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Course Learing Outcome (CLO’s) 

Sr. No. Objective 

1 Understand the general behavior of concrete 

2 Strength and durability issues in concrete 

3 Repair and strengthening of concrete structures 
using innovative materials 

4 Destructive and Non destructive testing of 
concrete 



Significance of proper material selection  
• Structural engineering depends on the knowledge of 

materials and their properties, in order to understand how 
different materials support and resist loads. 

Selection criteria:  

• Component function,  

• Objective and 

• Constraints  

• Due to the large variety of materials, selection of materials for 
a given job may be a challenging task.  

• If the selection process is not rigorous, the designer may opt 
for an inappropriate material or overlook an attractive 
alternative material.  

• Utilising systematic materials selection processes is therefore 
essential. 3 
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Significance of proper material selection  

4 

• The two key steps in 
materials selection are 
screening and ranking. 
The former enables to 
quickly narrow the field 
of possible materials to 
a manageable few while 
the latter narrows the 
choices further and 
then evaluates and 
ranks the choices to 
identify the optimal 
material(s). 
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Factors Determining the Choice of Proper Material 
for a Structure 

Strength, rigidity & Durability Requirements 

– Permanent loading → Creep Strength 

– Repeated loading → Fatique Strength 

– Impact loading → Toughness & Resilience 

– Surface loading → Hardness & Resistance to 

abrasion 

Environmental Requirements 

– Temperature change → coefficient of thermal 

conductivity 

– Moisture movement → permeability 

– Chemical effects → chemical composition 



 

 

Economy. 

• Choose the cheaper & available materials 

considering; 

– Initial cost 

– Useful life 

– Frequency of maintenance 

– Cost of maintenance 

– Salvage value (damaged value) 

– Comfortability  

Factors Determining the Choice of Proper Material 
for a Structure 
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General Properties of Civil Engineering 
Materials 

• Physical ** 

• Mechanical ** 

• Chemical 

• Other  

– Thermal, Acoustical, Optical, Electrical 

 

** Most CE Applications Focus on Physical & Mechanical 
Properties 
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Physical Properties 
• Properties of physical structure 

– density 

– specific gravity 

– porosity 

– permeability 
 

– surface energy 

– texture (micro, macro) 

– other (color, thermal 
expansion, shape) 



Mechanical Properties 
• Resistance to applied loads (stress) initially 

& over time 

– stiffness 

– strength 

– fracture / yielding 

   (brittle / ductile) 

 

 

– tension 

– compression 

– flexure (bending) 

– torsion 

– direct shear 

– multiaxial 



Chemical Properties 

• Chemical composition, potential reaction with 
environment 

– oxide content 

– carbonate content 

– acidity, alkalinity 

– resistance to corrosion 



Properties of materials are determined by  

• Laboratory testing  

• Field testing.  

 

To avoid inconsistencies in test results 
STANDARDS are devised which describe the test 
apparatus and the procedure. 

Determining the Properties of Civil Engineering 
Materials 



Items usually standardized in a test are: 

• Obtaining test specimens and number of specimens 

• Size and shape of the specimen 

• Preparation of specimens for testing 

• Temperature & moisture during preparation & testing 

• Type of machinery 

• Rate of loading 

• Interpretation of test results 

• Writing a report 





Concrete Technology, Infra-structure development  
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Advantages of Concrete: Concrete is the second most 

consumed material after water and it shapes the built 

environment. An estimated 25 billion tonnes of concrete 

are manufactured every year. Concrete has many 

environmental advantages, including durability, longevity, 

heat storage capability, and chemical inertness.  

• Ability to be Cast  

• Fire resistant  

• On-site fabrication  

• Aesthetic properties.  

• The raw materials used in cement production are widely 

available in great quantities.  

• Needs little or no finish or final treatments. 
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Advantages of Concrete  

• Chemically inert concrete doesn't require paint 

to achieve a given colour; natural -mineral 

pigments and colouring agents can be added at 

the mixing to provide a rainbow of options. 

• Low maintenance.  

• Can be reused or recycled.  

• Concrete can be reused with bituminous asphalt 

as road base materials, can be recycled and 

reused by crushing into aggregates for new 

concrete or as fill material for road beds or site 

works.  
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Limitations of Concrete  

• Low tensile strength  

• Low ductility  

• Volume instability  

• Low strength-to-weight ratio  

 

Progress in Concrete Technology  

• Lightweight Concrete  

• High-Strength Concrete  

• High Workability or Flowing Concrete  

• Shrinkage Compensating Concrete  

• Fiber-Reinforced Concrete  

• Concrete Containing polymers 

• Heavyweight Concrete  

• High density concrete etc 
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Investigation of concrete structures 

20 

Utility of the investigation: 
 Concrete is generally investigated at different sub-division 
levels. when we want to numerically model the concrete then micro, 
meso or macro level models can be considered depending upon the 
purpose of modeling to investigate which aspect of its properties to 
be considered as relevant properties are to be given / incorporated 
to the model program. 
 
3-levels of investigation: 
• Micro level:  
 Here we take in to account the micro-structure of the cement paste and  

the interaction between the cement particles and water and / or admixtures. It 
may consist of (i) Unhydrated cement particles (ii) C-S-H Gel (iii) CH and (iv) Gel 
pores. Actually the micro-structure is heterogeneous (diversity in the type, size, 
amount, and distribution of phases present in solid constituent) so, this can’t be 
modeled easily but its knowledge and relationship b/w individual components is 
necessary to control the properties of concrete.     
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The term microstructure is used for the microscopically magnified 
portion of a macrostructure. 

• Progress in the field of materials has resulted primarily from 

recognition of the principle that the properties of a material 

originate from its internal structure. 

•  The properties can be modified by making suitable changes in 

the structure of a material. 

• The gross elements of the structure of a material can readily be 

seen, whereas the finer elements are usually resolved with the 

help of a microscope.  

Investigation of concrete structures 
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 Meso level:  
 Here concrete cracks, coarse and fine aggregate particles, 
other inclusions like powder, Cement matrix and ITZ (Zone / layer / 
boundary b/w the matrix and coarse aggregates)etc. are 
considered.  
 
• Importance of ITZ is realized w.r.t  tensile strength, compressive 

and bond strength. ITZ is the weakest zone and is looser than 
that of the binder paste mass and its strength is lower. Under 
the action of external force, fracture commonly initiates from 
inside of this zone. 

   
 

 

Investigation of concrete structures 
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Investigation level 

23 

 Macro level: 

• Concrete is treated as a continuum and is taken as homogeneous 

entity.  

• The term macrostructure is generally used for the gross 

structure, visible to the human eye.  

• The limit of resolution of the unaided human eye is 

approximately one-fifth of a millimiter (200 μm). 
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(Attrition: A reduction or decrease in size or strength) 









(A Greek island in the 

Mediterranean) 



A city of southern France 



Calcining: To reduce, oxidize, or desiccate 

by roasting or exposing to strong heat. 

Hydraulic lime is a general term for varieties of lime (calcium oxide), or slaked lime (calcium 

hydroxide), used to make lime mortar which set through hydration: thus they are called hydraulic. 



A building in Rome, Italy, 



Evolution of Cement 
STAGE 1 : materials used before invention of cement: 

    Clay (calcium silicate) 

    Calcined Gypsum mortar (calcium sulphated-hidrate) 

    Mixture of lime (CaCo3) sand and water 

 

 

STAGE 2 : Invention of Pozzolanic-cement 

Romans were the 1st  ones who developed a cement by mixing of slaked lime 

with Pozzolan, a volcanic ash from Mount Vesuvius. This cement was called 

as ‘Pozzolanic cement‘ and was capable of hardening underwater. 

 

STAGE 3 : Invention of Portland cement 

Joseph Aspdin, a mason produced a material by firing finely  ground clay 

and limestone until the clay was calcined. He named it as‘ Portland cement 

in1824 
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Evolution of Cement 
STAGE 4 : Development of Portland cement 

 

In1845 ,Isaac Johnson made the first modern Portland cement by firing 

a mixture of chalk and clay at much higher temperatures 

 

STAGE 5 : Invention of different types of Cement 

 

As cement industry went on developing, many different types 

of cements with different chemical properties were started to be 

manufactured for variety of uses. 
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PRODUCTION STEPS 
1) Raw materials are crushed, screened & stockpiled. 
2) Raw materials are mixed with definite proportions to obtain 

“raw mix”. They are mixed either dry (dry mixing) or by water 
(wet mixing).  

3) Prepared raw mix is fed into the rotary kiln. 
 

4) As the materials pass through the kiln their temperature is 
raised upto 1300-1600 °C. The process of heating is named as 
“burning”. The output is known as “clinker” which is 0.15-5 
cm in diameter. 

5) Clinker is cooled & stored. 
 

6) Clinker is ground with gypsum (3-6%) to adjust setting time. 
 

7) Packing & marketting. 
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CEMENT SILOS 









Cement Ingredients 

The main features of these Cement ingredients along with their functions and 

usefulness or harmfulness are given below: 

Function of Lime: Lime is calcium oxide or calcium hydroxide. 

 Presence of lime in a sufficient quantity is required to form silicates and   

 aluminates of calcium. 

Deficiency in lime reduces the strength of cement. 

Deficiency in lime causes cement to set quickly. 

Excess lime make cement unsound. 

Excessive presence of lime cause cement to expand and disintegrate.  

Silica: Silicon Di-oxide is known as Silica, chemical formula SiO2. 

Sufficient quantity of silica should be present in cement to dicalcium and 

tricalcium silicate. 

Silica imparts strength to cement. 

Silica usually present to the extent of about 30 percent cement.  

Alumina: Alumina is  Alumina oxide Chemical formula is Al2O3. 

Alumina imparts quick setting property to the cement. 

Clinkering temperature is lowered by the presence of requisite quantity of 

alumina. 

Excess alumina weaken the cement.  
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Magnesia: Magnesium Oxide. Chemical formula is MgO. 

Magnesia should not be present more than 2% in cement. 

Excess magnesia will reduce the strength of the cement.  

Iron oxide: Chemical formula is Fe2O3. 

Iron oxide imparts color to cement. 

It acts as a flux. 

At a very high temperature it imparts into chemical reaction with calcium and 

aluminum to form tricalcium aluminoferrite. 

Tricalcium aluminoferrite imparts Hardness and strength to cement.  

Calcium Sulfate: Chemical formula is CaSO4 

. 

This is present in cement in the form of gypsum(CaSO4.2H2O) 

It slows down or retards the setting action of cement.  

Sulfur Trioxide: Chemical formula is SO3 

. 

Should not be present more than 2%. 

Excess Sulfur Trioxide causes cement to unsound.  

Alkaline:  

 

Should not be present more than 1%. 

Excess Alkaline matter causes efflorescence. 
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(Characteristics)  









Chemical reactions with water 
(Hydration of Cement) 

• As water comes in contact with cement particles, 
hydration reactions immediately starts at the surface 
of the particles to form new compounds that are the 
infrastructure of the hardened cement paste in 
concrete. The rate of hydration is controlled by 
fineness of cement. For a rapid rate of hydration a 
higher fineness is necessary. 

• Although simple hydrates such as C-H are formed but 
actually the process of hydration is a complex one 
and results in re-organization of the constituents of 
original compounds to form new hydrated 
compounds. 
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Hydration of Cement 

• Both C3S and C2S hydrate to form calcium 
hydroxide and calcium silicate hydrate (CSH).  
Hydrated cement paste contains 15% to 25%  
Calcium hydroxide and about 50% calcium silicate 
hydrate by mass. The strength and other 
properties of hydrated cement are due primarily 
to calcium silicate hydrate.  
 

• C3A reacts with water and calcium hydroxide to 
form tetracalcium aluminate hydrate. 

 
• C4AF reacts with water and calcium hydroxide to 

form calcium aluminoferrite hydrate. 
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Cement mixing with water 



Cement mixing with water 



Hydration process stages 

Stage 1:Heat of wetting or initial hydrolysis, C3A and C3S   

              Hydration. 7 min after mixing. 

Stage 2: Dormant period related to initial set. 

Stage 3. Accelerated reaction of the hydration    

               products. That determine the rate of hardening        

               and final set. 

Stage 4: Decelerates formation of hydration  products  
     and determines the rate of early strength gain. 

Stage 5: is a slow, steady formation of hydration products. 
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Heat of Hydration of opc 

 



Main Components of PC 



Hydration Reactions 



Relative Reactivity of Cement compounds 



Heat of Hydration 

Type Name  Heat of hydration (kj/kg) 

I Normal 100%(349) 

II Moderate 80-85% (263) 

III High early strength up to 150% (370)  

IV Low heat of hydration 40-60% (233) 

V Sulfate resistant 60-75% (310) 

















Effect of cement type on concrete compressive 
strength 

 

Sr. 
No. 

Type of 
Portland 
cement 

Compressive strength-percent of strength 
of OPC 

1 Day 7Days 28 Days  3 Months 

1 Normal 100 100 100 100 

2 Moderate 75 85 90 100 

3 High Early 
strength 

190 120 110 100 
 

4 Low-heat 55 55 75 100 

5 Sulfate 
resistant 

65 75 85 100 
 



Other types of cement 











(1) Fineness Test, 
(2) Consistency test  
(3) Setting Time Test 
(4) Compressive strength test 
 

QUALITY TESTS OF CEMENT: 



QUALITY TESTS: FINENESS OF CEMENT 

As hydration takes place at the surface of the cement 

particles, it is the surface area of cement particles which 

provide the material available for hydration. The rate of 

hydration is controlled by fineness of cement. For a rapid 

rate of hydration a higher fineness is necessary. 

 95% of cement particles are smaller than 45 micrometer, 

with the average particle around 15 micrometer. 

 Fineness of cement affects heat released and the rate of 

hydration. More is the fineness of cement more will be 

the rate of hydration. Thus the fineness accelerates 

strength development principally during the first seven 

days. 
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QUALITY TESTS: FINENESS OF CEMENT 

 Fineness of cement is determined by air permeability 
methods. For example, in the Blaine air permeability 
method a known volume of air is passed through 
cement. The time is recorded and the specific surface is 
calculated by a formula. 

• Fineness tests indirectly measures the surface area of 
the cement particles per unit mass : 

– Sieving using No. 325sieve (45 μm)  

                          (ASTM C 430) 
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Soundness of cement 

 Soundness is defined as the volume stability of 
cement paste. 

 The cement paste should not undergo large changes 
in volume after it has set. Free CaO&MgO may result 
in unsound cement. Upon hydration C&M will form 
CH&MH with volume increase thus cracking. 

 Since unsoundness is not apparent until several 
months or years, it is necessary to provide an 
accelerated method for its determination. 

1) Lechatelier Method: Only free CaO can be 
determined. 

2) Autoclave Method: Both free CaO&MgO can be 
determined.  

Tuqeer
Highlight

Tuqeer
Highlight

Tuqeer
Highlight

Tuqeer
Highlight



Sieving QUALITY TESTS: SOUDNESS TEST 

• It consists of a small split cylinder of spring brass. 

• It is 30mm diameter & 30mm high. Cement is  filled into the 
mould & kept on a glass plate & covered with another glass 
plate. 

• This is immersed in water at a temperature 270c-320c for 24 
hours. Measure the distance between indicators. 

• Heat the water & bring to boiling point of about 25-30min. 

• Remove the mould from the water after 3 hours. 

• Measure the distance between the indicators. 

• This must not exceed 10mm for ordinary, rapid hardening, 
low heat Portland cements. 

• If this expansion is more than 10mm the cement is said to be 
unsound. 
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Sieving QUALITY TESTS: SOUDNESS TEST 



Consistency Test : 

• Consistency refers to the relative mobility of a freshly 
mixed cement paste or mortar or its ability to flow. 

• The water content has a marked effect on the time of 
setting. In acceptance tests for cement, the water 
content is regulated by bringing the paste to a standard 
condition of wetness. This is called “normal 
consistency”.Normal or Standard consistency of 
cement is determined using the Vicat’s Apparatus. It is 
defined as that percentage of water added to form the 
paste which allows a penetration of 10  1 mm of the 
Vicat plunger. 

Normal consistency of O.P.C. Ranges from 20-30% by 
weight of cement. 
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Consistency Test /Setting Time Test : 

 Setting refers to a change from liquid state to solid 
state. Although, during setting cement paste acquires 
some strength, setting is different from hardening. 

 The water content has a marked effect on the time of 
setting. In acceptance tests for cement, the water 
content is regulated by bringing the paste to a standard 
condition of wetness. This is called “normal 
consistency”. 

Normal consistency of O.P.C. Ranges from 20-30% by 
weight of cement. 

 Setting can be obtained by using the vicat apparatus. 

    ASTM C150--  Initial setting time>45min 

   Final setting time<375min (about 10hrs) 
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Setting of cement 

Vicat apparatus is used to determine normal 
consistency. Normal consistency is that 
condition for which the penetration of a 
standard weighed plunger into the paste is 
10mm in 30sec. By trial & error determine the 
w/c ratio. 

In practice, the terms initial set&final set are 
used to describe arbitrary chosen time of 
setting. Initial set indicates the beginning of a 
noticeable stiffening & final set may be regarded 
as the start of hardening (or complete loss of 
plasticity).  
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Factors affecting setting time 

• Temperature & Humidity 

• Amount of Water 

• Chemical Composition of Cement 

• Fineness of Cement (finer cement, faster 
setting) 

                                      Flash-set 

Abnormal Settings 

                                      False-set 

 

 



Setting of cement 

Flash-Set: is the immediate stiffening of cement paste 
in a few minutes after mixing with water. It is 
accompanied by large amount of heat generation 
upon reaction of C3A with water. 

 
  Gypsum is placed in cement to prevent flash-set. 

The rigidity can not be overcome & plasticity may 
not be regained without addition of water. 
 

  Amount of gypsum must be such that it will be 
used upto almost hardening. Because expansion 
caused by ettringite can be distributed to the paste 
before hardening. More gypsum will cause 
undesirable expansion after hardening. 
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Setting of cement 

False-Set: is a rapid development of rigidity of cement 
paste without generation of much heat. This 
rigidity can be overcome & plasticity can be 
regained by further mixing without addition of 
water. In this way cement paste restores its 
plasticity & sets in a normal manner without any 
loss of strength. 

 
 Probable Causes of False-Set: 
1) When gypsum is ground by too hot of a clinker, 

gypsum may be dehydrated into hemihydrate 
(CaSO4.1/2H2O) or anhydrate (CaSO4). These 
materials when react with water gypsum is 
formed, which results in stiffening of the paste. 
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Setting of cement 

Alkali oxides in cement may carbonate during 
storage. Upon mixing such a cement with water, 
these alkali carbonates will react with Ca(OH2) 
(CH-Calcium Hydroxide) liberated by hydrolysis 
of C3S resulting in CaCO3. CaCO3 precipates in 
the mix & results in false-set. 
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STRENGTH OF CEMENT 

 Strength tests are carried out on fresh cement pastes, 
due to cohesive property of cement.Compressive 
strength of cement is the most important property. 

• It is determined by conducting compression tests on 
standard 50 mm mortar cubes in accordance with 
ASTM C 109. 

• In general, cement strength (based on mortar-cube 
tests) can not be used to predict concrete compressive 
strength with great degree of accuracy because of 
many variables in aggregate characteristics, concrete 
mixtures, construction procedures, and environmental 
conditions in the field. 
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Strength Development of Cement mortar cubes 

 







Typical compound composition and fineness of 
OPCs (using Wagner tubidimeter test) 

 
Sr. 
No

. 

Type of 
Portland 
cement 

Compound composition, % Fineness, 
Cm2/gm 

C3S C2S C3A C4AF 

1 Normal 50 24 11 8 1800 

2 Moderate 42 33 5 13 1800 

3 High Early 
strength 

60 13 9 8 2600 

4 Low-heat 26 50 5 12 1900 

5 Sulfate 
resistant 

40 40 4 9 1900 
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