,,(,f, and

F, * [/;– J.:+,

7.9 Torsion
.!

7.9.1 Provision shall be made jn all buildings for.
increase in shear forces on.the lateral force resisting
elements resulting from the horizontal torsional moment
arising due to eccentricity between the centre of mass
and centre of rigidity. The design forces calculated
as in 7,8.4.5 are to be applied at the centre of nl~s
appropriately displaced so as to cause design
eccentricity ( 7.9.2 ) between the displaced centre of,
mass and centre of rigidity. However, negative torsional
shear shall be neglected.

7.9.2 The design eccentricity, e~ito be used at floor

,

●

-.
i shall be taken as:

,1

1.5e,, + 0,05 b,

‘dl =
or e,i – 0.05 bi

whichever of these gives the more severe effect
the shear of any ’frame where

‘dl = Static eccentricity at floor i defined as the
distance between centre of mass and centre
of rigidity, and

b, = Floor plan dimension of floor i,

perpendicular to the direction of force.

NOTE — The factor 1.5 represents dynamic
amplification factor, while the factor 0,05 represents
the extent of accidental eccentricity.

.

n
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7.9.3 In case of highly irregular buildings analyzed
according to 7.8.4”.5, additive shears will be
superimposed for a statically applied eccentricity of
+ ().()5b, with respect to the centre of rigidity

7.10 Buildings with Soft Storey

7.10.1 In case buildings with a flexible storey, such

as the ground storey consisting of open spaces for

parking that is Stilt buildings, special arrangement needs

to be made to increase the lateral strength and stiffness

of the soft/open storey.

7.10.2 Dynamic analysis of building is carried out
including the strength and stiffness effects of infills
and inelastic deformations in the members, particularly,
those in the soft storey, and the members designed

direction under consideration, do not lose their vertical
load-carrying capacity under the induced moments
resulting from storey deformations equal to R times
the storey displacements calculated as per 7.11.1.
where R is specified in Table 7.

NOTE — For instauce, cnnsider a flat-slab building in
which lateral Inad resistance is provided by shear walls.
Since the Isstersdload resistance rfthe slab-column system
is small. these are nften designed nnly for the gravity
loads, while all the seismic force is resisted by the shear
walls. Even thnugh the slabs and columns are not required
to share the lateral forces, these det-orm with rest ot’
the structure. under seismic force, The concern is tbtit
under such detbrmations, the slab-column system should
not lose its vertical Iuad capucity.

7.11.3 Separation Between .4djacent [Jnits

accordingly, Two adjacent buildings. or two adjacent units of the

7.10.3 Alternatively, the following design criteria are
same building with separatiolljoint in between shall

to be adopted after carrying out the earthquake
be separated by a distance equal to the amount R times

analysis, neglecting the effect of infill walls in other
the sum of the calculated storey displacements as per
7.11.1 of each of them, to avoid damaging con~act

storeys: when the two units deflect towards each other. When

a) the columns and beams of the soft storey are floor levels of two similar adjacent units or buildings

to be designed for 2.5 times the storey shears are at the same elevation levels, factor R in this

and moments calculated under seismic loads requirement may be replaced by R/2.

specified in the other relevant clauses: or. 7.12 Miscellaneous

b) besides the columns designed and detailed
for the calculated storey shears and moments,
shear walls placed symmetrically in both
directions of the building as far away from
the centre of the building as feasible; to be
designed exclusively for 1.5 times the lateral
storey shear force calculated as before,

7.11 Deformations

7.11.1 Store,v Drift Limitation

7.12.1 Foundations

The use of foundations vulnerable to significant
differential settlement due to ground shaking shall
be avoided for structures in seismic Zones III, IV and
V In seismicZones IV and V,individual spread footings
or pile caps shall be interconnected with ties,
( .~ee5.3.4.1 of 1S4326 ) except when individual spread
footings are directly supported on rock. All ties shall
be capable of carrying, in tension and in compression,
an axial force equal to .4, /4 times the larger of the

,1

The storey drift in any storey due to the minimum column or pile cap load, in addition to the otherwise

specified design lateral force, with partial load factor computed forces, Here, i4h is as per 6.4.2.

of 1,(). shall not exceed O.()()4 times the storey height, 7.12.2 Cantilever Projectioniv

For the purposes of displacement requirements only

( see 7.11.1,7.11.2 and 7.11.3 only), it is permissible

to use seismic force obtained from the computed

fundamental period (7’) of the building without the

lower bound limit on design seismic force specified

in 7.8.2.

There shall be no drift limit for single storey building

which has been designed to accommodate storey drift.

7.11.2 Defer-mation Conlpatibility of Non-Se isnlic

A~enlhers

7.12.2.1 Wrtica[ projection,r

Tower, tanks, parapets, smoke stacks ( chimneys)
and other vertical cantilever projections attached to
buildings and projecting above the roof, shall be
designed and checked for stability for five times the
design horizontal seismic coefficient Ah specified
in 6.4.2. In the analysis of the building, the weight
of these projecting elements will be lumped with the
roof weight.

7.12.2.2 Horizontal projection

For building located in seismic Zones IV and ~ it shall All horizontal projections like cornices and balconies

be ensured that the structural components, that are shall be designed and checked for stability for

not a part of the seismic force resisting system in the five times the design vertical coefficient specified
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in 6.4.5 (that is = 10/3 A~).

7.12.2.3 The increased design forces specified
in 7.12.2.1 and 7.12.2.2 are only for designing the
projecting parts and their connections with the main
structures. For the design of the main structure,such
increase need not be considered.

7.12.3 Compound Walls

Compound walls shall be designed for the design
horizontal coeftlcient Ah with importance factor
1= 1.0 specified in 6.4.2.

7.12.4 Connections Between Parts

All partsof thebuilding, exceptbetween the separation
sections, shall be tied together to act as integrated
single unit. All connections between different parts,
such as beams to columns and columns to their
footings, should be made capable of transmitting
a force, in all possible directions, of magnitude
( Qi/wi) times but not less t&m 0.05 times the weight
of the smaller part or the total of dead and imposed
load reaction. Frictional resistance shall not be relied
upon for fulfilling these requirements.

.

.
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ANNEX A
( Foreword)
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@ Government of India, Copyright Year 2001.

Based upon Survey of India map with the permission of the Surveyor General of India.

The responsibility for the correctness of internal details rests with the publisher.

The territorial waters of India extend into the sea to distance of twelve nautical miles measured from the appropriate base line.

The administrative headquarters of Chandigarh, Haryana and Punjab are at Chandigarh.

The interstate boundaries between Arunachal Pradesh, Assam and Meghalaya shown on this map are as interpreted from the
North-Eastern Areas (Reorganization) Act, 1971, but have yet to be verified.

1

The external boundaries and coastlines of India agree with the Record/Maater Copy certified by Survay of India.
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ANNEX D

( Foreword and Clause 3.15 )

COMPREHENSIVE INTENSITY SCALE ( MSK 64 )

The scale was discussed generally at the inter-
govermnental meeting convened by UNESCO in April
1964. Though not finally approved the scale is more
comprehensive and describes the intensity of
earthquake more precisely. The main definitions used
are followings;

a)

b)

c)

Grade 1

Grade 2

Grade 3

Grade 4

Tvpe of Structures (Buildings)

Type.4 — Building in field-stone, rural
structures, unburnt-brick
houses, clay houses.

Tvpe B — Ordinary brick buildings,
buildings of large block and
prefabricated type, half timbered
structures, buildings in natural
hewn stone,

Tvpe C — Reinforced buildings, well built
wooden structures,

Definition qfQuantitv:

Single, few About 5 percent

Many About 50 percent

Most About 75 percent

Cla.~~iflcation of Danlage to Buildings

Slight damage

Moderate damage

Hea%ydamage

Destruction

Grade 5 Total damage

Fine cracks in plaster:
fall of small pieces of
plaster.

Small cracks in plaster:
fall of fairly large pieces
of plaster: pantiles slip
off cracks in chimneys
parts of chimney fall
down,

Large and deep cracks
in plaster: fall of
chimneys,

Gaps in walls: parts of
buildings may collapse:
separate parts of the
buildings lose their
cohesion: and inner
walls collapse,

Total collapse of the
buildings.

33
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d)

1.

2.

3.

4.

5.

Intensity Scale

Not noticeable — The intensity of the
vibration is below the limits of sensibility:
the tremor is detected and recorded by
seismograph only.

Sca~e(y noticeable (very slight) — Vibration
is felt only by individual people at rest in
houses, especially on upper floors of
buildings.

Weak, partially observed only — The
earthquake is felt indoors by a few people,
outdoors only in favorable circumstances.
The vibration is like that due to the passing
of a light truck. Attentive observers notice
a slight swinging of hanging objects.
somewhat more heavily on upper floors.

Largelv ob.verved — The earthquake is felt
indoors by many people, outdoors by few.
Here and there people awake, but no one is
frightened. The vibration is like that due to
the passing of a heavily loaded truck.
Windows, doors, and dishes rattle. Floors
and walls crack. Furniture begins to shake.
Hanging objects swing slightly. Liquid in
open vessels are slightly disturbed. In
standing motor cars the shock is noticeable.

Awakening

i)

ii)

iii)

The earthquake is felt indoors by all,
outdoors by many. Many people awake.
A few run outdoors. Animals become
uneasy. Building tremble throughout.
Hanging objects swing consider~bly.
Pictures knock against walls or swing out
of place. Occasionally pendulum clocks
stop. Unstable objects overturn or shift.
Open doors and windows are thrust open
and slam back again. Liquids spill in small
amounts from well-filled open containers.
The sensation of vibration is like that
due to heavy objects falling inside the
buildipgs.

Slight damages in buildings of Type A
are possible.

Sometimes changes in flow of springs.



IS 1893( Part 1 ) :2002

6. Frightening

i) Felt by most indoors and outdoors. Many
people in buildings are frightened and
run outdoors. A few persons loose their
balance. Domestic animals run out of
their stalls. In few instances, dishes and
glassware maybreak, and booksfall down.
Heavy furniture may possibly move and
small steeple bells may ring.

ii) Damage of Grade 1is sustained in single
buildings of Type B and in many of Type
A. Damage in few buildings of Type A
is of Grade 2.

iii) In few cases, cracks up to widths of
1cm possible in wet ground in mountains
occasional landslips: change in flow of
springs and in level of well water are
observed.

7. Darnuge qf’ h uildingv

i)

ii)

iii)

Most people are frightened and run
outdoors. Many find it difllcult to stand.
The vibration is noticed by persons
driving motor cars. Large bells ring.

In many buildings of Type C damage of
Grade 1 is caused: in many buildings of
Type B damage is of Grade 2. Most
buildings of Type A suffer damage of
Grade 3, few of Grade 4. In single
instances, landslides of roadway on steep
slopes: crack inroads; seams of pipelines
damaged; cracks in stone walls.

Waves are formed on water, and is made
turbid by mud stirred up, Water levels
in wells change. and the flow of springs
changes. Some times dry springs have
their flow resorted and existing springs
stop flowing. In isolated instances parts
of sand and gravelly banks slip off.

8. Destruction of buildings

i) Fright and panic; also persons driving
motor cars are disturbed, Here and there
branches of trees break off. Even heavy
furniture moves and partly overturns.
Hanging lamps are damaged in part.

ii) Most buildings of Type C suffer damage
of Grade 2, and few of Grade 3, Most
buildings of Type B suffer damage of
Grade 3. Most buildings of Type A suffer
damage of Grade 4. Occasional breaking
of pipe seams. Memorials and
monuments move and twist. Tombstones
o~.erturn. Stone walls collapse.

iii) Small landslips in hollows and on banked

j4

roads on steep slopes; cracks in ground
upto widths of several centimetres. Water
in lakes become turbid. New reservoirs
come into existence. Dry wells refill and
existing wells become dry. In many cases,
change in flow and level of water is
observed.

9. General damage of buildings

i)

ii)

iii)

General panic; considerable damage to
furniture. Animals run to and fro in
confusion, and cry.

Many buildings of Type C stier damage
of Grade 3, and a few of Grade 4. Many
buildings of Type B show a damage of
Grade 4 and a few of Grade 5. Many
buildings of Type A suffer damage of
Grade 5. Monuments and columns fall.
Considerable damage to reservoirs;
underground pipes partly broken, In
individual cases, railway lines are bent
and roadway damaged.

On flat land overflow of water, sand and
mud is often observed. Ground cracks
to widths of up to 10 cm, on slopes and
river banks more than 10 cm. Further
more, a large number of slight cracks in
ground; falls of rock, many land slides
and earth flows; large waves in water.
Dry wells renew their flow and existing
wells dry up.

10. General destruction of building~

i) Many buildings of Type C suffer damage
of Grade 4, and a few of Grade 5. Many
buildings of Type B show damage of
Grade 5. Most of Type A have
destruction of Grade 5. Critical damage
to dykes and dams. Severe damage to
bridges. Railway lines are bent slightly.
Underground pipes are bent or broken.
Road paving and asphalt show waves.

ii) In ground, cracks up to widths of several
cent.imetres,sometimesup to 1m, Parallel
to water courses occur broad fissures.
Loose ground slides from steep slopes.
From river banks and steep coasts,
considerable landslides are possible. In
coastal areas, displacement of sand and
mud: change of water level in wells; water
from canals, lakes. rivers. etc. thrown
on land. New lakes occur.

11, Destruction

i) Severe damage even to well built
buildings. bridges, water dams and
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railway lines. Highways become useless
Underground pipes destroyed.

ii) Ground considerably distorted by broad
cracks and fissures, as well as movement
in horizontal and vertical directions.
Numerous landslips and falls of rocks.
The intensity of the earthquake requires
to be investigated specifically,

12, Land.~cape changes

i) Practically all structures above and below

ground are greatly damaged or
destroyed.

ii) The surface of the ground is radically
changed. Considerable ground cracks
with extensive vertical and horizontal
movements are observed. Falling of rock
and slumping of river banks over wide
areas, lakes are dammed; waterfalls
appear and rivers are deflected. The
intensity of the earthquake requires to
be investigated specially.

ANNEX E

( Foreword)

ZONE FACTORS FOR SOME IMPORTANT TOWNS

Town

Agra

Ahmedabad

Ajmer

Allahabad

Ahnora

Ambala

Arnritsar

Asansol

Aurangabad

Bahraich

Bangalore

Barauni

Bareilly

Belgaum

Bhatinda

Bhilai

Bhopal

Bhubaneswar

Blmj

Bijapur

Bikaner

Bokaro

Bulandshahr

Burdwan

Cailcut

Chandigarh

Chcnnai

Zone Zone Facto< Z Tbwn

III

HI

II

11

Iv

IV

Iv

III

H

w

II

Iv

III

III

III

I1

D

111

v

III

III

111

Iv

111

HI

N

111

0.16

0.16

0,10

0.10

0,24

0.24

0.24

0,16

0.10

0,24

0.10

0.24

0.16

0.16

0.16

0.10

0.10

0.16

0.36

0.16

0.16

0.16

0,24

0.16

0.16

().24

0.16

Chitradurga

Coimbatore

Cuddalore

Cuttack

Darbhanga

Darjeeling

Dharwad

Debra Dun

Dharampuri

Delhi

Durfypur

Gangtok

Guwahati

Goa

Gulbarga

Gaya

Gorakhpur

Hyderabad

hllphd

Jabalpur

JaipLLr

Jamshedpur

Jhansi

Jodhpur

Jorhat

Kakrapara

Kalapakkam

35

Zone

II

HI

III

111

v

lv

III

N

III

Iv

111

N

v

111

II

III

N

II

v

111

II

H

II

II

v

111

111

Zone Facto< Z

0.10

0,16

0.16

0.16

0.36

0.24

0.16

0.24

0,16

0,24

0,16

().24

0,36

0.16

0.10

0.16

0.24

0.10

0.36

0.16

0.10

0,10

0.10

0.10

0,36

().16

0.16
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70wn

Kanchipuram

Kanpur

Karwar

Kohima

Kolkata

Kota

Kurnool

Lucknow

Ludhiana

Madurai

Mandi

Mangalore

Monghyr

Moradabad

Mumbai

Mysore

Nagpur

Nagarjunasagar

Nainital

Nasik

Nellore

Osmanabad

Panjim

Patiala

Patna

Pilibhit

Zone

III

III

III

v

III

II

II

III

Iv

II

v

III

w

IV

III

It

II

II

lv

III

III

III

III

III

lv

lv

Zone Factor Z

0.16

0.16

0.16

0.36

0.16

0,10

0.10

0.16

0.24

0.10

0.36

0.16

0,24

0,24

0.16

0,10

0.10

0.10

0.24

0.16

0.16

0.16

0.16

0.16

0.24

0,24

Town

Pondicherry

Pune

Raipur

Rajkot

Ranchi

Roorkee

Rourkela

Sadiya

Salem

Simla

Sironj

Solapur

Snnagar

Surat

Tarapur

Tezpur

Thane

Thanjavur

Thiruvananthapuram

Tiruchirappali

Tiruvennamalai
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Earthquake Engineering Sectional Committee, CED 39

FOREWORD

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by
the Earthquake Engineering Sectional Committee had been approved by the Civil Engineering
Division Council.
Himalayan-Naga Lushai region, Indo-Gangetic Plain, Western India and Kutch and Kathiawar
regions are geologically unstable parts of the country and some devastating earthquakes of the
world have occurred there. A major part of the peninsular India, has also been visited by moderate
earthquakes, but these were relatively few in number and had considerably lesser intensity. It has
been a long felt need to rationalize the earthquake resistant design and construction of structures
taking into account seismic data from studies of these Indian earthquakes, particularly in view of
the heavy construction programme at present all over the country. It is to serve this purpose that
IS 1893 : 1984 ‘Criteria for earthquake resistant design of structures’ was prepared. It covered the
seismic design considerations for various structures. As an adjunct to IS 1893, IS 4326 ‘Code of
practice for earthquake resistant design and construction of buildings’ was prepared in 1967 and
subsequently revised in 1976 to be in line with IS 1893 : 1975. Since 1984 revision of IS 1893 was
minor, it did not require a revision of IS 4326. An expansion of IS 4326 was infact thought of
immediately after the Bihar earthquake of August 1988 when greater attention was needed on
low-strength brickwork and stone masonry as well as earthen buildings; also repair, restoration
and strengthening of earthquake-damaged buildings posed a serious issue. After intense
deliberations, the subcommittee CED 39 : 1 decided to issue separate standards to cover these
topics. It was further decided to cover detailing of reinforced concrete for achieving ductility in a
separate standard to be used with IS 456 : 1978 ‘Code of practice for plain and reinforced concrete
( third revision )’. The present revision is based on these considerations.
Recommendations regarding restrictions on openings, provision of steel in various horizontal
bands and vertical steel at corners and junctions in walls and at jambs of openings are based on a
range of calculations made using design seismic coefficient and the ductility of steel reinforcement.
Many of the provisions have also been verified experimentally on models by shake table tests.
The following are the major changes besides minor amendments affected in this revision of the
standard:

a) Low strength brickwork and stone masonry are removed and developed into a separate
standard;

b) Clauses on ductility details have been removed and developed into a separate standard;
c) Building categories have been introduced based on basic seismic coefficient, soil-foundation

factor and importance factor as per IS 1893 : 1984; and
d) Size and position of openings in bearing walls has been specified in greater detail.

In this standard, it is intended to cover the specified features of design and construction for
earthquake resistance of buildings of conventional types. In case of other buildings, detailed
analysis of earthquake forces will be necessary. Recommendations regarding restrictions on
openings, provision of steel in various horizontal bands and vertical steel at corners and junctions
in walls and at jambs of openings are based on a range of calculations made using steel design
seismic coefficient and the ductility of steel reinforcement. Many of the provisions have also been
verified experimentally on models by shake table tests.
The Sectional Committee responsible for the preparation of this standard has taken into
consideration the views of all who are interested in this field and has related the standard to the
prevailing practices in the country. Due weightage has also been given to the need for
international co-ordination among the standards and practices prevailing in different countries of
the world.
This edition 3.2 incorporates Amendment No. 1 (December 1995) and Amendment No. 2
(April 2002). Side bar indicates modification of the text as the result of incorporation of the
amendments.
For the purpose of deciding whether a particular requirement of this standard is complied with,
the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded
off in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values ( revised )’. The number
of significant places retained in the rounded off value should be the same as that of the specified
value in this standard.



IS 4326 : 1993

1

Indian Standard

EARTHQUAKE RESISTANT DESIGN AND
CONSTRUCTION OF BUILDINGS —

CODE OF PRACTICE

( Second Revision )
1 SCOPE

1.1 This standard deals with the selection of
materials, special features of design and
construction for earthquake resistant buildings
including masonry construction using
rectangular masonry units, timber construction
and buildings with prefabricated flooring/
roofing elements.
1.1.1 Guidelines for earthquake resistant
buildings constructed using masonry of low
strength and earthen buildings are covered in
separate Indian Standards.

2 REFERENCES

The Indian Standards listed below are the
necessary adjuncts to this standard:

3 TERMINOLOGY

3.0 For the purpose of this standard, the
following definitions shall apply.

3.1 Separation Section

A gap of specified width between adjacent
buildings or parts of the same building, either
left uncovered or covered suitably to permit
movement in order to avoid hammering due to
earthquake.

3.1.1 Crumple Section

A separation section filled with appropriate
material which can crumple or fracture in an
earthquake.

3.2 Centre of Rigidity

The point in a structure where a lateral force
shall be applied to produce equal deflections of
its components at any one level in any
particular direction.

IS No. Title
456 : 1978 Code of practice for plain and

reinforced concrete ( third
revision )

883 : 1992 Code of practice for design of
structural timber in buildings
( fourth revision )

1597
(Part 2) :
1992

Code of practice for construction
of stone masonry : Part 2 Ashlar
masonry ( first revision )

1641 : 1988 Code of practice for fire safety of
buildings (general) : General
principles of fire grading and
classification ( first revision )

1642 : 1989 Code of practice for fire safety of
buildings (general) : Details of
construction ( first revision )

1643 : 1988 Code of practice for fire safety of
buildings (general) : Exposure
hazard ( first revision )

1644 : 1988 Code of practice for fire safety of
buildings (general) : Exit
requirements and personal
hazard ( first revision )

1646 : 1982 Code of practice for fire safety of
buildings (general) : Electrical
installations ( first revision )

1893 : 1984 Criteria for earthquake resistant
design of structures ( fourth
revision )

IS No. Title
1904 : 1986 Code of practice for design and

construction of foundations in
soils : General requirements
( third revision )

1905 : 1987 Code of practice for structural use
of unreinforced masonry ( third
revision )

2212 : 1991 Code of practice for brickwork
( first revision )

2751 : 1979 Recommended practice of welding
mild steel plain and deformed
bars for reinforced construction
( first revision )

3414 : 1968 Code of practice for design and
installation of joints in buildings

9417 : 1989 Recommendations for welding
cold worked bars for reinforced
steel construction ( first revision )

13920 : 1993 Code of practice for ductility
detailing of reinforced concrete
structures subjected to seismic
forces
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3.3 Shear Wall

A wall designed to resist lateral force in its own
plane. Braced frames, subjected primarily to
axial stresses, shall be considered as shear
walls for the purpose of this definition.

3.4 Space Frame

A three-dimensional structural system
composed of interconnected members, without
shear or bearing walls, so as to function as a
complete self-contained unit with or without
the aid of horizontal diaphragms or floor
bracing systems.
3.4.1 Vertical Load Carrying Frame
A space frame designed to carry all the vertical
loads, the horizontal loads being resisted by
shear walls.
3.4.2 Moment Resistant Frame
A space frame capable of carrying all vertical
and horizontal loads, by developing bending
moments in the members and at joints.
3.4.3 Moment Resistant Frame with Shear
Walls
A space frame with moment resistant joints
and strengthened by shear walls to assist in
carrying horizontal loads.
3.5 Box System

A bearing wall structure without a space frame,
the horizontal forces being resisted by the walls
acting as shear walls.
3.6 Band

A reinforced concrete or reinforced brick runner
provided in the walls to tie them together and
to impart horizontal bending strength in them.
3.7 Seismic Zone and Seismic Coefficient

The seismic zones I to V as classified in
IS 1893 : 1984 and corresponding basic seismic
coefficient 0 as specified in 3.4 of IS 1893 :
1984.
3.8 Design Seismic Coefficient

The value of horizontal seismic coefficient
computed taking into account the
soil-foundation system and the importance
factor as specified in 3.4.2.3(a) of
IS 1893 : 1984.

3.9 Concrete Grades

28 day crushing strength of concrete cubes of
150 mm size, in MPa; for example, for Grade
M15 of IS 456 : 1978, the concrete strength
= 15 MPa.

4 GENERAL PRINCIPLES

4.0 The general principles given 4.1 to 4.9 shall
be observed in construction of earthquake
resistance buildings.

4.1 Lightness

Since the earthquake force is a function of
mass, the building shall be as light as possible
consistent with structural safety and functional
requirements. Roofs and upper storeys of
buildings, in particular, should be designed as
light as possible.
4.2 Continuity of Construction

4.2.1 As far as possible, the parts of the
building should be tied together in such a
manner that the building acts as one unit.
4.2.2 For parts of buildings between separation
or crumple sections or expansion joints, floor
slabs shall be continuous throughout as far as
possible. Concrete slabs shall be rigidly
connected or integrally cast with the support
beams.
4.2.3 Additions and alterations to the
structures shall be accompanied by the
provision of separation or crumple sections
between the new and the existing structures as
far as possible, unless positive measures are
taken to establish continuity between the
existing and the new construction.
4.3 Projecting and Suspended Parts

4.3.1 Projecting parts shall be avoided as far as
possible. If the projecting parts cannot be
avoided, they shall be properly reinforced and
firmly tied to the main structure, and their
design shall be in accordance with
IS 1893 : 1984.
4.3.2 Ceiling plaster shall preferably be
avoided. When it is unavoidable, the plaster
shall be as thin as possible.
4.3.3 Suspended ceiling shall be avoided as far
as possible. Where provided they shall be light,
adequately framed and secured.
4.4 Building Configuration

4.4.0 In order to minimize torsion and stress
concentration, provisions given in 4.4.1 to 4.4.3
should be complied with as relevant.
4.4.1 The building should have a simple
rectangular plan and be symmetrical both with
respect to mass and rigidity so that the centres
of mass and rigidity of the building coincide
with each other in which case no separation
sections other than expansion joints are
necessary. For provision of expansion joints
reference may be made to IS 3414 : 1968.
4.4.2 If symmetry of the structure is not
possible in plan, elevation or mass, provision
shall be made for torsional and other effects
due to earthquake forces in the structural
design or the parts of different rigidities may be
separated through crumple sections. The
length of such building between separation
sections shall not preferably exceed three times
the width.
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NOTE — As an alternative to separation section to
reduce torsional moments, the centre of rigidity of the
building may be brought close or coincident to the centre
of mass by adjusting the locations and/or sizes of
columns and walls.

4.4.3 Buildings having plans with shapes like,
L, T, E and Y shall preferably be separated into
rectangular parts by providing separation
sections at appropriate places. Typical
examples are shown in Fig. 1.

NOTES
1 The buildings with small lengths of projections
forming L, T, E or Y shapes need not be provided with
separation section. In such cases the length of the
projection may not exceed 15 to 20 percent of the total
dimension of the building in the direction of the
projection ( see Fig. 2 ).

2 For buildings with minor asymmetry in plan and
elevation separation sections may be omitted.

4.5 Strength in Various Directions

The structure shall be designed to have
adequate strength against earthquake effects
along both the horizontal axes. The design shall
also be safe considering the reversible nature of
earthquake forces.

4.6 Foundations

The structure shall not be founded on such
loose soils which will subside or liquefy during
an earthquake, resulting in large differential
settlements ( see also 5.3.3 ).

FIG. 1 TYPICAL SHAPES OF BUILDING WITH SEPARATION SECTIONS
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4.7 Ductility

The main structural elements and their
connection shall be designed to have a ductile
failure. This will enable the structure to absorb
energy during earthquakes to avoid sudden
collapse of the structure. Providing reinforcing
steel in masonry at critical sections, as
provided in this standard will not only increase
strength and stability but also ductility. The
details for achieving ductility in reinforced
concrete structures is given in IS 13920 : 1993.
4.8 Damage to Non-structural Parts

Suitable details shall be worked out to connect
the non-structural parts with the structural
framing so that the deformation of the
structural frame leads to minimum damage of
the non-structural elements.
4.9 Fire Safety

Fire frequently follows an earthquake and
therefore, buildings shall be constructed to
make them fire resistant in accordance with
the provisions of following Indian Standards for
fire safety, as relevant: IS 1641 : 1988, IS 1642 :
1989, IS 1643 : 1988, IS 1644 : 1988 and
IS 1646 : 1986.

5 SPECIAL CONSTRUCTION FEATURES

5.1 Separation of Adjoining Structures

5.1.1 Separation of adjoining structures or
parts of the same structure is required for
structures having different total heights or
storey heights and different dynamic
characteristics. This is to avoid collision during
an earthquake.

5.1.2 Minimum width of separation gaps as
mentioned in 5.1.1, shall be as specified in
Table 1. The design seismic coefficient to be
used shall be in accordance with IS 1893 : 1984.

Table 1 Gap Width for Adjoining 
Structures

5.1.2.1 For buildings of height greater than
40 metres, it will be desirable to carry out
model or dynamic analysis of the structures in
order to compute the drift at each storey, and
the gap width between the adjoining structures
shall not be less than the sum of their dynamic
deflections at any level.

5.1.3 Where separation is necessary, a complete
separation of the parts shall be made except
below the plinth level. The plinth beams,
foundation beams and footings may be continu-
ous. Where separation sections are provided in a

FIG. 2 PLAN AND VERTICAL IRREGULARITIES

Sl
No.

Type of Constructions Gap Width/Storey,
in mm for

Design Seismic 
Coefficient αh = 0.12

(1) (2) (3)

i) Box system or frames with 
shear walls

15.0

ii) Moment resistant reinforced 
concrete frame

20.0

iii) Moment resistant steel frame 30.0

NOTE — Minimum total gap shall be 25 mm. For any
other value of αh the gap width shall be determined
proportionately.
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long building, they shall take care of movement
owing to temperature changes also. 
5.2 Separation or Crumple Section
5.2.1 In case of framed construction, members
shall be duplicated on either side of the
separation or crumple section. As an
alternative, in certain cases, such duplication
may not be provided, if the portions on either
side can act as cantilevers to take the weight of
the building and other relevant loads.
5.2.2 Typical details of separation and crumple
sections are shown in Fig. 3. For other types of
joint details, reference may be made to
IS 3414 : 1968.
5.3 Foundations 

5.3.1 For the design of foundations, the
provisions of IS 1904 : 1986 in conjunctions
with IS 1893 : 1984 shall generally be followed.
5.3.2 The subgrade below the entire area of the
building shall preferably be of the same type of
the soil. Wherever this is not possible, a
suitably located separation or crumple section
shall be provided.
5.3.3 Loose fine sand, soft silt and expansive
clays should be avoided. If unavoidable, the
building shall rest either on a rigid raft
foundation or on piles taken to a firm stratum.
However, for light constructions the following
measures may be taken to improve the soil on
which the foundation of the building may rest:

a) Sand piling, and
b) Soil stabilization.

5.3.4 Isolated Footings for Columns
All the individual footings or pile caps where
used in Type III Soft soils (Table 3 of
IS 1893 : 1984), shall be connected by
reinforced concrete ties at least in two
directions approximately at right angles to each
other. For buildings with no basement the ties
may be placed at or below the plinth level and
for buildings with basement they may be placed
at the level of basement floor. They may be
designed to carry the load of the panel walls
also.

NOTE — The tiles will not be necessary where
structural floor connects the columns at or below the
plinth level.

5.3.4.1 Where ties are used, their sections shall
be designed to carry in tension as well as in
compression, an axial load not less than the
earthquake force acting on the heavier of the
columns connected, but the sections shall not
be less than 200 mm × 200 mm with M15
concrete reinforced with 4 bars of 12 mm dia
plain mild steel bars or 10 mm dia high
strength deformed bars, one at each corner,

bound by 6 mm dia mild steel stirrups not more
than 150 mm apart.

NOTE — In working out the buckling strength of ties,
the lateral support provided by the soil may be taken
into account. Calculations show that for such buried
ties, lateral buckling is not a problem and the full
section of the tie may be taken effective as a short
column.

5.3.4.2 In the case of reinforced concrete slab,
the thickness shall not be less than 1/50th of
the clear distance between the footings, but not
less than 100 mm in any case. It shall be
reinforced with not less than 0.15 percent mild
steel bars or 0.12 percent high strength
deformed bars in each direction placed
symmetrically at top and bottom.
5.4 Roofs and Floors

5.4.1 Flat roof or floor shall not preferably be
made of terrace of ordinary bricks supported on
steel, timber or reinforced concrete joists, nor
they shall be of a type which in the event of an
earthquake is likely to be loosened and parts of
all of which may fall. If this type of construction
cannot be avoided, the joists should be blocked
at ends and bridged at intervals such that their
spacing is not altered during an earthquake.
5.4.1.1 For pitched roofs, corrugated iron or
asbestos sheets shall be used in preference to
country, Allahabad or Mangalore tiles or other
loose roofing units. All roofing materials shall
be properly tied to the supporting members.
Heavy roofing materials shall generally be
avoided.
5.4.2 Pent Roofs
5.4.2.1 All roof trusses shall be supported on
reinforced concrete or reinforced brick band
( see 8.4.3 ). The holding down bolts shall have
adequate length as required for earthquake
forces in accordance with IS 1893 : 1984.
Where a trussed roof adjoins a masonry gable,
the ends of the purlins shall be carried on and
secured to a plate or bearer which shall be
adequately bolted to reinforced concrete or
reinforced brick band at the top of gable end
masonry ( see 8.4.4 ).

NOTE — Hipped roof in general have shown better
structural behaviour during earthquakes than gable
ended roofs.

5.4.2.2 At tie level all the trusses and the gable
end shall be provided with diagonal braces in
plan so as to transmit the lateral shear due to
earthquake force to the gable walls acting as
shear walls at the ends as specified in 8.4.
5.4.3 Jack Arches
Jack arched roofs or floors, where used shall be
provided with mild steel ties in all spans
alongwith diagonal braces in plan to ensure
diaphragms actions.
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NOTE — Fragile cover may consist of asbestos cement sheet, particle board and the like.

FIG. 3 TYPICAL DETAILS OF SEPARATION OR CRUMPLE SECTION — Continued
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5.5 Staircases

5.5.1 The interconnection of the stairs with the
adjacent floors should be appropriately treated
by providing sliding joints at the stairs to
eliminate their bracing effect on the floors
( see 4.5.4 ). Large stair halls shall preferably
be separated from the rest of the building by
means of separation or crumple sections.

5.5.2 Three types of stair construction may be
adopted as described below:

i) Separated Staircases — One end of the
staircase rests on a wall and the other end

is carried by columns and beams which
have no connection with the floors. The
opening at the vertical joints between the
floor and the staircase may be covered
either with a tread plate attached to one
side of the joint and sliding on the other
side, or covered with some appropriate
material which could crumple or fracture
during an earthquake without causing
structural damage. The supporting
members, columns or walls, are isolated
from the surrounding floors by means of
separation or crumple sections. A typical
example is shown in Fig. 4.

NOTE — Fragile cover may consist of asbestos cement sheet, particle board and like.

FIG. 3 TYPICAL DETAILS OF SEPARATION OR CRUMPLE SECTION
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FIG. 4 SEPARATED STAIRCASE

FIG. 5 RIGIDLY BUILT-IN STAIRCASE
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ii) Built-in Staircase — When stairs are built
monolithically with floors, they can be
protected against damage by providing
rigid walls at the stair opening. An
arrangement, in which the staircase is
enclosed by two walls, is given in Fig. 5. In
such cases, the joints, as mentioned in
respect of separated staircases, will not be
necessary.
The two walls mentioned above, enclosing
the staircase, shall extend through the
entire height of the stairs and to the
building foundations.

iii) Staircases with Sliding Joints — In case it
is not possible to provide rigid walls
around stair openings for built-in
staircase or to adopt the separated
staircases, the staircases shall have
sliding joints so that they will not act as
diagonal bracing.

6 TYPES OF CONSTRUCTION

6.1 The types of construction usually adopted
in buildings are as follows:

a) Framed construction, and
b) Box type construction.

6.2 Framed Construction

This type of construction is suitable for
multistoreyed and industrial buildings as
described in 6.2.1 and 6.2.2.

6.2.1 Vertical Load Carrying Frame Construction

This type of construction consists of frames
with flexible (hinged) joints and bracing
members. Steel multistoreyed building or
industrial frames and timber construction
usually are of this type.

6.2.1.1 Such buildings shall be adequately
strengthened against lateral forces by shear
walls and/or other bracing systems in plan,
elevation and sections such that earthquake
forces shall be resisted by them in any
direction.

6.2.2 Moment Resistant Frames with Shear
Walls

The frames may be of reinforced concrete or
steel with semi-rigid or rigid joints. The walls
are rigid capable of acting as shear walls and
may be of reinforced concrete or of brickwork
reinforced or unreinforced bounded by framing
members through shear connectors.

6.2.2.1 The frame and wall combination shall
be designed to carry the total lateral force due
to earthquake acting on the building. The
frame acting alone shall be designed to resist at
least 25 percent of the total lateral force.

6.2.2.2 The shear walls shall preferably be
distributed evenly over the whole building.
When concentrated at one point, forming what
is called a rigid core in the building, the design
shall be checked for torsional effects and the
shear connection between the core and the
floors conservatively designed for the total
shear transfer.
6.2.2.3 The shear walls should extend from the
foundation either to the top of the building or to
a lesser height as required from design
consideration. In design, the interaction
between frame and the shear walls should be
considered properly to satisfy compatibility and
equilibrium conditions.

NOTE — Studies show that shear walls of height about
85 percent of total height of building are advantageous.

6.3 Box Type Construction

This type of construction consists of
prefabricated or in situ masonry, concrete or
reinforced concrete wall along both the axes of
the building. The walls support vertical loads
and also act as shear walls for horizontal loads
acting in any direction. All traditional masonry
construction falls under this category. In
prefabricated construction attention shall be
paid to the connections between wall panels so
that transfer of shear between them is ensured.

7 CATEGORIES OF BUILDINGS

7.1 For the purpose of specifying the
earthquake resisting features in masonry and
wooden buildings, the buildings have been
categorised in five categories A to E based on
the value of αh given by:

αh = αo I.β
where

7.1.1 The building categories are given in
Table 2.

8 MASONRY CONSTRUCTION WITH 
RECTANGULAR MASONRY UNITS

8.1 The design and construction of masonry
walls using rectangular masonry units in
general shall be governed by IS 1905 : 1987 and
IS 2212 : 1991.

αh = design seismic coefficient for the
building,

αo = basic seismic coefficient for the seismic
zone in which the building is located
( see 8.4 and Table 2 of
IS 1893 : 1984 ),

I = importance factor applicable to the
building ( see 3.4.2.3 and Table 4 of
IS 1893 : 1984 ), and

β = soil foundation factor ( see 3.4.2.3 and
Table 3 of IS 1893 : 1984 ).
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Table 2 Building Categories for 
Earthquake Resisting Features

( Clause 7.1.1 )

8.1.1 Masonry Units
8.1.1.1 Well burnt bricks conforming to IS
1077 : 1992 or solid concrete blocks conforming
to IS 2185 (Part 1) : 1979 and having a
crushing strength not less than 3.5 MPa shall
be used. The strength of masonry unit required
shall depend on the number of storeys and
thickness of walls ( see IS 1905 : 1987 ).
8.1.1.2 Squared stone masonry, stone block
masonry or hollow concrete block masonry, as
specified in IS 1597 (Part 2) : 1992 of adequate
strength, may also be used.
8.1.2 Mortar
8.1.2.1 Mortars, such as those given in Table 3
or of equivalent specification, shall preferably
be used for masonry construction for various
categories of buildings.
8.1.2.2 Where steel reinforcing bars are
provided in masonry the bars shall be
embedded with adequate cover in cement sand
mortar not leaner than 1 : 3 (minimum clear
cover 10 mm) or in cement concrete of grade
M15 (minimum clear cover 15 mm or bar
diameter whichever more), so as to achieve
good bond and corrosion resistance.
8.2 Walls

8.2.1 Masonry bearing walls built in mortar, as
specified in 8.1.2.1 unless rationally designed
as reinforced masonry shall not be built of
greater height than 15 m subject to a maximum
of four storeys when measured from the mean
ground level to the roof slab or ridge level. The
masonry bearing walls shall be reinforced in
accordance with 8.4.1.
8.2.2 The bearing walls in both directions shall
be straight and symmetrical in plan as far as
possible.
8.2.3 The wall panels formed between cross
walls and floors or roof shall be checked for
their strength in bending as a plate or as a
vertical strip subjected to the earthquake force
acting on its own mass.

NOTE — For panel walls of 200 mm or larger thickness
having a storey height not more than 3.5 metres and
laterally supported at the top, this check need not be
exercised.

Table 3 Recommended Mortar Mixes
( Clauses 8.1.2.1 and 8.2.6 )

8.2.4 Masonry Bond

For achieving full strength of masonry, the
usual bonds specified for masonry should be
followed so that the vertical joints are broken
properly from course to course. To obtain full
bond between perpendicular walls, it is
necessary to make a slopping (stepped) joint by
making the corners first to a height of 600 mm
and then building the wall in between them.
Otherwise, the toothed joint should be made in
both the walls alternatively in lifts of about
450 mm ( see Fig. 6 ).

8.2.5 Ignoring tensile strength, free standing
walls shall be checked against overturning
under the action of design seismic coefficient αh
allowing for a factor safety of 1.5.

8.2.6 Panel or filler walls in framed buildings
shall be properly bonded to surrounding
framing members by means of suitable mortar
( see Table 3 ) or connected through dowels. If
the walls are so bonded they shall be checked
according to 8.2.3 otherwise as in 8.2.5.

8.3 Openings in Bearing Walls

8.3.1 Door and window openings in walls
reduce their lateral load resistance and hence,
should preferably be small and more centrally
located. The guidelines on the size and position
of opening are given in Table 4 and Fig. 7.

8.3.2 Openings in any storey shall preferably
have their top at the same level so that a
continuous band could be provided over them,
including the lintels throughout the building.

8.3.3 Where openings do not comply with the
guidelines of Table 4, they should be strengthen-
ed by providing reinforced concrete or reinforc-
ing the brickwork, as shown in Fig. 8 with high

Building 
Categories

Range of αh

A Less than 0.05
B 0.05 to 0.06 (both inclusive)
C More than 0.06 and less than 0.08
D 0.08 to less than 0.12
E Equal to or more than 0.12

*Category of 
Construction

Proportion of Cement-
Lime-Sand†

A M2 (Cement-sand 1 : 6) or M3
(Lime-cinder‡ 1 : 3) or richer

B, C M2 (Cement-lime-sand 1 : 2 : 9 or
Cement-Sand 1 : 6) or richer

D, E H2 (Cement-sand 1 : 4) or M1
(Cement-lime-Sand 1 : 1 : 6) or
richer

NOTE — Though the equivalent mortar with lime will
have less strength at 28 days, their strength after one
year will be comparable to that of cement mortar.

*Category of construction is defined in Table 2.
†Mortar grades and specification for types of limes etc, 

are given in IS 1905 : 1987.
‡In this case some other pozzolanic material like Surkhi 

(burnt brick fine powder) may be used in place of cinder.
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strength deformed (H.S.D.) bars of 8 mm dia but
the quantity of steel shall be increased at the
jambs to comply with 8.4.9, if so required.

8.3.4 If a window or ventilator is to be projected
out, the projection shall be in reinforced
masonry or concrete and well anchored.

8.3.5 If an opening is tall from bottom to almost
top of a storey, thus dividing the wall into two

portions, these portions shall be reinforced with
horizontal reinforcement of 6 mm diameter
bars at not more than 450 mm intervals, one on
inner and one on outer face, properly tied to
vertical steel at jambs, corners or junction of
walls, where used.
8.3.6 The use of arches to span over the openings
is a source of weakness and shall be avoided.
Otherwise, steel ties should be provided.

FIG. 6 ALTERNATING TOOTHED JOINTS IN WALLS AT CORNER AND T-JUNCTION

FIG. 7 DIMENSIONS OF OPENINGS AND PIERS FOR RECOMMENDATIONS IN TABLE 4
Table 4 Size and Position of Openings in Bearing Walls

( Clause 8.3.1 and Fig. 7 )
Sl

No.
Position of Opening Details of Opening for Building Category

A and B C D and E
1. Distance b5 from the inside corner of

outside wall, Min
Zero mm 230 mm 450 mm

2. For total length of openings, the ratio
( b1 + b2 + b3 )/l1 or ( b6 + b7 )/l2 shall
not exceed:
a) one-storeyed building
b) two-storeyed building
c) 3 or 4-storeyed building

0.60
0.50
0.42

0.55
0.46
0.37

0.50
0.42
0.33

3. Pier width between consecutive
openings b4, Min

340 mm 450 mm 560 mm

4. Vertical distance between two openings
one above the other h3, Min

600 mm 600 mm 600 mm

5. Width of opening of ventilator b8, Max 900 mm 900 mm 900 mm
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8.4 Seismic Strengthening Arrangements

8.4.1 All masonry buildings shall be
strengthened by the methods, as specified for
various categories of buildings, as listed in
Table 5, and detailed in subsequent clauses.
Figures 9 and 10 show, schematically, the
overall strengthening arrangements to be
adopted for category D and E buildings which
consist of horizontal bands of reinforcement at
critical levels, vertical reinforcing bars at
corners, junctions of walls and jambs of
opening.

8.4.2 Lintel band is a band ( see 3.6 ) provided
at lintel level on all load bearing internal,
external longitudinal and cross walls. The
specifications of the band are given in 8.4.5.

NOTE — Lintel band if provided in panel or partition
walls also will improve their stability during severe
earthquake.

8.4.3 Roof band is a band ( see 3.6 ) provided
immediately below the roof or floors. The
specifications of the band are given in 8.4.5.
Such a band need not be provided underneath
reinforced concrete or brick-work slabs resting
on bearing walls, provided that the slabs are
continuous over the intermediate wall up to the
crumple sections, if any, and cover the width of
end walls, fully or at least 3/4 of the wall
thickness.

8.4.4 Gable band is a band provided at the top
of gable masonry below the purlins. The
specifications of the band are given in 8.4.5.
This band shall be made continuous with the
roof band at the eaves level.

8.4.5 Section and Reinforcement of Band

The band shall be made of reinforced concrete
of grade not leaner than M15 or reinforced
brick-work in cement mortar not leaner than
1 : 3. The bands shall be of the full width of the

FIG. 8 STRENGTHENING MASONRY AROUND 
OPENING

Table 5 Strengthening Arrangements 
Recommended for Masonry Buildings 

(Rectangular Masonry Units)
( Clause 8.4.1 )

Building 
Category 

Number of
Storeyes

Strengthening to 
be Provided in

all Storeys

(1) (2) (3)

A i) 1 to 3
ii) 4

a
a, b, c

B i) 1 to 3
ii) 4

a, b, c, f, g
a, b, c, d, f, g

C i) 1 and 2
ii) 3 and 4

a, b, c, f, g
a to g

D i) 1 and 2
ii) 3 and 4

a to g
a to h

E 1 to 3* a to h

where

a — Masonry mortar ( see 8.1.2 ),

b — Lintel band ( see 8.4.2 ),

c — Roof band and gable band where necessary ( see
8.4.3 and 8.4.4 ),

d — Vertical steel at corners and junctions of walls ( see
8.4.8 ),

e — Vertical steel at jambs of openings ( see 8.4.9 ),

f — Bracing in plan at tie level of roofs ( see 5.4.2.2 ),

g — Plinth band where necessary ( see 8.4.6 ), and

h — Dowel bars ( see 8.4.7 ).

*4th storey not allowed in category E.

NOTE — In case of four storey buildings of category B,
the requirements of vertical steel may be checked
through a seismic analysis using a design seismic
coefficient equal to four times the one given in
(a) 3.4.2.3 of IS 1893 : 1984. (This is because the brittle
behaviour of masonry in the absence of a vertical steel
results in much higher effective seismic force than that
envisaged in the seismic coefficient, provided in the
code). If this analysis shows that vertical steel is not
required the designer may take the decision
accordingly.
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wall, not less than 75 mm in depth and
reinforced with steel, as indicated in Table 6.

NOTE — In coastal areas, the concrete grade shall be
M20 concrete and the filling mortar of 1 : 3
(cement-sand with water proofing admixture).

8.4.5.1 In case of reinforced brickwork, the
thickness of joints containing steel bars shall be
increased so as to have a minimum mortar

cover of 10 mm around the bar. In bands of
reinforced brickwork the area of steel provided
should be equal to that specified above for
reinforced concrete bands.
8.4.5.2 For full integrity of walls at corners and
junctions of walls and effective horizontal
bending resistance of bands continuity of
reinforcement is essential. The details as
shown in Fig. 11 are recommended.
8.4.6 Plinth band is a band provided at plinth
level of walls on top of the foundation wall. This
is to be provided where strip footings of
masonry (other than reinforced concrete or
reinforced masonry) are used and the soil is
either soft or uneven in its properties, as
frequently happens in hill tracts. Where used,
its section may be kept same as in 8.4.5. This
band will serve as damp proof course as well.
8.4.7 In category D and E buildings, to further
iterate the box action of walls steel dowel bars
may be used at corners and T-junctions of walls
at the sill level of windows to length of 900 mm
from the inside corner in each wall. Such dowel
may be in the form of U stirrups 8 mm dia.
Where used, such bars must be laid in 1 : 3
cement-sand-mortar with a minimum cover of
10 mm on all sides to minimise corrosion.

FIG. 9 OVERALL ARRANGEMENT OF 
REINFORCING MASONRY BUILDINGS

FIG. 10 OVERALL ARRANGEMENT OF REINFORCING MASONRY BUILDING HAVING PITCHED ROOF
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Table 6 Recommended Longitudinal Steel in Reinforced
Concrete Bands

( Clause 8.4.5 )

Span Building
Category

B

Building
Category

C

Building
Category

D

Building
Category

E

No.
of Bars

Dia No.
of Bars

Dia No.
of Bars

Dia No.
of Bars

Dia

(1) (2) (3) (4) (5) (6) (7) (8) (9)

m mm mm mm mm

5 or less
6
7
8

2
2
2
2

8
8
8

10

2
2
2
2

8
8

10
12

2
2
2
4

8
10
12
10

2
2
4
4

10
12
10
12

NOTES
1 Span of wall will be the distance between centre lines of its cross walls or buttresses. For spans greater than 8 m it
will be desirable to insert pillasters or buttresses to reduce the span or special calculations shall be made to determine
the strength of wall and section of band.
2 The number and diameter of bars given above pertain to high strength deformed bars. If plain mild-steel bars are used
keeping the same number, the following diameters may be used:

High Strength Def. Bar dia
Mild Steel Plain bar dia

8 10 12 16 20
10 12 16 20 25

3 Width of R.C. band is assumed same as the thickness of the wall. Wall thickness shall be 200 mm minimum. A clear
cover of 20 mm from face of wall will be maintained.
4 The vertical thickness of RC band be kept 75 mm minimum, where two longitudinal bars are specified, one on each
face; and 150 mm, where four bars are specified.
5 Concrete mix shall be of grade M15 of IS 456 : 1978 or 1 : 2 : 4 by volume.
6 The longitudinal steel bars shall be held in position by steel links or stirrups 6 mm dia spaced at 150 mm apart.

FIG. 11 REINFORCEMENT AND BENDING DETAIL IN R. C. BAND
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8.4.8 Vertical Reinforcement

Vertical steel at corners and junctions of walls,
which are up to 340 mm ( -brick) thick,
shall be provided as specified in Table 7. For

walls thicker than 340 mm the area of the bars
shall be proportionately increased. For
earthquake resistant framed wall construction,
see 8.5. No vertical steel need be provided in
category A buildings.

8.4.8.1 The vertical reinforcement shall be
properly embedded in the plinth masonry of
foundations and roof slab or roof band so as to
develop its tensile strength in bond. It shall be
passing through the lintel bands and floor slabs
or floor level bands in all storeys.
Bars in different storeys may be welded ( see
IS 2751 : 1979 and IS 9417 : 1989, as relevant )
or suitably lapped.

NOTE — Typical details of providing vertical steel in
brickwork masonry with rectangular solid units at
corners and T-junctions are shown in Fig. 12.

8.4.9 Vertical reinforcement at jambs of
window and door openings shall be provided as
per Table 7. It may start from foundation of
floor and terminate in lintel band ( see Fig. 8 ).
8.5 Framing of Thin Load Bearing Walls
( see Fig. 13 )
Load bearing walls can be made thinner than
200 mm say 150 mm inclusive of plastering on
both sides. Reinforced concrete framing
columns and collar beams will be necessary to
be constructed to have full bond with the walls.
Columns are to be located at all corners and
junctions of walls and spaced not more than
1.5 m apart but so located as to frame up the
doors and windows. The horizontal bands or

ring beams are located at all floors roof as well
as lintel levels of the openings. The sequence of
construction between walls and columns will be
first to build the wall up to 4 to 6 courses height
leaving toothed gaps (tooth projection being
about 40 mm only) for the columns and second
to pour M15 (1 : 2 : 4) concrete to fill the
columns against the walls using wood forms
only on two sides. The column steel should be
accurately held in position all along. The band
concrete should be cast on the wall masonry
directly so as to develop full bond with it.

Such construction may be limited to only two
storeys maximum in view of its vertical load
carrying capacity. The horizontal length of
walls between cross walls shall be restricted to
7 m and the storey height to 3 m.

8.6 Reinforcing Details for Hollow Block
Masonry

The following details may be followed in placing
the horizontal and vertical steel in hollow block
masonry using cement-sand or cement-concrete
blocks.

8.6.1 Horizontal Band

U-shaped blocks may be used for construction of

11
2---

Table 7 Vertical Steel Reinforcement in Masonry Walls
with Rectangular Masonry Units

No. of
storeys

Storey Diameter of HSD Single Bar in mm at Each
Critical Section

Category B Category C Category D Category E

One — Nil Nil 10 12

Two Top
Bottom

Nil
Nil

Nil
Nil

10
12

12
16

Three Top
Middle
Bottom

Nil
Nil
Nil

10
10
12

10
12
12

12
16
16

Four Top
Third
Second
Bottom

10
10
10
12

10
10
12
12

10
12
16
20

Four storeyed 
building not 
permitted

NOTES
1 The diameters given above are for H.S.D. bars. For mild-steel plain bars, use equivalent diameters as given under
Table 6 Note 2.
2 The vertical bars will be covered with concrete M15 or mortar 1 : 3 grade in suitably created pockets around the bars
( see Fig. 12 ). This will ensure their safety from corrosion and good bond with masonry.
3 In case of floors/roofs with small precast components, also refer 9.2.3 for floor/roof band details.
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FIG. 12 TYPICAL DETAILS OF PROVIDING VERTICAL STEEL BARS IN BRICK MASONRY
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FIG. 13 FRAMING OF THIN LOAD-BEARING BRICK WALLS
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horizontal bands at various levels of the storeys
as shown in Fig. 14, where the amount of
horizontal reinforcement shall be taken 25
percent more than that given in Table 6 and
provided by using four bars and 6 mm dia
stirrups. Other continuity details shall be
followed, as shown in Fig. 11.

8.6.2 Vertical Reinforcement

Bars, as specified in Table 7 shall be located
inside the cavities of the hollow blocks, one bar
in each cavity ( see Fig. 15 ). Where more than
one bar is planned these can be located in two
or three consecutive cavities. The cavities
containing bars are to be filled by using
micro-concrete 1 : 2 : 3 or cement-coarse sand
mortar 1 : 3, and properly rodded for
compaction. The vertical bars should be spliced

by welding or overlapping for developing full
tensile strength. For proper bonding, the
overlapped bars should be tied together by
winding the binding wire over the lapped
length. To reduce the number of overlaps, the
blocks may be made U-shaped as shown in
Fig. 15 which will avoid lifting and threading of
bars into the hollows.

9 FLOORS/ROOFS WITH SMALL 
PRECAST COMPONENTS

9.1 Types of Precast Floors/Roofs

Earthquake resistance measures for floors and
roofs with small precast components, as
covered in this standard, have been dealt with
as typical examples.

FIG. 14 U-BLOCKS FOR HORIZONTAL BANDS

FIG. 15 VERTICAL REINFORCEMENT IN CAVITIES
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9.1.1 Precast Reinforced Concrete Unit
Roof/Floor

The unit is a precast reinforced concrete
component, channel (inverted trough) shaped
in section ( see Fig. 16 ). The nominal width of
the unit varies from 300 to 600 mm, its height
from 150 to 200 mm and a minimum flange
thickness of 30 mm. Length of unit shall vary
according to room dimensions, but the
maximum length is restricted to 4.2 m from
stiffness considerations. Horizontal
corrugations are provided on the two
longitudinal faces of the units so that the
structural roof/floor acts monolithic after
concrete grouted in the joints between the units
attains strength ( see Fig. 17 ).

9.1.2 Precast Reinforced Concrete Cored Unit
Roof/Floor
The unit is a reinforced concrete component
having a nominal width of 300 to 600 mm and
thickness of 130 to 150 mm having two circular
hollows 90 mm diameter, throughout the
length of the unit ( see Fig. 18 ). The minimum
flange/web thickness of the unit shall be
20 mm. Length of unit varies according to room
dimensions, but the maximum length shall be
restricted to 4.2 m from stiffness
considerations. Horizontal corrugations are
provided on the two longitudinal faces of the
units so that the structural roof/floor acts
monolithic after concrete grouted in the joints
between the units attains strength ( see
Fig. 19 ).

FIG. 16 CHANNEL UNITS
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FIG. 17 CHANNEL UNIT FLOOR

FIG. 18 CORE UNITS
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9.1.3 Precast Reinforced Concrete Plank and
Joist Scheme for Roof/Floor

The scheme consists of precast reinforced
concrete planks supported on partially precast
reinforced concrete joists. The reinforced
concrete planks are 300 mm wide and the
length varies according to the spacing of the
joists, but it shall not exceed 1.5 m ( see
Fig. 20 ). To provide monolithicity to the
roof/floor and to have T-beam effect with the
joists, the planks shall be made partially
30 mm thick and the partially 60 mm thick and
in-situ concrete shall be filled in the depressed
portions to complete the roof/floor structurally
( see Fig. 21 ).

9.1.4 Prefabricated Brick Panel System for
Roof/Floor
It consists of prefabricated reinforced brick
panels ( see Fig. 22 ) supported on precast
reinforced concrete joists with nominal
reinforced 35 mm thick structural deck
concrete over the brick panels and joists ( see
Fig. 23 ). The width of the brick panels shall be
530 mm for panels made of bricks of
conventional size and 450 mm for panels made
of bricks of modulus size. The thickness of the
panels shall be 75 mm or 90 mm respectively
depending upon whether conventional or
modular bricks are used. The length of the
panels shall vary depending upon the spacing
of the joists, but the maximum length shall not
exceed 1.2 m.

FIG. 19 CORED, UNIT FLOOR

FIG. 20 PRECAST REINFORCED CONCRETE PLANK
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FIG. 21 PRECAST REINFORCED CONCRETE PLANK FLOOR

FIG. 22 PREFAB BRICK PANEL

FIG. 23 BRICK PANEL FLOOR
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9.1.5 Precast Reinforced Concrete Waffle Unit
Roof/Floor
Waffle units are of the shape of inverted
troughs, square or rectangular in plan, having
lateral dimensions up to 1.2 m and depth
depending upon the span of the roof/floor to be
covered ( see Fig. 24 and 25 ). The minimum
thickness of flange/web shall be 35 mm.
Horizontal projections may be provided on all
the four external faces of the unit and the unit
shall be so shaped that it shall act monolithic
with in-situ concrete to ensure load transfer.
Vertical castallations, called shear keys, shall
be provided on all the four external faces of the
precast units to enable them to transfer
horizontal shear force from one unit to adjacent

unit through in-situ concrete filled in the joints
between the units. The waffle units shall be
laid in a grid pattern with gaps between two
adjacent units, and reinforcement, as per
design, and structural concrete shall be
provided in the gaps between the units in both
the directions. The scheme is suitable for two
way spanning roofs and floors of buildings
having large spans.

9.2 Seismic Resistance Measures

9.2.1 All floors and roofs to be constructed with
small precast components shall be
strengthened as specified for various categories
of buildings in Table 8. The strengthening
measures are detailed in 9.2.3 and 9.2.8.

FIG. 24 WAFFLE UNITS
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9.2.2 Vertical castallations, called shear keys,
shall be provided on the longitudinal faces of
the channel, cored and waffle units to enable
them to transfer horizontal shear force from
one unit to the adjacent unit through the
in-situ concrete filled in the joints between the
units. The minimum percentage of area of
shear keys as calculated below, on each face of
the unit, shall be fifteen.
Shear keys shall have a minimum width of
40 mm at its root with the body of the
component and shall be to the full height of the
component and preferably at uniform spacing.
Percentage of area of shear keys shall be
calculated as:

9.2.3 Tie beam (a in Table 8) is a beam provided
all round the floor or roof to bind together all
the precast components to make it a
diaphragm. The beams shall be to the full
width of the supporting wall or beam less the
bearing of the precast components. The depth
of the beam shall be equal to the depth of the
precast components plus the thickness of
structural deck concrete, where used over the
components. The beam shall be made of cement
concrete of grade not leaner than M15 and shall
be reinforced as indicated in Table 6. If depth of
tie is more than 75 mm, equivalent
reinforcement shall be provided with one bar of
minimum diameter 8 mm at each corner. Tie
beams shall be provided on all longitudinal and
cross walls. Typical details of the beams are
shown in Fig. 26 to 30.

FIG. 25 WAFFLE UNIT FLOOR

No. of  shear keys on one face
of the component 40×

Length of the face of the
component in mm

--------------------------------------------------------------------------------- 100×

Table 8 Strengthening Measures for Floors/Roofs with Small Precast
Components

( Clauses 9.2.1, 9.2.3, 9.2.4, 9.2.5, 9.2.6, 9.2.7 and 9.2.8 )
Building Category No. of Storeys Strengthening to be Provided in Floor/Roof with

Channel/Cored
Unit

R.C. Planks
and Joists

Brick Panels
and Joists

Waffle
Units

(1) (2) (3) (4) (5) (6)

A

B

C

D
E

1 to 3
4

1 to 3
4

1 & 2
3 & 4
1 to 4
1 to 3

Nil
a
a
a, c
a, b
a, b, c
a, b, c
a, b, c

Nil
a
a
a, c
a
a, c
a, c
a, c

Nil
a
a
a, d
a
a, d
a, d
a, d

Nil
a
a
a
a
a, e
a, c, e
a, c, e

where
a = Tie beam as per 9.2.3,
b = Reinforcing bars of precast unit and tied to tie beam reinforcement as per 9.2.4,
c = Reinforced deck concrete as per 9.2.5,
d = Reinforced deck concrete as per 9.2.6, and
e = Reinforcement bars in joint between precast waffle units tied to tie beam reinforcement as per 9.2.7.
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FIG. 26 CONNECTION OF PRECAST CORED/CHANNEL UNIT WITH TIE BEAM

FIG. 27 CONNECTION OF CHANNEL/CORED UNIT FLOOR/ROOF (WITH DECK CONCRETE)
WITH TIE BEAM

FIG. 28 CONNECTION OF PRECAST REINFORCED CONCRETE PLANK AND PRECAST BRICK PANEL 
FLOOR/ROOF (WITH DECK CONCRETE) WITH TIE BEAM
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9.2.4 Top reinforcement in the channel or cored
units (termed B in Table 8) shall be projected
out at both the ends for full anchorage length
and tied to tie beam reinforcement.
9.2.5 Structural deck concrete (c in Table 8) of
grade not leaner than M15 shall be provided
over precast components to act monolithic with
wherever, deck concrete is to be provided, the
top surface of the components shall be finished
rough. Cement slurry with 0.5 kg of cement per
sq.m of the surface area shall be applied over
the components immediately before laying the
deck concrete and the concrete shall be
compacted using plate vibrators. The minimum
thickness of deck concrete shall be 35 or 40 mm
reinforced with 6 mm dia bars @ 150 mm apart
bothways and anchored into the tie beam
placed all round. The maximum size of coarse

aggregate used in deck concrete shall not
exceed 12 mm.

NOTE — Under conditions of economic constraints, the
deck concrete itself could serve as floor finish. The
concrete is laid in one operation ( see Fig. 30 ) without
joints.

9.2.6 The deck concrete normally used over the
brick panel with joist floor shall be reinforced
with 6 mm dia bars spaced 150 mm apart
both-ways (d in Table 8).
9.2.7 For floors/roofs with precast waffle units,
two 16 mm dia high strength deformed bars
shall be provided as top reinforcement in the
joints between waffle units, in addition to
reinforcement required for taking bending
moment for vertical loads. This reinforcement
(e in Table 8) shall be fixed to tie beam
reinforcement.

FIG. 29 CONNECTION OF PRECAST WAFFLE UNIT FLOOR/ROOF (WITH DECK CONCRETE)
WITH TIE BEAM

FIG. 30 PROVISION OF REINFORCEMENT IN CONCRETE FLOOR FINISH



IS 4326 : 1993

27

9.2.8 In case of floors/roofs with precast
components other than those indicated in Table
8, the buildings shall be analysed for maximum
expected seismic forces and the floor/roof shall
be designed to act as diaphragm and take care
of the resulting forces.

10 TIMBER CONSTRUCTION

10.1 Timber has higher strength per unit
weight and is, therefore, very suitable for
earthquake resistant construction. Materials,
design and construction in timber shall
generally conform to IS 883 : 1992.
10.2 Timber construction shall generally be
restricted to two storeys with or without the
attic floor.
10.3 In timber construction attention shall be
paid to fire safety against electric
short-circuiting, kitchen fire, etc.
10.4 The superstructure of timber buildings
shall be made rigid against deformations by
adopting suitable construction details at the
junctions of the framing members and in wall
panels as given in 10.6 to 10.10 so that the
construction as a whole behaves as one unit
against earthquake forces.
10.5 Foundations

10.5.1 Timber construction shall preferably
start above the plinth level, the portion below
being in masonry or concrete.
10.5.2 The superstructure may be connected
with the foundation in one of the two ways as
given in 10.5.2.1 to 10.5.2.2.

10.5.2.1 The superstructure may simply rest on
the plinth masonry, or in the case of small
buildings of one storey having plan area less
than about 50 m2, it may rest on firm plane
ground so that the building is free to slide
laterally during ground motion.

NOTES
1 Past experience has shown that superstructure of the
buildings not fixed with the foundation escaped collapse
even in a severe earthquake although they were shifted
sideways.
2 Where fittings for water supply or water borne
sanitation from the house are to be installed, proper
attention should be given to permit movement so as to
avoid fracture or damage to pipes.

10.5.2.2 The superstructure may be rigidly
fixed into the plinth masonry or concrete
foundation as given in Fig. 31 or in case of
small building having plan area less than
50 m2, it may be fixed to vertical poles
embedded into the ground. In each case the
building is likely to move along with its
foundation. Therefore, the superstructure shall
be designed to carry the resulting earthquake
shears.

10.6 Types of Framing

The types of construction usually adopted in
timber buildings are as follows:

a) Stud wall construction, and

b) Brick nogged timber frame construction.

FIG. 31 DETAILS OF CONNECTION OF COLUMN WITH FOUNDATION
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10.7 Stud Wall Construction

10.7.1 The stud wall construction consists of
timber studs and corner posts framed into sills,
top plates and wall plates. Horizontal struts
and diagonal braces are used to stiffen the
frame against lateral loads. The wall covering
may consist of EKRA, timber or like. Typical
details of stud walls are shown in Fig. 32.
Minimum sizes and spacing of various
members used are specified in 10.7.2
to 10.7.10.
10.7.2 The timber studs for use in load bearing
walls shall have a minimum finished size of
40 × 90 mm and their spacing shall not exceed
those given in Table 9.

10.7.3 The timber studs in non-load bearing
walls shall not be less than 40 × 70 mm in
finished cross section. Their spacing shall not
exceed 1 m.

10.7.4 There shall be at least one diagonal
brace for every 1.6 × 1 m area of load bearing
walls. Their minimum finished sizes shall be in
accordance with Table 10.

10.7.5 The horizontal struts shall be spaced not
more than one metre apart. They will have a
minimum size of 30 × 40 mm for all locations.

10.7.6 The finished sizes of the sill, the wall
plate and top plate shall not be less than the
size of the studs used in the wall.

FIG. 32 STUD WALL CONSTRUCTION — Contd
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10.7.7 The corner posts shall consists of three
timbers, two being equal in size to the studs
used in the walls meeting at the corner and the
third timber being of a size to fit so as to make
a rectangular section ( see Fig. 32 ).

10.7.8 The diagonal braces shall be connected
at their ends with the stud wall members by
means of wire nails having 6 gauge (4.88 mm
dia) and 10 cm length. Their minimum number

shall be 4 nails for 20 mm × 40 mm braces and
6 nails for 30 mm × 40 mm braces. The far end
of nails may be clutched as far as possible.

10.7.9 Horizontal bracing shall be provided at
corners or T-junctions of walls at sill, first floor
and eave levels. The bracing members shall
have a minimum finished size of 20 mm ×
90 mm and shall be connected by means of wire
nails to the wall plates at a distance between

FIG. 32 STUD WALL CONSTRUCTION
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1.2 m and 1.8 m measured from the junction of
the walls. There shall be a minimum number of
six nails of 6 gauge (4.88 mm dia) and 10 cm
length with clutching as far ends.
10.7.10 Unsheathed studding shall not be used
adjacent to the wall of another building. The
studding must be sheathed with close jointed
20 mm or thicker boards.
10.8 Brick Nogged Timber Frame 
Construction

10.8.1 The brick nogged timber frame consists
of intermediate verticals, columns, sills, wall
plates, horizontal nogging members and
diagonal braces framed into each other and the
space between framing members filled with
tight-fitting brick masonry in stretcher bond.
Typical details of brick nogged timber frame
construction are shown in Fig. 33. Minimum
sizes and spacing of various elements used are
specified in 10.8.2 to 10.8.9.
10.8.2 The vertical framing members in brick
nogged load bearing walls will have minimum
finished sizes as specified in Table 10.

10.8.3 The minimum finished size of the
vertical members in non-load bearing walls
shall be 40 mm × 100 mm spaced not more than
1.5 m apart.
10.8.4 The sizes of diagonal bracing members
shall be the same as in Table 10.
10.8.5 The horizontal framing members in
brick-nogged construction shall be spaced not
more than 1 m apart. Their minimum finished
sizes shall be in accordance with Table 12.
10.8.6 The finished sizes of the sill, wall plate
and top plate shall be not less than the size of
the vertical members used in the wall.
10.8.7 Corner posts shall consist of three
vertical timbers as described in 10.7.7.
10.8.8 The diagonal braces shall be connected
at their ends with the other members of the
wall by means of wire nails as specified
in 10.7.8.
10.8.9 Horizontal bracing members at corners
or T-junctions of wall shall be as specified
in 10.7.9.

Table 9 Maximum Spacing of 40 mm × 90 mm Finished Size Studs
in Stud Wall Construction

( Clause 10.7.2 )

Group of
Timber

(Grade I*)

Single Storeyed or
First Floor of the
Double Storeyed

Buildings

Ground Floor of Double
Storeyed Buildings

Exterior
Wall

Interior
Wall

Exterior
Wall

Interior
Wall

(1) (2)
cm

(3)
cm

(4)
cm

(5)
cm

Group A, B
Group C

100
100

80
100

50
50

40
50

*Grade I timbers as defined in Table 5 of IS 883 : 1992.

Table 10 Minimum Finished Sizes of Diagonal Braces
( Clauses 10.7.4 and 10.8.4 )

Building 
Category

( see Table 2 )

Group of
Timber

(Grade I*)

Single Storeyed or
First Floor of Double
Storeyed Buildings

Ground Floor of
Double Storeyed

Buildings

Exterior
Wall

Interior
Wall

Exterior
Wall

Interior
Wall

(1) (2) (3)
mm × mm

(4)
mm × mm

(5)
mm × mm

(6)
mm × mm

A, B, C
D and E

Group C

All
Group A
and B
Group C

20 × 20
20 × 40

20 × 40

20 × 40
20 × 40

30 × 40

20 × 40
20 × 40

30 × 40

20 × 40
30 × 40

30 × 40

*Grade I timber as defined in Table 5 of IS 883 : 1992.
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Table 11 Minimum Finished Sizes of Verticals in Brick Nogged
Timber Frame Construction

( Clause 10.8.2 )

Spacing Group of Timber
(Grade I*)

Single Storeyed or
First Floor of

Double Storeyed
Buildings

Ground Floor of
Double Storeyed

Buildings

Exterior
Wall

Interior
WallExterior

Wall
Interior

Wall
(1)
m

(2) (3)
mm × mm

(4)
mm × mm

(5)
mm × mm

(6)
mm × mm

1

1.5

Group A, B
Group C
Group A, B
Group C

50 × 100
50 × 100
50 × 100
70 × 100

50 × 100
70 × 100
70 × 100
80 × 100

50 × 100
70 × 100
70 × 100
80 × 100

50 × 100
90 × 100
80 × 100

100 × 100

*Grade I timbers as defined in Table 5 of IS 883 : 1992.

FIG. 33 BRICK NOGGED TIMBER FRAME CONSTRUCTION
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Table 12 Minimum Finished size of 
Horizontal Nogging Members

( Clause 10.8.5 )

10.9 Notching and Cutting

10.9.1 Timber framing frequently requires
notching and cutting of the vertical members.
The notching or cutting should in general be
limited to 20 mm in depth unless steel strips
are provided to strengthen the notched face of
the member. Such steel strips, where
necessary, shall be at least 1.5 mm thick and
35 mm wide extending at least 15 cm beyond
each side of the notch or cut and attached to the
vertical member by means of bolts or screws at
each end.

10.9.2 The top plate, the wall plate or the sill of
a wall may be notched or cut, if reinforcing

strip of iron is provided as specified in 10.9.1.
In case the member is notched or cut not to
exceed 40 mm in depth, such reinforcing strip
may be placed along the notched edge only.
Where the notch or cut is more than 40 mm in
depth or the member is completely cut through,
such reinforcing strips shall be placed on both
edges of the member. The details of notching
and cutting are shown in Fig. 34.

10.9.3 Joints in timber shall preferably be
bound by metallic fasteners.

10.10 Bridging and Blocking

10.10.1 All wooden joists shall have at least one
row of cross bridging for every 3.5 m length of
span. The cross section of the bridging member
shall be a minimum of 40 × 70 mm and the
member shall be screwed or nailed to the joists.

10.10.2 All spaces between joists shall be
blocked at all bearing with solid blocks not less
than 40 mm thick and the full depth of the
joists. The block shall be screwed or nailed to
the joists as well as to the bearings.

Spacing of Verticals Size

(1) (2)

m
1.5
1

0.5

mm
70 × 100
50 × 100
25 × 100

FIG. 34 NOTCHING AND CUTTING
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Earthquake Engineering Sectional Committee, CED 39 . 

FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Earthquake Engineering Sectional Committee had been approved by the Civil Engineering Division 
Council. 

Himalayan-Naga Lushai region, Indo-Gangetic Plain, Western India and Kutch and Kathiawar regions 
are geologically unstable parts of the country and some devastating earthquakes of the world have occurred 
there. A major part of the peninsular India, has also been visited by moderate earthquakes, but these 
were relatively few in number and had considerably lesser intensity. It has been a long felt need to 
rationalize the earthquake resistant design and construction of structures taking into account seismic data 
from studies of these Indian earthquakes, particularly in view of the heavy construction programme at 
present all over the country. It is to serve this purpose that IS 1893 : 1984 ‘Criteria for earthquake resis- 
tant design of structures’ was prepared. It lays down the seismic zones, the basic seismic coefficients and 
other factors and criteria for various structures. As an adjunct to IS 1893, IS 4326 Code of practice for 
earthquake resistant design and construction of buildings’ was prepared in 1967 and revised in 1976. This 
contained some recommendations for low strength brick and stone buildings. Earthquake damages to such 
buildings in Himachal Pradesh, North Bihar and Hill districts of Uttar Pradesh emphasized the need to 
expand these provisions. In order to assign the subject the importance it ~demanded in the context of 
prevalence of such buildings in the seismic zones It was therefore considered appropriate to issue a 
separate standard on the subject. It is naturally tied to IS 1893 in view of the seismic zgnes and coeffici- 
ents. It will be useful to read this standard along with IS 4326. 

. 
The Sectional Committee responsible for the preparation of this standard has taken into consideration the 
views of all who are interested in this field and has related the standard to the prevailing practices in the 
country, Due weightage has also been given to the need for international co-ordination among the 
standards and practices prevailing in different countries of the world. 

The Committee responsible-for the preparation of this standard is given at Annex A. 

In the preparation of this standard, the publication ‘Guidelines for earthquake resistant non-engineered 
construction’, published by the International Association for Earthquake Engineering, Tokyo, October 
1986, has been freely referred to. 
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Indian Standard 

IMPROVING EARTHQUAKE RESISTANCEOF 
LOW STRENGTHMASONRYBUILDINGS- 

GUIDELINES 
1 SCOPE 

1.1 This standard covers the special features of 
design and construction for improving earthquake 
resistance of buildings of low-strength masonry. 

1.1.1 The provisions of this standard are appli- 
cable in seismic zones III to V. No special 
provisions are considered necessary for buildings 
in seismic zones I and II. 

1.1,2 The various provisions of IS 4326 : 1993 
regarding general principles, special construction 
features, types of construction, categories of 
buildings and masonry construction with rect- 
angular masonry units are generally applicable to 
the masonry buildings of low strength dealt with 
in thin standard. There are however certain 
restrictions, exceptions and additional details 
which are specifically included herein. For com- 
pleteness however all necessary portions are 
repeated here. 

NOTE -Attention is hereby drawn to the fact that 
low-strength masonry as dealt with herein will neither 

qualify as engineered construction nor totally free 
from collapse in the severe seismic intensities VIII or 
IX. However, inclusion of special seismic design and 
construction features provided herein will raise thf,ir 
seismic resistance appreciably, reducing greatly the 
chances of collapse even in such seismic intencities. 

2 REFERENCES 

The following Indian Standards are necessary 
adjuncts to this standard: 

IS Jvo. 

1597 
( Part 1 ) : 1967 

1893 : 1984 

1964 : 1981 

4326 : 1993 

Code of practice for design 
and construction of founda- 
tions in soils : General 
requirements 
Code of practice for earth- 
quake resistant design and 
construction of buildings 
( second renision ) 

3 TERMlNQLQGY 

‘3.t~ For the purpose of this standard, the follow- 
ing definitions shall apply. 

I 

Tills 

Code of practice for construc- 
tion of stone masonry : Part 1 
Rubble stone masonry 
Criteria for earthquake resis- 
tant design of structures 
( jifirst reuisian j 

3.1 Low Strength Masonry 

Includes fired brick work laid in clay mud mortar 
and random rubble; uncoursed, undressed or 
semi-dressed stone masonry in weak mortars; such 
as cement sand, lime-sand and clay mud. 

3.2 Centre of Rigidity 

The point in a structure where a lateral force 
shall be applied to produce equal deflections of 
its components at any one level in any particular 
direction. 

3.3 Shear Wall 

A wall designed to resist lateral force in its own 
plane. c 

3.4 Box System 

A bearing wall structure without a space frame 
the horizontal forces being resisted by the walls 
acting as shear walls. 

3.5 Band 

A reinforced concrete, reinforced brick or wooden 
runner provided horizontally in the walls to tie 
them together, and to impart horizontal bending 
strength in them. 

3.6 Seismic Zone and Seismic Coefficient 

The seismic zones I to V as classified and the 
corresponding basic seismic coefficient tzo, as 
specified in IS 1893 : 1984. 

3.7 Design Seismic Coe5cient ( cch ) 

The value of horizontal seismic coefficient 
computed taking into account the soil foundation 
system and the importance factor as specified 
in 3.4.2.3(a) of IS 1893 : 1984. 

3.8 Concrete Grades 

28 days crushing strength of concrete cubes of 
150 mm side in MPa, for example, for Ml5 grade 
concrete crushing strength 15 MPa. 

4 GENERAL PRINCIPLES 

4.0 General 

The general principles given in 4.1 to 4.5 should 
be observed in the construction ~of buildings for 
improving their earthquake resistance. 
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4.1 Lightness 

Since the earthquake force is a function of mass, 
the building should be as light as possible consis- 
tent with structural safety and functional 
requirements. Roofs and upper storeys of buildings 
in particular should be designed as light as 
possible. 

4.2 Continuity of Construction 

4.2.1 As far as possible, all parts of the building 
should be tied together in such a manner that 
the building acts as one unit. 

4.2.2 For integral action of building, roof and 
floor slabs should be continuous throughout as 
far as possible. 

4.2.3 Additions and alterations to the structures 
should be accompanied by the provision of 
positive measures to establish continuity between 
the existing and the new construction. 

4.3 Projecting and Suspended Parts 

4.3.1 Projecting parts should be avoided as far as 
possible. If the projectmg parts cannot be avoid- 
ed, they should be properly reinforced and firmly 
tied to the main structure and their design should 
be in accordance with IS 1893 : 1981. 

NOTE - In cases where stability of projecting parts 
against overturning is achieved by counterweight in the 
form of wall, slab etc, the overturnmg should be 
checked by increasing the weight of the projecting 
part and decreasing the weight of stabilizing mass 
simultaneously in accordance with the vertical seismic 
coefficient specified in 4.4.2 of IS 1893 : 1984. 

4.3.2 Ceiling plaster should preferably be avoid- 
ed. When it is unavoidable, the plaster should be 
as thin as possible. 

4.3.3 Suspended ceiling should be avoided as far 
as possible. Where provided, they should be light 
and adrquately framed and secured. 

4.4 Shape of Building 

In order to minimize torsion, the building should 
have a simple rectangular plan and be sym- 
metrical both with respect to mass and rigidity 
so that the centres of mass and rigidity of the 
building coincide with each other. It will be 
desirable to use separate blocks of rectangular 
shape particularly in seismic zones V and IV. 

NOTE - For small buildings, minor asymmetry in 
plan and elevation may be ignored. Designing such 
buildings against torsion may bq difficult and 
uncertain. 

4.5 Fire Safety 

Fire frequently follows an earthquake and there- 
fore buildings should be constructed to make 
them fire resistant in accordance with the pro- 
visions of relevant Indian Standards for fire 
safety. 

. 

5 SPECIAL CONSTRUCTION FEATURES 

5.1 Foundations 

5.1.1 For the design of foundations, the provisions 
of IS 1901 : 1986 in conjunction with 
IS 1893 : 1981 shall generally be followed. 

5.1.2 The subgrade below the entire area ot‘ the 
building should preferably be of the same type of 
the soil. Wherever this is not possible, the build- 
ings should preferably be separated into units and 
then the units should be located separately. 

5.1.3 Loose fine sand soft silt and expansive 
clays should be avoided. If unavoidable the 
following measures may be taken to improve the 
soil on which the foundation of the building may 
rest: 

a) Sand piling/under reamed piling/stone 
columns, etc. 

b) Soil stabilization. 

5.2 Roofs and Floors 

5.2.1 Flat roof or floor should not preferably be 
made of tiles or ordinary bricks supported on 
steel, timber or reinforced concrete joists, nor 
they shall be of a type which in the event of an 
earthquake is likely to be loosened and parts or 
all of which may fall. If this type of construction 
cannot be avoided, the joists should be blocked 
at ends and bridged at intervals such that their 
spacing is not altered during an earthquake. 

5.2.1.1 For pitched roofs, corrugated iron or 
asbestos sheets should be used in preference to 
country, Allahabad or Mangalore tiles or other 
loose roofing units. All roofing materials shall be 
properly tied to the supporting members. Heavy 
roofing materials should generally be avoided. 

5.2.2 Pent Roofs 

5.2.2.1 All roof trusses should be supported on 
and fixed to timber band reinforced concrete 
band or reinforced brick band. The holding 
down bolts should have adequate length as 
required for earthquake and wind forces. 

Where a trussed roof adjoins a masonry gable, 
the ends of the purlins should be carried on and 
secured to a plate or bearer which should be 
adequately bolted to timber reinforced concrete 
or reinforced brick band at the top of gable end 
masonry. 

5.2.2.2 At tie level, all the trusses and the gable 
end should be provided with diagonal braces in 
plan so as to transmit the lateral shear due to 
earthquake force to the gable walls acting as 
shear walls. 

2 
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5.2.3 Jack Arches 

Jack arched roofs or floors where used should be 
provided with mild steel ties in _a11 spans along- 
with diagonal braces in plan to ensure diaphragm 
actions. 

5.3 Staircases 

5.3.1 The interconnection of the stairs with the 
adjacent floors should be appropriately treated by 
providing sliding joints at the stairs to eliminate 
their bracing effect on the floors. Ladders may 
be made fixed at one end and freely resting at 
the other. 

5.3.2 Bd t- in Staircase 

When stairs are built monolithically with floors, 
they can be protected against damage by provid- 
ing rigid walls at the stair opening. The walls 
enclosing the staircase should extend through 
the entire height of the stairs and to the building 
foundations. 

6 BOX TYPE CONSTRUCTION 

-This type of construction consists of prefabricated 
or in-s& masonry wall along with both the axes 
of the building. The walls support vertical loads 
and also act as shear walls for horizontal loads 
acting in any direction. All traditional masonry 
construction falls under this category. In pre- 
fabricated wall construction, attention should be 
paid to tht connections between wall panels so 
that transfer of shear between them is ensured. 

7 CATEGORIES OF BUILDINGS 

For the purpose of specifying the earthquake 
resisting features, the buildings, have been 
categorised in five categories A to E, as given in 
Table 1, based on the value of CC~, given by: 

Qh = Q& 

where 

ah = design seismic coefficient for the 
building, 

ug = basic seismic coefficient for the seismic 

I= 

P = 

zone in which the building is located 
( see Table 2 of IS 1893 : 1984 ), 

importance factor applicable to the 
building ( see 3.4.2.3 of IS 1893 : 1984 ), 
and 

soil foundation factor ( see 3.4.2.3 and 
Table 3 of IS 1893 : 1984 ). 

8 LOW STRENGTH MASONRY 
CONSTRUCTION 

8.1 General 

B.l.l Two types of construction are included 
herein, namely: 

a> 

b) 

Brick construction using weak mortar, 
and 

Random rubble and half-dressed stone 
masonry construction using different mor- 
tars such as clay mud lime-sand and 
cement sand. 

Table 1 Building Categories for 
Earthquake Resisting Features 

( Clause 7 ) 

Category 

A 

B 

C 

Range of crh 

0’04 to less than 0.05 

0.05 to 0’06 ( both inclusive ) 

More than 0’06 but less than 
0’08 

D 0’08 to less than 0’12 
E More than 0.12 

NOTE - Low-strength masonry shall not be used for 
category E. 

8.1.2 These constructions should not be permitted 
for important buildings with f >, 1.5 and should 
preferably be avoided for bullding category D 
( see Table 1 ). 

B.1.3 It will be useful to provide damp-proof 
course at plinth level to stop the rise of pore 
water into the superstructure. 

8.1.4 Precautions should be taken to keep the 
rain water away from soaking into the wall so 
that the mortar is not softened due to wetness. 
An effective way is to take out roof projections 
beyond the walls by about 500 mm. 

8.1.5 Use of a water-proof plaster on outside face 
of walls will enhance the life of the building and 
maintain its strength at the time of earthquake 
as well. 

8.1.6 Ignoring tensile strength, free standing 
walls should be checked against overturning 
under the action of design seismic coefficient, ah, 
allowing for a factor of safety of 1 5. 

8.2 Bridkwork in Weak Mortars 

8.2.1 The fired bricks should have a compressive 
strength not less than 3.5 MPa. Strength of 
bricks and wall thickness should he selected for 
the total building height. 

8.2.2 The mortar should be lime-sand ( 1 : 3 ) 
or clay mud of good quality. Where horizontal 
steel is used between courses, cement-sand mortar 
( 1 : 3 ) should he used with thickness so as to 
cover the steel with 6 mm mortar above and 
below it. Where vertical steel is used, the 
surrounding brickwork of 1 x 1 or l& x 13 

3 
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brick size depending on wall thickness should 
preferably be built using 1 : 6 cement-sand 
mortar. 

8.2.3 The minimum wall thickness shall be one 
brick in one storey construction and one brick in 
top storey and 14 brick in bottom storeys of 
up to three storey construction. It should also not 
be less than l/16 of the length of wall between 
two consecutive perpendicular walls. 

8.2.4 The height of the building shall be restrict- 
ed to the following, where each storey height 
shall not exceed 3.0 m: 

For Categories A, B and C - three storeys 
with flat roof; 
and two 
storeys plu; 
attic 
pitched roof. 

For Category D - two storeys 
with flat roof; 
and one sto- 
rey plus attic 
for pitched 
roof. 

8.2.5 Special Bond in Brick Walls 

For achieving fuli strength of masonry, the usual 
bonds specified for masonry should be followed 
so that the vertical joints are broken properly from 
course to course. To obtain full bond between per- 
pendicular walls, it is necessary to make a sloping 
( stepped ) joint by making the corners first to a 
height of 600 mm and then building the wall in 
between them. Otherwise the toothed joint should 
be made in both the walls, alternately in lifts of 
about 450 mm ( see Fig. 1 ). 

8.3 Stone Masonry ( Random Rubble or 
Half-Dressed ) 

8.3.1 The construction ofstone masonry of ran- 
dom rubble or dressed stone type should generally 
follow IS 1597 ( Part 1 ) : 1967. 

8.3.2 The mortar should bc cement-sand ( 1 : 6 ), 
lime-sand ( 1 : 3 ) or clay mud of good quality. 

3.3.3 The wall thickness ‘t’ should not be larger 
than 450 mm. Preferably it should be about 
350 mm, and the stones on the inner and outer 
wythes should be interlocked with each other. 

NOTE - If the two wthes are not interlocked, they 
tend to delaminate during ground shaking bulge’ apait 
( see Fig. 2 ) and bwkle separately under vertical load 
leading to complete collapse of the wall and the 
building. 

8.3.4 The masonry should preferably be brought 
to courses at not more than 600 mm lift. 

8.3.5 ‘Through’ stones at‘ full length equal to 
wall thickness should be used in every 600 mm 
lift at not more than 1.2 m apart horizontally. If 
full length stones are not available, stones in 
pairs each of about 314 of the wall thickness may 
be used in place of one full length stone so as to 
provide an overlap betlveen them ( see Fig. 3 ). 

8.3.6 In place of (through’ stones, ‘bonding 
elements’ of steel bars 8 to 10 mm dia~bent to 
S-shape or as hooked links may be used with a 
cover of 25 mm from each face of the wall ( see 
Fig. 3 ). Alternatively, wood ~bars of 
38 mm x 38 mm cross section or concrete bars 
of 50 mm x 50 mm section with an 8 mm dia 
rod placed centrally may be used in place of 
*through’ stones. The wood should be well 
treated wit’n preservative so that it is durable 
against weathering and insect action. 

a, b, c = Toothed joints in wall A, B, and C 

All dimensions in millimetres. 

FIG. 1 ALTERNATING TOOTHED JOINTS IN WALLS AT CORNER AND T-JUNC~IOX 

4 
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1. Half-dressed conical stone, 2. Small alignment 
stone, 3. Rotation of Wythe, 4. Random rubble, 

5. Mud or weak lime mortar. 

Fro. 2 WALL DELAMINATEDWITHBUCKLED 
WYTHE~ 

8.3.7 Use of ‘bonding’ elements of adequate 
length should also be made at corners and junc- 
tions of walls to break the vertical joints and 
provide bonding between perpendicular walls. 

8.3.8 Height of the stone masonry walls ( random 
rubble or half-dressed ) should be restricted as 
follows, with storey height to Abe kept 3.0 m 
maximum, and span of walls between cross walls 
to be limited to 5.0 m: 

a> 

b) 

For categories A and B - Two storeys with 
flat roof or one storey plus attic, if walls 
are built in lime-sand or mud mortar; and 
-one storey higher if walls are built in 
cement-sand 1 : 6 mortar. 
For categories C and D - Two storeys with 
flat roof or two storeys plus attic for 
pitched roof, if walls are built in 1 : 6 
cement mortar; and one storey with flat 
roof or one storey plus attic, if walls are built 
in lime-sand or mud mortar, respectively. 

t PL50 

--L!- 
I- 

8.3.9 If walls longer than 5 m are needed, but- 
tresses may be used at intermediate points not 
farther apart than 4.0 m. The size of the buttress 
be kept of uniform thickness. Top width should 
be equal to the thickness of main wall, t, and the 
base width equal to one sixth of wall height. 

8.4 Opening in Bearing Walls 

8.4.1 Door and window openings in walls reduce 
their lateral load resistance and hence should 
preferably, be small and more centrally located. 
The size and position of openings shall be as 
given in Table 2 and Fig. 4. 

8.4.2 Openings in any storey shall preferably 
have their top at the same level so that a continu- 
ous band could be provided over them including 
the lintels throughout the building. 

8.4.3 Where openings do not comply with the 
guidelines of Table 2, they should be strengthened 
by providing reinforced concrete lining as 
shown in Fig. 5 with 2 high strength deformed 
( H S D ) bars of 8 mm dia. 

8.4.4 The use of arches to span over the openings 
is a source of weakness and shall be avoided, 
otherwise, steel ties should be provided. 

8.5 Seismic Strengthening Arrangements 

8.5.1 All buildings to be constructed of masonry 
shall be strengthened by the methods as specified 
for various categories of buildings, listed in 
Table 3, and detailed in subsequent clauses. 
Fig. 6 and 7 show, schematically, the overall 
strengthening arrangements to be adopted for 
category D buildings, which consist of horizontal 
bands of reinforcement at critical levels and 
vertical reinforcing bars at corners and junctions 
of walls. 

21 
” 

(0) 
(b) 

1. Through stone, 2. Pair of overlapping stone, 3. S-Shape tie, 4. Hooked tie, 5. Wood plank, 
6. Floor level. 

(a) Sectional plan of wall (b) Cross-section of wall 

All dimensions in millimetres. 

Fxa. 3 THROU~HSTONEANDBOND ELEMENTS 

5 
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1. Door 3. Ventilator 

2. Window 4. Cross wall 

FIG. 4 DIMENSIONS OF OPENINCIS AND PIERS FOR RECOMMENDATIONS IN TABLE 2 

Table 2 Size and Position of Openings Table 3 Strengthening Arrangements 
in Bearing Walls ( see Fig. 4 ) Recommended for Low Strength 

( Clauses 8.4.1 and 8.4.3 ) Masonry Buildings 

Description Building Category 
( Clause 8.5.1 ) 

#_____h___~ 
A,B &C D Building Number of 

c 
Strengthenhg 

to be Provided i) Distance bs from the inside 
corner of outside wall, Alin 

ii) Total length of openings. 
ratio; Max: 

230 mm 600 mm Category Storeys 

(1) (2) 

A 1 and 2 
3 

(3) 

c, f 
b> c, f, 8 

b, c, f, g 
b, c, 4 C g, 

b, c, f, 8 
b, c, d, f, g 

b> c, 4 f, g 

( br + ba + h )I”I 

( be + b,%a 
- one storeyed building 
- 2 & 3 storeyed building 

iii) Pier width between consecu- 
five openings b4 

0’46 0’42 
0’37 0’33 

450 mm 560 mm 

iv) Vertical distance between two 600 mm 600 mm 
openings one above the other, 
hs, Min 

4-f 
t 

SECTION AT XX 

w = Window 
t = Wall thickness 
tS = Lintal thickness 

t, = Thickness of concrete 
u = Vertical bar 

FIG. 5 STRENGTHENING MASONRY AROUND 
OPENING 

B 

C 

D 

1 and 2 
3 

2 aid 3 

1 and 2 

Strengthening Method 

b - Lintel band ( see 8.5.2 ) 

c - Ro-of band and gable 
( see 8.5.3 and 8.5.4 ) 

d - Vertical steel at corners 
( see 8.5.7 ) 

band where necessary 

and junctions of walls 

f-Bracing in plan at tie level of pitched roofs 
( see 5.2.2.2 ) 

g - Plinth band where necessary ( seti 8.5.6 ) 

NOTE -For building of category B in two storeys, 
constructed with stone masonry in weak mortar, it will 
be-desirable to provide vertical steel of 10 mm dia in 
both storeys. 

8.5.2 Lintel band is a band ( see 3.5 ) provided 
at lintel level on all internal and external longi- 
tudinal as well as cross walls except partition 
walls. The details of the band are given 
in 8.5.5. 

8.5.3 Roof band is a band ( see 3.5 ) provided 
immediately below the roof or floors, The 
details of the band are given in 8.5.5. Such a 
band need not be provided underneath reinforced 
concrete or reinforced brick slabs resting on 
bearing walls, provided that the slabs cover the 
width of end walls fully. 

6 
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3 

1. Lintel band 

2. Roof/Floor band 

3. Vertical bar 

4. Door 

5. Window 

FIG. 6 OVERALL ARRANGEMENT OF REINFORCING 
Low STRENGTH MASONRY BUILDINGS 

,8.5.4 Gable band is a band provided at the top 
of-gable masonry below the purlins. The details 
of the band are given in 8.5.5. This band shall 
be made continuous with the roof band at the 
eave level. 

8.5.5 Details of Band 

8.5.5.1 Reinforced band 

The band should be made of reinforced concrete 
of grade nQt leaner than Ml5 or reinforced brick- 
work in cement mortar not leaner than 1 : 3. The 

bands should be of the full width Qf the wall, not 
less than 75 mm indepth and should be reinforc- 
ed with 2 HSD bars 8 mm dia land held in 
position by 6 mm dia bar links, installed at 
150 mm apart as shown in Fig. 8. 

NOTES 
1 In coastal areas, the concrete grade shall be M20 and 
the filling mortar of 1 : 3 ratio ( cement-sand) with 
water proofing admixture. 

2 In case of reinforced brickwork, the thickness of 
joints containing steel bars should be increased to 
20 mm so as to have a minimum mortar coverof 6 mm 
around the bar. In bands of reinforced brickwork, the 
area of steel provided should be equal to that specified 
above for reinforced concrete bands. 

3 For full integrity of walls at corners and junctions of 
walls and effective horizontal bending resistance of 
bands, continuity of reinforcement is essential. The 
details as shown in Fig. 8 are recommended. 

8.5.5.2 Wooden band 

As an alternative to reinforced band, the lintel 
band could be provided using wood beams in one 
or two parallel pieces with cross elements as 
shown in Fig. 9. 
8.5.6 Plinth band is a band provided at plinth 
level of walls on top of the foundation wall, This 
is to be provided where strip footings of masonry 
( other than reinforced concrete! or reinforced 
masonry ) are used and the soil is either soft or 
uneven in its properties as frequently happens in 
hill tracts. Where used, its section may be kept 
same as in 8.5.5-l. This band serves as damp 
proof course as well. 

(b) 

1. Lintel band 8. 

2. Eaves level ( Roof ) band 9. 

3. Gable band 

4. Door 

5. Window 

6. Vertical steel bar 

7. Rafter 

FIG. 7 OVERALL 

10. 

a) 
b) 
cl 

Holding down bolt 

Brick/stone wall 

Door lintel integrated with roof hand 

Perspective view 

Details of truss conn&tion with wall 

Detail of integrating door lintel with roof band 

ARRANGEMENT OF REINFORCING LOW STRENGTH MASONRY BUILDING 

HAVING PITCHED ROOF 

7 
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1 

30 6u 60 30 

+Jtm-ttJ 

I b 

(d 1 

1. Longitudinal bars 

2. Lateral ties 

br, b, - Wall thickness 

a) Section of band with two bars 

b) Section of band with four bars 

c) Structural plan at corner junction 

d) Sectional plan at T-junction of walls 

All dimensions in millimetres. 

Fro. 8 REINFORCEMENT AND BENDING DETAIL IN REINFORCED CONCRETIPBAND 

(a) Perspective view (b) Plan of band 

All dimensions in millimetres. 

FIG. 9 WOODEN BAND FOR LOW-STREONTH MASONRY BUILDINGS 

8.5.7 Vertical Rhforcement floor level bands in all storevs. Bars in different- 

Vertical steel at corners and junctions of walls 
storeys may be welded or suitably lapped. 

which are up to 350 mm thick should be provided NOTES 
as specified in Table 4. For walls thicker than 
350 mm, the area of the bars should be propor- 1 Typical details of providing vertical steel in brick- 

tionately increased. 
work at corners and T-junctions are shown in Fig. 10. 

8.5.7.1 The vertical reinforcement should be 
properly embedded in the plinth masonry of 
foundations and roof slab or roof band so as to 
develop its tensile strength in bond. It should 
pass through the lintel bands and floor slabs or 

2 For providing vertical bar in stone masonry, use of 
a casing pipe is recommended around which masonry 
be builtto height of 600 mm ( suu Fig. 11 ). The pipe 
is kept loose by rotating it during masonry conatruc- 
tion. It is then raised and the cavity below is filled 
with Ml5 (or 1 : 2 : 4 ) grade of concrete mix and 
rodded to compact it. 

8 
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1. Stone wall, 2. Vertical steel bar, 3. Casing pipe, 4, Through stone or bonding element. 

Fro. 11 TYPICAL CONSTRUCTION DETAIL FOR INSTALLINQ VERTICAL STEEL BAR IN RANDOM RUBBLE 
STONE MASONRY 

Table 4 Vertical Steel Reinforcement in Low Strength Masonry Walls 

( Clause 8.5.7 ) 
_w,_.y__- 

No. of 
Storeye 

One 

Two 

Three 

NOTES 

Storey 

- 

Top 
Bottom 

Top 
Middle 

Bottom 

Diameter of HSD Single Bar; in mxnt at Each 
Critical Section for 

c--_--------____ h_-_,------ ___‘___~ 
Category A Category B Category C Category D 

Nil Nil Nil 10 

Nil Nil 10 10 

Nil Nil 10 12 

Nil 10 10 10 

Nil IO 10 12 

Nil 12 12 12 

1 The diameters given above are for HSD ( High Strength Deformed ) bars with yield strength 415 MPa. For 
mild-steel plain bars, use equivalent diameters. 

2 The vertical bars should be covered with concrete of Ml5 grade or with mortar 1 : 3 ( cement-sand ) in suitably 
created pockets around the bars ( see Fig. 10 & 11 ). This will ensure their safety from corrosion and good bond 
with masonry. 

3 For category B two storey stone masonry buildings, sfe note under Table 3. 
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DIREOTOR EXBANK~~I~N~ ( N & W ‘) Central Water Commission ( ERDD ), New Deihi 
DIRECTOR CMDD ( NW & S ) ( Alternate) + 

DIRECTOl~ STANDARDS ( B & S ), RDSO Railway Board, Ministry of Railways 
JOINT DIRECTOR STANDARDS ( B & S ) CB-I, 
RDSO. LUCKNOW ( Alternate 1 

MISS E. D)IVATIA ’ ’ 
SARI C. R. VBNKATESBA ( Alternate ) 

DR S. K. JAIN 
DR V. K. GUPTA ( Alternate ) 

SH~I 1. D. G~PTA 
SERI J. G. PADALE ( Alternate ) 

SHIU V. K. KULKARNI 
SHHI P. C. KOTESWAR A RAO ( Alternate ) 

SRRI V. KUaXAR 
SHRI R. S. BAJAJ ( Alternate ) 

SBRI M. Z. KURII~N 
SHXI K. V. SUBRAMANIAN ( Alternate ) 

SHRI A. K. LAL. 
SHRI T. R. BRATIA ( Alternate ) 

SHRI S. K. MITTAL 
SRRI S. S. NARAXQ 
SHRI A. D. NARIAN 

SERI 0. P. A~~ARWAL ( Alternate ) 
SHRI P. L. NARULA 

SHRI A. K. SRIVASTAVA ( Alternate ) 
RESEARCH OFFICER 
DR D. SENGUPTA 

SHRI R. K. GBOVER ( Alternate ) 
DR R. D. SK .%RMA 

SHRI U. S. P. VERMA ( Alternate ) 
COL R. K. S~NQH 

LT COL B. D. BHATTOPXDHYAYA 
( Alternate ) 

D R P. SRINIVASULU 
DR N. LAESHMANAN ( Alternate ) 

SUPERINTENDINO ENQINEER ( D ) 
EXECUTIVE ENGINEER 

DR A. N. TANDOX 
SHRI Y. R. T~NEJA, 

( D ) II ( Altcrnatt , 

Director ( Civ Engg ) 

National Hydro-Electric Power Corporation Ltd, New Delhi 

Indian Institute of Technology, Kanpur 

Central Water & Power Research Station, Pune 

Department of Atomic Energy, Bombay 

National Thermal Power Corporation Ltd, New Delhi 

Tata Consulting Engineers, Bombay 

National Buildings Organization, New Delhi 

Central Building Research Institute, Roorkee 
Central Water Commission ( CMDD ), New Delhi 
Ministry of Transport, Department of Surface Transport ( Roads 

Wing ), New Drlhi 
Geological Survey of India, Calcutta 

Irrigation Department, Govt of Maharashtra. Nasik 
Engmeers India Ltd, New Delhi 

Nuclear Power Corporation, Bombay 

Engineer-in-Chief’s Branch, Army Headquarters. New Delhi 

Structural Engineering Research Centre ( CSIR ); Madras 

Central Public Works Department, New Delhi 
!l 

In personal capacity ( B-7150 Safdarjung Development Area, New Delhi ) 
Director General, BIS ( Ex-o&i0 Member ) 

Member-Secretary 

SHRI S. S. SETHI 
Director ( Civ Engg ), BIS 

11 



. 

Standard Mark 
The use of the Standard Mark is governed by the provisions of the Bureau of Indian 

Standards Act, 1986 and the Rules and Regulations made thereunder. The Standard Mark on 
products covered by an Indian Standard conveys the assurance that they have been 
produced to comply with the requirements of that standard under a well defined system of 
inspectian, testing and quality control which is devised and supervised by BIS and operated 
by the producer. Standard marked products are also continuously checked by BIS for con- 
formity to that standard as a further safeguard. Details of conditions under which a licence 
for the use of the Standard Mark may be granted to manufacturers or producers may be 
obtained from the Bureau of Indian Standards. 



Bureau of ludiM Staududs 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote’ 
harmonious development of the activities of standardization, marking and quality certification of . 
goods and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any 
form without the prior permission in writing of BIS. This does not preclude the free use, in the course of 
implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. 
Enquiries relating to copyright be addressed to the Director ( Publications ), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also 
reviewed periodically; a standard along with amendments is reaffirmed when such review indicates that 
no changes are needed; if the review indicates that changes are needed, it is taken up for revision. 
Users of Indian Standards should ascertain that they are in possession of the latest amendments or 
edition by referring to the latest issue of ‘BIS Handbook’ and Standards Monthly Addition-s’. 
Comments on this Indian Standard may be sent to BIS giving the following reference: 

Dot : No. CED 39 ( 5269 ) 
I* 

’ ?’ 

AmendmenWIssued Since Publication 

Amend No. Date of Issue 
. 

, Text Affected 

BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 
Telephones : 331 01 31, 331 13 75 

Telegrams : Manaksanstha 
( Common to all of&es ) 

Regional Offices : 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg 
NEW DELHI, 110002 

Eastern : l/14 C. I. T. Scheme VII M, V. I. P. Road, Maniktola 
CALCUTTA 700054 

Northern : SC0 445-446, Sector 35-C, CHANDIGARH 160036 

Southern : C. I. T. Campus, IV Cross Road, MADRAS 600113 

Telephone 

- ( 01 31 
F’ i. 

321 
431 13 75 

37 84 99, 37 85 61 
37 86 26, 37 86 62 

I 53 38 43, 53 16 40 
53 23 84 

235 02 16, 235 04 42 
235 15 19, 235 23 15 

Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) 632 92 95, 632 78 58 
BOMBAY 400093 632 78 91, 632 78 92 

Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. 
COIMBATORE. FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. 
IAIPUR. KANPUR. LUCKNOW. PATNA. THIRUVANANTHAPURAM. 



. 

AMENDMENT NO. 1 JANUARY 1996 

I§ 13828 : 1993 IMP::VING EARTHQUAKE 
RESISTANCE OF LOW STRENGTH MASONRY 

BUILDINGS - GUIDELINES 

( Second cover page, Foreword, para 2, line 10 ) - Add ‘and 1993’ after 
‘in 1976’. 

( Page 1, clause 1.1 .l ) -Substitute the following for the existing clause: 

“1.1.1 The provisions of this standard are applicable in all seismic zones. No 
special provisions are considered necessary for buildings in seismic zones I and 
II if cement-sand mortar not leaner than 1 : 6 is used in masonry and ‘through’ 
stones or bonding elements are used in stone walls.” 

(Page 1, clause 2 ) - Substitute ‘1597 (Part 1) : 1992’ for ‘1597 (Part 1) : 
1967’ and ‘1904 : 1986’for ‘1904 : 1984’. 

( Page 3, Tuble 1, coZ2 ) - Substitute ‘less than OLt.5’ for the existing matter 
against category A and ‘bpai to or more than 0.12’ for the existing matter against 
category E. 

(Page 3, clause 8.1.6, last line )-Substitute ‘1.5’for ‘15.’ 

( P6zge 4, ciause 8.3.1 ) - Substitute ‘IS 1597 (Part 1) : 1992’ for ‘IS 1597 
(Part 1) : 1967’. 

r 
(Page 6, Figure 4 ) - Substitute the following for the existing figure: 

t 



Amend No. 1 to IS 13828 : 1993 

(Page 6, Table 2 ) -Add the following matter after (iv) : 

‘v) Width of opening of ventilator b8, Max 1.50 mm 750 mm’ 

( Page 6, Figure 5 ) - Substitute the following for the existing figure: 

SECTION AT XX 

‘tv= Window Q = Tbickoess of cxmcrete ia jamb 
t = Wall thickness v = Vertical bar 
t: = Lintel thickness d = Diameter of reinforcing bars 

FIG. 5 STRJNGTHENING M&GQNRY AROUND OPENING 

( Page 6, Table 3 ) - Against building category A, delete 1 and 2 and 6, f 
in the first line and substitute in co1 2 ‘1, 2 and 3’ for ‘3’ in tbe second line as 
given below: 

(1) (2) (3) 

A 1,2aod3 b, c, f, g 

( Page 11 ) - Insert tbe composition of the Eatiquake Resistant 
Subcommittee, CED 39:l as follows:. 

‘Earthquake Resistant Construction Subcommittee, CED 39 : 1 

co-r Represeating 

DRA. S.ARYA In personal capacity ( 72/6 Civil&es, Rode) 
2 



Memhrs 

SW N. # BHAITACXARYA 

SW B. K. CHA~OLABORIY 
SHRI D. P. SINM (rQlti&) 

Sm D. N. GWXAL 

D~Smmu K JAW 
DR k S. R SAG (Alfanoie) 

SHRI M. P. LUSIPJGH 

JOINT I)iRKXOR STAMARDS 
(B&s) m-1 
Assn DIRECIW ( B 8r S ) CB-1 

(A&mate ) 

Amend No. 1 to IS 13828 : 1993 

Representing 

Engineer-in-Chief’s Branch, New Delhi 

Housing and Urban Development Corporation, New Delhi 

North Eastern Council, Shillong 

Indian IRFltute of Technology, Kattpur 

Central Buildings Research Institute, Roorkee 

Railway Board, Ministry of Railways 

Public Works Department, Govt of Himachal Pradesh, Shimla 

*Hindustan Prefab Limited, New Delhi 

National l3uildings Qrgaaeization, New Delhi 

University of Roo~kee, Department of Earthquake 
Engineering, Roorkee 

DR(MRS,P R. Bos~(Al~nnate) 

SfcHJG. M. SHocEmfli Public Waaks Ilcprlmmt, Jammu & Kashmir 

DR P. SRtNTvAsULtJ Structural Engineering Research Centre f CSIR ), Madras 

Da N. ~4KSNMA_VAN ( tikemclte ) 

§Mxl SUSRATA tc%AmAVAraW Public Works Department, Govermnent of Assam, Guwabati 

§:IPEM+~~FX~ EMXMZE~A ( DESCY) Public Works Department, Government of Gujmt 
r 

SLVE~DLWS~R~OR~F Centera! F’uMic Works Department, New Delhi 
WORKS (NDZ) 

slJPF.~~DlNG EMZNRFX (D) 
( Alfmtair ) 

(CED39) 
Reprography Unit, BIS, New Delhi, India 
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AMENDMENT NO. 2 APRIL 2002

IS 13828:1993 IMPi%’ING EARTHQUAKE
RESISTANCE OF LOW STRENGTH MASONRY

BUILDINGS — GUIDELINES

[ Pa<qe 1, clause 1.1.1 ( see also Amendment No. 1 ) ] — Substitute ‘zone
II” for ‘zones I and 11’

( Page 1, clause 3.6) — Substitute the following for the existing:

‘3.6 Seismic Zone and Seismic Coefficient

The seismic zones 11 to V as classified and the corresponding zone factors as
specified in 6.4.2 (Table 2) of IS 1893 (Part 1).’

( Page 1, clause 3.7) — Substitute the following for the existing:

‘3.7 Zone Factor (Z)

It is a factor to obtain the design spectrum depending on the perceived maximum
seismic risk characterized by maximum considered earthquake (MCE) in the
zone in which the structure is beak-d.’

( CED 39 )

ReprographyUnit, BIS, New Delhi, India
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What is Seismic Retrofitting?  
  
 
SEISMIC RETROFITTING  
A Seismic Retrofit provides existing structures with more resistance to seismic activity 
due to earthquakes. In buildings, this process typically includes strengthening weak 
connections found in roof to wall connections, continuity ties, shear walls and the roof 
diaphragm.  
 
In the past, building codes were less stringent compared to today’s standards, thus it is 
a good idea to inspect buildings constructed prior to 1998, as they were built prior to 
current structural codes/requirements (1997 UBC).  
 
Numerous types of structures may benefit from a seismic retrofit, including various 
building structures, bridges, dams, etc…This article emphasizes building structures 
only, including the following: 
 
Concrete Tilt-Up & Reinforced Masonry (CMU) – A seismic retrofit for these types of 
building generally includes adding roof to wall anchors, and continuity ties throughout 
the building. Sometimes due to the size and shape of the building, steel brace frames 
are added to the structure. The concrete tilt-up walls used in many commercial 
properties are very heavy and when they move in an earthquake, they exert a great 
deal of force. The main purpose of a seismic retrofit for these buildings is to keep the 
roof from pulling apart, especially at the perimeter.  
 
Un-reinforced Masonry (URM) – A seismic retrofit for this type of building typically 
requires adding roof to wall connections, continuity ties, and usually requires new 
plywood overlay at the roof. Usually there are too many openings or a large open 
storefront window, where it’s common to either fill in the smaller openings or install a 
moment frame to handle the shear loads. Some URM’s require a fix for their height over 
thickness of the wall. These walls can be strengthened with tube steel, gunite or epoxy 
fiber wrapping.  
 
Concrete Buildings 2+ stories – These buildings exert a great deal of force, due to the 
weight of the buildings. A seismic retrofit to these types of buildings typically includes a 
combination of concrete shear walls, gunite, column fiber wrapping, steel collectors, and 
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many other types of strengthening systems. The concept is the same as far as 
strengthening connections and adding shear strength.  
 
Soft Story Conditions or Tuck Under Apartment Buildings – These buildings have an 
open first floor (such as ground level parking or subterranean parking) and 2nd floor 
above (living or business quarters). These buildings perform poorly in an earthquake 
due to the shear or overturning that can occur. Strengthening these buildings usually 
includes adding a steel moment frame, concrete footing and drag lines to keep the 1st 
floor from rotating and collapsing. For apartments, shear walls are commonly added to 
the existing walls on the interior areas of the parking stalls.  
 
Seismic retrofitting is done for a variety of reasons, the most common being to ensure 
the safety and security of a building’s employees, machinery and inventory.  
 
SIX MORE REASONS TO SEISMIC RETROFIT 
  
 1. Marketability of a building is improved   

Buyers are attracted to the security a seismic retrofit provides to tenants. The 
number of potential lenders increases when the Probable Maximum Loss (PML) is 
low. More lenders can mean more buyers! (Not to mention, most lenders do not 
lend on a building with a PML over 20). 

 
 2. The risk of injury and legal litigation is reduced    

Owners can lose substantial amounts of money if it can be proven they were 
aware a building needed structural work, but had no plan in place to correct the 
problem. No amount of insurance coverage will probably cover successful litigation 
against negligence. A thorough seismic retrofit provides peace of mind and asset 
protection. 

 
 3. Earthquake coverage can be reduced   

A lower coverage cap can reduce premiums. (At this time, some insurance 
companies do not recognize the PML of a building).  

 
4. Lenders who request a PML of less than 20% are usually satisfied when a 
thorough and professional seismic retrofit has been completed. 

 
5. Insurance companies in the future may not write coverage for earthquakes 
due to past losses and other events. Rates have increased 3 to 6 times the rate 
charged since 2005!  
 

 6. Tenants who consider the operation of the building critical to the survivability of 
their businesses feel more secure and will remain in occupancy contracts for longer 
periods.  
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EXAMPLES OF THE SEISMIC RETROFIT PROCESS 
 
A seismic retrofit of a standard concrete tilt-up building with a panelized roof system 
begins with a set of engineering plans for the building.  A structural engineer and 
construction company experienced in seismic retrofits are essential to begin the 
process. 
  
**See next page for diagram**  
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A construction side of a seismic retrofit begins by setting up the hardware that will be 
required for the project. 
  

  
  
 Setting up above offices                                   A regularly scheduled safety meeting  
      

     
  
  
  
 
A thorough and professional seismic retrofit may include the installations 
illustrated on the following pages. 
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> Roof to wall anchorage  This includes Glue Laminated beams (GLB), steel girders, 
purlins and sub-purlins that are used where existing connections are weak and need 
added strength. 
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> Continuity ties across the building  These are usually rows of connections that go 
across a building at 24 feet on center.  
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 > Roof nailing  Specialized roof nailing can repair or prevent damage from roof 
condensation.  
  
        

      
 
 
  
If nailing from above is not practical, there are ways to accomplish that additional nailing 
from underneath buy using Simpson A35’s and screwing to the underside of the roof 
sheeting.  
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> Drag lines  are added if there is a reentrant corner (where part of the building offsets, 
recesses or sticks out of the plane of the structure).  
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> Brace frames or shear walls are added, usually when the length of a building is 
three times longer than its width.  
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Large brace frame connected to a roof drag line to distribute the forces.  
 
 

 
 
Bottom section of a brace frame in an existing office area.  
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> Cord plates are used if the walls are weak and need to be stronger in plane.  
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> Exterior steel is used to strengthen walls that are weak. 
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> Truss repair can be part of a seismic retrofit on a barrel truss roof.  
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> Venting the roofing system foil can greatly reduce the chance of condensation 
problems continuing or starting. Cutting back the foil approximately 3 inches from the 
ends lets the cavity breathe.  (If done in conjunction with a seismic retrofit work, costs 
for this work can be significantly reduced). 
  

 
 
(Notice the white corrosion formed on the sub purlin hanger)  
 

 
  
(Notice the rusting of the purlin hanger from condensation)  
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 > Equipment anchoring secures and protects valuable production assets.   
 
Four-way sway brace cables for                    Tank strapping to the concrete  
fire sprinkler piping.                                        floor with epoxy anchors  
 

   
 
 
Tube steel frame bolted to the                       Four-way sway bracing for piping  
concrete floor for tank containment.               systems.  
    

  
 
Protecting the operations of a business along with the building by equipment anchoring.  
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> Soft story retrofitting is done when a second story is the major structure, like an 
apartment complex built atop ground-level parking. Retrofitting includes installing new 
shear walls and footings, replacing existing support columns, continuity straps, stucco 
and paint.  
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Learning from Earthquake What is an Earthquake?

What is an Earthquake?

• Unpredictable natural phenomenon of vibration of the ground
• It becomes one of the most devastating natural hazard only if it’s
considered in relation with structures

Earthquakes ⇐⇒ Structures

«Of course, the problem is the structure under seismic excitation and not
the earthquake itself» Chopra A.K.
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Learning from Earthquake What is Earthquake Engineering?

What is Earthquake Engineering?

• The earthquake has begun to become a problem for humans since they
started to build structures

• The deaths and the damage to buildings that they cause have several
economic, social, psychological and even political effects

A general study of earthquakes involves many scientific disciplines that deal
with the problem:

Seismology ⇐⇒ Engineering ⇐⇒ Economy ⇐⇒ Psychology

Earthquake
Engineering

=⇒

Branch of engineering devoted to mitigating
earthquake hazards . It covers the
investigation and solutions of the problems
created by damaging structures.
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Learning from Earthquake Learning from past Earthquakes

History teaches...

Northridge (1994)
U.S.A. - Mw 6.7

Economic losses: 24 billions $
Deaths: 57
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Learning from Earthquake Learning from past Earthquakes

History teaches...

Kobe (1995)
Japan - Mw 6.9

Economic losses: 120 billions $
Deaths: 5500

Roberto Tomasi Nature of Earthquakes 11.05.2017 6 / 29



Learning from Earthquake Learning from past Earthquakes

History teaches...

L’Aquila (2009)
Italy - Mw 6.3

Economic losses: 4 billions $
Deaths: 286

Roberto Tomasi Nature of Earthquakes 11.05.2017 7 / 29



The Nature of Earthquakes Focal mechanisms and seismic waves

Elastic Rebound Theory

• Earthquakes are ground vibrations that are caused
mainly by the fracture of the crust of the earth or by the
sudden movement along an already existing fault.

• The fracture or the slippage emits large amounts of
energy in the form of seismic waves that travel through
the interior of the earth and cross the surface.

• Cracks along which rocks slip are called faults; they may
break through the ground surface, or remain deed within
the earth.

Elastic Rebound Theory

Roberto Tomasi Nature of Earthquakes 11.05.2017 8 / 29



The Nature of Earthquakes Focal mechanisms and seismic waves

The most common mechanisms

The most common mechanisms of earthquake sources are:
• Normal faults:The block

above the fault moves
down relative to the
block below the fault.
This fault motion is
caused by tension forces
and results in extension

• Reverse faults: The
block above the fault
moves up relative to the
block below the fault.
This fault motion is
caused by compression
forces and results in
shortening.
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The Nature of Earthquakes Focal mechanisms and seismic waves

The most common mechanism

The most common mechanisms of earthquake sources are:

• Strike-Slip faults: The
movement of blocks is
horizontal. This fault
motion is caused by
shearing forces.

• Oblique-Slip faults:
Oblique-slip faulting
suggests both dip-slip
faulting and strike-slip
faulting. It is caused by
a combination of
shearing and tension or
compressional forces.
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The Nature of Earthquakes Focal mechanisms and seismic waves

Seismic waves

• The location on a fault where slip first occours
is called the focus whereas the position directly
above it on the surface is called the epicentre.

• Focal depth is the distance between the focus
and the epicentre. The distance between a site
and the epicentre is called epicentral distance.

Seismic Waves

P or Primary S or Secondary Love Surface Rayleigh Surface
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The Nature of Earthquakes Plate tectonic theory

Plate tectonic theory

Where do earthquakes happen around the world. . .
• The stress increases where plates bump into each other, pulling away
from each other or past each other.

• Most earthquake occur along the edge of the oceanic and continental
plates.

Roberto Tomasi Nature of Earthquakes 11.05.2017 12 / 29



The Nature of Earthquakes Plate tectonic theory

Plate tectonic theory

Earthquake Events Map

California (USA)
and New Zealand
Transcurrent
horizontal zone

Chile and Japan
subduction zone
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The Nature of Earthquakes Seismic risk in the world

The nature of earthquakes

In Europe...

European Seismic Hazard Map
[Giardini, Wassner and Danciu, 2013]

• Most of earthquakes occurs in the
Mediterranean Area and in Iceland.

• The main reason of the high seismic
hazard in the Mediterranean Area is
the collision of the African and
EuroAsian plates .

Adriatic Microplate
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The Nature of Earthquakes Seismic risk in the world

The nature of earthquakes

...in Scandinavia and Italy
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Measuring Earthquake

Measuring earthquakes

The most widely accepted indicators of the size of an earthquake are its
magnitude and intensity.

Roberto Tomasi Nature of Earthquakes 11.05.2017 16 / 29



Measuring Earthquake Magnitude and Intensity

Magnitude and Intensity

Magnitude
• The magnitude is a measure of an earthquake in terms of released
energy.

• It does not depend on the epicentral distance or the building damages.
• The most popular at the present time are the Richter Scale, developed
by U.S. seismologist Charles Richter in 1935.

Class Richter Magnitude

Minor 3 - 3.9
Light 4 - 4.9

Moderate 5 - 5.9
Strong 6 - 6.9
Major 7 - 7.9
Great 8 or more
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Measuring Earthquake Magnitude and Intensity

Magnitude and Intensity

Magnitude

ML = log
A

A′

ML local magnitude

A seismic wave amplitude recorded b (µm) on standard Wood-Anderson
seismograph located at a epicentral distance of 100 km

A′ amplitude of the zero magnitude earthquake for the same distance (1
µm)

NB: in terms of energy, each whole number increase corresponds to an increase of about
31.6 times the amount of energy released!!!!
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Measuring Earthquake Magnitude and Intensity

Magnitude and Intensity

Intensity
• The assesment of earthquake intensity on a descriptive

scale depends on actual observations of earthquake
effects. Observation on the performance of builduing
structures, natural phenomena, and human perceptions
are essential for evaluating the earthquake intensity.

• It depends on the epicentral distance, local solil
conditions, geology and topography. In a typical case
the largest intensity is observed near the epicentre.

• The intensity scale consists of a series of certain key
respons such as awaking, movement of failure, damges
or total desctruction. On eof the most famous intenisity
scale developed to evaluate the effects of Earthquake is
the Modified Mercalli Intensity (MMI) Scale. It’s
composed by 12 levels of intensity.

• It does not have a mathematical basis. It is an arbitrary
ranking based on observed effects!!!!
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Measuring Earthquake Magnitude and Intensity

Magnitude and Intensity

Intensity
Levels of an Earthquake

I Instrumental Detected only by seismographs

II Feeble Noticed only by sensitive people

III Slight Resembling vibrations caused by heavy traffic

IV Moderate Felt by people walking; rocking of free standing objects

V Rather Strong Sleepers awakened and bells ring

VI Strong Trees sway, some damage from overturning and falling objects

VII Very Strong General alarm, cracking of walls

VIII Destructive Chimneys fall and there is some damage to buildings

IX Ruinous Ground begins to crack, houses begin to collapse and pipes reak

X Disastrous Ground badly cracked and many buildings are destroyed. There
are some landslides

XI Very Disastrous Few buildings remain standing; bridges and railways destroyed;
water, gas, electricity and telephones are out of action

XII Catastrophic Total destruction; shaking and distorsion of the ground
Roberto Tomasi Nature of Earthquakes 11.05.2017 20 / 29



Measuring Earthquake Magnitude and Intensity

Magnitude and Intensity

The major differences between Magnitude and Intensity are:

Magnitude

• Based on measuring the ground
motion with instruments
(seismographs)

• It’s a unique indicator of a size of
an earthquake. Each earthquake
is characterized with a single
value which indicates its
magnitude

• It’s a modern indicator. There are
not measures of historical
earthquakes.

Intensity

• Based on observations of
earthquake effects on building
structures and human perceptions

• It’s not a unique indicator of a
size of an earthquake. Each
earthquake is characterized with
various intensities, depending on
the location of a particular site
with respect to the epicentre

• It can be evaluated also for
historical earthquakes basing on
the analysis of written source.
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Measuring Earthquake Historical Earthquake

Historical Earthquake

Historical earthquakes

Basel, CH, 1356

Lisboa, PT, 1755

Oslo, NO, 1904

Amatrice, IT, 2016
Roberto Tomasi Nature of Earthquakes 11.05.2017 22 / 29



Characteristics of earthquakes

Characteristics of earthquakes

• Most Earthquakes are usually rather short in
duration, often lasting only a few seconds and
seldom more than a minute or so.

• Although the intensity of the the quake is
measured in terms of energy released at the
location of the ground fault, the critical effects
on the given structures is determined by the
ground movements at the location of the
structure. The effect of these movements is
affected mostly by the distance of the
structure from the epicentre, but they are also
influenced by the geological conditions directly
beneath the structure.
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Characteristics of earthquakes

Accelerogram

One of the most common representation is acceleration of the ground in
one horizontal direction plotted as a function of elapsed time.
How can we say if an accelerogram is hard for a structure?

Modenesi Tower, Italy
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Characteristics of earthquakes Parameters of the model

Accelerogram

How can we say if an accelerogram is hard for a structure?

⇓

• Peak Ground Acceleration
(PGA): The peak value in absolute
value terms

• Strong motion Duration:
Structural damage strongly depends
on the number of load cycles

• Fourier Spectrum: it constitutes
the representation of a time history
into the frequency domain and it’s
simply defined as the Fourier
Transform of the ground motion time
history. The description of the
frequency composition is known as the
analysis of its frequency content.
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Characteristics of earthquakes Parameters of the model

Accelerogram

How can we say if an accelerogram is hard for a structure?

⇓

⇒

• Acceleration Response
Spectrum: it is simply a plot of the
peak acceleration value of a series of
oscillators of varying natural
frequency, that are forced into motion
by the same ground motion. As we
see it may be considered the main tool
to evaluate seismic load.
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Seismic Risk

Seismic Risk

Seismic risk is defined as the potential economic, social and environmental
consequences of hazardous events that may occur in a specified period of
time.

R = H · V · E

Pa

Pe

U
A F

S

Po

Sa

Le sigle individuano isole
per le quali è necessaria
una valutazione ad hoc

Elaborazione: aprile 2004

(riferimento: Ordinanza PCM del 28 aprile 2006 n.3519, All.1b) 
espressa in termini di accelerazione massima del suolo

con probabilità di eccedenza del 10% in 50 anni
riferita a suoli rigidi (Vs  > 800 m/s; cat.A, punto 3.2.1 del D.M. 14.09.2005)30

ISTITUTO NAZIONALE DI GEOFISICA E VULCANOLOGIA 

km150100500

P

Mappa di pericolosità sismica del territorio nazionale

0.250 - 0.275
0.275 - 0.300

0.150 - 0.175
0.175 - 0.200
0.200 - 0.225
0.225 - 0.250

0.050 - 0.075
0.075 - 0.100
0.100 - 0.125
0.125 - 0.150

< 0.025 g
0.025 - 0.050

Hazard Vulnerability Exposure
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Seismic Risk

Seismic Risk

Hazard Occurrence of an earthquake of sufficient magnitude capable
of causing damage to the structures.

Vulnerability Damageability of the structures under action of the hazard;
weaker ones being more vulnerable.

Exposure Assessment of economical and social consequences. It’s a
count of the exposed system and their value.

How can we cut the seismic risk down?
• It is not possible to avoid or predict the occurrence of the earthquakes
• It is not possible to eliminate the presence of the man and the
structures

• It is possible to limit the earthquake effect (Vulnerability) carrying out
adequate RISK REDUCTION POLICIES
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Conclusions

Conclusions

• Earthquake is a unpredictable natural phenomenon, results of a sudden
release of energy.

• The nature of earthquakes can be explained by means of the plate
tectonic theory

• Magnitude and Intensity are the most widely accepted indicators for
the size of an earthquake.

• The severity of an earthquake may be analyzed by some parameters
(PGA, Duration, response Spectrum,. . . )

• Earthquakes do not kill people, unsafe structures do!!!!
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ESTIMATION

Estimation is the scientific way of working out the 
approximate cost of an engineering project before 
execution of the work.

It is totally different from calculation of the exact cost 
after completion of the project. 

Estimation requires a thorough Knowledge of the 
construction procedures and cost of materials & 
labour in addition to the skill , experience, foresight 
and good judgment.



ESTIMATE

An estimate of the cost of a construction job is the 
probable cost of that job as computed from plans and 
specifications.

 For a good estimate the, actual cost of the proposed 
work after completion should not differ by more then 5 
to 10 % from its approximate cost estimate, provided 
there are no unusual, unforeseen circumstances.



NEED FOR ESTIMATE
1. It help to work out the approximate cost of the project in order to 

decide its feasibility with respect to the cost and to ensure the 
financial resources, it the proposal is approved.

2.  Requirements of controlled materials, such as cement and steel can 
be estimated for making applications to the controlling authorities.

3. It is used for framing the tenders for the works and to check 
contractor’s work during and after the its execution for the 
purpose of making payments to the contractor. 

4. From quantities of different items of work calculated in detailed 
estimation, resources are allocated to different activities of the 
project and ultimately their durations and whole planning and 
scheduling of the project is carried out.



SITE CONDITIONS AFFECTING THE OVERALL COST

1 = Each type of work requires a different method of construction. 
Construction may be of an ordinary house or office and it may 
also be of a Dam, Tunnel, Multistory building, Airport, Bridge, or 
a Road, already in operation.  Each of these works requires 
totally different construction techniques, type of machinery, and 
formwork. 

2 = Quality of labour and labour output varies in different localities.

3 = Weather conditions greatly affect the output and, hence, the 

overall cost.



SITE CONDITIONS AFFECTING THE OVERALL COST (-ctd-)

4. Ground conditions vary and change the method of 
construction. For example, excavation may be dry, 
wet, hard, soft, shallow or deep requiring different 
efforts.

5. The work may be in open ground such as fields or it 
may be in congested areas such as near or on the 
public roads, necessitating extensive watching, 
lightening, and controlling efforts, etc.



SITE CONDITIONS AFFECTING THE OVERALL COST (-ctd-)

6. The source of availability of a sufficient supply of 
materials of good quality is also a factor.

7. The availability of construction machinery also 
affects the method of construction.

8. Access to the site must be reasonable. If the access 
is poor, temporary roads may be constructed.



ESSENTIAL QUALITIES OF A GOOD ESTIMATOR

• In preparing an estimate, the Estimator must have good 
knowledge regarding the important rules of quantity 
surveying. 

• He must thoroughly understand the drawings of the 
structure, for which he is going to prepare an estimate. 

• He must also be clearly informed about the specifications 
showing nature and classes of works and the materials to 
be used because the rates at which various types of works 
can be executed depend upon its specifications. 



ESSENTIAL QUALITIES OF A GOOD ESTIMATOR (-ctd-)

A good estimator of construction costs should possess the following capabilities, 
also:-

1 = A knowledge of the details of construction work.

2 = Experience in construction work.

3 = Having information regarding the materials required, machinery needed, 
overhead problems, and costs of all kinds.

4 = Good judgment with regard to different localities, different jobs and different 
workmen.

5 = Selection of a good method for preparing an estimate.

6 = Ability to be careful, thorough, hard working and accurate.

7 = Ability to collect, classify and evaluate data relating to estimation.

8 = Ability to visualize all the steps during the process of construction.



ESSENTIAL QUALITIES OF A GOOD ESTIMATOR (-ctd-)

 Before preparing the estimate, the estimator should visit the site and 
make a study of conditions, there. For example, if the construction of a large 
building is planned, the estimator or his representative should visit the site 
and:  

• Note the  location of the  proposed building.  

• Get all  data available regarding  the soil.

• Make a sketch of  the site showing all important details. 

• Obtain information concerning light,  power,  and water.  

• Secure  information concerning banking  facilities. 

• Note conditions of streets  leading to railway yards and to material dealers,  
and 

• Investigate general  efficiency of  local workman.



TYPES OF ESTIMATES

 There are two main types of estimates:-

1 = Rough cost estimate.

2 = Detailed estimate.

 Depending upon the purpose of estimate, some 
types of detailed estimate are as follows:-

a) Contractor's estimate

b) Engineer's estimate

c) Progress estimate



I = Rough cost estimate

• Estimation of cost before construction from plans or 
architectural drawings of the project scheme, when even 
detailed or structural design has not been carried out, is 
called Rough cost estimate.

• These estimates are used for obtaining Administrative 
Approval from the concerning Authorities.  

• Sometimes, on the basis of rough cost estimates, a proposal 
may be dropped altogether. 



Rough cost estimate (-ctd-)
• Unit cost is worked out for projects similar to the project under 

consideration carried out recently in nearly the same site conditions. 

• Unit cost means cost of execution of a unit quantity of the work. 



Rough cost estimate (-ctd-)
• To find rough cost of any project, this worked average unit cost is 

multiplied with total quantity of the present work in the same 
units. 

• For example, in case of a building, plinth area (sq. ft.) of the 
proposed building is worked out, which is then multiplied by the 
cost per unit area (Rs. /ft2) of similar building actually constructed 
in the near past in nearly the same site conditions, to find out the 
rough cost estimate of the building. 

• This cost is sometimes adjusted by the average percentage rise in 
the cost of materials and wages. 



Rough cost estimate

 The rough cost estimate may be prepared on the following basis for different 
types of projects:

1.    Cost per square foot of covered area (plinth area) is the most commonly 
adopted criterion for preparing rough cost estimate for most of the 
residential buildings.

2.    For public buildings, cost. Per person (cost per capita) is used. For 
example,

Students hostel———————-—cost per student

Hospitals————————————Cost per bed

Hotel—————————————Cost per Guest



Rough cost estimate (-ctd-)
3. Cost per cubic foot is particularly suitable for commercial offices, 

shopping centers, and factory buildings, etc.

4. For water tank/reservoir, cost may be worked out on the  basis  of 
capacity in gallons of water stored.

5. For roads and  railways, cost may be  found out  per mile/kilometer
of length.

6. For streets, cost may be per hundred feet/meters of length.

7. In case of bridges, cost per foot/meter of clear span may be 
calculated.



EXAMPLE

Calculate the total rough cost estimate and cost

per Flat for a multi-storey (4-storeyed) block

consisting of 40 residential flats. Other details are

given in the table:



Sr. No PORTION AREA

(sq. ft)

UNIT COST (Rs./sq.ft.)

Building

Works

Sanitory

Works

Electric

Services

Sui Gas

Services

1 Main Flat Area

(i) Ground Floor

(ii) Ist Floor

(iii) 2nd Floor

(iv) 3rd Floor

20030

20030

20030

20030

1800

1500

1650

1800

130

130

130

130

100

100

100

100

60

60

60

60

2 Park Area at G. Floor 75,800 800 -------- 40 -------

3 Circulation Area in all 

4 floors

1936 1050 -------- 70 -------

4 Covered Shopping 

Area at G. Floor

920 950 -------- 70 -------

5 Attached Servant 

Quarters

2112 1150 55 70 40



Add the following costs as Lump Sum :

1- Road and Walkways =  15,00,000/-

2- Land Scapping = 12,00,000/-

3- External Sewerage = 7,00,000/-

4- External Water Supply, Overhead and Underground Water 
Tanks with pumping machinery for each set of Flats  =  
19,00,000/-

5- External Electricity = 3,00,000/-

6- Boundary Wall = 6,00,000/-

7- Miscellaneous unforeseen items 

= 8,00,000/-

8- Add 6 % development charges.

9- Add 3 % consultancy charges 



EXAMPLE 2
• Prepare a Rough-cost Estimate of a residential building project with a total 

plinth area of all building of 1500 sq.m. given that:

• linth Area Rate   =  Rs: 950.00  / sq. ft.

• Extra for special architectural treatment   =  1.5 % of the buiding cost.

• Extra for water supply and sanitary installations  =  5 % of the building cost.

• Extra for internal installations  =  14 % of the buiding cost

• Extra for Electric & Sui gas services  =  16 % of buiding cost

• Contigencies  3 % overall

• Supervision charges  =  8 % overall

• Design charges  =  2 % overall



EXAMPLE 3
• Prepare a Rough-cost Estimate based on unit costs of per unit plinth 

area basis of a four storeyed office building having a carpet area of 
2000 sq.m. for obtaining the administrative approval of the 
Government. It may be assumed that 30 % of the built up area will be 
taken by the corridors, verandas, lavatories, staircase, etc. and 10 % of 
built up area will be occupied by walls. The following data is given:

• Plinth Area Rate   =  Rs: 1100.00 / sq. ft.

• Extra for special architectural treatment   =  0.5 % of the buiding cost.

• Extra for water supply and sanitary installations  =  6 % of the building 
cost.



Example 3

• Extra for internal installations  =  14 % of the buiding cost

• Extra for electric services  =  12.5 % of buiding cost

• Extra for sui gas services  =  6 % of buiding cost

• Extra due to deep foundations at site =  1.0 % of buiding cost

• Contigencies  = 2.5 % overall

• Supervision charges  =  8 % overall

• Design charges  =  2.5 % overall



Example 4

• Prepare a Rough-cost Estimate for obtaining the administrative approval 
of the Government for a hospital project to serve both indoor and 
outdoor patiesnts in an important rural area. The hospital will consist of 
the following:

• Main administrative office with dispensing operations, etc.

• Two general wards, each of 20 general beds.

• Superintendent Doctor’s Residence.

• Two Assistant Doctor’s Residences.

• Eight single Nurses Quarters.

• Four Compounder’s Quarters.

• Twelve lower staff’s Quarters.



DETAILED ESTIMATE

• Detailed estimates are prepared by carefully and separately 
calculating in detail the costs of various items of the work that 
constitute the whole project from the detailed working 
drawings after the design has been finalized. 

• The mistakes, if any, in the rough cost estimate are eliminated in 
the detailed estimate.  

• Detailed estimates are submitted to the competent authorities 
for obtaining technical sanction.



DETAILED ESTIMATE

• The whole project is sub-divided into different items of work or 
activities. The quantity for each item is then calculated 
separately from the drawings as accurately as possible. The 
procedure is known as "taking out of quantities".

• The quantities for each item may be estimated and shown in 
the pattern which is called "Bill of quantities."

• The unit, in which each item of the wok is to be calculated, 
should be according to the prevailing practice as followed in 
various departments of the country.



BILL OF QUANTITIES

Sr. No
Description

of item

No Measurements Quantity Total 

Quantity

Remarks

Length Breadth Height



PRICED BILL OF QUANTITIES

Sr. No. Description of Item Unit Quantity Rate Cost Remarks



DETAILED ESTIMATE

• Each item of the work is then multiplied by its estimated current rate 
calculated by a fixed procedure to find out cost of the item. 

• At the end, a total of all items of the work are made to get the total 
estimated cost.

• The rates are usually as per Schedule of Rates for the locality plus a 
premium to allow for rise in labor and material rates over and above 
the schedule of rates. 

• A percentage, usually 5% is also provided on the total estimated cost 
for the work to allow for the possible contingencies due to 
unforeseen items or expenditure or other causes, besides 2% 
establishment charges.



DETAILED ESTIMATE

 Besides drawings and details of measurements and calculation of 
quantities (Bill of Quantities), the following documents are also usually 
submitted with the detailed estimate for obtaining Technical Sanction:

1. A report explaining History, necessity, scope and main features of the 
project, its design, and estimate, etc.

2. Specifications lying down the nature and class of work and material to 
be used in various parts of the work.

3. The abstract of cost (priced Bill of Quantities) showing the total 
quantities under each sub-head, rate per unit of measurement, and 
cost.

4. Calculation sheets showing calculations for important parts of the 
structure.  In fact, in estimating the art and skill lies only in the 
computation of details without any omissions, of all parts of the 
building or work.



CLASSIFICATION DEPENDING UPON PURPOSE OF 
DETAILED ESTIMATE

1- CONTRACTOR ESTIMATE

It is made by the contractor for determining the price or 
prices to be bid. 

It is usually a carefully prepared detailed estimate.

2- ENGINEER’S ESTIMATE

This type of estimate is made by the Engineer (Consultant) 
usually for the purposes of financing the work and for 
checking bids and running bills submitted  by contractors.



3- PROGRESS ESTIMATES

• These are made by the Engineer at regular intervals 
for the completed parts of the project during the 
progress of the work for determining the amounts 
of partial payments to be made to the contractor.  

• On large contracts, such estimates are commonly 
made each month and, hence, are frequently called 
monthly estimates.



UNFORESEEN ITEMS IN DETAILED ESTIMATE 

• While preparing a detailed estimate, one had to be very 
careful to see that all items of the work are incorporated. 

• It is likely that a few Items, though unimportant in nature, 
might have been overlooked and which may result in 
raising the estimate of the project. 

• There may be also certain unforeseen circumstances 
affecting the project.  

• Hence, a certain allowance usually 5 to 10% of the total 
cost, is made in the estimation which will take care of all 
these items that are unforeseen or are overlooked and are 
known as "Contingencies".



METHODS OF DETAILED ESTIMATE

• The dimensions, length, breadth and height or depth are to be taken 
out from the working drawings (plan, elevation and section). 

• Junctions of walls, corners and the meeting points of walls require 
special attention. 

• For symmetrical footings, which is the usual case, earthwork in 
excavation in foundations, foundation concrete, brickwork in 
foundation and plinth, and brickwork in superstructure may be 
estimated by either of the two methods:

(1) SEPARATE OR INDIVIDUAL WALL METHOD
(2) CENTER LINE METHOD



SEPARATE OR INDIVIDUAL WALLS METHOD

• The walls running in one direction are termed as "long 
walls” and the walls running in the transverse direction, as 
"Short waLls", without keeping in mind which wall is lesser 
in length and which wall is greater in length. 

• Lengths of long walls are measured or found  "Out-to out"
and those of short walls as "In-to-in".

• Different quantities are calculated by multiplying the length 
by the breadth and the height of the wall. 

• The same rule applies to the excavation in foundation, to 
concrete bed in foundation, D.P.C., masonry in foundation 
and super structure etc.



SEPARATE OR INDIVIDUAL WALLS METHOD

• For symmetrical footing on either side, the center line 
remains same for super structure, foundation and plinth. 
So, the simple method is to find out the centre-to-centre 
lengths of long walls and short walls from the plan.

• Long wall length out-to-out

= Center to center length + half breadth on one Side + half 
breadth on other side.

= Center to center length + one breadth

• Short wall length in-to-in = Center to Center length - one 
breadth.



SEPARATE OR INDIVIDUAL WALLS METHOD

This method can also be worked out in a quicker way., as follows:

 For long walls

• First of all, find the length of the foundation trench of the long wall “out-to-out”
in  the same manner as explained above. 

• The length of the foundation concrete is the same. 
• For the length of the first footing or first step of  the brick wall, subtract two 

offsets (2x6"=12") in foundation concrete from the length of the trench or 
concrete.  

• For the second footing subtract from the length of the 1st footing two offsets 
(2x2.25"= 4.5"), for 3rd footing subtract from the length of the 2nd footing 2 
offsets  (4.5") and in this way deal with the long walls up to the super-structure.   

 For short walls

Follow he same method but instead of subtracting add two offsets to get the 
corresponding lengths in-to-in. 



Foundation

Trench

1  Breadth
2

1 Breadth
2



CENTRE LINE METHOD

• In this method, total length of centre lines of walls, long and short, 
has to be found out. 

• Find the total length of centre lines of walls of same type, having 
same type of foundations and footings and then find the quantities 
by multiplying the total centre length by the respective breadth and 
the height. 

• In this method, the length will remain the same for excavation in 
foundations, for concrete in foundations, for all footings, and for 
superstructure (with slight difference when there are cross walls or 
number of junctions). 

• This method is quicker but requires special attention and 
considerations at the junctions, meeting points of partition or cross 
walls. 



CENTRE LINE METHOD

• For rectangular, circular polygonal (hexagonal, octagonal 
etc) buildings having no inter or cross walls, this method is 
quite simple. 

• For buildings having cross or partition walls, for every 
junction, half breadth of the respective item or footing is to 
be deducted from the total centre length.  

• Thus in the case of a building with one partition wall or 
cross wall having two junctions, deduct one breadth of the 
respective item of work from the total centre length. 





CENTRE LINE METHOD

• For buildings having different types of walls, each set of walls shall have to be 
dealt separately. 

• Find the total centre length of all walls of one type and proceed in the same 
manner as described above. Similarly find the total centre length of walls of 
second type and deal this separately, and so on. 

• Suppose the outer walls (main walls) are of A type and inner cross walls are of B 
type. 

• Then all A type walls shall be taken jointly first, and then all B type walls shall be 
taken together separately.

• In such cases, no deduction of any kind need be made for A type walls, but when 
B type walls are taken, for each junction deduction of half breadth of A type walls 
(main Walls) shall have to be made from the total centre length of B type walls.



CENTRE LINE METHOD

• At corners of the building where two walls are 
meeting, no subtraction or addition is required. 

• In the figure, the double cross-hatched areas marked 
P,Q,R, & S come twice, while blank areas, A,B,C, & D 
do not come at all, but these portions being equal in 
magnitude, we get the correct quantity.





Estimating & Tendering



Estimating work involves dealing with

• Measurements and quantities

• Pricing and rates

• Subcontract packages

• Tender preparation 



Types of contract

-Lump Sum or Hard Money contracts

-Cost plus %-age contracts

-Cost plus fixed fee contracts



TERMINOLOGY

Provisional Cost sum, is a cost to supply and fix an item

Prime cost item, is the price for supply only



Example 1

A $10 000 PC sum was allowed for A/C in the contract.  The 
actual cost ended up being $8 500, so the client gets a $1 500 
refund.

Example 2

A $10 000 PC sum was allowed in the contract.  Actual cost was 
$11 500.  Charge the client the extra $1 500 plus your margin 
of say 10-%, a total of $1 650.

Example 3

$35/m2 for a 100 m2 tiled floor was allowed in the contract.  If 
the tiles the client chose cost $30/m2, the client gets a refund 
of $5/m2 x 100 m2 = $500.



More Terminology

Client Contingencies:  This is an amount set into the contract to 
cover an unknown amount of work.  Say you allow $10 000 for 
excavating through rock.  At the completion of the contract 
the contractor must accurately account for the actual costs 
and offset it against the allowance made.

Contractor Contingencies:  Contractors can use contingency 
allowance for unknown events that they are contractually 
bound for.  In this instance it covers the contractors risk and 
can be a %-age on the contract value and dependant on how 
risky you think the job is.  If the contingency is not used, it is 
not returned to the client but increases the contractor’s 
profit. 



Factors to consider when tendering

- How much work have you already got on?  Do you want or 
need more work?

- Can you handle more work and is it going to be profitable?

- Are you technically and financially capable?

- Who is the client or Architect?  Good to work with?

- How many tenderers are there likely to be?

- Who is the main competition?  Are they desperate for work?

- What are your chances of success?



EARTHWORKS

Demolition?

Clearing and levelling the site

Setting out new buildings

Excavating for footings



Minor demolition example

Estimate:

Machine hire: 20 hrs @ $60/hr =   $1 200

Labour: 1 person 20 hrs @ $25/hr = $500

Truck hire: 15 hrs @ $50/hr =             $750

Dumping fees: 85 ton @ $8/ton = $680

Total = $3 130 



Terminology

A Foundation is the prepared soil that you are going to start 
building on

A Footing is usually made from reinforced concrete and is the 
first thing you build upon that foundation



ESTIMATING SHEET

Project: Estimator:

Location: Extended 

Date: Sheet No. of Form 1/A

Description Unit Quantity Rate Estimate



Example – raft slab footing

5 x 5 m in plan with 500 x 300 mm beams around the perimeter 
and a 100 mm thick slab.  Edge rebate for brickwork.

86                                      100

120

150

500

300                 150



TRENCHING incl edge form

Description                                  Unit     Qty      Rate      $

Setting out: 1 person ½ day       hr           4         30       120

Backhoe 1 day                              hr            8         55       440

Clear site to 150 mm                  m2         25        25       625

Labour: 2 persons 1 day              hr          16        30       480

Spoil removal 6.8 m3                  ton         11        11 121

Total to summary                                   $1 786



CONCRETE placement and finishing

Description                                  Unit     Qty      Rate      $

Labour 2 persons 1 day                 hr       16         30      480 

Concrete pump*                           No.         1       350     350

Vibrator (own)                                No.        1           - -

Miscellaneous                                                                    100

Total to summary                                       $930

• Due to limited site access

Concrete supply                           m3        6        120   $720



Quantity of concrete  (Use centre lines to measure)
5000 mm

5000 – 2 x 60 = 4 880
5000 – 2 x 150 = 4 700

5000 – 2 x 300 = 4 400
5000 – 2 x 350 = 4 300

86
100

120
150

500
Slab:       4.4 x 4.4 x 0.1 =                     1.94 m3
Beam:     0.3 x 0.5 x 4.7 x 4 =              2.82 m3
Wedge:  0.15 x 0.15 x 0.5 x 4.3 x 4 = 0.19 m3
Rebate: -0.12 x 0.086 x 4.88 x 4 =    -0.20 m3

4.75 m3
Add 20%    0.95 m3            

5.7 m3
300                    150                                                                       Say 6 m3     



REINFORCING

Description                                  Unit     Qty      Rate      $

Reo bars 6 Y16

20 lm x 6 + 20% lap/waste          lm       144      2.80    403

Ligatures pre-fab W10

@ 0.6 m cts. 20/0.6 + 20%          No.      40        2.50   100

Fabric F72 to slab

5 x 5 = 25m2 + 20% laps              m2       31         5.50  171

Chairs and ties                             item       1           50       50

DPM 100 x 2 m roll                       No.        1           86 86

Total to summary                                $810

Labour 2 persons 1 day                 hr       16          30     $480



SUMMARY

Labour

Trenching          $1 786

Reo                         $480

Concrete               $930

Material

Reo                         $810

Concrete                $720

Total $4 726



Example – Carpentry

Say we have a four walled room 5 x 5 m with 2.7 m high walls.  
All timber is 70 x 35 pine with studs at 600 mm c/c.

Description                                      Unit   Qty      Rate        $

70x35 top and bottom plates       lm        41       2.60       107

70x35 studs 38@2.7                       lm     103        2.60      268

70x35 noggins    4@5.1                  lm       21        2.60        54

Damp Proof Course roll                  No.       1       21.50       22

Nails and Dynabolts                        item                                20

First fix carpenters 2p x 2 day        hr        32      35.00   1120

Miscellaneous                                                                     100

Total to summary                                $1 691   



How many bricks per square metre of wall?

Standard brick size 230 x 76 mm

Mortar joints nominally 10 mm

Area taken up by one brick is 0.240 x 0.086 = 0.2064 m2

We get 1/0.02064 = 48.45 bricks/m2

For small areas round off to 50/m2 and add a %-age for waste



Tendering process

- Ensuring that you are invited to tender, if that is limited

- Taking the tender documents, which consist of drawing, 
specifications and sometimes a bill of quantities, and breaking 
them down into packages.  These packages must be 
appropriate for your subcontractors to bid for.

- Inviting subcontractors to bid and evaluating the bids.

- Adding up all construction costs plus the preliminaries or 
overheads plus your margin to form the tender price.

- Finally, you need to submit the tender as per the instructions, 
and don’t be late!




	RAKESH KUMAR.
	 to determine whether compression steel is required.

	DIFFERENT METHODS OF DESIGN OF CONCRETE
	LIMIT STATE METHOD OF DESIGN
	TYPES OF REINFORCED CONCRETE BEAMS
	STRESS BLOCK PARAMETERS
	MAXIMUM DEPTH OF NEUTRAL AXIS
	MAXIMUM DEPTH OF NEUTRAL AXIS (1)
	LIMITING MOMENT OF RESISTANCE VALUES, N MM
	 Analysis of section
	 Design of a section



