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Manufacture of Portland Cement
The raw materials required for manufacture of Portland cement are:
1- calcareous materials, such as limestone or chalk
2- argillaceous material such as shale or clay
Cement factories are established where these raw materials are available in plenty

The process of manufacture of cement consists of:
1- Grinding the raw materials
2- Mixing them intimately in certain proportions depending upon their purity and composition
3- Burning them in a kiln at a temperature of about 1300 to 1500°C,
at which temperature, the material sinters and partially fuses to form nodular shaped clinker
4- The clinker is cooled and ground to fine powder with addition of about 3 to 5% of gypsum.
The product formed by using this procedure is Portland cement.

There are two processes depending upon whether the mixing and grinding of raw materials is
done in wet or dry conditions. These processes are :
1- Wet process
2- Dry process
3- The semi-dry process, where the raw materials are ground dry and then mixed with about
(10-14) %t of water and further burnt to clinkering temperature.

For many years the wet process remained popular because of the possibility of more
accurate control in the mixing of raw materials. The technique of intimate mixing of raw
materials in powder form was not available then. Later, the dry process gained momentum
with the modern development of the technique of dry mixing of powdered materials using
compressed air.
The dry process requires much less fuel as the materials are already in a dry state, whereas

in the wet process the slurry contains about 35 to 50 per cent water. To dry the slurry we thus
require more fuel. Recently a number of factories have been commissioned to employ the dry
process method. Within next few years most of the cement factories will adopt dry process
system.
The wet process:
1- The limestone brought from the quarries is first crushed to smaller fragments
2- Then taken to a ball or tube mill where it is mixed with clay or shale as the case may be and
ground to a fine consistency of slurry with the addition of water



Concrete Technology
Ass.Prof. Dr. Zena K. Abbas

Second class

The slurry: is a liquid of creamy consistency with water content of about 35 to 50 per cent,
wherein particles, crushed to the fineness of Standard Sieve, are held in suspension.

3- The slurry is pumped to slurry tanks or basins where it is kept in an agitated condition by
means of rotating arms with chains or blowing compressed air from the bottom to prevent
settling of limestone and clay particles.
4- The composition of the slurry is tested to give the required chemical composition and
corrected periodically in the tube mill and also in the slurry tank by blending slurry from
different storage tanks.
5-The corrected slurry is stored in the final storage tanks and kept in a homogeneous condition
by the agitation of slurry.
6- The corrected slurry is sprayed on to the upper end of a rotary kiln against hot heavy
hanging chains.

Rotary kiln : is an important component of a cement factory. It is a thick steel cylinder of
diameter anything from 3 m to 8 m, lined with refractory materials, mounted on roller
bearings and capable of rotating about its own axis at a specified speed. The length of the
rotary kiln may vary anything from 30 m to 200 m. The kiln is fired from the lower end. The
fuel is powered coal, oil or natural gas.

7- The slurry on being sprayed against a hot surface of flexible chain loses moisture and
becomes flakes
8- These flakes peel off and fall on the floor. The rotation of the rotary kiln causes the flakes to
move from the upper end towards the lower end of the kiln subjecting itself to higher and
higher temperature.
9- By the time the material rolls down to the lower end of the rotary kiln, the dry material
undergoes a series of chemical reactions until finally, in the hottest part of the kiln, where the
temperature is in the order of 1500°C, about 20 to 30 per cent of the materials get fused.
Lime, silica and alumina get recombined.

10- The fused mass turns into nodular form of size 3 mm to 20 mm known as clinker.
11- The clinker drops into a rotary cooler where it is cooled under controlled conditions.
12- The clinker is stored in silos or bins. The clinker weighs about 1100 to 1300 gms per litre.
The liter weight of clinker indicates the quality of clinker.
13- The cooled clinker is then ground in a ball mill with the addition of 3 to 5 per cent of
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gypsum in order to prevent flash-setting of the cement.

Ball mill: A ball mill consists of several compartments charged with progressively smaller
hardened steel balls. The particles crushed to the required fineness are separated by currents
of air and taken to storage silos from where the cement is bagged or filled into barrels for bulk
supply to dams or other large work sites.

** The good grading pattern of the cement particles is important for making good concrete.

The dry and semi-dry process:
1- The raw materials are crushed dry and fed in correct proportions into a grinding mill.
2-in grinding mill, they are dried and reduced to a very fine powder. The dry powder
called the raw meal.
3-the raw meal is then further blended and corrected for its right composition and
mixed by means of compressed air
4- The aerated powder tends to behave almost like liquid and in about one hour of
aeration a uniform mixture is obtained.
5- The blended meal is further sieved and fed into a rotating disc called granulator.
6- A quantity of water about 12 per cent by wright is added to make the blended meal
into pellets.
7-pellets is done to permit air flow for exchange of heat for further chemical reactions
and conversion of the same into clinker further in the rotary kiln.

Advantages of Dry process:
1- The equipment used in the dry process kiln is comparatively smaller.
2- The process is quite economical.
3- The total consumption of coal in this method is only about 100 kg when compared to
the requirement of about 350 kg for producing a ton of cement in the wet process.

** note that the strength properties of cement are considerably influenced by the
cooling rate of clinker.
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from the table (1) a moderate rate of cooling of clinker in the rotary cooler will result in
higher strength .

The moderate cooling it is implied:
The clinker is brought from 1200°C to 500°C in about (15 minutes)-
-Then from the 500°C the temperature to normal atmospheric temperature in about
(10 minutes)

The rate of cooling influences
* The degree of crystallization
* The size of the crystal
* The amount of amorphous materials present in the clinker

*** The properties of this amorphous material for similar chemical composition will be
different from the one which is crystallined.

Lecture 2:

Chemical Composition:

**The raw materials used for the manufacture of cement consist mainly of:
1-Lime - CaO
2-Silica – SiO2
3-Alumina- Al2O3
4-Iron oxide- Fe2O3
** These oxides interact with one another in the kiln at high temperature to form
more complex compounds.
** The relative proportions of these oxide compositions are responsible for:
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1- influencing the various properties of cement
2- the rate of cooling
3- fineness of grinding
Specifies the following chemical requirements:

(a)Ratio of percentage of lime to percentage of silica, alumina and iron oxide;
known as Lime Saturation Factor, when calculated by the formula
L.S.F =

Not greater than 1.02 and not less than 0.66

(b) Ratio of percentage of alumina to that of iron oxide
(c) Weight of insoluble residue
(d) Weight of magnesia
(e) Total sulphur content
(f ) Total loss on ignition

It is to be noted that for simplicity’s sake abbreviated notations are used.
C stands for CaO,
S stands for SiO2,
A for Al2O3,
F for Fe2O3 , and H for H2O.
The equations suggested by Bogue for calculating the percentages of major
compounds are given below.
C3S= 4.07 (CaO) – 7.60 (SiO2) – 6.72 (Al2O3) – 1.43 (Fe2O3) – 2.85 (SO3)
C2S = 2.87 (SiO2) – 0.754 (3CaO.SiO2)
C3A = 2.65 (Al2O3) – 1.69 (Fe2O3)
C4AF= 3.04 (Fe2O3)
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The oxide shown within the brackets represents the percentage of the same in the
raw materials.

Hydration of Cement
The chemical reactions that take place between cement and water is referred as
hydration of cement

1- Anhydrous cement does not bind fine and coarse aggregate. It acquires
adhesive property only when mixed with water.

2- The chemistry of concrete is essentially the chemistry of the reaction
between cement and water

3- The products of hydration are important because they have cementing or
adhesive value.

4- The quality, quantity, continuity, stability and the rate of formation of the
hydration products are important
*** Anhydrous cement compounds when mixed with water react with each
other to form hydrated compounds of very low solubility.

The hydration of cement can be visualised in two ways:-
1- Through solution: in this way , the cement compounds dissolve to produce
a supersaturated solution from which different hydrated products get
precipitated

2- Solid state: - is that water attacks cement compounds in the solid state
converting the compounds into hydrated products starting from the
surface and proceeding to the interior of the compounds with time.
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**** It is probable that both “through solution” and “solid state” types of
mechanism may occur during the course of reactions between cement
and water
**** The former mechanism may predominate in the early stages of
hydration in view of large quantities of water being available, and the
latter mechanism may operate during the later stages of hydration.

Heat of Hydration:

The reaction of cement with water is exothermic. The reaction liberates a
considerable quantity of heat. This liberation of heat is called heat of hydration.

** This is clearly seen if freshly mixed cement is put in a vaccum flask and the
temperature of the mass is read at intervals.

The study and control of the heat of hydration becomes important in:
1- The construction of concrete dams
2- The mass concrete constructions.

** It has been observed that the temperature in the interior of large mass
concrete is 50°C above the original temperature of the concrete mass at the
time of placing and this high temperature is found to persist for a prolonged
period.
** The Figure shows the pattern of liberation of heat from setting cement
and during early hardening period. On mixing cement with water, a rapid
heat evolution, lasting a few minutes, occurs.
--This heat evolution is probably due to the reaction of solution of aluminates
and sulphates (ascending peak A).
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-- This initial heat evolution ceases quickly when the solubility of aluminate is
depressed by gypsum. (descending peak A).
-- Next heat evolution is on account of formation of ettringite and also may
be due to the reaction of C3S (ascending peak B).

 Since retarders are added to control the flash setting properties of C3A,
 Actually the early heat of hydration is mainly contributed from the
hydration of C3S.

 Fineness of cement also influences the rate of development of heat but
not the total heat.

 The total quantity of heat generated in the complete hydration will
depend upon the relative quantities of the major compounds present in
cement.
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Verbec and Foster analysis of heat of hydration data of large number of cements
and computed heat evolution of four major compounds of cement, Table below
shows the heats of hydration of four compounds.

Table: Heat of Hydration

Heat of Hydration at the given age (cal/g) Compound
13 years 90days 3 days

C3S
C2S
C3A
C4AF

122
59
324
102

104
42
311
98

58
12
212
69
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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 the 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 5% and 2.8% when C3A >5 % for ordinary cement for sulfate resistance
cement, SO3 2.5%.

Calcium silicates hydrate

C3 S:

C3S + water - lime and silica ions in the solution with
molecular weight: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 undergoes hydrolysis to form the second product of the gel CSH. The full hydration of C3S can be
expressed approximately following equation

2(3CaO.SiO2) + 6H2 O 3CaO.2SiO2. 3H2O + 3Ca (OH)2

C2S:

There are three main crystal forms of C2S (a, b, y) but the b-form is the
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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 C3 S, 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. Hydration of C2S — takes
more than 4 years.

The gel formed after the completion of hydration of the two compounds
Is C3S2H, — Tobermory.

C3S and C2S — require approximately the same amount of water for hydration, but C3S produces more than

twice as much Ca (OH)2 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
Tricalcium silicate (3CaO.SiO2)-C3S
Dicalcium silicate (2CaO.SiO2) -C2S
Tricalcium aluminate (3CaO.Al2O3) - C3A
Tricalcium luminometries -C4AF

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 (Ca O) — 7.6 (SiO2) — 6.72 (Al2O3) — 1.43 (Fe2O3) — 2.85 (SO3)

C2S = 2.87(SiO2) — 0.754 (C3S)

C3A = 2.65 (Al 2O3)— 1.69 (Fe2O3)
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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.

C3S which is normally present in the largest amount. '

C2S β-C2S form at about 1450.

C3A forms rectangular crystals, but C3A in frozen glass forms an amorphous interstitial phase
C4AF is solidsolution 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

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 toaffect the setting time
and the rate of thegain of strength of cement because they accelerate the hydration of cement compound

Na2O + 0.658 K2O 0.6

SO3

form low percentage of cement weight. SO3 comes from the gypsum added (4% 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
5%, and by 2.8% when C 3A > 5% for ordinary cement, for sulfate resistancecement,SO3 2.5%.

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 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 TiO2Mn2O3, P2O5 represent < 1%, and they have little importance.

Loss on ignition (L.O.I)
It is the loss of the comment sample weight when it expos to temperature (at 1000˚ C). It shows the
extent of carbonation and hydration of free lime and free magnesia due to the exposure of cement to the
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atmosphere. Also, part of the loss in weight comes from losing water from the gypsum composition. The
maximum loss on ignition permitted by Iraq specification No. 5 is 4% by weight.

Insoluble residue
It is that part ofcement sample that is insoluble inHCI. It comes from the unreacted silica, to formsoluble

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° % byweight.

The rates of the chemical reactions of themain 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.

Themainhydrates of thehydrationprocessare:

-Calcium silicates hydrate, including hydrated products of C3S, and C2S.

2C3S +6HC3S2H3 +3Ca (OH)2
2 C2S + 4H C3S 2H3 + Ca (OH)2

- Tricalciumaluminate hydrate. C3A + 6H – C3AH6
- C3A F hydrated to tricalcium aluminate hydrate and calcium ferrite CaO.Fe2O3 inamorphous form.

Since calcium silicates (C3SandC2S)—are themaincement 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.

This is due to:
1) Accumulation of hydration products around the unhydrated cement grains which lead toprevent water from
channeling to them.
2) Reduction of the amount of water either due tochemical reaction

or evaporation.
3) Reduction of the amount of cement due to reaction.

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.
- The heat evolved by hydration.
- The specific gravity of the paste.
- Theamountofchemically combinedwater.
The amount of hydrated cement present (using X-ray quantitativeanalysis). Also,indirectly fromthestrengthof
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thehydrated paste

Lecture 5
Influence of the compounds 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 about one year the two compounds contribute approximately equally to ultimate strength.
C3A: contributes to the strength of the cement paste at one to three days , and possibility longer , but may
caucuses retrogression at an advanced age particularly in cements with high C3A or (C3A + C4AF) content.
C4AF: the development of strength of cement is still not clear , but there certainly is no appreciable positive
contribution.
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Setting
Setting refers to a gang from a fluid to a rigid stage
Cement + water ---- cement paste ---- lose its plasticity gradually
When it loses its plasticity completely ----setting occurs.
The stages of setting include:

- Initial setting: refers to the beginning of the cement paste setting.
Iraqi standard specification No. 5 limits: not less than 45 minutes.

- Final setting: refers to the beginning of hardening and gain of strength.
Iraqi standard specification No. 5 limits: not less than 45 minutes.

Note: It is important to distinguish between settings and hardening, which is refers to the gain of strength of a
set cement paste.
The two compounds first to react are C3A and C3S.
The setting time of cement decreases with a rise in temperature. 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.
Vicat apparatus: use to measure the setting time for cement paste.
Factors affecting the setting:

1. Water/cement ratio (W/C): the setting time of cement increase with the increase of w/c ratio.
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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.

Flash setting: Occurs when there is no gypsum added or exhausting the gypsum (added with little amount), so
C3A reacts with water causing liberation high amount of heat causing rapid setting of cement and leading to
form porous microstructure that the product of hydration of the other compounds precipitate through, unlike
the normal (ordinary setting) that have much lower porosity microstructure.
False setting: It is abnormal premature stiffening of cement within few minutes of mixing with water.
It differs from Flash set in:

- 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 inter-ground with too hot a clinker formed :
-Hemihydrates (CaSO4.0.5H2O) – when temperature between 100-190ᵒC
-Or anhydrite (CaSO4)- when temperature < 190ᵒC
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 precipices and
induces a rigidity of the paste.

3. Activation of C3Ssubjected 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.

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.

Lecture 6
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.
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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.
-ASTM --- 6%
-IQS----5%
MgO+ H2O----- Mg(OH)2

3. Calcium sulfates (gypsum)

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

a. Autoclave test
b. Le chatlier

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 presents the material
available for hydration. Thus the rate of hydration depends on the fineness of the cement particles.
The high fineness is necessary for:

1. Rapid development of strength
2. To cover surface of the fine aggregate particles at better manner leading to better adhesion between

cement mortar constituents.
3. To improve the workability of the concrete mix, but it will increase the amount of water required for

the standard consistency.

The disadvantage of high fineness:
1. The cost of grinding to a higher fineness is considerable.
2. The finer the cement the more rapidly it deteriorates on exposure to the atmosphere during storage.
3. Finer cement increases the surface area of its alkalies leads to stronger reaction with alkali- reactive

aggregate – cracks and deterioration of concrete.
4. Finer cement exhibits a higher shrinkage and a greater proneness to cracking.
5. An increase in fineness increases the amount of gypsum required .

There are four methods to determine the fineness of cement
1. Sieve analysis
2. Blaine (air permeability)
3. Sedimentation principle
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4. Wagner

Optimum Gypsum Content (OGC):
Optimum gypsum content is a percentage of gypsum that give higher compressive strength, low drying
shrinkage and no excessive expansion in concrete volume when immersed in water, presented in the figure
below.

Factors affecting in the OGC
1. C3A content: Increase C3A content need to increase OGC because higher percentage will react in short

time.
2. Cement fineness : Increase in cement fineness promote to increase OGC
3. Alkali content: Increase in alkali content means increase reaction of gypsum that leads to increase

OGC.
4. Curing temperature: Increase in temperature of curing cause increase the reaction of C3A with gypsum

that means increase OGC.
5. Curing time: Increase in curing time promotes to increase OGC because of autogenously healing.
6. Free CaO and MgO: increase of these oxides lead to decrease in OGC.
7. Clorides: increase of clorides lead decrease in OGC.
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Types of Portland cement according to ASTM and IQ Classification
Before we discuss the above cements, for general information, it is necessary to see how Portland cement is
classified under the ASTM (American Society for Testing Materials) standards. As per ASTM, cement is
designated as Type I, Type II, Type III, Type IV, Type V. as presented in Tables 1 and 2.
Type I
For use in general concrete construction where the special properties specified for Types II, III, IV and V are
not required (Ordinary Portland Cement).
Type II
For use in general concrete construction exposed to moderate sulphate action, or where moderate heat of
hydration is required.
Type III
For use when high early strength is required (Rapid Hardening Cement).
Type IV
For use when low heat of hydration is required (Low Heat Cement).
Type V
For use when high sulphate resistance is required (Sulphate Resisting Cement).

And other minor types like :
Type IS: Portland blastfurnace cement
Type IP : Pozolana cement
and Type IA IIA and IIIA: Air entrained cement

Example
The chemical analysis of cement presented in the table, is it confirm to the ASTM and Iraqi specification?
Oxide
Content %a

Iraqi

SiO2 20.83
Al2O3 5.08
Fe2O3 3.36
CaO 63.01
SO3 2.15
MgO 2.10
L.O.Ib 2.64
I.Rc 1.21

Home work
Q1\ The chemical analysis of cement presented in the table, is it confirm to the Iraqi specification?
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Oxide
Content %a

Iraqi

SiO2 20.09
Al2O3 4.25
Fe2O3 5.16
CaO 60.97
SO3 2.39
MgO 1.62
L.O.Ib 1.77
I.Rc 1.38

Q2\ The table below present different type of cement, select which type is conforms (suitable) for each (Explain):
1. Mass concrete
2. Marine construction
3. Slab in building

Compounds (%) Cement 1 Cement 2 Cement 3 Cement 4
C3S 34.3 34 69.6 44
C2S 34.8 50 6.92 23
C3A 10.26 6.2 0.09 9.9
C4AF 9.4 8.2 14.71 8.7
SO3 3.1 2.9 2.3 2.7

Q3\ The chemical composition of cement is presented in the Table below:
Oxide composition
(%)

CaO SiO2 AL2O3 Fe2O3 SO3 L.O.I
63 20 6 3 2 2

A\ Using Bogue′s equation to find the major compounds, C3S=54.1 per cent?
B\ Find which type of cement using the standard Iraqi specification?



Concrete Technology
Ass.Prof. Dr. Zena K. Abbas

Second class

Lec. 8
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. its strength at 3-days equal that 7-days of OPC

 The rate of strength gain occur due to increase of C3S compounds and to finer grinding of cement .
 Explain: the rate of heat evolution is higher than in ordinary Portland cement?
 Explain: this type of cement does not use at mass concrete construction?
 Explain: the RHPC used at low temperatures? To prevent the frost damage of the capillary water for

……..

Special types of rapid hardening Portland cement
1. 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 up to (7000-9000)cm2/g.
2. Extra rapid hardening Portland cement: this type prepare by grinding Cacl2 with rapid hardening

Portland cement. The percentage of it should not be more than 2% by weight of the rapid hardening
Portland cement.

Low heat Portland cement
 It has lower early strength (half the strength at 7-days and two third at 28-days) compared to OPC.
 Less and delay the heat of hydration compared to OPC.
 Explain: it is used in mass concrete construction? The rise of temperature in mass concrete due to

progression in heat of hydration cause series cracks, so it is important to limit the rate of heat
evolution in construction by using LHPC since it's ……

Sulfate resisting Portland cement
 Its cost is higher than ordinary Portland cement because of the special requirement of material

composition including the addition of iron powder to the raw material and the min fineness
=2500 cm2/g.

 Its early strength and heat of hydration are little higher than LHPC.
 Explain: using sulfate Portland cement in marine construction?

To prevent the delay reaction between hydrated calcium aluminates with sulfate (present in
aggregate, soil or ground water) producing hydrated calcium sulfoaluminate (ettringite) leading
to internal stress because of the increase of the volume about 227%, so we use SRPC , since it
contain less C3A (max. C3A=3.5% according to IQ and max. C3A =5% according to ASTM. The
formula of the reaction below:

Portland Blastfurnace Cement
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This type of cement consists of mixture of Portland cement and ground granulated blastfurnace slag.
Slag: is a west product in the manufacture of pig iron. Chemically 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 the same
proportions.
Note: The maximum percentage of slag used in this type of cement is limited between 25-65% , By ASTM.
Properties:

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

 The requuirements of (fineness , setting time and soundness) are similar for OPC .
 The workability is higher than that of OPC.
 Heat of hydration is lower than OPC.
 Its sulfate resistance is high.

Uses:
 Mass concrete. Explain?
 It is possible to be used in constructions that subjected to sea water (marine constructions).

Explain?
 May not be used in cold weather. Explain?

Pozzolanic Cement
This type of cement consists of an intimate mixture of Portland cement and Pozzolana.
Note: The maximum percentage of pozzolana used in this type of cement is limited between 15-40%, By
ASTM.
Pozzolana according to ASTM C618 can be defined as a siliceous or siliceous and aluminous material which is
chemically react with calcium hydroxide at ordinary temperature to form compounds possessing cementitious
properties (CSHgel).
Types of pozzolana :

 Natural pozzolana materials such as volcanic ash.
 Industrial Pozzolanic materials such as fired clay.

The Properties and uses: Same as Portland blastfurnace cement.
White Portland cement:
White Portland cement is made from raw materials containing very littile iron oxides less than 0.3% by mass of
clinker and magnesium oxides (Explain?) which is give the gray color in OPC. The China clay (white Kaoline) is
generally used together with chalk limestone (free from impurities).
Properties:

 Its manufacture needs higher firing temperature (Explain) because of the using sodium – aluminum
instead of iron (iron is a flux material).

 The main compounds in this cement is similar to OPC except the low percentage of C4AF (Explain).
 The strength is usually somewhat lower than of OPC.
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Colored Portland cement:
It is prepared by adding spatial type of pigments (about 2-10% by weight of cement) to the Portland cement.

- The pigments is added to white Portland cement when light colors is required
- The pigment is added to ordinary Portland cement when dark colors is required.

The pigments are insoluble and not affected by light and it should be chemically inert.

The required 28-day compressive strength not less than 90% of the strength of a pigment free control mix and
the water demand not more than 110% of the control mix.
Expansive cement
It has the property of expanding in its early life so as to reduce the contractions induced by drying shrinkage.
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Table 1: Chemical requirements:
Specifications Types of Cement

I and
IA

II and
IIA

III and
IIIA

IV V

Magnesium oxide
(MgO), max, %

ASTM 6 6 6 6 6

IQ 5 5 5 5 5

Sulfur trioxide
(SO3), max, %

ASTM - C3A ≤ 8% 3 3 3.5 2.3 2.3

ASTM -C3A > 8% 3.5 E 4.5 E E

IQ -C3A ≤ 5% 2.5 2.5 3 2.5 2.5

IQ - C3A > 5% 2.8 2.8 3.5 3 2.5

Loss on ignition,
max, %

ASTM 3 3 3 2.5 3

IQ 4 4 4 4 4

Insoluble residue,
max, %

ASTM 0.75 0.75 0.75 0.75 0.75

IQ 1.5 1.5 1.5 1.5 1.5

Tricalcium silicate
(C3S) , max, %

ASTM _____ _____ _____ 35 _____

IQ _____ _____ _____ 35 _____

Dicalcium silicate
(C2S) , min, %

ASTM _____ _____ _____ 40 _____

IQ _____ _____ _____ 40 _____

Tricalcium
aluminate (C3A),

max, %

ASTM _____ 8 15 7 5

IQ _____ 8 15 7 3.5

Tetracalcium
aluminoferrite
plus twice the
tricalcium

ASTM _____ _____ _____ _____ 25
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aluminate (C4AF +
2(C3A)),max, %

IQ _____ _____ _____ _____ _____

Lime Saturation
Factor

ASTM _____ _____ _____ _____ _____

IQ 0.66 - 1.02 0.66 - 1.02 0.66 - 1.02 0.66 - 0.88 0.66 - 1.02

Specifications Cement types

I II III IV V

Compressive
strength,
Mpa

ASTM 1 day ____ ____ 12 ____ ____

IQ ____ ____ 11 ____ ____

ASTM 3 day 12 10 24 ____ 8

IQ 15 15 21 10 15

ASTM 7 day 19 17 ____ 7 15

IQ 23 23 28 ____ 23

ASTM 28 day ____ ____ ____ 17 21

IQ ____ ____ ____ 28 ____

Time of setting,
min, not less than

ASTM 45 45 45 45 45

IQ 45 45 45 45 45

Time of setting,
min, not more

than

ASTM 375 375 375 375 375

IQ 600 600 600 600 600
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AGGREGATE

Aggregate occupied 75% of concrete volume which has higher volume stability and better
durability than hydrated cement paste.

The size of aggregate used in concrete range from tens of millimeters down to
particles less than one tenth of millimeter in cross section. The particle sizes
distribution referred to grading.

There are two size groups of aggregate. fine aggregate often called sand not larger than
4.75mm and coarse aggregate greater than 4 75 mm according to (ATMsieve No4).

There are two types of aggregated natural and artificial. In Iraq we use river course aggregate,
crushed stone, natural silica sand

Properties of Aggregate
I-Grading
Grading of coarse and fine aggregate considered very important physical properties which
effect on prophetic of concrete. There are many specifications of grading which determine the
upper and lower passing percentage for each standard sieve and its considered failure
aggregate in gradation, if don't conform to the specification of grading zone:

Example: compare this sample of fine aggregate with Iraqi and ASTM specification in grading.

Sieve
Size (mm)

9.5 4.75 2.36 1.18 0.6 0.3 0.15 Pan

Returned
Weight (gm)

0 40 130 100 80 70 50 30

Maximum Size of Aggregate
The maximum size of aggregate use in concrete is determined by:

A- Thickness of concrete slab. the maximum size of aggregate is 1/3-1/5 of slab thickness
to get homogenizes distribution of concrete components.
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B- Spacing between reinforcement: the maximum size of aggregate is 1/3-1/5 of slab
thickness to get homogenizes distribution of concrete components.

The bases which build the limits of gradient to specifications are as follows:

1- Maximum size of aggregate
Determines the maximum size of aggregate which used in the concrete from the following
considerations
 Thickness of concrete: determines the maximum size of aggregate in range (1/3 to 1/5)
thickness of concrete. To ensure the homogeneity of the concrete and distribution of
various components concrete regularly almost since the homogeneity is one of the most
important factors affecting their properties.

 Clear space between steel reinforcement: Determines the maximum size of aggregate 4
of clear space between steel bars to gives the ability of placing concrete in good way
without any big airs babble. After determine the maximum size of the aggregate from
the above considerations, selected Maximum size of aggregate from what are available
and by working conditions in general and increase the maximum size of aggregate has a
different effect on a concrete as below:

1. Decrease in amount of mixing water to get concrete with good workability due to
decrease of surface area for aggregate with increase of maximum size so that will give
increase in strength of concrete.

2. Decrease the percentage of air void in concrete because of increase the bond between
the aggregates so that will increase the strength of concrete

3. Decrease in bond strength between aggregate's surface and cement paste due to
decrease in surface area of aggregate and that will decrease the strength of concrete
this is very importance when used aggregate had smooth surface like river aggregate
which very common in Iraq

The effect of three points above on strength be positive in case when concrete is
weak or medium but would be not good in case of strong concrete and proved by experiments
of sciences on concrete used river's aggregates all the words above also, the nominal size of
aggregates had different effect on engineering
specifications for concrete.
2. Bond between aggregate

The aim of setting range for high and low for all sizes of aggregates to
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ensure have a good bond between aggregate like if all the aggregate have
the same size so the voids percentage between aggregate become very high
, this case gives low strength and high permeability to concrete if varies
size of aggregate (small and big) in limit of specification give high density
low percent of void increase the strength and decrease the permeability
used crashed rock as coarse aggregate in concrete increase the bond due to,
shape of ft and the mechanical bond that will increase the concrete strength
because difficulty of crack propagation through the concrete.

3- Percent of aggregate passing from sieve (0.15mm)

limit the Specifications to the high percentage for fine aggregate for sieve
(0.1 5mm) in range (0-10%) and this range specific in base of strength
bonds as shows in sheet above. There more parameters than this case such as
amount of water in concrete to give good workability but increase in water
mix decrease the concrete strength, increase drying shrinkage and creep.

4- Aggregate absorption for water

Divided wet in aggregate to four groups
A- Saturated aggregate with water and wet surface, all related

internal pores filled with water and there is also stuck water on the
surface.

B- Aggregate saturated with water and dry surface, all internal pores
saturated with water only.

C- The air dryer, a part of the internal pores of aggregated filled with
water and the part filled with air.

D- Aggregated fully dry does not have water inside the pores or on
the surface of the aggregate and this is obtained by drying
aggregated in furnaces.

Absorption is defined as the difference in weight between the B and D divided by the weight of

D and is usually taken as a percentage.is preferable to use in concrete aggregate absorbed

little of water.

Up to 0.5 to 2% when using aggregate absorb high the durability of concrete to be changing
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weather condition , especially the freezing and thawing as well be weak porous concrete and

high permeability as well be concrete creep and dry shrink so high .it also when using the

aggregate in case c it leads to a decrease workability of concrete and must be compensated for

by increasing the amount of water in the concrete or wetting aggregated before use in

concrete. The workability of concrete in their wet condition , as well as its strength and the

rest of their properties engineering depends on the state of moisture in the aggregate .if used

aggregate in the case of A gives water to the concrete and thus increases the mount of water

which of course followed by effect on their properties.

Either use aggregate in the case of B there affect the mount of water in the concrete as it does

not give water and not take water from concrete use of aggregate in the case of C or D it takes

water from the concrete, leading to low workability of concrete.

5- Surface topography aggregates

Aggregate can be divided in terms of the nature of the surface into two

1.Smooth surface

2. Rough surface

A gravel river is smooth aggregate surface but a crushed gravel is rough

aggregate surface.

Affect the nature of the surface of the aggregate on the strength of the

concrete as the increased surface roughness leads to:

1- Increase the amount of water that need for concrete specific workability due to

increased surface area of the aggregates and this leads to a decrease strength concrete.

2- Increase the percent of air void within the concrete and this leads to decrease the

strength of concrete also.

3- Increase the strength of the interdependence between aggregate and
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cement paste due to increased surface area of the aggregate and this leads to increase the

strength of concrete.

Explain take concrete failures in one of the following methods:

 Through aggregate

 Through cement past

 Through surface of contact between the cement paste and aggregate

Of course it is possible to get a failure in two or three ways together.

That fist failure in the way is very and occurs only when using the rubble

weak. Either second failure former would receive when the cement paste force les than

the strength of the connections between them and the aggregates

than the strength of the connections between them and the aggregates and the third

failure in the way gets to be the strength of the connection between aggregates and

cement paste weak This shows the importance of the strength of the connections

between the cement paste and aggregate. Third failure in the way common for concrete

in Iraq due to the use of river gravel as the surface smooth and this leads to double the

strength of the connections between aggregates and cement paste.

The pure effect of increased surface roughness on the strength of concrete

aggregates have little or no in the case of weak or medium concrete strength be clearly

positive in the case of high strength concrete Therefore When such concrete industry is

preferable to use crushed stone on the gravel river.



Concrete Technology
Ass.Prof. Dr. Zena K. Abbas

Second class

Aggregate Strength

Compressive strength of aggregate must be equal or greater than compressive

strength of concrete using in it. Aggregate crushing value (A.CV) it is a test to measure

the strength aggregate it is a useful guide when dealing with aggregate with unknown

performance. High (A.CV) means low compressive strength. Hardness of aggregate is

measuring by los Angeles Abrasion Test, American specification determine the

maximum lots in this test with 5%.

Aggregate Shape;

A- Rounded: The roundness of aggregate is a result of abrasion of aggregate in water. This

type of aggregate gives better workability because low percentage of surface area to its

volume and this need low water cement ratio (w/c).

B- Angular this type resulted from crushing the rock, percentage of surface area to its

volume is high therefore it needs high W/C to get better workability of concrete.

Percentage of voids when using this type in concrete is high compare with rounded.

Angularity number refers to

the angularity of aggregate which range from (O) for well rounded aggregate and (11)

for angular aggregate according to B.S. Angularity number is equal to 67mintus the
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percentage of aggregate solid volume filled into container with standard method.

C- Irregular: this type is between rounded and angular and its effect is between the
effects of rounded and angular.

D- Flaky: Thickness of this aggregate is little compare with its other dimensions. Particle is
flaky if its thickness is less than 0.6 times the mean sieve size of the size fraction to
which the particle belongs according to B.S Flakiness index express as a percentage of
mass of flaky aggregate to the total mass of aggregate. This type has high surface area
therefore it needs more water.

E- Elongated: According to B.S aggregate which has a particle's length is more than 1.8
times the mean sieve size of the size fraction is said to be elongated. Elongation index is
similar to angularity index.

Specific Gravity:
Aggregate generally contains pores, permeable and impermeable therefore, there are several
types of specific gravity.

1- Absolute Specific Gravity

It refers to the mass of volume of aggregate, excluding all pores,
permeable and impermeable, to the mass of an equal volume of gas
free distilled water, both taken at a stated temperature. It is not
required in concrete technology work.

2- Bulk Specific Gravity

It refers to the mass of volume of aggregate, including all pores,
permeable and impermeable, to the mass of an equal volume of gas
free distilled water, both taken at a stated temperature.

3 Apparent Specific Gravity

it refers to the mass of volume of aggregate, including impermeable
pores, to the mass of an equal volume of gas free distilled water, both
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taken at a stated temperature.

Apparent Specific Gravity A/ B-C+A

A: mass of oven- dried sample
B: the mass of the vessel full of water
C: the mass of the vessel with the sample and topped up with water.

Calculation with reference to concrete are generally based on the
saturated and surface-dry condition of the aggregate because the water
contained in all the pores in the aggregate does not take part in the
chemical reactions of cement and can, therefore, be considered as part
of the aggregate Thus, if a sample of the saturated and surface dry
aggregate has a mass D the

Apparent Specific Gravity D/B-C+D

SULPHATE CONTENT

High percent of sulfates in aggregate is the important problems in Iraq.
Iraq specification determine the upper limit of sulfate in fine aggregate
(SO3) with 0.5% and for coarse aggregate with 0.1%. Calcium sulfate
the main type of sulfate presence in Iraq, magnesium, sodium and
potassium sulfates presence with very little percentage.

Calcium sulfate reacts with C3A producing.

3CaO. A12O3.3CaSO4. 30-32H2O
or

3CaO.A12O3. CaSO4. 12H2O

This reaction accompanied with increasing in solid volume which is useful at early age of
curing because this products fill the pores and decrease
the voids percentage and increase the strength, Increasing in solid
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volume at later age, after concrete is harden, is harmful because this
increase is leading to high stresses, cracking and deteriorates the
concrete
There is optimum sulfates percentage in concrete which gave high
strength and minimum drying shrinkage, this percentage depends on
chemical composition, fineness, curing temperature. curing time and
chlorides. The source of sulfates in concrete is from raw materials of
cement manufacture, gypsum which is add to prevent quick set or flash
set, from aggregate and water.

B.S. determines the maximum SO3% in concrete with 4% of cement
weight. The harmful effect of calcium sulfate is less than sodium and
potassium sulfates. But magnesium sulfate is higher because it attacks
the calcium silicate and gradually leads to deteriorate the concrete
Alkali-silica reaction

The alkali-silica reaction is very slow, happen between active
silica constituents of the aggregate and the alkalis in cement.
The reaction starts with the attack on the siliceous minerals in
the aggregate by the alkaline hydroxides in pore water derived
from the (Na2O and K2O) in the cement. As a result, an alkali-
silica gel is formed. This gel cause increase in volume which is
leading to expansion, cracking and disruption of the cement
paste.

Mortar-bar is a test to determine the reactivity of aggregate which is
prescribed by ASTM C227-90. In this test, cement-sand mortar bars is
making using cement with an equivalent alkali content of more than 0.6
% and preferably more than 0.8%. The bars are stored over water at 38̊C
at which the expansion is more rapid. According to an appendix to ASTM
C33-93 the aggregate under test is considered harmful if it expands more
than 0.1% after 6 months or more than 0.05% after 3 months. This test
shows a very good correlation with field experience, but needs a long
time

Chlorides in aggregate
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in some regions of Arab Gulf, studies show the failure in concrete may be
because the high percentage of chlorides in aggregate mainly, Calcium
chlorides and sodium chlorides cause corrosion of steel reinforcement in
presence of humidity, and reduce the concrete resistance for sulfates

Fresh Concrete
Fresh concrete or plastic concrete is a freshly mixed material which can be moulded into

any shape. The relative quantities of cement, aggregates and water mixed together, control
the properties of concrete in the wet state as well as in the hardened state.
The quantity of water used will get altered at site either due to the presence of free surface
moisture in the aggregates or due to the absorption characteristics of dry and Fresh Concrete
"Workability" Segregation "Bleeding ".

The water/cement ratio to be actually adopted at site is required to be adjusted keeping the
above in mind. In this lecture one more aspect for deciding the water/cement ratio will be
introduced i.e., the water/cement ratio required from the point of view of workability of
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concrete.

Workability
A theoretical water/cement ratio calculated from the considerations discussed above is not

going to give an ideal situation for maximum strength. Hundred per cent compaction of
concrete is an important parameter for contributing to the maximum strength. Lack of
compaction will result in air voids whose damaging effect on strength and durability is equally
or more predominant than the presence of capillary cavities.

Factors Affecting Workability
Workable concrete is the one which exhibits very little internal friction between particle and
particle or which overcomes the frictional resistance offered by the formwork surface or
reinforcement contained in the concrete with just the amount of compacting efforts
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forthcoming. The factors helping concrete to have more lubricating effect to reduce internal
friction for helping easy compaction are given below:

(a) Water Content
(b) Mix Proportions
(c) Size of Aggregates
(d) Shape of Aggregates
(e) Surface Texture of Aggregate
(f) Grading of Aggregate
(g) Use of Admixtures

(a) Water Content:
Water content in a given volume of concrete, will have significant influences on the

workability. The higher the water content per cubic meter of concrete, the higher will be the
fluidity of concrete, which is one of the important factors affecting workability. At the work
site, supervisors who are not well versed with the practice of making good concrete, resort to
adding more water for increasing workability. This practice is often resorted to because this is
one of the easiest corrective measures that can be taken at site. It should be noted that from
the desirability point of view, increase of water content is the last recourse to be taken for
improving the workability even in the case of uncontrolled concrete. For controlled concrete
one cannot arbitrarily increase the water content. In case, all other steps to improve
workability fail, only as last recourse the addition of more water can be considered. More
water can be added, provided a correspondingly higher quantity of cement is also added to
keep the water/cement ratio constant, so that the strength remains the same.

(b) Mix Proportions:
Aggregate/cement ratio is an important factor influencing workability. The higher the

aggregate/cement ratio, the leaner is the concrete. In lean concrete, less quantity of paste is
available for providing lubrication, per unit surface area of aggregate and hence the mobility of
aggregate is restrained. On the other hand, in case of rich concrete with lower
aggregate/cement ratio, more paste is available to make the mix cohesive and fatty to give
better workability.

(c) Size of Aggregate:
The bigger the size of the aggregate, the less is the surface area and hence less amount of



Concrete Technology
Ass.Prof. Dr. Zena K. Abbas

Second class

water is required for wetting the surface and less matrix or paste is required for lubricating the
surface to reduce internal friction. For a given quantity of water and paste, bigger size of
aggregates will give higher workability. The above, of course will be true within certain limits.

(d) Shape of Aggregates:
The shape of aggregates influences workability in good measure. Angular, elongated or flaky

aggregate makes the concrete very harsh when compared to rounded aggregates or cubical
shaped aggregates. Contribution to better workability of rounded aggregate will come from
the fact that for the given volume or weight it will have less surface area and less voids than
angular or flaky aggregate. Not only that, being round in shape, the frictional resistance is also
greatly reduced. This explains the reason why river sand and gravel provide greater workability
to concrete than crushed sand and aggregate. The importance of shape of the aggregate will
be of great significance in the case of present day high strength and high performance
concrete when we use very low w/c in the order of about 0.25. We have already talked about
that in the years to come natural sand will be exhausted or costly. One has to go for
manufactured sand. Shape of crushed sand as available today is unsuitable but the modern
crushers are designed to yield well shaped and well graded aggregates.

(e) Surface Texture:
The influence of surface texture on workability is again due to the fact that the total surface

area of rough textured aggregate is more than the surface area of smooth rounded aggregate
of same volume. From the earlier discussions it can be inferred that rough textured aggregate
will show poor workability and smooth or glassy textured aggregate will give better
workability. A reduction of inter particle frictional resistance offered by smooth aggregates
also contributes to higher workability.

(f) Grading of Aggregates:
This is one of the factors which will have maximum influence on workability. A well graded

aggregate is the one which has least amount of voids in a given volume. Other factors being
constant, when the total voids are less, excess paste is available to give better lubricating
effect. With excess amount of paste, the mixture becomes cohesive and fatty which prevents
segregation of particles. Aggregate particles will slide past each other with the least amount of
compacting efforts. The better the grading, the less is the void content and higher the
workability. The above is true for the given amount of paste volume.

(g) Use of Admixtures:
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Of all the factors mentioned above, the most import factor which affects the workability is
the use of admixtures.
Use of air-entraining agent being surface-active, reduces the internal friction between the
particles. They also act as artificial fine aggregates of very smooth surface. It can be viewed
that air bubbles act as a sort of ball bearing between the particles to slide past each other and
give easy mobility to the particles. Similarly, the fine glassy pozzolanic materials, in spite of
increasing the surface area, offer better lubricating effects for giving better workability.

Segregation
Segregation can be defined as the separation of the constituent materials of concrete. A

good concrete is one in which all the ingredients are properly distributed to make a
homogeneous mixture. If a sample of concrete exhibits a tendency for separation of say,
coarse aggregate from the rest of the ingredients, then, that sample is said to be showing the
tendency for segregation. Such concrete is not only going to be weak; lack of homogeneity is
also going to induce all undesirable properties in the hardened concrete. There are
considerable differences in the sizes and specific gravities of the constituent ingredients of
concrete. Therefore, it is natural that the materials show a tendency to fall apart. Segregation
may be of three types — firstly, the coarse aggregate separating out or settling down from the
rest of the matrix, secondly, the paste or matrix separating away from coarse aggregate and
thirdly, water separating out from the rest of the material being a material of lowest specific
gravity.
A well-made concrete, taking into consideration various parameters such as grading, size,

shape and surface texture of aggregate with optimum quantity of waters makes a cohesive
mix. Such concrete will not exhibit any tendency for segregation. The cohesive and fatty
characteristics of matrix do not allow the aggregate to fall apart, at the same time; the matrix
itself is sufficiently contained by the aggregate. Similarly, water also does not find it easy to
move out freely from the rest of the ingredients. The conditions favorable for segregation are,
as can be seen from the above para, the badly proportioned mix where sufficient matrix is not
there to bind and contain the aggregates. Insufficiently mixed concrete with excess water
content shows a higher tendency for segregation.
Dropping of Concrete Technology concrete from heights as in the case of placing concrete in
column concreting will result in segregation. When concrete is discharged from a badly
designed mixer, or from a mixer with worn out blades, concrete shows a tendency for
segregation. Conveyance of concrete by conveyor belts, wheel barrow, long distance haul by
dumper, long lift by skip and hoist are the other situations promoting segregation of concrete.
Vibration of concrete is one of the important methods of compaction. It should be
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remembered that only comparatively dry mix should be vibrated. It too wet a mix is
excessively vibrated; it is likely that the concrete gets segregated. It should also be
remembered that vibration is continued just for required time for optimum results. If the
vibration is continued for a long time, particularly, in too wet a mix, it is likely to result in
segregation of concrete due to settlement of coarse aggregate in matrix.
Segregation is difficult to measure quantitatively, but it can be easily observed at the time of
concreting operation. The pattern of subsidence of concrete in slump test or the pattern of
spread in the flow test gives a fair idea of the quality of concrete with respect to segregation.

Bleeding
Bleeding is sometimes referred as water gain. It is a particular form of segregation, in which

some of the water from the concrete comes out to the surface of the concrete, being of the
lowest specific gravity among all the ingredients of concrete. Bleeding is predominantly
observed in a highly wet mix, badly proportioned and insufficiently mixed concrete. In thin
members like roof slab or road slabs and when concrete is placed in sunny weather show
excessive bleeding. Due to bleeding, water comes up and accumulates at the surface.
Sometimes, along with this water, certain quantity of cement also comes to the surface. When
the surface is worked up with the trowel and floats, the aggregate goes down and the cement
and water come up to the top surface. This formation of cement paste at the surface is known
as “Laitance”.
In such a case, the top surface of slabs and pavements will not have good wearing quality. This
laitance formed on roads produces dust in summer and mud in rainy season. Owing to the fact
that the top surface has a higher content of water and is also devoid of aggregate matter; it
also develops higher shrinkage cracks. If laitance is formed on a particular lift, a plane of
weakness would form and the bond with the next lift would be poor. This could be avoided by
removing the laitance fully before the next lift is poured.
Bleeding rate increases with time up to about one hour or so and thereafter the rate
decreases but continues more or less till the final setting time of cement.

Method of Test for Bleeding of Concrete
This method covers determination of relative quantity of mixing water that will bleed from a
sample of freshly mixed concrete. A cylindrical container of approximately 0.01 m3 capacity,
having an inside diameter of 250 mm and inside height of 280 mm is used. A tamping bar
similar to the one used for slump test is used. A pipette for drawing off free water from the
surface, a graduated jar of 100 cm3 capacities is required for test. A sample of freshly mixed
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concrete is obtained. The concrete is filled in 50 mm layer for a depth of 250 ± 3 mm (5 layers)
and each layer is tamped by giving strokes, and the top surface is made smooth by trowelling.
The test specimen is weighed and the weight of the concrete is noted. Knowing the total water
content in 1 m3 of concrete quantity of water in the cylindrical container is also calculated.
The cylindrical container is kept in a level surface free from vibration at a temperature of 27°C
± 2°C.
It is covered with a lid. Water accumulated at the top is drawn by means of pipette at 10
minutes interval for the first 40 minutes and at 30 minutes interval subsequently till bleeding
ceases. To facilitate collection of bleeding water the container may be slightly tilted. All the
bleeding water collected in a jar.
Bleeding water percentage = Total quantity of bleeding water /Total quantity of water in the
sample of concrete x 100
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Strength of concrete
The compressive strength of concrete is one of the most important and useful properties of concrete. In

most structural applications concrete is employed primarily to resist compressive stresses. In those cases
where strength in tension or in shear is of primary importance, the compressive strength is frequently used as
a measure of these properties. Therefore, the concrete making properties of various ingredients of mix are
usually measured in terms of the compressive strength. Compressive strength is also used as a qualitative
measure for other properties of hardened concrete. No exact quantitative relationship between compressive
strength and flexural strength, tensile strength, modulus of elasticity, wear resistance, fire resistance, or
permeability have been established nor are they likely to be. However, approximate or statistical
relationships, in some cases, have been established and these give much useful information to engineers.
The compressive strength of concrete is generally determined by testing cubes or cylinders made in laboratory
or field or cores drilled from hardened concrete at site or from the non-destructive testing of the specimen or
actual structures.
The testing of hardened concrete is discussed in the subsequent chapter. Strength of concrete is its resistance
to rupture. It may be measured in a number of ways, such as, strength in compression, in tension, in shear or
in flexure. All these indicate strength with reference to a particular method of testing. When concrete fails
under a compressive load the failure is essentially a mixture of crushing and shear failure. The mechanics of
failure is a complex phenomena.
It can be assumed that the concrete in resisting failure, generates both cohesion and internal friction. The
cohesion and internal friction developed by concrete in resisting failure is related to more or less a single
parameter i.e., w/c ratio.
Factors effecting strength of concrete:
(a) Ratio of cement to mixing water;
(b) Ratio of cement to aggregate;
(c) Grading, surface texture, shape, strength and stiffness of aggregate particles;
(d) Maximum size of aggregate.

Water/Cement Ratio
Strength of concrete primarily depends upon the strength of cement paste. The strength of cement paste

depends upon the dilution of paste or in other words, the strength of paste increases with cement content
and decreases with air and water content.
In 1918 Abrams presented his classic law in the form:
S= A/ Bx
where x =water/cement ratio by volume and for 28 days results the constants A and B are 14,000 lbs/sq. in.
and 7 respectively.
Abrams water/cement ratio law states that the strength of concrete is only dependent upon water/cement
ratio provided the mix is workable. In the past many theories have been propounded by many research
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workers. Some of them held valid for some time and then underwent some changes while others did not
stand the test of time and hence slowly disappeared. But Abrams’ water/cement ratio law stood the test of
time and is held valid even today as a fundamental truth in concrete-making practices.
No doubt some modifications have been suggested but the truth of the statement could not be challenged.
Strictly speaking, it was Feret who formulated in as early as 1897, a general rule defining the strength of the
concrete paste and concrete in terms of volume fractions of the constituents by the equation:
S=2
Where S = Strength of concrete c, e and a = volume of cement, water and air respectively and K = a constant.
In this expression the volume of air is also included because it is not only the water/ cement ratio but also the
degree of compaction, which indirectly means the volume of air filled voids in the concrete is taken into
account in estimating the strength of concrete.
The relation between the water/cement ratio and strength of concrete is shown in Fig.1. It can be seen that
lower water/cement ratio could be used when the concrete is vibrated to achieve higher strength, whereas
comparatively higher water/cement ratio is required when concrete is hand compacted. In both cases when
the water/cement ratio is below the practical limit the strength of the concrete falls rapidly due to
introduction of air voids. The graph showing the relationship between the strength and water/cement ratio is
approximately hyperbolic in shape. Sometimes it is difficult to interpolate the intermediate value.
From geometry it can be deduced that if the graphs is drawn between the strength and the cement/water
ratio an approximately linear relationship will be obtained. This linear relationship is more convenient to use
than water/cement ratio curve for interpolation. Fig. 2 shows the relationship between compressive strength
and cement/water ratio.

Figure 1



Concrete Technology
Ass.Prof. Dr. Zena K. Abbas

Second class

Figure 2

Gel/Space Ratio
Many research workers commented on the validity of water/cement ratio law as propounded by Duff Abrams.
They have forwarded a few of the limitations of the water/ cement ratio law and argued that Abrams
water/cement ratio law can only be called a rule and not a law because Abrams’ statement does not include
many qualifications necessary for its validity to call it a law. Some of the limitations are that the strength at
any water/cement ratio depends on the degree of hydration of cement and its chemical and physical
properties, the temperature at which the hydration takes place, the air content in case of air entrained
concrete, the change in the effective water/cement ratio and the formation of fissures and cracks due to
bleeding or shrinkage.
Instead of relating the strength to water/cement ratio, the strength can be more correctly related to the solid
products of hydration of cement to the space available for formation of this product. Powers and Brownyard
have established the relationship between the strength and gel/space ratio.
This ratio is defined as the ratio of the volume of the hydrated cement paste to the sum of volumes of the
hydrated cement and of the capillary pores. Power’s experiment showed that the strength of concrete bears a
specific relationship with the gel/space ratio. He found the relationship to be 240 x3,
Where x is the gel/space ratio and 240 represents the intrinsic strength of the gel in MPa for the type of
cement and specimen used.
The strength calculated by Power’s expression holds good for an ideal case. Fig. 3 shows the relationship
between strength and gel/space ratio.
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Gain of Strength with Age
The concrete develops strength with continued hydration. The rate of gain of strength is faster to start with
and the rate gets reduced with age. It is customary to assume the 28 days strength as the full strength of
concrete. Actually concrete develops strength beyond 28 days also. Earlier codes have not been permitting to
consider this increase of strength beyond 28 days for design purposes. The increase in strength beyond 28
days used to get immersed with the factor of safety. With better understanding of the material, progressive
designers have been trying to reduce the factor of safety and make the structure more economical. In this
direction, the increase in strength beyond 28 days is taken into consideration in design of structures. Some of
the more progressive codes have been permitting this practice.

Effect of Maximum size of Aggregate on Strength
At one time it was thought that the use of larger size aggregate leads to higher strength. This was due to

the fact that the larger the aggregate the lower is the total surface area and, therefore, the lower is the
requirement of water for the given workability. For this reason, a lower water/cement ratio can be used which
will result in higher strength. However, later it was found that the use of larger size aggregate did not
contribute to higher strength as expected from the theoretical considerations due to the following reasons.
The larger maximum size aggregate gives lower surface area for developments of gel bonds which is
responsible for the lower strength of the concrete. Secondly bigger aggregate size causes a more
heterogeneity in the concrete which will prevent the uniform distribution of load when stressed. When large
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size aggregate is used, due to internal bleeding, the transition zone will become much weaker due to the
development of microcracks which result in lower compressive strength. Generally, high strength concrete or
rich concrete is adversely affected by the use of large size aggregate. But in lean mixes or weaker concrete the
influence of size of the aggregate gets reduced. It is interesting to note that in lean mixes larger aggregate
gives highest strength while in rich mixes it is the smaller aggregate which yields higher strength. Fig. 4 shows
the influence of maximum size of aggregate on compressive strength of concrete. Fig. 5 depicts the influence
of size of aggregate on compressive strength of concrete for different w/ c ratio.

Bond Strength
We can consider the bond strength from two different angles; one is the bond strength between paste and

steel reinforcement and the other is the bond strength between paste and aggregate. Firstly, let us consider
the bond strength between paste and steel reinforcement. Bond strength between paste and steel
reinforcement is of considerable importance. A perfect bond, existing between concrete and steel
reinforcement is one of the fundamental assumptions of reinforced concrete. Bond strength arises primarily
from the friction and adhesion between concrete and steel. The roughness of the steel surface is also one of
the factors affecting bond strength. The bond strength of concrete is a function of compressive strength and is
approximately proportional to the compressive strength upto about 20 MPa. For higher strength, increase in
bond strength becomes progressively smaller.

Aggregate-Cement Bond Strengths
Concrete can be regarded as a chain in which aggregates are the links bonded together by cement paste.

Just as the strength of a chain as a whole is depending upon the strength of welding of the individual links, the
strength of concrete as a whole is depending upon the strength (bond strength) of the hydrated hardened
cement paste (hcp). By and large the strength of hcp is depending upon w/c ratio which determines the
quality, continuity, density, porosity of the products of hydration in particular the C-S-H gel. Stronger the gel
bond stronger is the concrete. Aggregates generally being much stronger than the paste (gel bond), its
strength is not of consequence in normal strength concrete. The strength of aggregate is of consideration in
high strength concrete and light weight concrete.
The explanation that the strength of Concrete is limited by strength of the paste, will hold good when we
consider concrete as two phase material. If we take a closer look into the structure of the concrete, a third
phase comes into consideration i.e., inter-face between the pastes and aggregate known as Transition Zone. In
the ultimate analysis it is the integrity of the transition zone that influences the strength of concrete.

Modulus of Elasticity
The expression modulus of elasticity refers to the relation between stress and
strain which represents the hardness or resistance of material to deformation.
The material say elastic if no strain in it after unloads. This doesn’t mean the
relation between stresses-strain is linear always; sometimes it is curve as in rocks
and glass.
Young`s modulus of elasticity can be applied only to the straight part of the
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stress-strain curve.
There are many methods to determine modulus of elasticity from the curve of
stress-strain
1) Initial tangent modulus: it is the tangent to the curve at the origin, it is limited
practical importance.

2) Tangent modulus: which is a slope of the tangent at any point on stress-strain
curve. Modulus applies only to very small changes in load above or below
the load at which the tangent modulus is considered.

3) Secant modulus: it is static modulus; this represents the slope of the secant
from origin to any point at the curve.

Shrinkage
1) Drying shrinkage: withdrawal of water from concrete stored in
unsaturated air causes drying shrinkage. Apart of this movement is
irreversible and should be distinguished from the reversible moisture
movement caused by alternating storage under wet and dry conditions.
This type of shrinkage is very high and significant.

2) Autogenous shrinkage: this shrinkage is the consequence of withdrawal
of water from the capillary pores by the hydration of the anhydrate
cement at that time, a process known as self –desiccation. This shrinkage
is low and insignificant.

3) Carbonation shrinkage: this type's is probably caused by dissolving
crystals of Ca(OH)2 and depositing of CaCO3 also this type is low and
insignificant.

Factors affecting on shrinkage:
1) W/C: shrinkage is increased with increasing W/C because the v
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determines the amount of evaporable water in the cement paste.

2) Aggregate content: increase the aggregate content in concrete
decreasing the shrinkage because it restrains the amount shrinkage.

3) Maximum size: increasing the maximum size of aggregate causes
decreasing in shrinkage.

4) Aggregate shrinkage: concrete shrinkage increase with increasing
aggregate shrinkage.

5) The Age: the rate of shrinkage is very high at early age of concrete
around first three months after exposed the concrete to drying, but
this rate decreasing with time. The rate of shrinkage depends on
percentage of surface area to volume when this ration is high
shrinkage is high too.

6) Fineness and chemical composition of cement: increasing fineness
cement and C3A and C2S in cement causes increasing in shrinkage.

7) Calcium chloride: increasing this causes increasing the shrinkage.

Creep
It is the increase in strain with time under sustained stress.
Factors affecting on creep:
1- The time: most of creep happens in the first 3 month, after that the
rate of creep decreasing with time.

2- Type of concrete: stronger concrete has lower creep.

3- Stress/strength of concrete: when this ratio increase, creep increase
too.

4- Relative humidity: creep increasing with decreasing the relative
humidity of concrete.
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Cores aggregate:
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Bulk specific gravity =

Apparent specific gravity =
Absorption ratio (%) = x100
Q1\For a sample of coarse aggregate the saturated surface dry weight (2000gm) its dry weight (1982 gm) and
its immersed weight (1238 gm) find:

1) The apparent specific gravity.
2) The absorption.

Apparent specific gravity =
=1982\(1982-1238)
=2.663

Absorption ratio (%) = x100
= (2000-1982)\1982*100
= 0.9%

Q2\ The bulk specific gravity for a sample of coarse aggregate (2.69) find it's dry weight if you know the
(S.S.D) the coarse aggregate and its immersed weight (200 and 1246) gm respectively.

Bulk specific gravity =
2.6=A\(2000-1246)
A=1960 gm

Grading of aggregate:
Q1\ Sieve analysis test results for fine aggregate listed in the table below. Is the sample conforming to the
Iraqi specification? Find fineness modulus?

Sieve(mm) Weight(gm)
9.5 0
4.75 38
2.36 132
1.18 100
0.6 80
0.3 70
0.15 50
Pan 30
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Q2\ Sieve analysis test results for coarse aggregate listed in the table below. Is the sample conforming to the
Iraqi specification?

Sieve(mm) Weight(gm)
37.5 0
20 45
10 580
5 355
pan 20

Table (A): Iraq specification for grading of fine aggregate (IQS 45/1984).
Sieve size Percentage by mass passing sieves

Zone 1 Zone 2 Zone 3 Zone 4

10mm 100 100 100 100

4.75mm 90-100 90-100 90-100 95-100

2.36mm 60-95 75-100 85-100 95-100

1.18mm 30-70 55-90 75-100 95-100

600μm 15-34 35-59 60-79 80-100

300μm 5-20 8-30 12-40 15-50

150μm 0-10 0-10 0-10 0-15

Table (B) : Iraqi specification for grading of coarse aggregate (IQS 45/1984).
Sieve
size

Percentage by mass passing sieves nominal sizes
Nominal sizes of graded
aggregate

Nominal sizes of single-sized aggregate

40mm to
5mm

20mm
to 5mm

14mm to
5mm

63mm 40mm 20mm 14mm 10mm

75mm 100 --- --- 100 --- --- --- ---

63mm --- --- --- 85-100 100 --- ---- ---

37.5mm 95-100 100 --- 0-30 85-100 100 --- ---
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20mm 35-70 95-100 100 0-5 0-25 85-100 100 ---

14mm --- --- 90-100 --- --- ---- 85-100 100

10mm 10-40 30-60 50-85 --- 0-5 0-25 0-25 85-100

5mm 0-5 0-10 0-10 --- --- 0-5 0-10 0-25

2.36mm --- --- ---- --- --- ---- --- 0-5

Light-weight Concrete
One of the disadvantages of conventional concrete is the high self weight of concrete. Density of the normal
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concrete is in the order of 2200 to 2600 kg/m3.
This heavy self weight will make it to some extent an uneconomical structural material. Attempts have been
made in the past to reduce the self weight of concrete to increase the efficiency of concrete as a structural
material. The light-weight concrete as we call is a concrete whose density varies from 300 to 1850 kg/m3.
There are many advantages of having low density. It helps in reduction of dead load, increases the progress of
building, and lowers haulage and handling costs. The weight of a building on the foundation is an important
factor in design, particularly in the case of weak soil and tall structures. In framed structures, the beams and
columns have to carry load of floors and walls. If floors and walls are made up of light-weight concrete it will
result in considerable economy. Another most important characteristic of light-weight concrete is the
relatively low thermal conductivity, a property which improves with decreasing density. In extreme climatic
conditions and also in case of buildings where air-conditioning is to be installed, the use of light-weight
concrete with low thermal conductivity will be of considerable advantage from the point of view of thermal
comforts and lower power consumption. The adoption of light-weight concrete gives an outlet for industrial
wastes such as clinker, fly ash, slag etc. which otherwise create problem for disposal.
Basically there is only one method for making concrete light i.e., by the inclusion of air in concrete. This is
achieved in actual practice by three different ways.
(a) By replacing the usual mineral aggregate by cellular porous or light-weight aggregate.
(b) By introducing gas or air bubbles in mortar. This is known as aerated concrete.
(c) By omitting sand fraction from the aggregate. This is called ‘no-fines’ concrete.

The Table 1 shows the whole ranges of light-weight concrete under three main groups.
No-fine concrete Light –weight

aggregate concrete
Aerated concrete
Chemical aerating Foaming mixture

Gravel
Crushed stone
Coarse clinker
Foamed slag
Expanded clay
Expanded shale

Clinker
Foamed slag
Expanded clay
Pumice
Expanded shale

Aluminum powder
method

Hydrogen peroxide
and bleaching
powder method

Preformed foam

Air- entrained
foam

Light-weight concrete has become more popular in recent years owing to the tremendous advantages it offers
over the conventional concrete. Modern technology and a better understanding of the concrete has also
helped much in the promotion and use of light-weight concrete. A particular type of light-weight concrete
called structural light-weight concrete is the one which is comparatively lighter than conventional concrete
but at the same time strong enough to be used for structural purposes. It, therefore, combines the advantages
of normal normal weight concrete and discards the disadvantages of normal weight concrete.
Perhaps this type of concrete will have great future in the years to-come. Out of the three main groups of
light-weight concrete, the light-weight aggregate concrete and aerated concrete are more often used than the
‘no-fines’ concrete. Light-weight concrete can also be classified on the purpose for which it is used, such as
structural light weight concrete, non-load bearing concrete and insulating concrete. The aerated concrete
which was mainly used for insulating purposes is now being used for structural purposes sometimes in
conjunction with steel reinforcement.
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Light Weight Aggregates
Light-weight aggregates can be classified into two categories namely natural light-weight aggregates and
artificial light-weight aggregates.

Natural light-weight aggregate Artificial light-weight aggregate
(a) Pumice (a) Artificial cinders
(b) Diatomite (b) Coke breeze
(c) Scoria (c) Foamed slag
(d) Volcanic cinders (d) Bloated clay
(e) Sawdust (e) Expanded shales and slate
(f ) Rice husk (f ) Sintered fly ash
(g) Exfoliated vermiculite
(h) Expanded perlite
(i ) Thermocole beads.

Light-weight Aggregate Concrete
Very often light-weight concrete is made by the use of light weight aggregates. We have seen that different
light-weight aggregates have different densities. Naturally when this aggregate is used, concrete of different
densities are obtained. By using expanded perlite or vermiculite, a concrete of density as low as 300 Kg/m3 can
be produced, and by the use of expanded slag, sintered fly ash, bloated clay etc., a concrete of density 1900
kg/m3 can be obtained. The strength of the light-weight concrete may also vary from about 0.3 N/mm2 to 40
N/mm2. A cement content of 200 kg/m3 to about 500 kg/m3 may be used. Table 2 gives the typical properties
of light-weight aggregate concrete.
Strength of light-weight concrete depends on the density of concrete. Less porous aggregate which is heavier
in weight produces stronger concrete particularly with higher cement content. The grading of aggregate, the
water/cement ratio, the degree of compaction also affects the strength of concrete.

Table 2 : Typical Properties of Common Light-weight Concretes
Sl. Type of Bulk Dry Compressive Drying Thermal
No. Concretes density of density of strength of Shrinkage conductivity

aggregate aggregate 28 days 10–6 Jm/m2 5°C
. kg/m3 kg/m3 .
1. Sintered fly ash

Fine 1050 1500 25 300 –
Coarse 800 1540 30 350 –

2. Pumice 500–800 1200 15 1200 0.14
3. Perlite 40–200 400–500 1.2–3.0 2000 0.05
4. Vermiculite 60–200 300–700 0.3–3.0 3000 0.10

Structural Light Weight Concrete
The structural light weight concrete is going to be one of the important materials of construction. A concrete
which is light in weight and sufficiently strong to be used in conjunction with steel reinforcement will be a
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material which is more economical than the conventional concrete. Therefore, a concrete which combines
strength and lightness will have the unquestionable economic advantage.
Structural light-weight aggregate concrete is a concrete having 28 day compressive strength more than 17
MPa and 28 day air dried unit weight not exceeding 1850 kg/m3. The concrete may consist entirely of light-
weight aggregates (all light-weight concrete) or combination of light weight and normal-weight aggregates.
For practical reasons, it is common practice to use normal sand as fine aggregate and light-weight course
aggregate of maximum size 19 mm. Such light-weight concrete is termed as “sanded light-weight concrete”, in
contrast to “all light-weight concrete”.

No-fines Concrete
The third method of producing light concrete is to omit the fines from conventional concrete.
No-fines concrete as the term implies, is a kind of concrete from which the fine aggregate fraction has been
omitted. This concrete is made up of only coarse aggregate, cement and water. Very often only single sized
coarse aggregate, of size passing through 20 mm retained on 10 mm is used. No-fines concrete is becoming
popular because of some of the advantages it possesses over the conventional concrete.
The single sized aggregates make a good no-fines concrete, which in addition to having large voids and hence
light in weight, also offers architecturally attractive look.

Fibre Reinforced Concrete
Fibre reinforced concrete can be defined as a composite material consisting of mixtures of cement, mortar or
concrete and discontinuous, discrete, uniformly dispersed suitable fibres.
Continuous meshes, woven fabrics and long wires or rods are not considered to be discrete Fibres
It has been recognized that the addition of small, closely spaced and uniformly dispersed
fibres to concrete would act as crack arrester and would substantially improve its static and dynamic
properties.

Self-compacting concrete has been described as “the most revolutionary development in concrete
construction for several decades”. Originally developed in Japan to offset a growing shortage of skilled labour,
it has proved to be beneficial from the following points.
" Faster construction
" Reduction in site manpower
" Better surface finish
" Easier placing
" Improved durability
" Greater freedom in design
" Thinner concrete sections
" Reduced noise level
" Safer working environment
Material for SCC
Cement : Ordinary Portland Cement, 43 or 53 grade can be used.
Aggregates : The maximum size of aggregate is generally limited to 20 mm. Aggregate of size 10 to 12mm is
desirable for structures having congested reinforcement. Wherever possible size of aggregate higher than
20mm could aslo be used. Well graded cubical or rounded aggregates are desirable. Aggregates should be of
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uniform quality with respect to shape and grading.
Fine aggregates can be natural or manufactured. The grading must be uniform throughout the work. The
moisture content or absorption characteristics must be closely monitored as quality of SCC will be sensitive to
such changes.
Particles smaller than 0.125 mm i.e. 125 micron size are considered as FINES which contribute
to the powder content.
Mixing Water : Water quality must be established on the same line as that for using reinforced
concrete or prestressed concrete.
Chemical Admixtures : Superplaseizers are an essential component of SCC to provide necessary workability.
The new generation superplasticizers termed poly-carboxylated ethers (PCE) is particularly useful for SCC.
Other types may be incorporated as necessary, such as Viscosity Modifying Agents (VMA) for stability, air
entraining agents (AEA) to improve freeze-thaw resistance, and retarders for Control of Setting.

Mineral Admixtures:
Fly ash: Fly ash in appropriate quantity may be added to improve the quality and durability of SCC.
Ground Granulated Blast Furnace Slag (GGBFS) : GGBFS which is both cementitious and
pozzolanic material may be added to improve rheological properties.
Silica Fume : Silica fume may be added to improve the mechanical properties of SCC.
Stone Powder : Finely crushed lime stone, dolomite or granite may be added to increase the powder content.
The fraction should be less than 125 micron.
Fibres : Fibres may be used to enhance the properties of SCC in the same way as for normal concrete.



Concrete Technology
Ass.Prof. Dr. Zena K. Abbas

Second class

Mix Design
Mix design is the proportioning of the various constituents of concrete to produce the desired properties in both the

fresh and hardened states.
The ACI method (ACI 211.1-91) of mix design is the most suitable to be used in Iraq.

1. Choice of slump
This method puts three slump ranges [(2.5-5) cm, (7.5-10) cm and (15-17.5) cm] which are used for determining the

mixing water content.

2. Choice of maximum size of aggregate
There is some limitation for choosing maximum size of coarse aggregate in the ACI mix design method.

3. Estimation of mixing water and air content
This mix design method is based on the slump range and the maximum size of aggregate to obtained approximate
value of quantity of water per unit volume of concrete as given in table (14.5).

Table (14.5): Approximate mixing water and air content requirements for different slumps and nominal maximum size of
aggregate given in ACI 211.1-91- Non air entrapped
Slump
mm

Waterkg/m3 of concrete for indicated nominal maximum size of aggregate
9.5 12.5 19 25 37.5 50 75 150

25-50 207 199 190 179 166 154 130 113
75-100 228 216 205 193 181 169 145 124
150-175 243 228 216 202 190 178 160 -
Amount of
entrapped air,%

3 2.5 2 1.5 1 0.5 0.3 0.2

4. Selection of water/cement ratio
In this method, the required water/cement ratio is determined by strength and durability requirement.

5. Calculation of cement content
The required cement content is equal to estimated mixing water content divided by the water/cement ratio.

6. Estimation of coarse aggregate content
The ACI 211.1-91 based on assumption that the optimum ratio of bulk volume of coarse aggregate to the total volume
of concrete depends only on the maximum size of aggregate and on the fineness modulus of fine aggregate. Table (14.6)
as reported in the ACI 211.1-91 gives the volume of coarse aggregate when used with fine aggregate of different
fineness modulus. This volume is converted into mass of coarse aggregate per cubic meter of concrete by multiplying
the volume from the table by the oven – dry rodded mass of the aggregate (Kg/m3).
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7. Estimate of fine aggregate
At this stage, the mass of fine aggregate is the only remaining unknown quantity. The mass of fine aggregate can be
obtained by two methods:

A. The weight method; in this method, the mass of fine aggregate can be obtained directly by subtracting the total
mass of other ingredients from the mass of a unit volume of concrete.

Table (14.6): Bulk volume of coarse aggregate per unit volume of concrete
Maximum size of aggregate Bulk volume of oven dry rodded coarse aggregate per unit

volume of concrete for fineness modulus of fine aggregate
mm in 2.4 2.6 2.8 3.0
9.5 3/8 0.5 0.48 0.46 0.44
12.5 1/2 0.59 0.57 0.55 0.53
20 3/4 0.66 0.64 0.62 0.6
25 1 0.71 0.69 0.67 0.65
37.5 1½ 0.75 0.73 0.71 0.69
50 2 0.78 0.76 0.74 0.72
75 3 0.82 0.80 0.78 0.76
150 6 0.87 0.85 0.83 0.81

Example:
Design a concrete mix for a concrete member thickness 60mm with the information below by ACI method:

1. Compressive strength of a cubic specimen 45 MPa at 28-day using ordinary Portland cement
2. Slump 85 mm, no air entrained.
3. The coarse aggregate with bulk density 1650kg/m3,specific gravity=2.65
4. The fine aggregate with finesse modulus 2.6 and specific gravity 2.58
5. Produce 8m3 of this mix.

Note assume any other information
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British method of mix (Mix design)

1. Certain strength is assumed at a water /cement ratio of 0.5 for different cements and type
of aggregate and age (Table 14.9).
Note: 44 Mpa (cube) = 1.25x35 (cylinder) =44
- Turning to Fig.14.12, we mark a point corresponding to this strength, find W/C.
2. Determine the water content,
-max. Size
- Type of aggregate
-slump
Using Table 14.10
3. Determine the cement content, which is simply the water content divided by the W/C ratio.
4. This deals with the determination of the total aggregate content.
From Fig. 14.13 find density of concrete
- water content
- specific gravity of aggregate
Example: 2400-water content –cement content= total aggregate (Kg/m3).

5. This determines the proportion of fine aggregate, using fig. 14.14
-slump
-maximum size of aggregate
-percentage passing sieve No. 0.6
Find proportion of fine aggregate
So, weight of fine aggregate = total aggregate x proportion of fine aggregate
Coarse aggregate = total aggregate – fine aggregate
Following the above calculation, trial mixes must be made.
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Example:
1. mean compressive strength 44Mpa (cube) = 35 Mpa 9cylinder)
2. slump=50mm
3. Uncrushed aggregate, with max. size of 20mm
4. specific gravity of aggregate of 2.64
5. 60% of fine aggregate passes the 600µm sieve
6. no air entrainment required
7. ordinary Portland cement to be used
Solution:
1. From table 14.9 for ordinary Portland cement and uncrushed aggregate, we find the 28-day
strength to be 42 Mpa
Using fig. 14.12 led to W/C=0.48
2. From table 14.10, for max size =20mm and uncrushed agg. And slump=50mm, we find water
content =180 Kg/m3

3. The cement content = 180/0.48= 375kg/m3

4. From Fig. 14.13, for water content =180 Kg/m3 and specific gravity =2.64, fresh density =2400
Kg/m3

2400-375-180=1845 Kg/m3=total aggregate weight
5. From fig.14.14, for max size=20mm and slump=50mm, and 605 passing 600µm sieve, at
W/C=0.48
Led to proportion of fine aggregate = 32%
Fine aggregate =32%x1845=590 kg/m3

Coarse aggregate=1845-590=1255 kg/m3
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