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PREFACE 
 
 

The Central Soil and Materials Research Station (CSMRS), under the Ministry of Water Resources, 

Govt, of India, is a premier institute in the country located at New Delhi deals with field and 

laboratory investigations, basic and applied research, problems in geo-mechanics and materials of 

construction relevant to river valley projects and other connected civil engineering structures. 

Dissemination of knowledge is our one of the areas. In the series of preparation of Manuals and 

Monographs, this monograph is a modest attempt to present a wide spectrum of information 

regarding the admixtures, their multipurpose uses, benefits, efficiency and economy. 

 
An admixture is any material that is added to normally accepted ingredients of mortar or concrete 

during mixing to modify certain properties of mortars and concretes in their fresh or hardened state or 

during the passage from fresh to the hardened state. Admixtures are added to normally accepted 

ingredients of mortar or concrete during mixing. These enable the concrete to meet requirement of job 

specification such as to provide modification there by improving the quality of plastic concrete, reduce 

the cost of concreting operation and improve the quality of hardened concrete. Admixture may also be 

used for achieving some special purposes viz. freeze-thaw durability, extra high strength, lowest possible 

w/c ratio. Admixtures are versatile in their usage, these can cause modification of fresh mix as well as 

modification of hardened concrete. Various types of admixtures like Accelerators, Retarders, Water 

reducing admixtures and Air entraining admixtures are available. Depending on the desired properties 

admixtures are also available for corrosion-inhibiting, shrinkage-reducing, for controlling alkali-silica 

reactivity, for underwater concreting, for shotcrete and grout fluidifier. 

 
It is expected that this initiative, would provide an in depth knowledge in understanding the 

versatility of the admixtures and make their use more popular and effective. 
 
 

Murari Ratnam 

Director, CSMRS 
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CHEMICAL ADMIXTURES FOR CONCRETE 
 

1.0 INTRODUCTION 

 
An admixture is any material that is added to normally accepted ingredients of mortar or concrete 

during mixing to modify certain properties of mortars and concretes in their fresh or hardened state 

or during the passage from the fresh to the hardened state. 
 

Why Admixtures are not Additives? 
 

Unlike additives which are either inter ground with or blended into a Portland cement during its 

manufacture, admixtures are added to normally accepted ingredients of mortar or concrete during 

mixing. An additive can be either a processing addition or a functional addition which modifies the 

useful properties of the cement during its manufacture while admixture assists in modifying post 

manufacture properties of cement. 

 
Why do we use Admixtures? 

 
Admixtures enable the concrete to meet requirement of job specification such as 

 
● permitted maximum water-cement ratio, 

● minimum early and ultimate strengths and 

● retention of workability when the available raw materials are of poor quality. 
 

Admixtures provide modification which improve the quality of plastic concrete, 
 
● increased workability or water reduction at given consistency, 

● improved finishing qualities, 

● controlled bleeding and segregation. 

 
Admixtures reduce the cost of concreting operation 

 
● by affecting a reduction of the overall cost of concrete ingredients, 

● by permitting rapid mould turnover and ease of placing and finishing. 

 
Admixtures improve the quality of hardened concrete such as 

 
● increased early and long term strengths and modulus of elasticity, 

● decreased permeability and absorption, 

● increased abrasion resistance and 

● increased bond with reinforcement. 

 
An admixture may also be used 

 
● to modify the properties of hardened concrete or 

● for economy or 

● for saving energy or 
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● achieving some special purposes e.g. freeze-thaw durability, extra high strength, lowest 

possible w/c ratio in the range of 0.25-3.0 etc. 

 
Why Admixtures are Versatile in their Usage? 

 
Admixtures are being successfully used at different stage of concreting to achieve 

 
Modification of fresh mix 

 
● Increase workability without increasing water content/ requirements or decrease water 

requirement/ cement content at same workability 

● Control the initial setting time 

● Reduce settlement and / or create expansion 

● Modify bleeding rate and capacity 

● Reduce segregation 

● Improve penetration and permeability 

● Reduce rate of slump loss 

 
Modification of hardened concrete 

 
● Retard or reduce heat evolution during early hardening 

● Accelerating the rate of strength development at early ages 

● Increase the strength - compressive, tensile or flexural 

● Increase durability or resistance to serve condition of exposure including deicing salts 

● Decreasing capillary flow of water 

● Decrease permeability of liquids 

● Control expansion caused by the reaction of alkalies with certain aggregates 

● Produce cellular concrete 

● Increase bond of concrete to steel reinforcement 

● Increase bond between old and new concrete 

● Inhibit corrosion 

● Improve impact and abrasion resistance 

● Produce coloured concrete or mortar. 

 
2.0 HISTORY OF ADMIXTURES 

 
The use of admixtures dates back to the Romans and other old civilizations. The first well founded 

report on admixture in 1883 was presented only in 1934. The early Romans and Greeks added 

admixture to their pozzolanic mixes to increase the workability. Probably blood or animal fat was 

used as air entraining admixture. 

 
Till 1930 the lane demarcation to avoid accidents on highways in USA was done using dark 

coloured cement which required huge quantities of carbon black to develop the dark colour. This 

led to  reduction  in  strength of treated  concrete. The problem was  overcome by addition of 

dispersant, sodium salt of sulphonated formaldehyde – naphthalene condensate which acted as a 

high range water reducing admixtures. It not only increased colouration of concrete but also 
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resulted in the higher compressive strength. 

 
Further investigations aimed at using even the waste products like calcium lignosulphonate to 

develop a dispersing admixture. In year 1936 the use of hydroxyl alkyl amines such as 

triethanolamine to counteract the set retardation caused by dispersant was patented. Various 

combinations of salt of lignosulphonic acids and calcium chloride were found to produce good 

water reduction and minimal retardation in time of setting accompanied by the early strength 

development. 

 
Till mid 1930‘s, the beneficial effects of air entrainments had not been noted, the first mention of 

air entrainment as a possible cause for improved frost resistance of concrete was made in 1940. 

Concrete made from cements that had been added with small amounts of certain organic materials 

were also found to exhibit an increase in resistance to frost attack. During the same year further 

studies revealed that the presence of certain organic compounds also decreased the detrimental 

effect of freezing and thawing, irrespective of the usage of deicing salts such as calcium chloride or 

sodium chloride for melting snow or ice on pavements. 

 
3.0 TYPES OF ADMIXTURES 

 
Indian Standard IS 9103-1999 specification for Admixtures for concrete covers the following type 

of admixtures: 

 
● Accelerators 

● Retarders 

● Water reducing admixtures and 

● Air entraining admixtures 

 
Depending on the desired properties, following admixtures are also available in market: 

 
● Corrosion-inhibiting admixtures 

● Shrinkage-reducing admixtures 

● Admixtures for controlling alkali-silica reactivity 

● Admixtures for underwater concreting (Anti washout admixtures) 

● Admixtures for Shotcrete 

● Grout Fluidifier 

 
4.0 ACCELERATOR 

 
Accelerating admixture or Accelerator is a material added to concrete for the purpose of reducing 

the time of setting and accelerating early strength. These materials increase the rate of hydration of 

hydraulic cement, shorten the time of set or increase the rate of hardening when added to concrete, 

mortar or grout. These can be classified as 

 
● materials which primarily accelerate strength development 

● materials which are used mainly to speed the setting of cement paste 
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Some agents will significantly accelerate both setting and hardening while others may 

simultaneously accelerate effect on one phase of hydration processes and suppress the other. 

 
Admixtures that accelerate the hardening of concrete mixtures are grouped in four categories. 

 
1. Soluble inorganic salts 

2. Soluble organic salts 

3. Quick setting 

4. Miscellaneous solid admixtures 

 
Accelerator should not be used as antifreeze agent for concrete. In quantities normally used 

accelerators lower the freezing point of concrete merely by less than 2 
0
C. No commonly used 

accelerator will substantially lower the freezing point of water in concrete without being harmful to 

the concrete in other respects. 

 
4.1 Soluble Inorganic Salts 

 
Resaerch over recent years has shown that inorganic accelerators act primarily by accelerating the 

hydration of tricalcium silicate. Studies have shown that a variety of soluble inorganic salts, such as 

chlorides, fluorides, carbonates, thiosulphates, silicates, aluminates and alkali hydroxides, 

accelerate the setting of Portland cement. 

 
Calcium chloride is perhaps the most widely known and used accelerator for concrete. It acts to 

accelerate both 

 
- the setting processes and 

- early strength development. 

 
Usually one percent of calcium chloride by weight of cement produce desired result. As the cement 

hydration is an exothermic process, the use of CaCl2 as accelerator will increase the heat evolution 

so it should never be used in concentrations exceeding 2%. Its use in important structures like 

dams/mass concreting is avoided. 

 
CaCl2 accelrates the reaction between high alkali cement and alkali reactive aggregates. Therefore, 

utmost care shall be taken up while selecting the dosage. However, solution containing 0.48 kg of 

CaCl2 in 1.0 litre solution has been recommended this is equivalent to 1.0 pound of CaCl2 per 1.0 

US quart of solution. 

 
Due to low cost, general availability and available research knowledge on its long range effects of 

calcium chloride is widely used as inorganic accelerators. 

 
Other inorganic salts such as sodium carbonate, sodium silicate, magnesium fluorosilicate and 

sodium hydroxide all accelerates setting properties of concrete. Their use tend to reduce the strength 

in longer priods. 
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4.2 Soluble Organic Compounds 

 
This category of accelerators is used commonly to offset the retarding effects of water reducing 

admixtures or to provide non corrosive accelerators. The most common accelerators in this category 

are tri ethanol amine and calcium formate. 

 
Accelerating properties have been reported for calcium acetate, calcium propionate, calcium 

butyrate, but salts of higher carboxylic acids homologues are retarders. A number of organic 

compounds viz. urea, oxalic acid, lactic acid, various ring compounds and condensation compounds 

of amines and formaldehyde are found to accelerate the setting of Portland cement when low water 

cement ratio are used. However, severe retardation can be experienced when the amounts of these 

compounds used in admixture are excessive. 

 
Triethanolamine is more common and has produced good results with slag cement and the cement 

having C3A high value. Triethanolamine is used in much smaller quantities than CaCl2. Its action 

varies depending on setting time and strength development of different cement composition. 

Maximum of 0.05% of Triethanolamine by weight of cement is the recommended usage. 

 
Recent reports indicate that triethanolamine accelerates the hydration of tricalcium aluminate but 

retards that of tricalcium silicates. Other organic accelerators may behave on same fashion. A non 

chloride, non corrosive accelerating admixture Calcium formate (Ca (CHO)2 was found to meet 

with all requirements but on 1:1 basis by weight it is not as effective as calcium chloride as an 

accelerator of time of setting. 

 
4.3 Miscellaneous Solid Accelerating Admixtures 

 
In certain instances, hydraulic cements have been used in place of accelerating admixtures. For 

example, Calcium aluminate cement can shorten the time of setting of Portland cement concrete. 

The seeding of Portland cement concrete with 2% by weight of the cement with finely ground 

hydrated cement are said to be supplementary and has been reported to be equivalent to the use of 2 

% calcium chloride,. 

 
Finely divided silica gel and soluble quaternary ammonium silicates have been found to accelerate 

strength development, presumably through the acceleration of tricalcium silicate hydration. Very 

finely divided magnesium carbonate has been proposed for accelerating time of setting of hydraulic 

binders. Calcium carbonate also tends to accelerate the setting. 

 
4.4 Mechanism of Acceleration 

 
In the year 1886, it was proposed that reaction between calcium hydroxide produced by hydrating 

silicates & CaCl2 results in formation of calcium oxychloride was responsible for the acceleration of 

the time of setting. 

 
Ca(OH)2  + CaCl2  + ll H2O CaO.CaCl2.l2H2O 

A similar mechanism was proposed almost 50 years later, but the nature of the product of the 
 

 
 
 

 



Monograph on Chemical Admixtures for Concrete 

6 

 

 

 

reaction was different. 
 

4Ca(OH)2    + 4 CaCl2   + lO H2O 4CaO.CaCl2.l4H2O 

However, both the concepts were discarded. Although it was suggested that a reaction between 

CaCl2 and tricalcium aluminate phase to form calcium chloroaluminate might be responsible for the 

action of calcium chloride yet the results of a kinetic study of reaction between pure C3A and 

CaCl2, in the presence of gypsum, indicated that the rate of formation of the chloroaluminate was 

too slow to account for the reduction in time of setting and rapid development of early strength. 

 
C3A  +  CaCl2   + lO H2O C3A.CaCl2.lOH2O 

 
In the absence of gypsum, the same mixture; i.e. C3A water and CaCl2 (Calcium Chloride with 

Traicalcium Aluminate), exhibited a rapid uptake of the chloride ion from the aqueous phase and 

the composition of the product was calculated to be 2C3A.CaCl2.10H2O. The rate of chloride ion 

disappearance from the aqueous is shown in Fig.1. 

 
4.5 Effect on Properties of Concrete 

 
4.5.1 Time of Setting 

 
The initial and final times of setting are reduced. Time of setting as short as 15 to 30 sec can be 

attained. The amount of reduction varies with the amount of accelerator used, the temperature of the 

concrete, the ambient temperature, and characteristics of other materials, used in concrete. 

 
4.5.2 Air Entrainment 

 
Less air-entraining admixture may be required  to produce the required air content when  an 

accelerator is used. 

 
4.5.3 Heat of Hydration 

 
The heat evolution of concrete mixes containing no admixture, 1.5% CaCl2 and 3.0% calcium 

formate is shown in Fig.2. The heat evolution of calcium chloride and calcium formate are 

approximately equal at 24 hrs. in comparison to plain concrete mix. 

 
4.5.4 Strength 

 
 Compressive Strength 

 
The compressive strength of concrete containing an admixture of calcium chloride type will have a 

higher 28 days compressive strength than a plain concrete mix, having same mix proportion. To 

lower the temperature, curing has shown better results. 

 
 Flexural and Tensile Strength and Modulus of Elasticity 

 
Reports generally points to either no effect or a slight reduction in all three properties at 28 days. 
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4.5.5 Durability 
 
● Volume change 

 
Accelerators have been reported to increase the volume changes that occur under both moist curing 

and drying conditions. Calcium chloride is reported to increase creep and drying shrinkage of 

concrete. The effects have been attributed to the changes in the size distribution of capillary pores 

due to the effect of calcium chloride on hydration of the cement. 

 
 Frost damage 

 
The resistance to deterioration due to cycles of freezing and thawing and to scaling caused by the 

use of deicing salts may be increased at early ages by accelerators but may be decreased at later 

ages. 

 
 Sulphate resistance 

 
The resistance to sulphate attack is increased when Portland cement concrete mixtures contain 

calcium chloride. 

 
 Alkali silica reaction 

 
When calcium chloride is used there is a risk of alkali silica reaction in concrete. But this can be 

controlled by the use of non reactive aggregates, low alkali cement or certain pozzolanas. 

 
 Creep 

 
The creep of concrete under drying conditions is increased by the presence of calcium chloride in 

the mix. 

 
5.1 RETARDERS 

A set retarding admixture is defined as one that delays the time of setting of Portland cement paste 

and its mixtures such as mortars and concrete. Consequence of this delay in the rate of hardening, 

or setting include a delay in the development of the early strength of the concrete, mortar or paste 

and an increase in later compressive strength of the respective cementitious masses. 

 
Set retarder in common use are of organic composition and frequently act as water reducers also. 

Most of these admixtures will fall into one of the four general classifications discussed below: 

 
● Class A : Lignosulphonic acids and their salts. 

 
● Class B : Modifications and derivatives of lignosulphonic acids and their salts. 

 
● Class C: Hydroxylated carboxylic acids and their salts. 
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● Class D: Modification and derivatives of hydroxylated carboxylic acids and their salts. 

 
Carbohydrates, sugars, hydroxylated polymers, cellulose derivatives, silicones and other materials 

have also been used as major or minor components of commercial and non- commercial retarding 

admixture formation. 

 
Lignosulphonates are generally available as calcium, sodium or ammonium salts but are available 

also as other salts. Setting times of comparable concrete may be extended from 30 to 60% at 

temperatures of 18 to 38
0
C (65 – 100

0
F) by their use. 

At temperatures lower than 18
0
C, retardation may be disproportionately increased. In normal 

amounts 5 to 10% less water may be required than for comparable concrete without admixture. The 

compressive strengths at two or three days may be equal to or higher than non retarded concrete and 

perhaps 10 to 20% higher at 28 days. 

 
Hydroxylated carboxylic acids and their salts acts as water reducing non air entraining retarders. 

The degree of retardation depends upon the amount used. In proportions intended to retard set 30%, 

the water demand may be reduced by 3 to 5% or more. Compressive strengths during the first 24 

hours are lower but after 3 days may be 10 to 20% higher. 

 
The derivatives of lignosulphonates class (B) and hydroxylated carboxylic acids class (D) are 

attained by addition of other components to the primary admixtures (A) and (C) and may provide 

various degrees of retardation, no significant change in setting time and even acceleration while at 

the same time preserving the water reducing properties. 

 
ASTM recognizes three types of retarding admixtures. 

 
● Type B: simply retards the hydration of Portland cement 

 
● Type D: not only retards the hydration but also acts to disperse the cement and thus 

provide water reduction. 
 
● Type G: high range water reducing and set retarding admixtures. 

 
Type B admixtures which are commonly used were based on water soluble salts such as sodium 

meta borate (Na2B2O4) or tetra borate (Na2B4O7), stannous sulphate (SnSO4), lead acetate 

(Pb(C2H3O2))2 and monobasic calcium phosphate (Ca(H2PO4)2). Sometimes their effect in retarding 

action is unpredictable. These have been seldom used at an addition rates exceeding 0.05% on 

weight of cement. 

 
The most commonly used retarders of type D, are organic in nature i.e. salts of lignosulphonic 

acids, salts of hydroxylated carboxylic acids and glucose polymers. 
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5.2 Mechanism of Retardation of Setting 

 
A very common set retarder is the gypsum (CaSO4.2H2O)  in cement, that reacts with C3A 

(tricalcium aluminate) to form water soluble calcium sulphoaluminate. 

 
According to one theory, set-retardation is based on adsorption. The large admixture anions and 

molecules are adsorbed on the surface of cement particles which hinder further reaction between 

cement and water and retard the setting. Later as a result of reaction between organic salts and C3A 

from the cement the former are removed from the liquid phase of the system, thus eliminating 

further retardation. 

 
6.1 WATER REDUCING ADMIXTURE (WRA) 

 
Certain organic compounds or mixtures of organic and inorganic compounds are used as admixture 

in both air-entrained and non air-entrained concrete to reduce the water requirement of the 

admixture for a given slump or to modify the time of setting, or both. Reduction in water demand 

may result in either reduction in w/c for a given slump and cement content or an increased slump 

for the same w/c and cement content. 

 
A common side effect of many water reducing admixture is a tendency to retard the time of setting 

of concrete. Water reducing admixture which frequently do not retard are obtained by combining 

water reducing and retarding materials with accelerators to produce admixtures that still retain the 

water reducing property. But these are less retarding, non retarding (some time called normal 

setting), or even somewhat accelerating. The degree of effect depends upon the relative amounts of 

each ingredient used in formulations. 

 
High range water reducing admixtures, also referred to as superplasticizers, behave much like 

conventional water reducing admixtures in that they reduce the inter particle forces that exists 

between cement grains in the fresh paste. This increases the paste fluidity. However, they differ 

from conventional admixtures in that they do not affect the surface tension of water significantly. 

Therefore, they can be used at higher dosages without excessive air entrainment. 

 
The following materials are generally available as water-reducing admixtures 

 
-          Lignosulphonic acids and their salts 

-          Hydroxylated carboxylic acids and their salts 

- Derivatives and modifications of above two classes 

- Inorganic materials, such as zinc salts, borates, phosphates and chlorides. 

- Amines and their derivatives 

- Carbohydrates, polysaccharides and sugar acids. 

- Certain polymeric compounds such as cellulose ethers, melamine derivatives, naphthalene 

derivatives, silicones and sulphonated hydrocarbons. 

- Blends of naphthalene or melamine condensates with other water-reducing or set 

controlling materials, or both. 
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These are mainly grouped into three main categories of water reducing admixtures. 

 
- Normal water reducing admixture (NWRA) 

- Accelerating water reducing admixture (AWRA) 

- Retarding water reducing admixture (RWRA) 

 
6.2 Normal Water Reducing Admixture (NWRA) 

 
The principal chemicals are: 

 
- Salts of lignosulphonic acids 

- Salts of hydroxy carboxylic acids 

- Low molecular weight polysaccharides (hydroxylated polymers). 

 
6.3 Accelerating Water Reducing Admixture (AWRA) 

 
Most accelerators are based on following chemicals: 

 
- Calcium chloride 

- Calcium formate 

- Other main ingredient is lignosulphonates and hydroxy carboxylic acids. 

 
6.4 Retarding Water Reducing Admixture (RWRA) 

 
Main types of chemicals used for retarding admixture are: 

 
- Salts of lignosulphonic acids 

- Salts of hydroxycarboxylic acids 

- Salts of boric acid/phosphoric acids 

- Low molecular weight polysaccharides. 

 
6.5 Mechanism of Water Rreduction 

 
The admixture belonging to this group act to deflocculate or to disperse the cement agglomerates 

into primary particles (much smaller fragments). This flocculation is believed to be a physico- 

chemical effect. The admixture is first of all adsorbed on to a surface of the hydrating cement 

forming a hydration "sheath" which reduces the inter-particle attraction. This causes the separation 

of cement particles from one another and thus the inter-particle friction is reduced. This is 

illustrated in fig 3. Results of such a deflocculated system are as follows: 

 
The dispersion of the agglomerates into much smaller primary particles reduces the retention of 

water which would otherwise be used for imparting workability to the system. In view of this, less 

water is required to achieve a given workability or alternatively more workable concrete can be 

obtained for a given water content. Under conditions of shear or movement within the system, there 

will be less inter-particle or particle aggregates interaction or friction so that less energy will be 

required to place concrete containing such a system. 
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The growth of cement hydrates is largely a surface effect and therefore even at constant 

water/cement ratios, a deflocculated system will contain particles spaced at a more uniform distance 

from one another. Therefore, on continuing hydration there is a greater statistical chance of inter- 

meshing of hydration products with fine and coarse aggregate surfaces to produce a system of 

higher integrity on the micro scale and hence higher strength. 

 
6.6 Effect on Properties (common to all WRA's) 

 
The effect of water reducing admixtures is dependent on: 

 
 Dosage 

 Cement Type 

 Aggregate Type and Grading 

 Mix Proportions 

 Temperature 

At normal dosage of admixture, water reductions for constant workability of 8-12% can 

typically be obtained. 

 
6.6.1 Strength 

 
6.6.1.1 NWRA 

 
The compressive strength of concrete is increased by using water reducing admixtures to reduce 

water content while maintaining workability. This is illustrated in Fig. 4. The relationship between 

tensile or flexural strength and compressive strength is not altered by a normal water reducing 

admixture. 

6.6.1.2 AWRA 

 
While accelerators can achieve significant increase in early strength of concrete, the effect on long 

term strength is generally negligible. This is illustrated in Fig. 5. 

 
6.6.1.3 RWRA 

 
Early compressive strength of concrete is reduced by using a retarder. The development of strength 

after the initial retardation of set with admixtures of this type and  normal recommended dosage 

follows closely that of a control with no admixture addition.  However, when water reductions are 

made, significant increase in strength is obtained which can again be used to allow cement economy 

in a mix. This is illustrated in Fig. 6 & 7 which depicts the comparative changes in strength with 

time. 

 
6.6.1.4 Air entrainment 

 
There is some indication that admixtures of this type may cause slight increase in air content when 

used as a workability aid or as a water reducing aid. Lignosulphonate based admixtures tends to 

have a slightly more air entertainment than control mix. 
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6.6.1.5 Workability 

 
An accelerating water reducing admixture can be used to produce a concrete possessing greater 

workability to allow easier placing in congested areas and yet provide high early strength. 

 
6.6.1.6 Slump loss 

 
The rate of slump loss of concrete containing a normal water reducing admixture is generally 

similar to or greater than that of the equivalent plain concrete mix depending on whether the 

admixture is being used to increase workability or reduce water. Where a water reducing admixture 

is used to obtain increased workability, the allowable time between mixing and placing is extended. 

 
6.6.1.7 Bleeding 

 
Salts of hydroxycarboxylic acids and low molecular weight polysaccharides can cause an increase 

in bleeding of those concrete mixes which exhibit a tendency to water movement. Lignosulphonates 

normally results in decreased bleeding due to the slight air entrainment. 

 
6.6.2 Heat of Hydration 

 
6.6.2.1 NWRA 

 
The maximum rise in temperature of concrete is unaffected by the presence of a normal water 

reducing admixture when no other changes are made in mix design. If the cement content is 

reduced, the maximum temperature rise is reduced in direct relation to the cement reduction made. 

 
6.6.2.2 AWRA 

 
Accelerators increase the rate of heat release and may therefore give a greater temperature rise than 

the equivalent plain mix. The total heat of hydration is unaffected. 

 
6.6.2.3 RWRA 

 
The use of retarders does not significantly alter the amount of heat of hydration but its onset is 

delayed to the extent of the retardation. 

 
6.5.3 Volume of Deformation 

 
6.5.3.1 NWRA 

 
Creep and drying shrinkage are not generally altered significantly from that of plain concrete 

designed to have the same workability and 28-day compressive strength. 

 
6.5.3.2 AWRA 

 
Calcium chloride increases both drying shrinkage and creep while calcium formate increases drying 
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shrinkage slightly. A very little published data is available regarding its effect on creep 

 
6.5.3.3 RWRA 

 
The volume of deformation/durability is the same as for normal water reducing admixtures. 

 
6.5.4 Durability 

 
6.5.4.1 NWRA 

 
There is no theoretical or practical evidence to show that water reducing admixtures contribute in 

any way to the corrosion of reinforcement or other embedded metals or have any adverse effect on 

properties which are relevant to the long-term durability of concrete. When used to reduce the water 

content of the mix, water-reducing admixtures enhance the durability of the concrete by improving 

both density and permeability. 

 
6.5.4.2 AWRA 

 
● Corrosion of reinforcement 

 
Admixtures containing calcium chloride have been associated with the failures due to corrosion of 

reinforcements. In view of this it is strongly recommended that calcium chloride should not be 

added to concrete containing embedded metal as its presence may lead to the accelerated corrosion 

of reinforcement due to the difficulties of maintaining a controlled dosage. 

 
It should, perhaps, be emphasized that calcium chloride accelerators are still permitted for the 

manufacture of components which do not contain embedded metal. 

 
● The permeability and/or the effect of the freeze/thaw cycling of the concrete 

 
As far as permeability is concerned, it is reduced by calcium chloride. The net effect of water 

reduction by the admixture and permeability reduction by the calcium chloride would therefore 

produce a more impermeable concrete. 

 
6.5.5 Setting Time 

 
6.5.5.1 AWRA 

 
The setting time of concrete containing an accelerator will be shorter than that of the plain 

equivalent concrete containing no accelerator. 

 
6.5.5.2 RWRA 

 
Retarders delay the setting time of concrete. Delays of from 1-3 hours are normally sought but 

longer delays for special purposes of up to 2 or more days can be obtained. 
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6.6      Water Reducing Air -Entraining 

 
The amount of air entrainment obtained will vary according to type and quantity of admixture used, 

as well as mix design parameters, but in general at normal dosage levels in a 50 mm slump 

sand/gravel mix of 300 kg/m
3 

cement content, the changes in air content as given in Table 1 will be 

observed. 

Table 1: Change in Air Content 
 

Sl. No. Chemical Type Addl. air Content(% by Volume) 

1. Lignosulphonate + Surfactants 0.9 to 2.6 

2. Hydroxycarboxylic acid + surfactant 3.0 to 5.0 

 

 
The presence of entrained air will be reflected in a reduced density in both the plastic and hardened 

stage. It will lead to a reduction in compressive strength. While the water reduction results in a 

compensatory increase in strength. The advantages of using this type of materials rather than a 

straight air-entraining agents are based mainly on minimizing the deleterious effect that air 

entrainment has on compressive strength, as shown Fig.8. 
 

 
 

 
 

 
Thus in a typical concrete mix, up to 3% air can be entrained without any alteration to the mix 

design or reduction in compressive strength when an air-entraining water reducing admixture is 

used. 

 
7.1 SUPERPLASTICIZER (HIGH RANGE WATER – REDUCING ADMIXTURE) 

 
Superplasticizers can be used in concrete to increase slump; increase strength by decreasing water 
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content and water cementitious materials ratio (w/cm); or decrease water and cement content, thus 

reducing temperature rise and volume change. These results are attainable in a wide variety of 

concrete mixtures from conventional types to specialty concretes, in number of grouts and pre 

packaged concretes used for repair and rehabilitation. 

 
7.2 Increased Slump 

 
Concrete slump is increased when superplasticizers are added to concrete mixtures and no other 

changes are made in mixture proportions. The slump may be increased by either a moderate or large 

increments, depending on the performance requirements of the concrete. For example, flowing 

concrete can be proportioned with an even higher slump to be self levelling; that is capable of 

attaining a level surface with little additional efforts from the placer. However, for a properly 

consolidated concrete, some compaction will always be required. 

 
High slump or flowing concrete can be used to advantages in the ready mixed, precast and 

prestressed concrete industries. The ability of concrete to flow easily makes it especially beneficial 

in applications involving areas of congested reinforcing steel, or special form linings or treatments 

where the embedments obstruct concrete placement. In the precast prestressed concrete industry, 

pre- cast units often have architectural details that require the use of high slump concrete. But, the 

concrete must also gain strength quickly to permit early form stripping and turn around. Increasing 

the slump of conventional concrete by adding water will retard early strength gain and delay from 

stripping. Flowing concrete provides high slump plus the strength gain rate needed for early form 

removal. Use of superplaticizers to produce flowing concrete with the same or a lower w/cm than 

normal concrete may also reduce heat curing requirements for precast concrete. 

 
7.3 Decreased Water – Cementitious Material Ratio 

 
As may be used to reduce the water content of concrete, thus decreasing the w/c ratio and 

increasing the strength, high strength concrete is used in ever increasing applications, among them 

high – rise commercial buildings, high- strength prestressed beams and slabs, impact resistance 

structures, and offshore structures. A low w/c ratio is also beneficial in special concretes, including 

the following : 

 
(a) Dense (low- permeability) concrete mixtures having high cement content and low w/c ratio 

ratio, used for bridge decks overlays. 

 
(b) Silica fume concretes, used to obtain very low permeability and very high strength 

concretes in structures such as parking garages, where they protect reinforcing steel from 

corrosive deicing agents; and 

 
(c) Various grouts and prepackaged concrete used for repair and rehabilitation. 

 
7.4 Decreased Water and Cement Contents 

 
Superplasticizers may be used to reduce both water and cement contents, and thus permitting the 

use of less cement without reducing strength. Any cost savings from the reduced cement content are 
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dependent on the relative prices of cement and superplasticizers. In most cases the direct economic 

benefits are minor, although the indirect benefits may be significant. For example, an application 

may demand lower concrete heat rise or drying shrinkage without changing the slump or w/cm ratio 

(and hence strength). Such concrete is desirable for use in massive sections because of its reduced 

tendency to crack when it cools and dries. 

 
Superplasticizers have been grouped into four categories; 

 
● Category A - Sulphonated Melamine Formaldehyde Condensate 

 
● Category B - Sulphonated Naphthalene Formaldehyde Condensate 

 
● Category C - Modified Lignosulphonates 

 
● Category D- Other superplastcizers including sulphonic acid esters or carbohydrate esters. 

Superplastcized concrete can be produced to achieve the following: 

● To reduce cement content by maintaining water-cement ratio same as in conventional mix. 

 
● To produce concrete with low water-cement ratio. 

 
● To produce concrete without sacrificing strength. 

 
7.5 Mechanism of Action 

 
NH2 N 

 

 
N 

 
NH2 

 
 

N 

 

 
3CH2O 

OHCH2NH N 
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NHCH2OH 

 
 

N 

 
 

Polymerization 

 

NH2 NHCH2OH 

Trimethyl melamine 
 
 

-O=CH2-NH 
 

 
N 

NH-CH2=O- 
 

 
N 

NH-CH2=O- 

Melamine condensate 

Superplasticizers of category A form a lubricating film at the particle surface. 

Superplasticizers of category C decreases the surface tension of water. 
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Superplasticizers in category "B" and "D" decreases the surface tension of water to a minor 

degree. In addition, they charge the surface of cement particles equidirectionally to form a 

lubricating film at the particles surfaces. 

 
7.6 Effect on Properties 

 
7.6.1 Workability 

 
Maximum increase in slump is noted for category "B" superplasticizers. About 0.5 to 0.8% air was 

reduced in high slump concrete with category "A" and "B", while "D" has no effect on air content at 

lower dosage. But, loss of workability with time is noticed for category "A". The concrete with 

category "C" and "D" superplasticizers indicate slump loss at slower rate, shown in Fig.9. 

 
7.6.2 Setting time 

 
The initial set was least effected by category "A" and "B" but it was retarded by 30 minutes to 50 

minutes by category "C" and "D". 

 
7.6.3 Compressive strength 

 
Higher strengths were achieved with "B" and "D" which have maximum reduced water content. 

Superplasticizers of remaining two category increase the compressive strength of concrete in 

proportion to the amount of water reduction. An effect on compressive strength development of 

concrete with and without superplasticizer is shown in fig. 10. 

 
7.6.4 Flexural strength 

 
The increase in flexural strength with the increase in compressive strength is found with all the 

superplasticizers. 

 
7.6.5 Shrinkage 

 
The decrease in shrinkage is observed in the series at constant slump for all the superplasticizers. 

 
7.6.6 Time of Setting 

 
As per IS 9103 concrete containing normal superplasticizers reach the initial time of setting no 

more than 1.5 hrs before or 1.5 hrs after that of a reference concrete of similar slump, air content 

and temperature. Concrete with retarding type have values as given below: 
 

 
 

 Initial Final 

Maximum + 4 Hr + 3 Hrs 

Minimum + 1 Hr - 
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7.6.7 Air Entrainment 

 
Air void system of air entrained concrete containing superplasticizers is altered and air void spacing 

is longer. 

 
7.6.8 Segregation 

 
Normally does not occur when superplasticizers are used with adequate precautions. 

 
8.1 NEW GENERATION HYPERPLASTICISERS FOR THE NEW MILLENNIUM 

 
Superplasticisers based on new polymer chemistry were originally developed in Japan. These are 

steadily establishing a strong track record of successful use throughout the world. Polycarboxylate 

Ether (PCE) superplasticisers represent a major breakthrough in concrete technology as they can 

provide up to 40% water reduction and impart tremendous workability that can be extended without 

the undesirable effects of retardation and segregation. Therefore, with PCE superplasticisers, 

benefits include 

 
● a reduced need for redosing with additional admixtures and 

● re-tempering with water especially with mixes using low w/c ratios during long haulages 

and in hot weather conditions. 

● have the added flexibility of being able to be modified, either by altering the molecular 

structure, by grafting other polymers onto the basic trunk polymer (main chain), by blending 

with polymers or other suitable chemicals, or a combination of these possibilities, to match 

specific performance requirements for a given application. Examples of such modifications 

include adjustments to properties like set times, slump retention, water reduction and drying 

shrinkage. 

 
With such a vast potential for development, PCE technology lends itself for use in high 

performance. 

 
8.2 Mechanism of Action of Polycarboxylate Ether (PCE) Superplasticisers 

 
The dispersion mechanism of NSFC & SMFC based superplasticisers can be explained in terms 

of electrostatic repulsion between the cement particles which get negatively charged by the 

adsorption of the anionic polymer molecule onto the cement surface which is measured by the 

magnitude of zeta potential. 

 
The dispersion mechanism of PCE superplasticisers is mainly due to two different types of 

repulsive forces between the cement particles: 

 
1. Electrostatic repulsion induced due to the adsorption of the negative charge provided by 

the carboxylic group 

2. Steric hindrance effect from the trunk polymer (main chain) and grafted polymers (side 

chains) forming a ‗comb-like‘ structure as depicted in Fig.11 
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Inter molecular cross linked polymer 

 
 

Fig.11 Cement particle spacing due to 

efficient dispersion by 

polycarboxylate ether 

Flocculated cement molecule 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 Cement particle spacing due to 

efficient dispersion by 

polycarboxylate ethers 
 

 
 
 
 
 
 

 
 

 
Fig.13 Polycarboxylate ether disperses 

cement particles. Unadsorbed 

multi ion polymer moves between 

particles, thus friction between 

particles is reduced 

 
Fig. 14 If particles tend to flocculate the 

multi ion polymer interfaces.The 

particles remain friction-less 
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The electrostatic repulsive force for PCE superplasticisers is half of the value measured for 

NSFC superplasticisers and the dispersion is mainly due to the very strong steric hindrance effect 

that ―pushes‖ the particles of cement apart. 

 
Slump retention is dependant on the ability of admixture to keep the cement particles apart. It is 

possible to provide a ―time release‖ component through the use of ―cross-linked‖ polymers. As 

hydration progresses, dispersion from electrostatic repulsion and steric hindrance is overcome 

and reduced, therefore cement starts to flocculate. On mixing, the cross-linked polymer is 

hydrolysed by the alkaline water phase of the cement releasing an additional amount of 

superplasticiser. This type of mechanism is sometimes referred to as the ―slow release effect‖ and 

is illustrated in Fig. 12. The net effect is better retention of workability and better water reduction 

compared to conventional superplasticisers. 
 

 
Another method is to use a PCE in conjunction with a multi-ion polymer. The PCE adsorbs onto, 

and disperses, the cement particles. The unadsorbed multi-ion polymer moves between the 

particles Fig. 13, thus, reducing friction and improving workability. If the particles tend to 

flocculate, the multi-ion polymer interferes Fig. 14. The particles remain ―friction-less‖. This 

type of admixture is also referred to as a Viscosity Enhancing Admixture (VEA). This type of 

admixture provides specific benefit to highly workable and self-compacting concrete as well as 

concrete with harsh aggregates, such as manufactured sands. 

 
8.3 Effect on Properties 

 
8.3.1 Setting Time: Setting time as illustrated in Fig. 15 is almost the same for NSFC and PCE at 

23 
0 

C. 

 
8.3.2 Compressive Strength: As depicted in Fig. 16 compressive strength in case of  PCE-1 is 

greater than that in NSFC. 

 
8.3.3 Slump Loss: Slump loss is reduced as shown in Fig. 17. 

 
9.1 AIR-ENTRAINING   ADMIXTURES 

 
ACI 116 R defines an air- entraining agent as ―an addition for hydraulic cement or an admixture for 

concrete or mortar which causes entrained air to be incorporated in the concrete or mortar during 

mixing, usually to increase its workability and frost resistance‖. The use of entrained air in concrete 

is recommended for several reasons. Because of its greatly improved resistance to frost actions, air 

entrained concrete must be used where ever water saturated concrete is exposed to freezing and 

thawing, especially when salts are used for deicing. Its use also is desirable where ever there is a 

need for water tightness. Since air-entrainment improves the workability of concrete, it is 

particularly effective in lean mixtures that otherwise may be harsh and difficult to work. It is 

common practice to provide air- entrainment in various kinds of light weight aggregate concrete, 

including not only insulating and fill concrete but also in structural light weight concrete. 
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Fig. 15 Setting time 

 

 
 

Fig. 16 Compressive Strength 

. 

 

 
Fig. 17 Slump 
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9.2 Types of Air-Entraining Admixtures 
 
● Stabilised wood resins 

 
● Saponified vinsol resins 

 
● Animal or vegetable fats or oils 

 
● Various  wetting  agents,  such  as  alkali  salts  or  sulphated  and  sulphonated  organic 

compounds, 
 
● Water-soluble soaps of resin acids 

 
● Sodium salts of petroleum sulfonic acids, 

 
● Hydrogen peroxide and 

 
● Aluminium powder 

 
9.3 Mechanism of Air Entrainment 

 
 First, an AEA does not generate air in the concrete but merely stabilizes the air infolded and 

mechanically enveloped during mixing and originally present in the intergranular spaces in the dry 

cement and aggregate or In the pores of the aggregates. 

 
 Secondly, while it is true that the entrained air is within total mass of concrete, it is only 

entrained in the paste portion of the mix. When excessive amounts of air are entrained, some of the 

air voids will collect at the paste-aggregate interface. In general, when the proper amount of air is 

entrained, it will be in the paste portion of the concrete. When AEAs are added to concrete, they 

form a film at the air void water phases interface such as that shown in Fig. 18. 
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9.4 Factors Influencing Air – Entrainment 

 
Most of the air entraining agents are formulated to give a total of 3 to 6% air volume in most 

normal concrete mixes at their recommended dosage levels. But, in practice it has been found that 

recommended dosages are not correct and adjustments have to be made. There are certain variable 

which influence the volume of air entrained. 

 
9.4.1 Dosage 

 
Greater the quantity of admixture added, the larger will be the volume of air  entrained. This is 

dependent on the characteristics of cement. 

 
9.4.2 Mixing technique 

 
Maximum level of air entrainment is lost on a prolonged mixing. 

 
9.4.3 Cement characteristics 

 
The characteristics and quantity of cement used have a pronounced effect on the air content and/or 

the dosage of admixture required to obtain the necessary air content. The following properties are 

mainly responsible for the air content: 

 
 Fineness 

 Cement Content 

 Alkali content 

 
9.4.4 Workability 

 
If the addition level of air entraining agent is maintained at a constant level, a more workable mix 

will entrain more air than less workable one. 

 
9.4.5 Temperature 

 
The higher the temperature, the lower the air content. 

 
9.4.6 Aggregate type and content 

 
The crushed rock aggregate having crushed dust, influences the air content. 

 
9.4.7 The presence of water reducing admixtures 

 
In presence of a water reducing admixture like lignosulphonate or hydroxy carboxylic acid type, a 

reduction of 50% in the quantity of air entraining agent can be made. 
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9.5 Effect on Properties 

 
The effect of air entraining admixtures on the properties of concrete, are influenced by the volume 

of air entrained, the stability of air void system during any subsequently handling, placing and 

compaction processes, and the effect that the entrained air has on the workability and mix design 

procedures relevant to concrete mix. 

 
9.5.1 Strength 

 
● Compressive strength: 

 
Entrainment of air in concrete leads to a considerable reduction in compressive strength. 

 
● Flexural and tensile strength: 

 
Flexural strength of air entrained concrete may be higher for a given compressive strength in 

comparison to a plain concrete. 

 
9.5.2 Durability 

 
● Resistance to aggressive liquids: 

 
The permeability of concrete to an aggressive liquid is reduced by most air entraining agents. 

 
● Resistance to freeze thaw conditions: 

 
The major application of air entraining admixture is to improve the resistance of concrete to freeze 

thaw cycling particularly in presence of deicing salts. 

 
● The protection of steel reinforcement: 

 
The formation of the passive layer at the concrete/reinforcement interface is due to the alkaline 

nature of the concrete. The alkalinity is due to calcium, sodium and potassium hydroxide, which 

over a period of time reacts to atmospheric carbon dioxide to form carbonate. This formation of 

carbonate reduces alkalinity and diminishes passivity of the reinforced metal. 

 
9.5.3 Volume Deformations 

 
● Shrinkage 

 
Air entraining agents do not increase the drying shrinkage of concrete and mixes which are 

designed to have similar strength and workability characteristics. 
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10.1 VISCOSITY MODIFYING ADMIXTURES FOR CONCRETE (VMA) 

 
As the concrete becomes more advanced i.e. self-compacting concrete, high performance 

concrete, underwater concrete, pumpable concrete, etc., it becomes more sensitive to material 

variations and fluctuations during production and placing. Production sites are often faced with 

problems caused by variations in the moisture content or grading of the aggregates and with 

fluctuations in the fine content of the sand. Construction sites may face difficulties resulting from 

the location, access or from breakdowns or other stoppages during placing. 

Viscosity Modifying Admixtures can be used to produce concrete with better robustness against the 

impact of variations in the concrete constituents and in site conditions, making it easier to Control. 

It becomes more and more producer and the user friendly. 

 
10.2 Function of a Viscosity Modifying Admixture (VMA) 

 
The key function of a VMA is to modify the rheological properties of the cement paste. The 

rheology of fresh concrete can be mainly described by its yield point and plastic viscosity: 

 
● The yield point describes the force needed to start the concrete moving. Yield point is 

related to the workability of the concrete and may be assessed by tests such as the slump value (EN 

12350-2). 

 
● Plastic Viscosity describes the resistance of a concrete to flow under external stress. 

Viscosity is caused by internal friction. The speed of flow of concrete is related to its plastic 

viscosity. 

 
VMA’s are a family of admixtures designed for specific applications. They are used to: 

 
● reduce segregation in highly flowable/self compacting concrete 

 
● reduce washout in underwater concrete 

 
● reduce friction and pressure in pumped concrete 

 
● compensating for poor aggregate grading, especially a lack of fines in the sand 

 
● reducing powder content in self compacting concrete 

 
● reduce bleeding in concrete 

 
● improve green strength in semi-dry concrete 

 
Potential benefits of a VMA in SCC may be summarised as follows: 

 
● Less sensitive to variations in the moisture content of the aggregate 

 
● The effects of small changes in the materials properties are minimized 
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● Lower powder content 

 
● Reduces the level of production control 

 
● Allows more fluid mixes to be used without the risk of segregation 

 
● Improving placing rate 

 
● Reduced risk of segregation and bleeding 

 
● Reduced formwork pressure by thixotropic effect 

 
● Better surface appearance 

 
11.1 OTHER MISCELLANEOUS ADMIXTURES 

 
The finely divided mineral admixtures are also used. The following materials are generally used: 

 
● Cementitious materials         :          (a) Hydraulic lime         (b) Slag 

 
● Pozzolanas                             :          (a) PFA                         (b) Calcined Clay 

 
● Reactive                                 :           (a) Silica fume 

 
● Others                                    :          (a) Hardened cement    (b) Quartz                 (c) Sand 

 
11.2 Miscellaneous Group of Admixtures for Specific Purposes 

 
11.2.1 Gas Forming 

 
The gas voids content of concrete can be increased by the use of admixtures that generates or 

liberate gas bubbles in the fresh mixture immediately following placement and prior to setting of 

the cement paste. Such materials are added to the concrete mixture to counteract settlement and 

bleeding, and thus causing the concrete to retain more nearly the volume at which it was cast. 

Admixtures that produce this type of effect are 

 
● Hydrogen peroxide, which generates oxygen 

 
● Metallic aluminum, which generates hydrogen 

 
● Activated carbon from which adsorbed air is liberated 

 
Unpolished aluminum powder is extensively used, although the polished powder is used when low 

reaction is desired. The rate and duration of gas evolution of the cement (particularly alkali content) 

depends on temperature, w/c, fineness and particle shape of the aluminum powder. The addition 
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may vary from 0.006 to 0.02% by weight of cement under normal conditions, although larger 

quantities may be used to produce low strength cellular concrete. Approximately twice as much 

powder is required at 40
0
F (4

0
C ) as at 70

0
F (21

0
C) to produce the same amount of expansion. 

 
11.2.2 Grouting Admixtures 

 
Many admixtures, used for specific purposes in concrete, are used as grouting admixtures to impart 

special properties to the grout. Oil well cementing grouts encounter high temperatures and pressures 

with considerable pumping distances involved. For oil well cementing grouts retarders are useful in 

delaying setting time. Bentonite clays may be used to reduce slurry density. Materials such as berite 

and iron fillings may be used to increase the density. Tile grouts and certain grouts use materials 

such as clays, gels, pregelatinised starch and methyl cellulose to prevent the rapid loss of water. 

 
Grout fluidifier for pre-placed aggregates concrete grouts usually contains water–reducing 

admixtures along with admixtures to prevent settlement of heavy constituents of the grout. Non 

shrink grouts may contain gas forming or expansion producing admixtures, or both. 

 
11.2.3 Expansion Producing Admixtures 

 
Admixture that expand during the hydration period of the concrete or react with other constituents 

of the concrete to cause expansion are used to minimize the effects of drying shrinkage. They are 

used both in restrained and unrestrained concrete. Materials available are: 

 
● Granulated Iron 

 
● Calcium sulpho aluminate 

 
● Calcium sulphate and aluminate combinations 

 
Expansion is greater when the mixture is exposed to alternatively wetting and drying. Expansive 

cements are used on large projects where a pre determined uniform degree of expansion is required. 

 
11.2.4 Bonding Admixture 

 
Admixtures specifically formulated for use in Portland cement mixtures to enhance bonding 

properties. Materials used are: 

 
● Polymer emulsions 

 
● Acrylates 

 
● Synthetic and natural latexes 

 
A wide variety of latex used in paints, paper coatings, textiles backing, etc. Latex formulated for 

concrete admixtures is compatible with the alkaline nature of the Portland cement paste and various 

ions present. An unstable emulsion will coagulate in the mixture, rendering it unsuitable for use. 
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11.2.5 Pumping Aids 

 
Pumping aids for concrete are admixtures with the sole function of improving concrete 

pumpability. They normally will not be used in concrete that is not pumped or in concrete that can 

be pumped readily. Many pumping aids are thickeners that increase the cohesiveness of concrete. 

Association of Australia identified five categories of thickening admixtures for concrete and mortar. 

 
(i) Water soluble synthetic and natural organic polymers that increases the viscosity of water- 

cellulose derivatives 

 
Methyl, ethyl, hydroxymethyl, and other cellulose gums; polyethylene oxides; acrylic polymers; 

polyacrylamides; carboxyvinyl polymers; natural water-soluble gums; starches; and polyvinyl 

alcohol. 

 
(ii) Organic flocculants 

 
Carboxyl group containing styrene copolymers, other synthetic polyelectrolytes, and natural water 

soluble gum. 

 
(iii) Emulsions of various organic materials 

 
Paraffins, coal tar, asphalt, and acrylic and other polymers. 

 
(iv) High surface area inorganic materials 

 
Bentonites and organic modified bentonites and silica fume. 

 
(v) Finely divided inorganic materials that supplement cement paste: 

 
Flyash and various raw or calcined materials, hydrated lime and natural or precipitated calcium 

carbonates and various rock dusts. 

 
11.2.6 Flocculating Admixtures 

 
Synthetic polyelectrolytes, such as vinyl acetate – maleic anhydride copolymer, have been used as 

flocculating admixtures. These materials: 

 
● increase the bleeding rate 

 
● decrease the bleeding capacity 

 
● reduce flow 

 
● increase cohesiveness and 
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● increase early strength. 

 
Although the mechanism of this action is not understood fully, it is believed that these compounds, 

containing highly charged groups in their chains, which are absorbed on the cement particles link 

them together. The net result is equivalent to an interparticle attraction, which increases the 

tendency of the paste to behave as one large floc. 

 
11.2.7 Fungicidal admixtures 

 
Certain materials have been suggested as admixtures for concrete or mortar to improve fungicidal, 

germicidal and insecticidal properties. The primary purpose of these materials is to inhibit and 

control the growth of bacteria and fungus on concrete floors and walls or joints. The materials that 

have been found to be most effective are : 

 
● Poly halogenated phenols 

 
● Copper compounds 

 
11.2.8 Damp proofing Admixtures 

 
The damp proofing implies prevention of water penetration of dry concrete or stoppage of water 

transmission through unsaturated concrete. However, admixture not been found to produce such 

effects and the term has come to mean a reduction in rate of penetration of water into dry concrete 

or in the rate of transmission of water through unsaturated concrete. 

 
When some concrete dams, retaining walls, tanks and other structures show evidence of leakage, it 

usually is the result of faulty production and placement of concrete. When properly proportioned 

concrete mixtures are used and placed with high quality workmanship under qualified inspection, 

the concrete in a structure should be virtually impermeable, although leakage still may occur 

through cracks. Damp proofing admixtures cannot be expected to be as reliable or effective as 

applying a moisture barrier system to the concrete. 

 
Damp proofing may reduce the rate of penetration of aggressive chemical found in water; however, 

it will not stop them. Damp proofing admixture also may reduce the penetration of water into 

concrete. Thus, delaying the effects of damage caused by freezing and thawing by the amount of 

rate of moisture entering in to the concrete. 

 
Admixture for damp proofing are used to render the concrete hydrophobic and therefore capable of 

repelling water that is not under hydrostatic pressure. 

 
Admixtures for damp proofing include soaps, butyl stearate, and certain petroleum products. 

 
● The soaps are composed of salts of fatty acids, usually calcium or ammonium stearate or 

oleate. The soap content usually is 20% or less, the remainder being calcium chloride or lime. Total 

soap added should not exceed 0.2% by weight of concrete. Soap causes entrainment of air during 

mixing. 
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● Butyl stearate reportedly performs better than soaps as water repellent. It does not entrain 

and has a negligible effect on strength. It is added as an emulsion with the stearate being 1% by 

weight of cement. 

 
● Among petroleum products are mineral oils, asphalt emulsions, and certain outback asphalt. 

The Petroleum product must be fluid and have a viscosity approximately equals to SAE60, with no 

fatty or vegetable oils. 

 
● In addition there is a group of miscellaneous materials. Sometimes advertised as damp 

proofing agents. All of these are detrimental to concrete strength, and are not truly damp proofer. 

These include barium sulphate and calcium and magnesium silicate and fluorosilicate, finely 

divided silica and naphthalene, petroleum jelly and lime, cellulose materials and wax, silica and 

aluminum, coal tar cut with benzene and sodium silicate. 

 
11.2.9 Alkali Aggregate Expansion Reducing admixture 

 
The use of pozzolanas to reduce expansion caused by alkali aggregate reaction has been studied 

widely and reported. As early as 1950, reports began to appear on admixtures other than pozzolana 

to reduce expansion caused by alkali aggregate reaction. 

 
Soluble salts of lithium, barium and certain air entraining and some water reducing set retarding 

admixtures have been reported to produce reduction in expansion of laboratory mortar specimens. 

Outstanding reduction has been obtained in such specimens using 1% addition of the lithium salts 

and 2 to 7% addition of certain barium salts by weight of cement. Salts of proteinous materials and 

water reducing set retarding materials have shown moderate reduction in expansion. Data on the 

protein air entraining admixtures are based on the use of 0.2% by weight of concrete. 

 
11.2.10 Antiwashout Admixtures (AWAs) 

 
Antiwashout admixtures increases the cohesiveness of concrete to be placed under water by 

pumping. 

 
● Common AWAs are based on natural or synthetic gums and cellulose-based thickners. 

 
● Silica fumes can also be beneficial in enhancing the cohesion. 

 
Loss of cementitious material due to washout is typically reduced by as much as 50% by inclusion 

of an AWA. 

 
In combination with some water reducing admixtures, AWA may entrain excessive amount of air, 

requiring the use of antifoaming agent. The type of HRWRA used affects the washout 

characteristics of concrete mixtures, and naphthalene based HRWRA can cause loss of workability. 

Most natural gum based AWAs retard setting time (up to 24 hrs. at high dose rates) and most 

AWAs eliminate bleeding. 
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11.2.11 Corrosion Inhibiting Admixtures 

 
It has been found that concrete furnishes ample protection to the steel embedded in it, although a 

limited number of cases have been reported in which infiltrating or percolating waters find a way 

through the concrete, removing or carbonating the calcium hydroxides. Reports indicate that the use 

of small quantities of bentonite in the mixing water reduces corrosion by reducing the permeability 

of concrete. The major contributor to the corrosion of reinforcement is presence of chlorides in the 

concrete. The chloride may come as exposure to saline or brakish waters, exposures to saline soils 

from which chlorides can reach the steel by diffusion through the concrete, by entrance of deicer 

solutions through cracks or pores in the concrete, or use of calcium chloride as an admixture 

constituent. 

 
Numerous chemicals have been evaluated as potential corrosion inhibiting admixtures for concrete. 

Chromate, phosphates, hypophorhites, alkalies, nitrites, and fluorides are few examples. 

 
The use of sodium benzoate at a rate of 2% in the mixing water or a 10% benzoate – cement slurry 

painted on the reinforcement. Calcium lignosulphonate reduces the tendency for corrosion of steel 

in concrete containing calcium chloride. Sodium nitrite has been investigated as an inhibitor of 

corrosion of steel in autoclaved products. 

 
11.2.12 Colouring Admixtures 

 
Pigments specifically prepared for use in concrete and mortar are available both as natural and 

synthetic material. These are formulated to produce adequate colour without materially affecting the 

desirable physical properties of mixture. They are covered by ASTM 979. The addition rate of any 

pigment to concrete normally should not exceed 10% by weight of the cement, however some 

pigments such as carbon black should be used in lesser quantities. Some of the admixtures used are 

given in Table 2. and shown in Photo 1 & 2 

 
Table 2: Colouring Admixtures 

 

Shade of colour Pigment 

Grey to black Black iron oxide, Mineral black, Carbon black, 

Blue Ultramarine blue 

Bright red to deep red Red iron oxide 

Brown Brown iron oxide, Raw and burnt umber 

Ivory cream, or buff Yellow iron oxide, 

White Titanium dioxide 

Green Chromium oxide, Pthalocyanine green 
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Photo 1: Different Shade of Colouring Admixtures 
 

 
 
 
 
 
 
 
 
 

 
 

 
Photo 2: Mixing of Different Admixtures for Imparting Different Colours 
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12.1 SPECIFICATION AND TESTS 

 
Admixtures are tested as per the procedure laid down in IS: 9103-2000 for physical requirements 

and for chloride content as per the procedure in IS: 6925-1999. Uniformity tests and requirement 

are given in Table-3. Physical requirements for admixtures are given in Table 4. 
 

Use of water soluble chloride containing admixtures has been prohibited in IS:456-2000. However, 

the option of using such admixtures is left to the discretion of the engineers in charge. 

 
The optimum quantity of each admixture to be used to attain the required properties of concrete 

may not be the same for all type of concrete as this is dependent on various factors such as quantity 

of cement and aggregate, aggregate grading, water/cement ratio, or other condition varies. It is 

therefore necessary to conduct test using ingredients from the same sources as are to be used on the 

particular project in order to determine the appropriate quantity of admixture for the concrete 

mixture. 

Table-3: Uniformity Tests and Requirements 

 
Sl. No. Property Requirement Reference 

1 Dry material content 
a) For liquid 

admixture 

b) For solid 

admixture 

0.95T Ç DMC<1.05T, 
Where, 

T = manufacturer‘s stated value,in 

percent by mass 

DMC= test results in percent by mass 

2 Ash content 0.95T Ç AC<1.05T, 
Where, 

T  =  manufacturer‘s stated value, in percent by 

mass 

AC= test results in percent by mass 

3 Relative density Within 0.02% of the value stated by manufacturer 

4 Chloride ion content Within 10% of the value or within 0.2 % which ever 

is greater as stated by the manufacturer 

5 pH 6.0 Minimum 
 

Note: 

(i) Uniformity requirements for ash content is not applicable to accelerating admixture 

which may contain more than l% chloride ion content 

(ii) Tests as per annexure given in IS 9lO3 – l999. 
 
 

The  admixture  manufacturer  supplying  sample  for  testing  should  provide  following 

information as may be requested by the purchaser 

 
1 The type of admixture, its main action and other simultaneous actions of primary or 

secondary importance. 
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2 The chemical groups to which the basic active components of admixture belong. Its main 

and secondary constituents intended to modify the principal action or to produce other 

simultaneous effects. 

 
3 The content of inert ingredients. 

 
4 The water- soluble chloride content, also sugar content. 

 
5 Solid content and nature of the solvent if the admixture is supplied in solution form. 

 
6 The proportions and the ranges of proportions in which the admixture is normally used the 

effect of other dosages. 

 
7 The procedures to be followed in adding the admixture to the batch. 

 
8 The conditions of storage and permissible maximum storage time before use. 

 
9 The effect of storage temperature. 

 
10 It is desirable that the manufacturer should indicate together with the basic nature of 

admixture, the tests to be performed for quality and quantity control of ingredients of the 

admixtures. The amount of admixture should be related to the weight of cement used in the 

concrete and indicated or a solid product as gram, kilograms of cement, and for a liquid 

product, mililiters per kilogram of cement. 

 
12.1    Tests 

 
Two or more admixtures of different types such as an air- entraining admixture and a water 

reducing admixture and set – retarding admixture, can be used in combination in a concrete mixture 

in suitable proportions to achieve a certain desired properties. 

 
However the achievement of these properties can only be ensured by adequate prior tests which 

make use of cement, aggregate and water from the same source as those planned for the job, the 

range of job site temperatures and other environmental influences. The manufacturer‘s 

recommendations concerning the compatibility of some admixtures with others in concrete 

mixtures should be helpful but these should be verified by suitable tests. 

 
Assessing the suitability and quality control of accelerating and retarding admixtures for 

concrete in large hydraulic structures may be investigated on following points: 

 
(a) General investigations of the characteristics and actions of the admixtures. 

 
(b) Determination of the proper type and quantity of admixture appropriate to the aggregates, 

cement, pozzolana and water to be used on construction project, which will result in the 

required quality and economy of concrete. 
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(c) Tests to ensure that derivatives of admixture to the job site continue in the same 

composition, quality and action as defined in agreements with the suppliers specifications. 

 
(d) Under category I, the tests may be best carried out on concrete which faithfully represents 

the aggregate grading, cement admixture used and water to be employed during 

construction. 

 
(e) The tests under Category II are those which provide the basis for formulating the particles to 

be followed on construction project. All materials (cement, aggregate, admixtures ande 

water) that will be used in the construction work should be representative. 

 
(f) The tests under category III are to ensure that deliveries of admixtures continue to meet 

specified quality and performance characteristics. Such tests should be conducted as 

frequently as needed and should yield results quickly so that unsatisfactory shipments are 

not inadvertently or unavoidable used. 

 
(g) The tests proposed in these recommendations are based on stipulations allowing for normal 

testing in the laboratory. Other tests may be used in each particular case taking into account 

all local conditions and the practice established in each country. 

 
12.1.1 Determination of Physical and Chemical Properties 

 
Tests should be carried out directly on the admixture and should primarily be concerned with 

finding its fundamental characteristics depending upon its compositions in order to control and 

check the subsequent deliveries of admixture confirming to the original admixture sample. 

 
Following parameters are studied on a one percent solution of the admixture under examination in 

distilled water and on a 1% solution of admixture in Ca(OH)2 saturated water: 

 
(l) pH 

 
(2) Surface tension 

 
(3) If admixture is in solution form: 

 
(a) Nature of solvent 

 
(b) Specific gravity 

 
(c) Solid content (residue on evaporation) 

 
(d) pH 

 
(4) On the solid as supplied (or on the solid residue on evaporation of admixture supplied) as 

solution 
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(a) Solubility in distilled water 

 
(b) Solubility in local tap water 

 
(c) Solubility in alcohol, benzene, chloroform 

 
(d) Chloride content calculated as calcium chloride 

 
(e) Stability of foam (if formed) 

(f) Loss on ignition (at 600
0 
C) 

 
The tests on paste, mortar and set concrete should be made to examine achievement of desired 

properties. 
 

 
l2.l.l.l Chemical Characterisation of Admixture 

 
The infra red spectroscopy, emission spectroscopy and wet chemical methods are being used in the 

identification of an admixture. These methods employed were found to distinguish easily the 

various types of potential composition for such materials. 

 
l2.l.l.l.l Infrared Spectroscopy 

 
The spectra were developed from pressed disc (13 mm in diameter) made of KBr mixture with 

0.5% of dry solids from samples admixture (398 mg of dry KBr and 2 mg of samples were ground 

in agate mortar and then subjected to a pressure of 8 tons for 1 to 2 minutes). A disc prepared by the 

same procedure with KBr only was placed in the reference beam. The IR spectrums of few 

admixtures are shown below in fig 19 & 20: 

The lignosulphonate shows characteristic band at 2950 cm
-1

, at 1250 cm
-1 

(rather narrow string) at 

1200 cm
-1 

(broad and due to the sulphonate functional) and at 870 cm
-1 

(weak). 

 
Condensates of sulphonated melamine and formaldehyde can be characterized by the bands at 1200 

cm
-1  

(sulphonate) and a strong band but not narrow band at 820 cm
-1  

characteristic of the triazine 

 
group in melamin, condensates of sulphonated naphthalene and formaldehyde in the form of 

calcium salt in following characteristics band can be seen one band at 1200 cm
-1 

(sulphonate), 

another normal at 1130 cm
-1 

and a series of three bands approximately situated 1360, 1450 and 

1510 cm
-1

. 

 
Salts of carboxylic acids have characteristics IR spectra, showing absence of the broad band at 1200 

cm
-1 

and a band at about 1600 cm
-1 

, which is generally narrower than for the other categories . But 

there may be a disagreement in spectral result and when the mixture of two different admixtures is 

being tested. A admixture of MFS and LS shows broad band at 1200 cm
-1 

(sulphonate) the band at 

2950 cm
-1 

(LS), the series of three bands between 1330 and 1540 cm
-1 

(NFS), the band at 1130 cm
-1
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(NFS), but not the band at 820 cm
-1

, which is characteristic of the melamine group in MFS 

condensates. 

 
l2.l.l.l.2 Emission Spectroscopy 

 
Two techniques generally used are Atomic Emission Spectroscopy and Argon Plasma in a 

continuous are for the determination of calcium (317.9 nm), magnesium (279.5 nm) and silicium 

(251.6 nm); Flame photometry for the determination of sodium and potassium. 
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Both are based on the same principles when thermally excited, a greater number of element emit a 

radiation which is characteristics of the excited or ionized molecules and atoms. When the principal 

emission wavelength of the element tested for has been isolated, it is possible to determine its 

contents by measuring the intensity of emission line which is a function of the emitting elements. 

The only difference lies in the source of excitation: The temperature of the flame produced by an air 

acetylene mixture is about 2400 
0
C but reaches 7000- 10000 

0
C in argon plasma. 

 
The samples are first treated with concentrated nitric acid and perchloric acid, to oxidize organic 

 
material. After evaporation to dryness, the samples are re dissolved with distilled water and 5% 

nitric acid. 10 ml of a 50g/l aqueous solution of lithium chloride are then added before diluting the 

solution for analysis to volume. The contents of the elements tested for are calculated from 

calibration curve. 

 
Destruction of organic matter turns out to be a rather long process. To eliminate the matrix effect of 

these solution of complex and variable composition by starting from a dilute solution of samples of 

admixture and subjecting it to the ―known addition‖ method after a rapid tentative determination by 

means of a standard solution. 

 
l2.l.l.l.3 Gravimetric Determination 

 
Total Sulphur: The dry sample is calcined in an oxidizing medium to remove combustible 

materials and convert all of the sulphur present into sulphates. These sulphates are then isolated and 

determined by gravimetric method after being precipitated out with BaCl2. 

 
Most of the admixtures are liquid, so fusion method is replaced by a wet treatment. Sample 

corresponding 1 g dry solid is treated with concentrated nitric acid, and evaporated to dryness on a 

sand bath to remove most of the organics and after re-dissolution with perchloric acid, evaporated 

until emitting white fumes stops. After another re-dissolution with distilled water and hydrochloric 

acid, the solution is ready for precipitating the sulphates which is formed with barium chlorides. 

The results obtained are quite comparable and it may therefore be used as an alternative method, 

which is easier and less time consuming. 

 
Sulphur in the state of sulphates are determined by gravimetric method, but cannot be applied for 

all admixtures, either because of acidification, the formation of an abounding precipitates or 

because of the colouring of the solution masks the colour change or the methyl orange during 

neutralization- a problem which can be solved by using pH meter. 

 
In case of sulphonated admixture the value may be corrected by the following formula: 

S = S Total - 0.4 SO3 

Volumetric Method 
 

The halides contents conventionally expressed as chloride ions (Cl
-
) is determined, after diluting the 

sample, and possibly after hot treatment in presence of nitric acid to remove the sulphides and 

sulphites, by titration with standardized solution of mercuric nitrate in presence of a coloured 

indicator, viz. diphenyl carbazene. 
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l2.l.l.l.4 Thermogravimetric Analysis of Admixture 

 
The thermogravimetric analysis can be performed after placing samples (about 20 to 24 mg) in a 

alumina crucible heated at 20 
0
C / min. 

 
At temperatures below 200 

0
C the weight losses result from the physio- sorbed species. For 

napthelene based admixture, thermal curve shows four steps decomposition. A small weight loss is 

observed between 350 and 450 
0
C, followed by first decomposition between 440 and 550 

0
C. The 

second major decomposition (between 550 and 800 
0
C) is preceded by a shoulder, while the last 

step of degradation shows a gradual weight loss up to 1100 
0
C. Melamine based admixture shows a 

major decomposition in two steps between 200 and 450 
0
C. The second step of degradation exhibits 

a small weight loss. 

 
In general, the pyrolysis under inert atmosphere of organic polymer degradation, which is usually 

accompanied by carbonization of mixture of products resulting from the decomposition of the 

polymer which may react to yield by products. Such compounds often require high temperature 

and/or oxygen to be completely removed. The thermal degradation between 200 and 600 
0
C is 

attributable to polymeric material. The carbonization products resulting from the degradation of 

polymers together with the partial decomposition of inorganic materials in there superplasticizerrs 

are decomposed between 600 and 1100 
0
C. 

 
13.1 STANDARDS FOR ADMIXTURES 

 
The physical requirements of the admixtures are given in Table 4. Following specification covers 

the types or classes that make up the bulk current products 

 
13.2 Indian Standards 

 
IS 6204 

 
IS 9103- 2000 ―Specification for Admixtures for Concrete‖ 

 
13.3 ASTM Standards 

 
C 94 Specification for Ready-Mixed Concrete 

 
C 125  Terminology Relating to Concrete and Concrete Aggregates 

 
C 138  Test Method for Unit Weight, Yield, and Air Content (Gravimetric) of Concrete 

C 150  Specification for Portland Cement 

C 173  Test Method for Air Content of Freshly Mixed Concrete by the Volumetric 

Method 
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C 231  Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method 

C 233  Test Method for Air-Entraining Admixtures for Concrete 

C 260  Specification for Air-Entraining Admixtures for Concrete 

C 360  Test Method for Ball Penetration in Freshly Mixed Hydraulic Cement Concrete  

C 457 Practice for Microscopical Determination of Parameters of the Air-Void System 

in Hardened Concrete 

 
C 494  Specification  for  Chemical  Admixtures  for Concrete 

 
C 666  Test Method for Resistance of Concrete to Rapid Freezing and Thawing 

C 979  Specification  for  Pigments  for  In t e g r a l l y Colored Concrete 

C 1017 Specification for Chemical Admixtures for Use in Producing Flowing Concrete 

C 1107 Specification for Packaged Dry, Hydraulic-Cement Grout (Nonshrink) 

C 1218 Test  Method  for Water-Soluble Chloride  in Mortar and Concrete 

 
13.4 Australian Standards 

MP 20.2 Thickening Admixtures for Use in Concrete and Mortar 

MP20.3 Expanding Admixtures for Use in Concrete, Mortar and Grout 

13.5 British Standards 

 
BS 5075 Part I 1974, water reducing Admixtures for Concrete 

 
13.6 Others 

 
AASHTO M 144 Standard Specification for Calcium Chloride 

 
AASHTO M 154 Standard Specification for Air-Entraining Admixtures for Concrete 

AASHTO M 194 Admixtures for Concrete 

CRD-C 87 Standard Specification for Chemical Admixtures for Concrete 

 
CRD-C 13 Standard Specification for Air-Entraining Admixtures for Concrete 
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Table 4: Physical requirements of admixtures 

 

Sl 

No. 

Requirement Accelerating 

admixture 

Retarding 

admixture 

Water 

reducing 

admixture 

Air 

entraining 

admixture 

Superplasticizing 

Admixtures(for Water 

reduced concrete mix) 

Normal Retarding 

Type 

1. Water content, percent of control 

sample, max 

- - 95 - 80 80 

2. Time of setting, 

allowable 

deviation from 

control sample, 

hours: 

Initial Max -3  +3 - - +4 

 Min -1  +1 - +1.5 +1 

Final Max -2  +3 - ±1.5 ±3 

 Min -1   - -  

3. Compressive 

strength, percent 

of control 

sample, Min: 

1 day - - - - 140 - 

3 days 125 90 110 90 125 125 

7 days 100 90 110 90 125 125 

28 days 100 90 110 90 115 115 

6 months 90 90 100 90 100 100 

1 year 90 90 100 90 100 100 

4. Flexural 

strength, percent 

of control 

sample, Min: 

3 days 110 90 100 90 110 110 

7 days 100 90 100 90 100 100 

28 days 90 90 100 90 100 100 

5. Length change, 

percent increase 

over control 

sample, Max 

28 days 0.010 0.010 0.010 0.01 0.01 0.010 

6 months 0.010 0.010 0.010 0.01 0.01 0.010 

1 year 0.010 0.010 0.010 0.01 0.01 0.010 

6. Bleeding, percent increase over 

control sample, Max 

5 5 5 5 5 5 

7. Loss of Workability - - - - At 45 min 

the slump 

shall be 

not less 

than that of 

control 

mix 

concrete at 

15 min 

At 2 hr the 

slump shall 

be not less 

than that of 

control mix 

concrete at 15 

min 

8. Air content (%) Max, over control - - - - 1.5 1.5 
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In September 1986 the CEN Programming Committee for Building Commenced which planned the 

work programme for developing a European Standards for concrete admixtures. As a result of this 

the work of technical committee 104, was extended to standardization work on admixture. The 

main differences from existing British Standards is the introduction of the 

 
● Electrochemical tests to check that the admixture has no adverse effects on corrosion of 

reinforcement, 
 
● Shrinkage tests, and 

 
● the introduction of specific tests for certain types of admixtures that were not currently 

covered by British Standard. 

 
14.1 USES OF ADMIXTURES 

 
Admixtures are generally used for the following purposes 

 
● To enable the concrete to meet requirement of job specification, namely permitted 

maximum water-cement ratio, minimum early and ultimate strengths and retention of workability 

when the available raw materials are of poor quality. 

 
● To provide modification which improve the quality of plastic concrete, e.g., increased 

workability or water reduction at given consistency, improved finishing qualities, controlled 

bleeding and segregation. 

 
● To reduce the cost of concreting operation by effecting a reduction of the overall cost of 

concrete ingredients, permitting rapid mould turnover and ease of placing and finishing. 
 
● To improve the quality of hardened concrete such as increased early and long term strengths 

and modulus of elasticity, decreased permeability and absorption, increased abrasion resistance and 

increased bond with reinforcement. 

 
14.2 Water Reducing Admixtures 

 
The use of water reducing admixtures is made to achieve the following properties of concrete: 

 
● High strength of concrete can be obtained without the addition of further cement, which 

may cause problems of temperature rise and shrinkage cracking. 

 
● Easier placing and compaction can be made by adding water reducing admixtures to the 

mix and maintaining a water-cement ratio, and increased workability. 

 
● An improved quality and durability of concrete is achieved due to a combination of water 

reduction and improved workability. 

 
● Use of a water reducing admixture to reduce water content without loss of workability and 
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at the same time maintaining the original water/cement ratio, will allow cement savings of up to 

10%. 

 
14.3 Accelerating Admixtures 

 
Accelerators are used  primarily to increase the rate of early strength gain and allow earlier 

demoulding. 

 
● Accelerators are used to reduce the risk of damage to concrete by freezing when concreting 

in cold weather and to allow the removal of frame work near to more normal striking times. The 

exposed faces of struck concrete must still be protected. 

 
● Effective plasticising action of this type of product will give increased workability to many 

concrete mixes to enable easier placing yet to raise early compressive strength. Water reduction can 

be made without  adversely affecting workability with  consequent increase in  strength, 

impermeability and durability. 

 
14.4 Retarding Admixtures 

 
● Retarders enable setting time to be extended there by preventing the formation of cold joints 

in large pours. Additionally, water reducing retarders allow a reduction in cement content     with 

a consequent reduction in maximum temperature rise. 

 
● Retarders enable the rate of advance of sliding frame work to be reduced to allow time for 

steel-fixing and sometimes for overnight stopping. 

 
● The use of water reducing retarders assists hot weather concreting by Delaying setting time 

and hence compensating for the accelerating effect of high ambient temperature and permitting a 

higher initial workability which therefore extends the period during which the concrete remains 

workable. 

 
● The delay in setting time and higher initial workability obtainable through use of a retarder 

compensate for the time lost in transit or ready mixed concrete. 

 
14.5 Air Entraining Admixtures 

 
● Air entraining concrete is made more durable due to reduced permeability of cement paste, 

due to break down of capillary action and due to relief of pressure in the pores developed in 

concrete during freezing and thawing. 

 
● Increase in workability due to air entrainment, reduces water/cement ratio which 

compensates for the loss of strength due to presence of voids. 
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15.0    CONCLUSION 

 
The effectiveness of any admixture will vary depending on its concentration in the concrete and 

the effect of the various constituents of the concrete mixture, particularly the cement. Each class 

of admixture is defined by its primary function. It may have one or more secondary functions; 

therefore, its use may affect concrete properties other than desired properties. Hence, adequate 

testing should be performed to determine the effects of an admixture on the plastic and hardened 

properties of concrete such as slump, air content, and time of setting, rate of slump loss or 

relationship of slump and time, and strength development. In addition, testing should be 

performed to determine the effect of the admixture on other concrete properties that may be of 

interest, for example, drying shrinkage, modulus of elasticity, or permeability. The final decision 

as to the use of any admixture and the brand, class, or type, depends on its ability to meet or 

enhance specific concrete performance needs. Many of the improvements can be achieved by 

proper selection and application of specific admixtures. The selection process should focus on 

the functional qualities required by structural demands, architectural requirements, and contractor 

needs. Admixtures provide additional means of controlling the quality of concrete by modifying 

some of its properties, however, they cannot correct for poor-quality materials, improper 

proportioning of the concrete, and inappropriate placement procedures. 

 
However, to overcome the negative secondary effects and to modify more than one property use of 

combination of admixtures can be beneficial. Admixtures may contain other materials to produce or 

modify certain other effects such as inclusion of an air entraining admixture to produce air entrained 

concrete, or an air detraining admixture to reduce or eliminate air entrainment produced by certain 

ingredients in the formulation when air entrainment is either not desired or the amount of air 

produced is excessive. 

 
Based on the information available and experience, the following admixtures can be used to 

modify one or more properties of concrete: 

 
Modify the rheology of fresh mortar or concrete 

 
● Water reducing 

● Air entraining 

● Plasticizing 

● Flocculating or thickening 

● Water retaining 

 
Modify the air content 

 
● Air entraining 

● Air detraining 

● Gas forming 

● Foam forming 

 
Modify the setting and hardening 
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● Set retarding 

● Set accelerating 

● Hardening accelerator 

 
Improving the resistance to physical actions 

 
● Frost resisting 

● Antifreezing 

● Water resisting 

● Permeability reducing 

● Water repelling 

 
Producing expansion 

 
Improving resistance to mechanical actions 

 
● Abrasion resistance 

 
Improving resistance to biological actions 

 
● Fungicidal 

 
Improving resistance to chemical actions 

 
● Corrosion inhibiting 

● Modifying alkali aggregate reactions 

● Modifying attack by aggregate chemicals 

 
Modifying colours 

Cost effectiveness 

Economic evaluation of an admixture should be based on the test results obtained when used 

with the specified concrete under conditions simulating those expected on the job. When 

evaluating an admixture, its effect on the volume of a given batch should be taken into account. 

 
If the admixture increases the volume of the batch, the admixture should be considered as a basic 

ingredient together with the cementitious materials, aggregate, and water. All changes in the 

composition of a unit volume of concrete should be taken into account when testing the direct 

effect of the admixture and in estimating its benefits. 

 
The cost effectiveness of an admixture should address the increase in cost required to handle an 

additional ingredient, as well as the economic effect the admixture may have on the cost of 

transporting, placing, and finishing the concrete. An admixture can allow the use of less- 

expensive construction methods, or allow structural designs that offset the added cost due to its 

use. For example, novel and economical structural designs have resulted from the use of water- 
 

 
 

 



Monograph on Chemical Admixtures for Concrete 

50 

 

 

 

reducing and set-retarding admixtures (Schutz. 1959). High-range water-reducing admixtures 

(HRWRAs) are often essential ingredients of cost-effective, high-performance concrete. 

 
Water-reducing and set-retarding admixtures permit placement of large volumes of concrete 

over extended periods, minimizing the need for forming, placing, and joining separate units. 

 
Accelerating admixtures, reduce finishing and forming costs. 

 
Required physical properties of lightweight concrete may be achieved at a lower density by 

using air-entraining and water-reducing admixtures. 
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