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Chapter One 

Portland Cement 

 

Cement: is a material with adhesive and cohesive properties which make 
it capable of bonding minerals fragments into a compact whole. 

For constructional purposes, the meaning of the term "cement" is 
restricted to the bonding materials used with stones, sand, bricks, building 
stones, etc.  

The cements of interest in the making of concrete have the property of 
setting and hardening under water by virtue of a chemical reaction with it 
and are, therefore, called hydraulic cement. 

The name "Portland cement" given originally due to the resemblance of 
the color and quality of the hardened cement to Portland stone – Portland 
island in England.  

Manufacture of Portland cement  

 Raw materials  

• Calcareous material – such as limestone or chalk, as a source of 
lime (CaO). 

• Clayey material – such as clay or shale (soft clayey stones), as a 
source of silica and alumina. 

Methods of cement manufacturing  

1- Wet process  ___ grinding and mixing of the raw materials in the 
existence of water. 

2- Dry process   ___  grinding and mixing of the raw materials in 
their dry state. 

The process to be chosen, depend on the nature of the used raw 
materials. 
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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 

 

 



Concrete Technology / ch.2                                                 Dr. Basil Salah 

 

٧ 

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. 
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Wet process – the percentage of the moisture in the raw materials is 
high. 

Dry process –  

• The raw materials is so hard (solid) that they do not disintegrate 
by water 

• Cold countries, because the water might freeze in the mixture 
• Shortage of the water needed for mixing process. 

Wet process   

When chalk is used, it is finely broken up and dispersed in water in a 
washmill. The clay is also broken up and mixed with water, usually in a 
similar washmill. The two mixtures are now pumped so as to mix in 
predetermined proportions and pass through a series of screens. The 
resulting – cement slurry – flows into storage tanks. 

When limestone is used, it has to be blasted, then crushed, usually in two 
progressively smaller crushers (initial and secondary crushers), and then 
fed into a ball mill with the clay dispersed in water. The resultant slurry is 
pumped into storage tanks. From here onwards, the process is the same 
regardless of the original nature of the raw materials. 

The slurry is a liquid of creamy consistency, with water content of 
between 35 and 50%, and only a small fraction of material – about 2% - 
larger than a 90 µm (sieve No. 170). 

The slurry mix mechanically in the storage tanks, and the sedimentation 
of the suspended solids being prevented by bubbling by compressed air 
pumped from bottom of the tanks. 

The slurry analyze chemically to check the achievement of the required 
chemical composition, and if necessary changing the mix constituents to 
attain the required chemical composition. 

Finally, the slurry with the desired lime content passes into the rotary 
kiln. This is a large, refractory-lined steel cylinder, up to 8 m in diameter, 
sometimes as long as 230 m, which is slightly inclined to the horizontal. 
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The slurry is fed in at the upper end while pulverized coal (oil or natural 
gas also might be used as a fuel) is blown in by an air blast at the lower 
end of the kiln, where the temperature reaches about 1450 P

o
PC. 

The slurry, in its movement down the kiln, encounters a progressively 
higher temperature. At first, the water is driven off and COR2R is liberated; 
further on, the dry material undergoes a series of chemical reactions until 
finally, in the hottest part of the kiln, some 20 to 30% of the material 
becomes liquid, and lime, silica and alumina recombine. The mass then 
fuses into balls, 3 to 25 mm in diameter, known as clinker. The clinker 
drops into coolers. 

Dry process   

The raw materials are crushed and fed in the correct proportions into a 
grinding mill, where they are dried and reduced in size to a fine powder. 
The dry powder, called raw meal, is then pumped to a blending silo, and 
final adjustment is now made in the proportions of the materials required 
for the manufacture of cement. To obtain a uniform mixture, the raw meal 
is blended in the silo, usually by means of compressed air. 

The blended meal is sieved and fed into a rotating dish called a 
granulator, water weighing about 12% of the meal being added at the 
same time. In this manner, hard pellets about 15 mm in diameter are 
formed. 

The pellets are baked hard in a pre-heating grate by means of hot gases 
from the kiln. The pellets then enter the kiln, and subsequence operations 
are the same as in the wet process of manufacture. 
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Grinding of the clinker  

The cool clinker (produced by wet or dry process), which is 
characteristically black and hard, is interground with gypsum 
CaSOR4R.2HR2RO in order to prevent flash setting of the cement, and to 
facilitate the grinding process. The grinding is done in a ball mill. The 
cement discharged by the mill is passed through a separator, fine particles 
being removed to the storage silo by an air current, while the coarser 
particles are passed through the mill once again. 
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Comparison between wet and dry process  

Wet process Dry process 
1- Moisture content of the 

slurry is 35-50% 
1- Moisture content of the 

pellets is 12% 

2- Size of the kiln needed to 
manufacture the cement is 
bigger 

2- Size of the kiln needed to 
manufacture the cement is 
smaller 

3- The amount of heat required 
is higher, so the required fuel 
amount is higher 

3- The amount of heat required 
is lower, so the required fuel 
amount is lower 

4- Less economically  4- More economically 

5- The raw materials can be mix 
easily, so a better 
homogeneous material can 
be obtained  

5- Difficult to control the 
mixing of raw materials 
process, so it is difficult to 
obtain homogeneous material 

6- The machinery and 
equipments do not need 
much maintenance 

6- The machinery and 
equipments need more 
maintenance 

 

Chemical composition of Portland cement  

The raw materials used in the manufacture of Portland cement consist 
mainly of lime, silica, alumina and iron oxide. These compounds interact 
with one another in the kiln to form a series of more complex products 
and, apart from a small residue of uncombined lime which has not had 
sufficient time to react, a state of chemical equilibrium is reached. The 
resultant of firing is the clinker. 

Four compounds are usually regarded as the major constituents of 
cement: 
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• Tricalcium silicate 3CaO.SiOR2R – (CR3RS) 
• Dicalcium silicate 2CaO.SiOR2R – (CR2RS) 
• Tricalcium aluminate 3CaO.AlR2ROR3R – (CR3RA) 
• Tetracalcium aluminoferrite 4CaO.AlR2ROR3R.FeR2ROR3R – (C٤AF) 

Where each oxide symbol with one letter: 

CaO – C 

SiO2 – S 

Al2O3 – A 

Fe2O3 – F 

H2O – H 

The rate of cooling affect the degree of crystallization and the amount of 
amorphous material present in the cooled clinker. The properties of this 
amorphous material, known as glass, differ considerably from those of 
crystalline compounds of a nominally similar chemical composition.  

The percentage of the main composition of cement can be calculated 
according to the Bogue equations, based on the assumption that the 
reactions reached the chemical equilibrium state 

C3S = 4.07 (CaO) – 7.6 (SiO2) – 6.72 (Al2O3) – 1.43 (Fe2O3) – 2.85 (SO3) 

C2S = 2.87(SiO2) – 0.754 (C3S) 

C3A = 2.65 (Al2O3) – 1.69 (Fe2O3)  

C4AF = 3.04 (Fe2O3)  

Where, the terms in brackets represent the percentage of the given oxide 
in the total mass of cement. 

Recently, these compositions are determined by x-ray diffraction. 

On cooling below 1250P

o
PC, C3S decomposes slowly but, if cooling is not 

too slow, C3S remains unchanged and is relatively stable at ordinary 
temperatures. 
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C3S which is normally present in the largest amount, occurs as small 
equidimensional grains.  

C2S is known to have three forms: α- C2S, which exists at high 
temperatures, inverts to the β-form at about 1450P

o
PC. β-C2S undergoes 

further inversion to γ- C2S at about 670P

o
PC but, at the rates of cooling of 

commercial cements, β-C2S is preserved in the clinker. 

Usually, silicates in the cement are not pure. It contains secondary oxides 
which affect the atomic arrangement, the crystal form and properties of 
the cement during the hydration process. 

C3A forms rectangular crystals, but C3A in frozen glass forms an 
amorphous interstitial phase. 

C4AF is solid solution ranging from C2F to C6A2F, but the description 
C4AF is a convenient simplification. 

Minor compounds  

In addition to the main compounds mentioned above, there exist minor 
compounds, such as MgO, TiO2, Mn2O3, K2O and Na2O. Two of the 
minor compounds are of particular interest: K2O and Na2O, known as the 
alkalis (about 0.4-1.3% by weight of cement). They have been found to 
react with the reactive silica found in some aggregates, the products of 
the reaction causing increase in volume leading to disintegration of the 
concrete. The increase in the alkalis percentage has been observed to 
affect the setting time and the rate of the gain of strength of cement.  

SO3 form low percentage of cement weight. SO3 comes from the gypsum 
added (2-6% by weight) during grinding of the clinker, and from the 
impurities in the raw materials, also from the fuel used through firing 
process. 

Iraqi specification no. 5 limited max. SO3 by 2.5% when C3A ≤ 7%, and 
by 3% when C3A> 7%. 

MgO, present in the cement by 1-4%, which comes from the magnesia 
compounds present in the raw materials. Iraqi specification no. 5 limited 
max. MgO by 5%, to control the expansion resulted from the hydration of 
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this compound in the hardened concrete. When the magnesia is in 
amorphous form, it has no harmful effect on the concrete. 

Other minor compounds such as TiO2, Mn2O3, P2O5 represent < 1%, 
and they have little importance. 

Usual Composition Limits of Portland Cement 

Oxide Content, % 

CaO 60-67 

SiO2 17-25 

Al2O3 3-8 

Fe2O3 0.5-6 

MgO 0.5-4 

Alkalis (as Na2O) 0.3-1.2 

SO3 2.0-3.5 

 

Typical compound composition in ordinary Portland cement 

Compound Content, % 

C3S 54 

C2S 17 

C3A 11 

C4AF 9 

 

Loss on Ignition (L.O.I)  

It is the loss of the cement sample weight when it expose to the red 
temperature (at 1000P

o
PC). It shows the extent of carbonation and 

hydration of free lime and free magnesia due to the exposure of cement to 
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the atmosphere. Also, part of the loss in weight comes from losing water 
from the gypsum composition. The maximum loss on ignition permitted 
by Iraqi specification no. 5 is 4% by weight. 

Insoluble residue  

It is that part of cement sample that is insoluble in HCl. It comes from the 
unreacted silica, to form soluble cement compounds diluting in this acid, 
largely arising from impurities in gypsum. The maximum insoluble 
residue permitted by Iraqi specification no. 5 is 1.5% by weight. 

Hydration of cement  

It is the reaction (series of chemical reactions) of cement with water to 
form the binding material. In other words, in the presence of water, the 
silicates (C3S and C2S) and aluminates (C3A and C4AF) form products of 
hydration which in time produce a firm and hard mass – the hydrated 
cement paste. 

There are two ways in which compounds of the type present in cement 
can react with water. In the first, a direct addition of some molecules of 
water takes place, this being a true reaction of hydration. The second 
type of reaction with water is hydrolysis, in which its nature can be 
illustrated using the C3S hydration equation 

3CaO.SiO2 + H2O → Ca(OH)2 + xCaO.ySiO2.aq. (calcium silicate hydrate) 

2 C3S         +6 H   → 3 Ca(OH)2 + C3S2H3 

The reaction of C3S with water continue even when the solution is 
saturated with lime and the resulted amounts of lime precipitate in 
crystals form Ca(OH)2. 

Calcium silicate hydrate → remains stable when it is in contact with the 
solution saturated with lime. 

Calcium silicate hydrate →  hydrolyzed when being in water – some of 
lime form, and the process continues until the water saturate with lime. 

If the calcium silicate hydrate remains in contact with water → it will 
leave the hardened compound only as hydrated silica due to the 
hydrolysis of all of the lime. 
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The rates of the chemical reactions of the main compounds are different: 

Aluminates -  React with the water in the beginning 

- Affect the route of the chemical reactions at early 
periods of hydration. 

          Silicates – Affect the later stage reactions. 

The main hydrates of the hydration process are: 

- Calcium silicates hydrate, including hydrated 
products of C3S (not pure) named as Alite, and 
C2S (not pure) named as Belite. 

- Tricalcium aluminate hydrate  

-  C4AF hydrates to  tricalcium aluminate hydrate 
and calcium ferrite CaO.Fe2O3 in amorphous form. 

Since calcium silicates (C3S and C2S) – are the main cement compounds 
(occupies about 75% of cement weight) – they are responsible for the 
final strength of the hardened cement paste. 

With time: 

- The rate of hydration decreases continuously. 

- The size of unhydrated cement particles decrease. 
For instance, after 28 days in contact with water, 
grains of cement have been found to have hydrated 
to a depth of only 4 µm, and 8 µm after a year. 

This is due to: 
1)  Accumulation of hydration products around the 

unhydrated cement grains which lead to prevent 
water from channeling to them. 

2) Reduction of the amount of water either due to 
chemical reaction or evaporation. 

3) Reduction of the amount of cement due to 
reaction. 
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The progress of hydration of cement can be determined by different 
means: 

- The measurement of the amount of Ca(OH)2 in the 
paste resulted from the hydration of the silicates. 

2 C3S + 6H → C3S2H3 + 3 Ca(OH)2 
2 C2S + 4H → C3S2H3 + Ca(OH)2 
- The heat evolved by hydration. 
- The specific gravity of the paste. 
- The amount of chemically combined water. 
- The amount of unhydrated cement present ( using 

X-ray quantitative analysis). 
- Also indirectly from the strength of the hydrated 

paste. 
 
Tricalcium aluminate hydrate and the action of gypsum 
The amount of C3A present in most cements is comparatively small but 
its behaviour and structural relationship with the other phases in cement 
make it of interest. The tricalcium aluminate hydrate forms a prismatic 
dark interstitial material in the form of flat plates individually surrounded 
by the calcium silicate hydrate. 
The reaction of pure C3A with water is very violent with evolution of 
large amount of heat, forming calcium aluminates hydrate in the form of 
leaf hexagonal crystals. In Portland cement, this reaction leads to 
immediate stiffening known as "flash setting".  
Gypsum, added to the clinker through grinding process cause delaying 
the reaction of C3A with water by its reaction with C3A to form insoluble 
calcium sulfoaluminate (3CaO.Al2O3.3CaSO.30-32H2O) - ettringite - 
around C3A particles, which permits enough time for the hydration of C3S 
that its reaction is slower than C3A and permits the occurring of natural 
setting. But eventually tricalcium aluminate hydrate is formed, although 
this is preceded by a metastable 3CaO.Al2O3. CaSO.12H2O, produced at 
the expense of the original high-sulfate calcium sulfoaluminate. 
The reaction of gypsum with C3A continues until one of them exhausted,  
while C3S continue in hydration. 

- If C3A exhausted before gypsum 
The surplus gypsum → expand → become an agent 
assist the disruption and deterioration of cement paste. 
- If gypsum exhausted before C3A 
The remaining C3A begins in hydration: 

C3A + 6H → C3AH6 
C3AH6 is stable –cubical crystals- with high sulfate resistance. 
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Calcium aluminate hydrate – Be at many forms before transforming to 
the stable state (C3AH6). It is probably forming hexagonal crystals 
(C4AH8, C4AH10, C4AH12) before the cubical crystals. 
When the hexagonal crystals expose to sulfates (inside concrete from 
sand or external from soil or ground water) → react with it forming 
calcium sulfoaluminate → with increase in volume, depending on the 
amount of remaining aluminates and the concentration of sulfates → 
crack and deteriorate of the hardened concrete. 
The transformation of calcium aluminates hydrate from the metastable 
hexagonal form to the stable cubical form is accompanied with – change 
in the density and size of the crystals – leading to decrease in the late ages 
strength of the cement paste due to 
 – lose the adhesion and cohesion in the microstructure 
 –increase the porosity of the hardened cement paste. 
The presence of C3A in cement is undesirable: it contributes little to the 
strength of cement except at early ages (1-3 days) and, when hardened 
cement paste is attacked by sulfates, expansion due to the formation of 
calcium sulfoaluminate from C3A may result in a disruption of the 
hardened paste. 
But it is useful in the cement industry – work as flux material – reduce 
the temperature needed to form the clinker. Also it facilitates the 
combination of lime with silica. 
C4AF compound 
Gypsum reacts with C4AF to form calcium sulfoaluminates and calcium 
sulfoferrite. 
C4AF – work as flux material and also it accelerates the hydration of 
silicates. 
Using the optimum percentage of gypsum is very important because: 

- It regulates the speed of the chemical reactions in 
the early ages. 

- Prevent the local concentration of the hydration 
products. 

The necessary gypsum content increase with the increase of: 
- C3A content in the cement. 
- Alkalis content in the cement. 
- Fineness of cement. 

Iraqi specification No. 5 limits the maximum gypsum content (expressed 
as the mass of SO3 present) to be not more than 2.5% when C3A ≤ 7% 
and 3% when C3A >7%. 
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Calcium silicates hydrate 
C3S 
C3S + water   →     - lime and silica ions in the solution with molecular        
                               weight of 3:1 

- Ca(OH)2 crystals 
- Calcium silicate hydrate gel (tobermorite) 

 
Hydration of C3S – take about one year or more 
This initial gel form an external layer over C3S causing the delay of the 
reaction. After few hours, this initial C-S-H undergo hydrolysis to form 
the second product of the gel CSH І with C:S equal 1.5 then form the 
stable C-S-H ІІ form with C:S equal 1.4-1.6. 
The full hydration of C3S can be expressed approximately by the 
following equation: 
2(3CaO.SiO2) + 6H2O → 3CaO.2SiO2.3H2O + 3Ca(OH)2 
 
C2S 
There are three main crystal forms of C2S (α, β, γ) but the β-form is the 
only one occurred in the Portland cement and it react slowly with water. 

- Its reaction is slower than C3S. 
- The amount of Ca(OH)2 from its hydration is less. 

Its formed gel is similar to that produced from C3S, but there is difference 
in the route of the chemical reactions between the two compounds – the 
lime: silica during the hydration of C2S differs than that formed during 
the hydration of C3S. It is in the initial product formed as external layer at 
the surface about 2, and after 12 hours the initial product transform to 
CSH І with C:S equal 1.1-1.2 then form the stable C-S-H ІІ form with 
C:S equal 1.65-1.8 at 25 P

o
PC. 

- Hydration of C2S – takes more than 4 years. 
 

The full hydration of C2S can be expressed approximately by the 
following equation: 
2(2CaO.SiO2) + 4H2O → 3CaO.2SiO2.3H2O + Ca(OH)2 
The rates of hydration of the two compounds are different as shown in the 
figure below: 
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The gel formed after the completion of hydration of the two compounds 
is → C3S2H3 – Tobermorite. 
 
C3S and C2S – require approximately the same amount of water for 
hydration, but C3S produces more than twice as much Ca(OH)2 as is 
formed by the hydration of C2S, as shown in the equations below: 
For C3S hydration 
2 C3S + 6H → C3S2H3 + 3Ca(OH)2 
The corresponding masses involved are: 
100 +24 → 75 +49 
For C2S hydration 
2 C2S + 4H → C3S2H3 + Ca(OH)2 
The corresponding masses involved are: 
100 +21 → 99 +22 
 
Setting 
Setting refers to a change from a fluid to a rigid stage 
Cement + water → cement paste → lose its plasticity gradually→ when it 
lose its plasticity completely → setting occurs. 
The stages of setting include: 
- Initial setting 
- Final setting 
It is important to distinguish setting from hardening, which refers to the 
gain of strength of a set cement paste. 
The two first to react are C3A and C3S. 
The setting time of cement decreases with a rise in temperature. 
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The importance of setting in concrete works comes from the importance 
to keep the fresh concrete in the plastic stage for enough time necessary 
to complete its mixing and placing under practical conditions. But, from 
the economical side, it is important that the concrete hardens at 
convenient period after casting. 
 
There are four main stages during setting 
First stage 

-  Takes only few minutes after the addition of water 
to the cement. 

- The rate of heat generation is high, due to wetting 
of cement particles with water, and the beginning 
of hydrolysis and reaction of the cement 
compounds. After that the rate decreases to 
relatively low value. 

Second stage (dormant period) 
- Takes 1-4 hours with relatively low speed. 
- The initial layer of the hydration begins slowly to 

build on the cement particles. 
- Bleeding and sedimentation appears at this period. 

Third stage  
- Heat of hydration begins to rise again due to the 

dissolution  of the weak gel layer formed in the 
beginning (first) on the surface of C3S crystals – so 
the water able to surround the particles surfaces 
again – and forming gel of calcium silicates with 
enough amount to increase setting. 

- The activity reach its peak after about 6 hours for 
cement paste, with standard consistency, and might 
be late for paste with higher w/c ratio. 

- At the end of the stage, the paste reaches the final 
setting stage. 

Fourth stage 
- hardening and gain of strength 

Vicat apparatus – use to measure the setting time for cement paste. 
Initial setting time – refers to the beginning of the cement paste setting. 
Final setting time – refers to the beginning of hardening and gain of 
strength. 
Iraqi Standard Specification No. 5 limits: 

-  Initial setting time not less than 45 minutes. 
- Final setting time not more than 10 hours. 
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Factors affecting the setting 
1- Water/cement (w/c) ratio – The setting time of cement increases 

with the increase of w/c ratio.  
2- Temperature and relative humidity - The setting time of cement 

decreases with a rise in temperature and decrease of relative 
humidity. 

3- Fineness of cement - The setting time of cement decreases with a 
rise in fineness of cement. 

4- Chemical composition 
 
False setting 
It is abnormal premature stiffening of cement within a few minutes of 
mixing with water. – It differs from flash set in that: 

- No appreciable heat is evolved. 
- Remixing the cement paste without addition of 

water restores plasticity of the paste until it sets in 
the normal manner and without a loss of strength. 

Causes of false setting 
 

1- Dehydration of gypsum – when interground with too hot a clinker 
- formed:  

- :hemihydrates (CaSO4. 0.5H20) – when temperature 
between 100-190P

0
PC 

-  or anhydrite (CaSO4) - when temperature >190 P

0
PC 

            And when the cement is mixed with water these hydrate to form 
gypsum, with a result stiffening of the paste. 

2- Reaction of alkalis of the cement 
During bad storage – alkalis in the cement react with CO2 (in the 
atmosphere) to form alkali carbonates, which they react with 
Ca(OH)2 liberated by the hydrolysis of  C3S to form CaCO3. This 
precipitates and induces a rigidity of the paste.  

K2O or Na2O + CO2 → K2CO3 or Na2CO3 
K2CO3 or Na2CO3 + Ca(OH)2 → CaCO3 

3- Activation of C3S subjected to wet atmosphere 
During bad storage – water is adsorbed on the grains of cement 
(the water stick on their surfaces) and activates them, and these 
activated surfaces can combine very rapidly with more water 
during mixing: this rapid hydration would produce false set. 

Flash setting – Occurs when there is no gypsum added or exhausting the 
gypsum (added with little amount), so C3A reacts violently with water 
causing liberation high amount of heat causing rapid setting of cement, 
and leading to form porous microstructure that the product of hydration 



Concrete Technology/ Ch.1                                                                     Dr. Basil Salah 

۱۸ 

 

of the other compounds precipitate through, unlike the normal 
(ordinary) setting that have much lower porosity microstructure. 
 
Soundness of cement 
The cement considers unsound if it undergo a large change in volume 
(expansion) – that cause cracking of hardened cement paste when it is 
under condition of restraint. 
Causes of expansion  

1- Free lime CaO 
If the raw materials fed into the kiln contain more lime that can 
combine with the acidic oxides, or if burning or cooling are 
unsatisfactory, the excess lime will remain in a free condition. This 
hard-burnt lime hydrates only very slowly and, because slaked lime 
occupies a larger volume than the original free calcium oxide, 
expansion takes place. Cements which exhibit this expansion are 
described as unsound. 
CaO + H2O → Ca(OH)2 
2- Free MgO 
Cement can also be unsound due to the presence of MgO, which reacts 
with water in a manner similar to CaO. However, only periclase, that 
is, 'dead-burnt' crystalline MgO, is deleteriously reactive, and MgO 
present in glass is harmless, because it hydrates quickly transforming 
to the stable state in the hardened paste. 
MgO + H2O → Mg(OH)2 
Up to about 2 per cent of periclase, (by mass of cement) combines 
with the main cement compounds, but excess periclase generally 
causes expansion and can lead to slow disruption. 
3- Calcium sulfates (gypsum) 

     Gypsum added to the clinker during its grinding in order to prevent    
flash set, but if gypsum is present in excess of the amount that can react 
with C3A during setting, unsoundness is in the form of a slow expansion 
will result. 

 
Fineness of cement 
The last step in the manufacture of cement is the grinding of clinker 
mixed with gypsum. 
Because hydration starts at the surface of the cement particles, it is the 
total surface area of cement that represents the material available for 
hydration. Thus, the rate of hydration depends on the fineness of the 
cement particles. 
The high fineness is necessary for: 
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- Rapid development of strength, as shown in the 
figure below; although the long-term strength is 
not affected. A higher early rate of hydration 
means, of course, also a higher rate of early heat 
evolution 

 
- To cover surfaces of the fine aggregate particles at 

better manner – leading to better adhesion and 
cohesion between cement mortar constituents. 

- To improve the workability of the concrete mix, 
but it will increase the amount of water required 
for the standard consistency. 

- To reduce the water layer that separate on the 
mixture surface due to bleeding, as shown in the 
figure below. 

 
The disadvantage of high fineness, include: 

- The cost of grinding to a higher fineness is 
considerable. 
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- The finer the cement the more rapidly it 
deteriorates on exposure to the atmosphere during 
bad storage. 

- Finer cement increases the surface area of its 
alkalis – leads to stronger reaction with alkali-
reactive aggregate – cracks and deterioration of 
concrete. 

- Finer cement exhibits a higher shrinkage and a 
greater proneness to cracking. 

- An increase in fineness increases the amount of 
gypsum required for proper retardation because, in 
finer cement, more C3A is available for early 
hydration (due to the increase of its surface area). 

 
Structure of hydrated cement 
At any stage of hydration, the hardened paste consists of very poorly 
crystallized hydrates of the various compounds (calcium silicates hydrate, 
tricalcium aluminates hydrate and calcium ferrite), referred to collectively 
as gel, of crystals of Ca(OH) produced from the hydration of the silicates, 
some minor components, unhydrated cement, and the residue of the 
water-filled spaces in the fresh paste. These voids are called capillary 
pores but, within the gel itself, there exist interstitial voids, called gel 
pores. The nominal diameter of gel pores is about 3 nm while capillary 
pores are one or two orders of magnitude larger. There are thus, in 
hydrated paste, two distinct classes of pores represented diagrammatically 
in the figure below. 
 
 
 
 
 
 
 
 
 
 
 

Simplified model of paste structure. Solid dots represent gel 
particles; interstitial spaces are gel pores; spaces such as those 

marked C are capillary pores 
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Capillary pores 
At any stage of hydration, the capillary pores represent that part of the 
gross volume which has not been filled by the products of hydration. 
Because these products occupy more than twice the volume of the 
original solid phase (i.e. cement) alone, the volume of the capillary 
system is reduced with the progress of hydration. 
Thus the capillary porosity of the paste depends on: 

-  The water/cement ratio of the mix 
When w/c ratio > 0.38 – The gel volume is not enough 
to fill all the available voids. 
-  The degree of hydration, which influence by the 

type of cement. 
 
Capillary pores: 
 -  cannot be viewed directly but their median size was estimated to be 
about 1.3 µm. 
- They vary in shape and form an interconnected system randomly 
distributed throughout the cement paste. 
- These interconnected capillary pores are mainly responsible for the 
permeability of the hardened cement paste and for its vulnerability to 
cycles of freezing and thawing. 
 However, hydration increases the solid content of the paste and in mature 
and dense pastes - the capillaries can become blocked by gel and 
segmented so that they turn into capillary pores interconnected solely by 
the gel pores. 
The absence of continuous capillaries is due to: 

-  Using a suitable water/cement ratio 
-  Sufficiently long period of moist curing 

The degree of maturity required for different water/cement ratios for 
ordinary Portland cements is indicated in figure below. 



Concrete Technology/ Ch.1                                                                     Dr. Basil Salah 

۲۲ 

 

 
It can be seen that the estimated required time for maturity of cement 
paste are: 
 

w/c ratio time 
0.4 3 days 
0.7 One year 

More than 0.7 Not possible 
 
Gel pores 

- The gel pores are interconnected interstitial spaces 
between the gel particles. 

- The gel pores are much smaller than the capillary 
pores: Less than 2 or 3 nm in nominal diameter. 
This is only one order of magnitude greater than 
the size of molecules of water. For this reason, the 
vapour pressure and mobility of adsorbed water are 
different from the corresponding properties of free 
water. 

- The gel pores occupy about 28 per cent of the total 
volume of gel (gel particles + gel pores).  

- The actual value is characteristic for a given 
cement but is largely independent of the 
water/cement ratio of the mix and of the progress 
of hydration. This would indicate that gel of 
similar properties is formed at all stages and that 
continued hydration does not affect the products 
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already in existence. Thus, as the total volume of 
gel increases with the progress of hydration, the 
total volume of gel pores also increases. On the 
other hand, as mentioned earlier, the volume of 
capillary pores decreases with the progress of 
hydration. 

 
 
Water held in hydrated cement paste 
The hydrated cement paste – contains sub-microscopic pores – that can 
absorb water from the ambient area. The actual water content of the paste 
depends on the ambient humidity. 
Capillary pores, because of their comparatively large size, empty when 
the ambient relative humidity falls below about 45 per cent, but water is 
adsorbed in the gel pores even at very low ambient humidities, because it 
is too small compared with the capillary pores. 
We can thus see that water in hydrated cement is held with varying 
degrees of firmness: 

- Free water – present in the capillary pores – with 
weak firmness, and evaporate quickly leaving the 
paste. 

- Chemically combined water – form a definite 
part of the hydrated compounds. 

- Gel water – present in gel pores – part of it is held 
by the surface force of the gel particles - It is 
known as the adsorbed water. 

There is no technique available for determining how water is distributed 
between these different states, nor is it easy to predict these divisions 
from theoretical considerations as the energy of binding of combined 
water in the hydrate is of the same order of magnitude as the energy of 
binding of the adsorbed water. 
A convenient division of water in the hydrated cement, necessary for 
investigation purposes, though rather arbitrary, is into two categories: 

- Evaporable water – includes water in the 
capillary pores and some water in the gel pores. 

- Non-evaporable water – includes nearly all 
chemically combined water and also some water 
not held by chemical bonds. 

The amount of non-evaporable water increases as hydration proceeds. 
 In well-hydrated cement, the non-evaporable water is about 18 per cent 
by mass of the anhydrous material; this proportion rises to about 23 per 
cent in fully hydrated cement. 
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The evaporable water can be measured from – loss in weight of cement 
paste sample through drying at 105P

o
PC to the equilibrium state. 

 
 
Heat of hydration of cement 
The quantity of evolved heat when the cement hydrated completely at 
a given temperature –  Joule/gram or calorie/gram of unhydrated 
cement.  
The hydration of cement compounds - accompanied with heat evolution, 
energy of up to 120 cal/g of cement being liberated. 
Because the thermal conductivity of concrete is comparatively low - it 
acts as an insulator, and in the interior of a large concrete mass, hydration 
can result in a large rise in temperature. A t the same time, the exterior of 
the concrete mass loses some heat so that a steep temperature gradient 
may be established and, during subsequent cooling of the interior, serious 
cracking may result due to the generated stresses. 
At the other extreme, the heat produced by the hydration of cement may 
prevent freezing of the water in the capillaries of freshly placed concrete 
in cold weather, and a high evolution of heat is therefore advantageous. 
The most common method of determining the heat of hydration is by 
measuring the heats of solution of unhydrated and hydrated cement in a 
mixture of nitric and hydrofluoric acids: the difference between the two 
values represents the heat of hydration. This method is described in BS 
4550:Section3 .8:1978, and is similar to the method of ASTM C 186-94. 
The heat of hydration, as measured, consists of the chemical heat of the 
reactions of hydration and the heat of adsorption of water on the surface 
of the gel formed by the processes of hydration. The latter heat accounts 
for about a quarter of the total heat of hydration. Thus, the heat of 
hydration is really a composite quantity.  
For practical purposes, it is not necessarily the total heat of hydration that 
matters but the rate of heat evolution. The same total heat produced over 
a longer period can be dissipated to a greater degree with a consequent 
smaller rise in temperature. 
The actual value of the heat of hydration depends on: 

1- The chemical composition of the cement 
Heat of hydration of cement = sum of the heats of hydration of the 
individual compounds when hydrated separately. 
The contribution of individual compounds to the total heat of hydration of 
cement can be measured from the following equation: 
Heat of hydration of 1 g of cement = 
                                          136(C3S)+62(C2S)+ 200(C3A+) 30(C4AF) 
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where the terms in brackets denote the percentage by mass of the 
individual compounds in cement. 
Because in the early stages of hydration the different compounds hydrate 
at different rates, the rate of heat evolution, as well as the total heat 
depends on the compound composition of the cement. 
It follows that by reducing the 
Proportions of the compounds that hydrate most rapidly (C3A and C3S) 
the high rate of heat evolution in the early life of concrete can be lowered. 
The effect of C3A on heat of hydration of cement is shown in the Fig. 
below. 

 
The effect of C3S on heat of hydration of cement is shown in the Fig. 
below. 
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2- Ambient temperature – has great effect on the rate of heat 
evolution – The rate of heat evolution increase with increase in the 
ambient temperature. 

3- Type of cement 
Types of cement can be arranged in descending order with respect 
to their rate of heat evolution, as follows: 

- Rapid hardening Portland cement. 
- Ordinary Portland cement. 
- Modified Portland cement. 
- Sulfate resistant Portland cement. 
- Low heat Portland cement. 

4- Fineness of cement 
An increase in fineness speed up the reactions of hydration and 
therefore the heat evolved. It is reasonable to assume that the early 
rate of hydration of each compound in cement is proportional to the 
surface area of the cement. However, at later ages, the effect of the 
surface area is negligible and the total amount of heat evolved is 
not affected by the fineness of cement. 

5- Amount of cement in the mixture 
The quantity of cement in the mix also affects the total heat 
development: thus the richness of the mix, that is, the cement 
content, can be varied in order to help the control of heat 
development. 

Influence of the compound composition on properties of cement 
 
Main compounds 
C3S and C2S – are the most important compounds – responsible for 
strength. 
C3S – contributes most to the strength development during the first four 
weeks. 
C2S – influences the gain in strength from 4 weeks onwards. 
At the age or about one year, the two compounds, contribute 
approximately equally to the ultimate strength. 
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Calcium silicates appear in commercial cements in 'impure' form. 
These impurities may strongly affect the rate of reaction and of strength 
development of the hydrates. For instance, the addition of 1 per cent of 
Al2O3 to pure C3S increases the early strength of the hydrated paste, as 
shown in Fig. below. 

 
This increase in strength probably results from activation of the silicate 
crystal lattice due to introduction of the alumina into the crystal lattice 
and rearranges its structure. 
C3A contributes to the strength of the cement paste at one to three days, 
and possibly longer, but causes retrogression at an advanced age, 
particularly in cements with a high C3A or (C3A+C4AF) content. 
The role of C4AF in the development of strength of cement is not clear 
till now, but there certainly is no appreciable positive contribution. It is 
likely that colloidal hydrated CaO.Fe2O3 is deposited on the cement 
grains, thus delaying the progress of hydration of other compounds. 
From the knowledge of the contribution to strength of the individual 
compounds present, it might be thought possible to predict the strength of 
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cement on the basis of its compound composition. This would be in the 
form of an expression of the type: 
Strength= a(C3S) + b(C2S)+ c(C3A)+ d(C4AF) 
where the symbols in brackets represent the percentage by mass of the 
compound, and a , b, etc. are constants representing the contribution of 1 
per cent of the corresponding compound to the strength of the hydrated 
cement paste. 
 
Alkalis 
Tests on the influence of alkalis have shown that the increase in strength 
beyond the age of 28 days is strongly affected by the alkali content: the 
greater the amount of alkali presents the lower the gain in strength. The 
poor gain in strength between 3 and 28 days can be attributed more 
specifically to water-soluble K2O present in the cement. On the other 
hand, in the total absence of alkalis, the early strength of cement paste 
can be abnormally low. 
The alkalis are known to react with the so-called alkali-reactive 
aggregates – the product of reaction accompanied with increase in 
volume – leads to cracking of concrete mass, and cements used under 
such circumstances often have their alkali content limited to 0.6 per cent 
(measured as equivalent Na2O). Such cements are referred to as low-
alkali cements. 
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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. 
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Chapter Six 

Strength of Concrete 
 

General: 
Strength of concrete is commonly considered its most valuable property, 
although in many practical cases, other characteristics, such as durability 
and permeability may in fact be more important. Nevertheless strength 
usually gives an overall picture of the quality of concrete because 
strength is directly related to the structure of the hydrated cement paste. 
Moreover, the strength of concrete is almost invariably a vital element of 
structural design and is specified for compliance purposes. 
Strength of concrete could be defined as the ultimate load that causes 
failure (or is its resistance to rupture) and its units are force units divided 
by area (N/mm2, lb/in2). 
 
Nature of strength of concrete: 
The paramount influence of voids in concrete on its strength has been 
repeatedly mentioned, and it should be possible to relate this factor to the 
actual mechanism of failure. For this purpose, concrete is considered to 
be a brittle material, even though it exhibits a small amount of plastic 
action, as fracture under static loading takes place at a moderately low 
total strain; a strain of 0.001 to 0.005 at failure has been suggested as the 
limit of brittle behavior. High strength concrete is more brittle than 
normal strength concrete but there is no quantitative method of 
expressing the brittleness of concrete whose behavior in practice falls 
between the brittle and the ductile types. 
 
Fracture and failure 
Concrete specimens subjected to any state of stress can support loads of 
up to 40–60 per cent of ultimate without any apparent signs of distress. 
Below this level, any sustained load results in creep strain which is 
proportional to the applied stress and can be defined in terms of specific 
creep (i.e. creep strain per unit stress). Also the concrete is below the 
fatigue limit. As the load is increased above this level, soft but distinct 
noises of internal disruption can be heard until, at about 70–90 per cent of 
ultimate, small fissures or cracks appear on the surface. At this stage 
sustained loads result in eventual failure. Towards ultimate, cracks spread 
and interconnect until, at ultimate load and beyond; the specimens are 
increasingly disrupted and eventually fractured into a large number of 
separate pieces. The formation and propagation of small microscopic 2-5 
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cracks μm long (microcracks) have long been recognized as the causes of 
fracture and failure of concrete and the marked non-linearity of the 
stress–strain curve near and beyond ultimate. 
 
The stages of cracking (fracture) in concrete: 
There appear to be at least three stages in the cracking process. In 
describing the cracking mechanisms, it is important to differentiate 
between the mode of crack initiation and how this occurs at the 
microscopic level, and the subsequent paths of propagation and the 
eventual macroscopic crack pattern at the engineering level. 
Although some discontinuities exist as a result of the compaction process 
of fresh concrete, the formation of small fissures or microcracks in 
concrete is due primarily to the strain and stress concentrations resulting 
from the incompatibility of the elastic moduli of the aggregate and paste 
components.  
Stage I: Even before loading, intrinsic volume changes in concrete due to 
shrinkage or thermal movements can cause strain concentrations at the 
aggregate–paste interface. Within this stage localized cracks are initiated 
at the microscopic level at isolated points throughout the specimen where 
the tensile strain concentration is the largest. This shows that these cracks 
are stable and, at this load stage, do not propagate 
Stage II: As the applied load is increased beyond Stage I, initially stable 
cracks begin to propagate. There will not be a clear distinction between 
Stages I and II since stable crack initiation is likely to overlap crack 
propagation and there will be gradual transition from one stage to 
another. This is illustrated diagrammatically in Fig. 6.1. During Stage II 
the crack system multiplies and propagates but in a slow stable manner in 
the sense that, if loading is stopped and the stress level remains constant 
propagation ceases.  
The extent of the stable crack propagation stage will depend markedly 
upon the applied state of stress, being very short for ‘brittle’ fractures 
under predominantly tensile stress states and longer for more ‘plastic’ 
fractures under predominantly compressive states of stress. 
Stage III: This occurs when, under load, the crack system has developed 
to such a stage that it becomes unstable and the release of strain energy is 
sufficient to make the cracks self-propagate until complete disruption and 
failure occurs. Once Stage III is reached failure will occur whether or not 
the stress is increased. This stage starts at about 70–90 per cent of 
ultimate stress and is reflected in an overall expansion of the structure as 
signified by a reversal in the volume change behavior. As stated above, 
the load stage at which this occurs corresponds approximately to the 
long-term strength of concrete. 
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There exists also a test for flexural strength under centre-point loading, 
prescribed in ASTM C 293-94. In this test, failure occurs when the 
tensile strength of concrete in the extreme fibre immediately under the 
load point is exhausted. On the other hand, under third-point loading, 
one-third of the length of the extreme fibre in the beam is subjected to the 
maximum stress, so that the critical crack may develop at any section in 
one-third of the beam length. Because the probability of a weak element 
(of any specified strength) being subjected to the critical stress is 
considerably greater under two-point loading than when a central load 
acts, the centre-point loading test gives a higher value of the modulus of 
rupture, but also amore variable one. In consequence the centre-point 
loading test is very rarely used. 
 
Factors affecting strength of concrete: 
1. Water/cement ratio: 
In engineering practice, the strength of concrete at a given age and cured 
in water at a prescribed temperature is assumed to depend primarily on 
two factors only: the water/cement ratio and the degree of compaction. 
When considering fully compacted concrete only: for mix proportioning 
purposes this is taken to mean that the hardened concrete contains about 1 
per cent of air voids. When concrete is fully compacted, its strength is 
taken to be inversely proportional to the water/cement ratio. This relation 
was preceded by a so-called law, but really a rule, established by Duff 
Abrams in 1919. He found strength to be equal to: 
 

	
 

 
the W/C represents the water/cement ratio of the mix (originally taken by 
volume), and K1 and K2, are empirical constants. The general form of the 
strength versus water/cement ratio curve is shown in Fig. 6.6. 
It may be recalled that the water/cement ratio determines the porosity of 
the hardened cement paste at any stage of hydration. Thus the 
water/cement ratio and the degree of compaction both affect the volume 
of voids in concrete. Figure 6.1 shows that the range of the validity of the 
water/cement ratio rule is limited. At very low values of the water/cement 
ratio, the curve ceases to be followed when full compaction is no longer 
possible. Thus the increase of the water/cement ratio would improve 
workability and enhance the ability to decrease entrapped air. 
From time to time, the water/cement ratio rule has been criticized as not 
being sufficiently fundamental. Nevertheless in, practice the 
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various water/cement ratios.  The influence of the volume of aggregate on 
tensile strength is broadly similar. 
 
5. Influence of properties of coarse aggregate: 
The properties of aggregate affect the cracking load, as distinct from 
ultimate load, in compression and the flexural strength in the same 
manner that the relation between the two quantities is independent of the 
type of aggregate used. On the other hand, the relation between the 
flexural and compressive strengths depends on the type of coarse 
aggregate because (except in high strength concrete) the properties of 
aggregate, especially its shape and surface texture, affect the ultimate 
strength in compression very much less than the strength in tension or the 
cracking load in compression. In experimental concrete, entirely smooth 
coarse aggregate led to a lower compressive strength, typically by 10 per 
cent, than when roughened.  
The influence of the type of coarse aggregate on the strength of concrete 
varies in magnitude and depends on the water/cement ratio of the mix. 
For water/cement ratios below 0.4, the use of crushed aggregate has 
resulted in strengths up to 38 per cent higher than when gravel is used. 
With an increase in the water/cement ratio to 0.5, the influence of 
aggregate falls off, presumably because the strength of the hydrated 
cement  paste itself  becomes paramount and, at a water/cement ratio of 
0.65, no difference in the strengths of concretes made with crushed rock 
and gravel has observed. 
 
6. Effect of age on strength: 
The relation between the water/cement ratio and the strength of concrete 
applies to one type of cement and one age only, and also assumes wet-
curing conditions. On the other hand, the strength versus gel/space ratio 
relationship has a more general application because the amount of gel 
present in the cement paste at any time is itself a function of age and type 
of cement. The latter relation thus allows for the fact that different 
cements require a different length of time to produce the same quantity of 
gel. 
In concrete practice, the strength of concrete is traditionally characterized 
by the 28-day value, and some other properties of concrete are often 
referred to the 28-day strength. If, for some reason, the 28-day strength is 
to be estimated from the strength determined at an earlier age, say 7 days, 
then the relation between the 28-day and the 7-day strengths has to be 
established experimentally for the given mix. Anyway, the following 
relations could be used as rough estimations only: 
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Curing of concrete: 
Curing is the name given to procedures used for promoting the hydration 
of cement, and consists of a control of temperature and of the moisture 
movement from and into the concrete. In order to obtain good concrete, 
the placing of an appropriate mix must be followed by curing in a suitable 
environment during the early stages of hardening. 
More specifically the object of curing is to keep concrete saturated, or as 
nearly saturated as possible, until the originally water-filled space in the 
fresh cement paste has been filled to the desired extent by the products of 
hydration of cement. In the case of site concrete, active curing stops 
nearly always before the maximum possible hydration has taken place. 
It was found that, for hydration to continue the relative humidity inside 
concrete has to be maintained at a minimum of 80 per cent. If the relative 
humidity of ambient air is at least that high, there will be little movement 
of water between the concrete and the ambient air, and no active curing is 
needed to ensure continuing hydration. In practice, therefore active curing 
is unnecessary only in a very humid climate with a steady temperature. 
It is well known that hydration of cement can take place only in water-
filled capillaries. This is why loss of water by evaporation from the 
capillaries must be prevented. Furthermore, water lost internally by self-
desiccation (due to the chemical reactions of hydration of cement) has to 
be replaced by water from outside, i.e. ingress of water into the concrete 
must be made possible. It may be recalled that hydration of a sealed 
specimen can proceed only if the amount of water present in the paste is 
at least twice that of the water already combined. Self-desiccation is thus 
of importance in mixes with water/cement ratios below about 0.5; for 
higher water/cement ratios, the rate of hydration of a sealed specimen 
equals that of a saturated specimen. It should not be forgotten, however, 
that only half the water present in the paste can be used for chemical 
combination; this is so even if the total amount of water present is less 
than the water required for chemical combination. 
However, traditionally, the effects of curing are expressed in terms of the 
influence of curing on strength, that is on a comparison of the strength of 
the specimen stored in water (or in fog) with the strength of those stored 
under some other conditions for different periods; this is taken to 
demonstrate the effectiveness of curing and its beneficial effect. An 
example of this is shown in Fig. 6.11, obtained for concrete with a 
water/cement ratio of 0.50. 
It must be stressed that, for a satisfactory development of strength, it is 
not necessary for all the cement to hydrate and the quality of concrete 
depends primarily on the gel/space ratio of the paste. If, however, the 
water-filled space in fresh concrete is greater than the volume that can be 
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- Covering the surface of the concrete with overlapping polyethylene 
sheeting, laid flat or with reinforced paper. The sheeting can be black, 
which is preferable in cold weather, or white, which has the advantage 
of reflection of solar radiation in hot weather. Paper with a white 
surface is also available. Sheeting can cause discoloration or mottling 
because of non-uniform condensation of water on the underside. 

- Spray-applied curing compounds which form a membrane. The 
common ones are solutions of synthetic hydrocarbon resins in high-
volatility solvents, sometimes including a fugitive bright-color dye. 
The dye makes obvious the areas not properly sprayed. A white or 
alumina pigment can be included to reduce the solar heat gain; this is 
very effective. Other resin solutions are available acrylic, vinyl or 
styrene butadiene and chlorinated rubber. Wax emulsions can also be 
used, but they result in a slippery finish which is not easy to remove, 
whereas the hydrocarbon resins have poor adhesion to concrete and are 
degraded by ultraviolet light; both these features are desirable. 

A specification for liquid membrane-forming curing compounds is given 
in ASTM C 309-93, and for sheet materials in ASTM C 171-92. 
It is obvious that the membrane must be continuous and undamaged. The 
timing of spraying is also critical. The curing spray should be applied 
after bleeding has stopped bringing water to the surface of the concrete 
but before the surface has dried out: the optimum time is the instant when 
the free water on the surface of the concrete has disappeared so that the 
water sheen is no longer visible. However, if bleeding has not stopped, 
the curing membrane should not be applied even if the surface of the 
concrete appears dry in consequence of a high rate of evaporation.  
 
Length of curing: 
The period of curing required in practice cannot be prescribed in a simple 
manner: the relevant factors include the severity of the drying conditions 
and the expected durability requirements.  
It was stated earlier that curing should start at the earliest possible instant 
and should be continuous. Occasionally, intermittent curing is applied, 
and it is useful to appreciate its effect. In the case of concrete with a low 
water/cement ratio, continuous curing at an early age is vital as partial 
hydration make the capillaries discontinuous: on renewal of curing, water 
would not be able to enter the interior of the concrete and no further 
hydration would result. However, mixes with a high water/cement ratio 
always retain a large volume of capillaries so that curing can be 
effectively resumed at any time, but the earlier the better. Table 6.1 
shows minimum curing periods as recommended in ENV 206:1992. 
 



 

Bon
Sin
rein
con
crac
Bon

- f
- a
- m

In a
con
rein
rein
pre
con
not
The
des
to t
stre
com
in 
dep
Nev
incr
rate

Tab 

nd betwee
nce structu
nforcemen
nsiderable 
cking due
nd arises p
friction.   
adhesion b
mechanica
a structure
ncrete but
nforcemen
nforcemen
esence of 
nnected to
t impair th
e critical 
sign formu
the square
ength of c
mpressive 
the vario

pendence 
vertheless
rease with
e, for conc

ble 6.1: M

en concre
ural concre
nt, the str

importan
e to shrink
primarily 

between c
al interloc
e, the bond
t also oth
nt and of 
nt. The sta
rust on t

o the unde
he bond of
property i

ulae for bo
e root of c
concrete is

strength, 
ous codes 

of the b
s, bond st
h an incre
crete stren

Minimum c

ete and re
ete is, in t
rength of 
nce with 
age and ea
from:  

oncrete an
king in th
d strength 
her factor
the struct
ate of the 
the surfac
erlying ste
f deformed
is the ten
ond streng
compressi
s proporti
say abou
are not 

bond stre
rength of 

ease in com
ngths up to

curing peri

17 

einforcem
the vast m

f bond be
respect to
arly therm

nd steel. 
he case of d

involves 
rs. These
ture such 
 surface o

ce of the 
eel, improv
d reinforce
nsile streng
gth usually
ive strengt
ional to a 

ut 0.7; con
a correct

ength on 
f deformed
mpressive

o about 95

iods as rec

ment: 
majority o
etween th
o structur

mal effects

deformed 
not only t

e include 
as the thi

of the stee
steel prov

ves bond 
ement.  
gth of con
y express i
th, As sho
somewha

nsequently
t represen

the com
d steel ba
e strength,
 MPa (140

commende

f cases us
e two ma
al behavi
.  

bars.  
he propert
the geom

ckness of
el is also 
vided the
of plain b

ncrete. Fo
it as being
own earlie
at higher 
y, the expr
ntation of 

mpressive 
ars has be
, albeit at 
000 psi). 

ed in ENV

 

sed with s
aterials is
ior, includ

ties of the
metry of 
f cover to 
a factor. 

e rust is w
bars and d

or this rea
g proportio
er, the ten
power of 
ressions u

f the indi
of concr

een shown
a decreas

V 206:199

 

steel 
s of 
ding 

e 
the 
the 

The 
well 
does 

ason 
onal 
nsile 
f the 
used 
irect 
rete. 
n to 
sing 

2.



18 
 

A rise in temperature reduces the bond strength of concrete: at 200 to 300 
oC (400 to 570 oF) there may be a loss of one-half of the bond strength at 
room temperature. 
 
Quality of mixing water: 
The quality of the water plays a significant role on strength of concrete, 
as:  
- impurities in water may interfere with the setting of the cement.  
- may adversely affect the strength of the concrete.  
- cause staining of its surface.  
- lead to corrosion of the reinforcement.  
For these reasons, the suitability of water for mixing and curing purposes 
should be considered. Clear distinction must be made between the quality 
of mixing water and the attack on hardened concrete by aggressive 
waters. Indeed, some waters which adversely affect hardened concrete 
may be harmless or even beneficial when used in mixing. 
Mixing water should not contain undesirable organic substances or 
inorganic constituents in excessive proportions. However, no standards 
explicitly prescribing the quality of mixing water are available, partly 
because quantitative limits of harmful constituents are not known, but 
mainly because unnecessary restrictions could be economically 
damaging. 
In many project specifications, the quality of water is covered by a clause 
saying that water should be fit for drinking. Such water very rarely 
contains dissolved inorganic solids in excess of 2000 parts per rnillion 
(ppm), and as a rule less than 1000p pm. For a water/cement ratio of 0.5, 
the latter content corresponds to a quantity of solids representing 0.05 per 
cent of the mass of cement, and any effect of the common solids would 
be small. 
Conversely, some waters not fit for drinking may often be used 
satisfactorily in making concrete. As a rule, water with pH of 6.0 to 8.0 or 
possibly even 9.0 which does not taste brackish is suitable for use, but 
dark color or bad smell do not necessarily mean that deleterious 
substances are present.  A simple way of determining the suitability of 
such water is to compare the setting time of cement and the strength of 
mortar cubes using the water in question with the corresponding results 
obtained using known 'good' water or distilled, there is no appreciable 
difference between the behavior of distilled and ordinary drinking water. 
A tolerance of about 10 per cent i s usually permitted to allow for chance 
variation in strength. 
Brackish water contains chlorides and sulfates. When chloride does not 
exceed 500 ppm, of SO3 does not exceed 1000 ppm, the water is 
harmless. but with even higher salt contents has been used satisfactorily. 
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Sea water has a total salinity of about 3.5 per cent (78 per cent of the 
dissolved solids being NaCl and l5 per cent MgCl2, and MgSO4), and 
produces a slightly higher early strength but a lower long-term strength; 
the loss of strength is usually no more than 15 per cent and can therefore 
often be tolerated. Some tests suggest that sea water slightly accelerates 
the setting time of cement; others show a substantial reduction in the 
initial setting time but not necessarily in the final set. 

 
 
 
 
 
 
 
 
 
 
 
 
 


