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Unit 3 

Design of concrete mix 

Design of Concrete Mix : Various classical methods of concrete mix design, I.S. code method, 

basic considerations and factors influencing the choice of mix design, acceptance criteria for 

concrete, concrete mixes with Surkhi and other Pozzolanic materials, design of plastic 

concrete mix, computer aided design of concrete mix. 

ACI Method Concrete Mix Design 

Definition: 

Mix design can be defined as the process of selecting suitable ingredients of concrete and 

determining their relative proportions with the object of producing concrete of certain 

minimum strength and durability as economically as possible. One of the ultimate aims of 

studying the various properties of the materials of concrete, plastic concrete and hardened 

concrete is to enable a concrete technologist to design a concrete mix for a particular strength 

and durability. 

The design of concrete mix is not a simple task on account of the widely varying properties of 

the constituent materials, the conditions that prevail at the site of work, in particular the 

exposure condition, and the conditions that are demanded for a particular work for which the 

mix is designed. 

Design of concrete mix requires complete knowledge of the various properties of these 

constituent materials, these make the task of mix design more complex and difficult. Design of 

concrete mix needs not only the knowledge of material properties and properties of concrete in 

plastic condition; it also needs wider knowledge and experience of concreting. Even then the 

proportion of the materials of concrete found out at the laboratory requires modification and 

re adjustments to suit the field conditions. 

With better understanding of the properties, the concrete is becoming more and more an exact 

material than in the past. The structural designer specifies certain minimum strength; and the 

concrete technologist designs the concrete mix with the knowledge of the materials, site 

exposure conditions and standard of supervision available at the site of work to achieve this 

minimum strength and durability. 

Further, the site engineer is required to make the concrete at site, closely following the 

parameters suggested by the mix designer to achieve the minimum strength specified by the 

structural engineer. In some cases the site engineer may be required to slightly modify the mix 

proportions given by the mix designer. He also makes cubes or cylinders sufficient in numbers 

and tests them to confirm the achievements with respect to the minimum specified strength. 

Mix designer, earlier, may have made trial cubes with representative materials to arrive at the 

value of standard deviation or coefficient of variation to be used in the mix design. 

 Mix design of Concrete: IS method (The IS 10262 method) 
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Requirements of concrete mix design The requirements which form the basis of selection and 

proportioning of mix ingredients are: a ) The minimum compressive strength required from 

structural consideration b) The adequate workability necessary for full compaction with the 

compacting equipment available. c) Maximum water-cement ratio and/or maximum cement 

content to give adequate durability for the particular site conditions d) Maximum cement 

content to avoid shrinkage cracking due to temperature cycle in mass concrete  

Types of Mixes 

 i. Nominal Mixes In the past the specifications for concrete prescribed the proportions of 

cement, fine and coarse aggregates. These mixes of fixed cement-aggregate ratio which 

ensures adequate strength are termed nominal mixes. These offer simplicity and under normal 

circumstances, have a margin of strength above that specified. However, due to the variability 

of mix ingredients the nominal concrete for a given workability varies widely in strength.  

ii. Standard mixes the nominal mixes of fixed cement-aggregate ratio (by volume) vary widely in 

strength and may result in under- or over-rich mixes. For this reason, the minimum compressive 

strength has been included in many specifications. These mixes are termed standard mixes. IS 

456-2000 has designated the concrete mixes into a number of grades as M10, M15, M20, M25, 

M30, M35 and M40. In this designation the letter M refers to the mix and the number to the 

specified 28 day cube strength of mix in N/mm2. The mixes of grades M10, M15, M20 and M25 

correspond approximately to the mix proportions (1:3:6), (1:2:4), (1:1.5:3) and (1:1:2) 

respectively.  

iii. Designed Mixes: in these mixes the performance of the concrete is specified by the designer 

but the mix proportions are determined by the producer of concrete, except that the minimum 

cement content can be laid down. This is most rational approach to the selection of mix 

proportions with specific materials in mind possessing more or less unique characteristics. The 

approach results in the production of concrete with the appropriate properties most 

economically. However, the designed mix does not serve as a guide since this does not 

guarantee the correct mix proportions for the prescribed performance. For the concrete with 

undemanding performance nominal or standard mixes (prescribed in the codes by quantities of 

dry ingredients per cubic meter and by slump) may be used only for very small jobs, when the 

28-day strength of concrete does not exceed 30 N/mm2. No control testing is necessary 

reliance being placed on the masses of the ingredients. 3. Factors affecting the choice of mix 

proportions the various factors affecting the mix design are: 

Compressive strength It is one of the most important properties of concrete and influences 

many other describable properties of the hardened concrete. The mean compressive strength 

required at a specific age, usually 28 days, determines the nominal water-cement ratio of the 

mix. The other factor affecting the strength of concrete at a given age and cured at a prescribed 
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te pe atu e is the deg ee of o pa tio . A o di g to A aha ’s la  the st e gth of full  
compacted concrete is inversely proportional to the water-cement ratio.  

 Workability the degree of workability required depends on three factors. These are the size of 

the section to be concreted, the amount of reinforcement, and the method of compaction to 

be used. For the narrow and complicated section with numerous corners or inaccessible parts, 

the concrete must have a high workability so that full compaction can be achieved with a 

reasonable amount of effort. This also applies to the embedded steel sections. The desired 

workability depends on the compacting equipment available at the site. 

 Durability The durability of concrete is its resistance to the aggressive environmental 

conditions. High strength concrete is generally more durable than low strength concrete. In the 

situations when the high strength is not necessary but the conditions of exposure are such that 

high durability is vital, the durability requirement will determine the water-cement ratio to be 

used. 

 Maximum nominal size of aggregate In general, larger the maximum size of aggregate, smaller 

is the cement requirement for a particular water-cement ratio, because the workability of 

concrete increases with increase in maximum size of the aggregate. However, the compressive 

strength tends to increase with the decrease in size of aggregate. IS 456:2000 and IS 1343:1980 

recommend that the nominal size of the aggregate should be as large as possible.  

 Grading and type of aggregate the grading of aggregate influences the mix proportions for a 

specified workability and water cement ratio. Coarser the grading leaner will be mix which can 

be used. Very lean mix is not desirable since it does not contain enough finer material to make 

the concrete cohesive. The type of aggregate influences strongly the aggregate-cement ratio for 

the desired workability and stipulated water cement ratio. An important feature of a 

satisfactory aggregate is the uniformity of the grading which can be achieved by mixing 

different size fractions.  

 Quality Control The degree of control can be estimated statistically by the variations in test 

results. The variation in strength results from the variations in the properties of the mix 

ingredients and lack of control of accuracy in batching, mixing, placing, curing and testing. The 

lower the difference between the mean and minimum strengths of the mix lower will be the 

cement-content required. The factor controlling this difference is termed as quality control. 4 

Mix Proportion designations the common method of expressing the proportions of ingredients 

of a concrete mix is in the terms of parts or ratios of cement, fine and coarse aggregates. For 

e.g., a concrete mix of proportions 1:2:4 means that cement, fine and coarse aggregate are in 

the ratio 1:2:4 or the mix contains one part of cement, two parts of fine aggregate and four 

parts of coarse aggregate. The proportions are either by volume or by mass. The water-cement 

ratio is usually expressed in mass  
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Factors to be considered for mix design 

 • The g ade desig atio  gi i g the ha a te isti  st e gth equirement of concrete.  

• The t pe of e e t i flue es the ate of de elop e t of o p essi e st e gth of o ete. 

 • Ma i u  o i al size of agg egates to e used i  o ete a  e as la ge as possi le 
within the limits prescribed by IS 456:2000.  

• The cement content is to be limited from shrinkage, cracking and creep.  

• The o ka ilit  of o ete fo  satisfa to  pla i g a d o pa tio  is elated to the size a d 
shape of section, quantity and spacing of reinforcement and technique used for transportation, 

placing and compaction. 

 5. Examples of concrete mix proportioning  

5.1 Problems 1 - M40 pump able concrete A-1 Design stipulations for proportioning  

a) Grade designation: M40  

b) Type of cement: OPC 43 grade confirming to IS 8112  

c) Maximum nominal size of aggregates: 20 mm  

d) Minimum cement content: 320 kg/m3  

e) Maximum water cement ratio: 0.45  

f) Workability: 100 mm (slump)  

g) Exposure condition: Severe (for reinforced concrete) 

h) Method of concrete placing: Pumping  

i) Degree of supervision: Good  

j) Type of aggregate: Crushed angular aggregate  

k) Maximum cement content: 450 kg/m3  

l) Chemical admixture type: Super plasticizer 
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TEST DATA FOR MATERIALS  

a) Cement used: OPC 43 grade confirming to IS 8112  

b) Specific gravity of cement: 3.15  

c) Chemical admixture: Super plasticizer conforming to IS 9103  

d) Specific gravity of Coarse aggregate: 2.74 Fine aggregate: 2.74 

e) Water absorption Coarse aggregate: 0.5 percent Fine aggregate: 1.0 percent  

f) Free (surface) moisture coarse aggregate: Nil (absorbed moisture also nil) Fine aggregate: Nil  

g) Sieve analysis coarse aggregate: Conforming to Table 2 of IS: 383 Fine aggregate: Conforming 

to Zone I of IS: 383 

A-  TARGET “TRENGTH FOR MIX PROPORTIONING f’ k = fck + 1.65 s  

Whe e f ’ k = Ta get a e age o p essi e st e gth at  da s, f k = Cha a te isti  o p essi e 
strength at 28 days, s= Standard deviation From Table 1 standard deviation, s = 5 N/mm2 

Therefore target strength = 40 + 1.65 x 5 = 48.25 N/mm 

A-4 SELECTION OF WATER CEMENT RATIO  

From Table 5 of IS: 456-2000, maximum water cement ratio = 0.45 Based on experience adopt 

water cement ratio as 0.40 0.4 < 0.45, hence ok  

A-5 SELECTION OF WATER CONTENT  

From Table-2, maximum water content = 186 liters (for 25mm – 50mm slump range and for 20 

mm aggregates) Estimated water content for 100 mm slump = 186 + 6/100 x186 = 197 liters As 

super plasticizer is used, the water content can be reduced up to 20 percent and above Based 

on trials with SP water content reduction of 29 percent has been achieved. Hence the water 

content arrived = 19 x 0.71 =140 liters  

A-6 CALCULATION OF CEMENT CONTENT  

Water cement ratio = 0.40 Cement content = 140/0.40 = 350 kg/m3 From Table 5 of IS: 456, 

minimum cement content for severe exposure condition = 320 kg/m3 350 kg/m3 > 320 kg/m3, 

hence OK  
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A-7 PROPORTION OF VOLUME OF COARSE AGGREGATE AND FINE AGGREGATE CONTENT 

 From Table 3, volume of coarse aggregate corresponding to 20 mm size aggregate and fine 

aggregate (Zone I) for water-cement ratio of 0.50 =0.60 In the present case w/c= 0.40. The 

volume of coarse aggregate is required to be increased to decrease the fine aggregate content. 

As w/c ratio is lower by 0.10, increase the coarse aggregate volume by 0.02 ( at the rate of -/+ 

0.01 for every +/- 0.05 change in water cement ratio). Therefore corrected volume of coarse 

aggregate for w/c of 0.40 =0.62 Note: In case the coarse aggregate is not angular, then also the 

volume of CA may be required to be increased suitably based on experience For pumpable 

concrete these values should be reduced by 10 percent Therefore volume of coarse aggregate = 

0.62 x 0.9 = 0.56 Volume of fine aggregate content = 1- 0.56 = 0.44 

A-8 MIX CALCULATIONS The mix calculations per unit volume of concrete shall be as follows 

a) Volume of concrete = 1 m3 

b) Volume of cement = [350/3.15] x [1/1000] = 0.111 m3  

c) Volume of water = [140/1] x [1/1000] = 0.140 m3 

d) Volume of chemical admixture = [7/1.145] x [1/1000] = 0.006 m3 ( SP 2%by mass 

of cement)  

e) Volume of all in aggregates (e) =a – (b + c + d) = 1 – (0.111 + 0.140 + 0.006) = 

0.743 m3 

f) Volume of coarse aggregates = e x Volume of CA x specific gravity of CA = 0.743 x 

0.56 x 2.74 x 1000 = 11140 kg  

g) Volume of fine aggregates = e x Volume of FA x specific gravity of FA = 0.743 x 

0.44 x 2.74 x 1000 = 896 kg 

MIX PROPORTIONS FOR TRIAL NUMBER 1 

 Cement = 350 kg/m3 Water = 140 kg/m3 Fine aggregate = 896 kg/m3 Coarse 

aggregates = 1140 kg/m3 Chemical admixture = 7 kg/m3 Water cement ratio = 

0.40 

 

ACCEPTANCE CRITERIA OF CONCRETE 

 

The Clause 16 (Acceptance Criteria) of IS: 456 stipulates about the Acceptance Criteria of 

the concrete. Sub-Clause .  des i es the A epta e C ite ia f o  Co p essi e “t e gth  
Point of view and Sub-Clause .  des i es the A epta e C ite ia f o  Fle u al “t e gth  
point of view. 

 As per Clause 16.1, the concrete shall be deemed to comply with the strength 

requirement when both the following conditions are met: 
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(a) The mean strength determined from any group of four consecutive test results 

complies with the appropriate limits as stipulated below : 

Mean of the group of non-overlapping four consecutive test results should be 

more than equal to characteristic strength of the concrete plus 0.825 times the 

established standard deviation (rounded off to nearest 0.5N/mm2) or characteristic 

strength of concrete plus 3N/mm2 whenever is greater. 

(b) The individual test result should be more than equal to characteristic strength of 

concrete minus 3N/mm2. 

 

As per Clause 16.2, when both the following conditions are met the concrete complies 

with the specified flexure strength. 

(a) The mean strength determined from any group of four consecutive test results 

exceeds the specified characteristic strength by at least 0.3N/mm2.  

(b) The strength determined from any test result is not less than the specified 

characteristic strength minus 0.3N/mm2. 

It is often observed that construction engineer neglects acceptance 

criteria of the concrete from flexural strength point of view under the argument 

that flexural strength of the concrete is of no/least importance as in the strength 

design the tensile strength of the concrete is neglected. But the flexural strength 

of concrete decides the serviceability criteria like the deflection of the structure. 

 Hence if we look into Acceptance Criteria from both compressive 

strength as well as flexural strength point view, it can be concluded that 

(a) Mean compressive strength of four consecutive test results must be 

more than equal to characteristic strength of concrete plus 3N/mm2. 

(b) Any test results is not less than specified characteristic strength minus 

0.3N/mm2. 

For example if the grade of concrete is M-25, then to satisfy the Acceptance 

Criteria the mean compressive strength of the group of four consecutive test 
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results shall be 28N/mm2 (25+3) and the individual cube strength shall not be 

less than 24.7N/mm2 (25-0.3). 

Now let us look into another Clause of IS: 456-2000 i.e. the Clause 15.1.1. The 

last part of the Clause says 

 I  all ases, the  da s o p essi e st e gth spe ified i  Ta le–2 shall 

alone be the ite io  fo  a epta e o  eje tio  of o ete  The ta le–2 of IS : 

456–2000 stipulates the specified characteristic compressive strength of 150mm 

cube at 28 days corresponding to a grade of concrete. A part of the table-2 is 

reproduced below. 

 

                   Grade designation              Characteristic compressive Strength 

M-25 25N/mm2 

M-30 30N/mm2 

M-35 35N/mm2 

M-40 40N/mm2 

This Clause contradicts the Acceptance Criteria of the concrete stipulated in the Clause –16 

of the of IS: 456-2000. 

Again if we consider M-25 grade of concrete the compressive strength of 

25N/mm2 becomes the criterion for rejection and acceptance of the M-25 grade 

concrete as per Clause 15.1.1. Hence a clarification is required about the Clause which 

governs, whether the CLAUSE No.16 or ClAUSE No.15.1.1 as far as Acceptance Criteria of 

the concrete is concerned.  

 The Clause 15.2.2 of the IS: 456-2000 stipulates minimum frequency of sampling of 

concrete. 

 

Quantity of Concrete (m3) Number of samples 

1-5 1 

6-15 2 
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16-30 3 

31-50 4 

51 and above 4 plus one additional sample for 

each additional 50m3 or part there 

of. 

 

It further says that at least one sample shall be taken from each shift. 

Clause 15.3 of IS: 456-  hile defi i g “a ple  sa s that ea h sa ple shall 
consist of three test specimens. 

The test results of sample (Clause 15.4 of IS:456-2000) shall be the average of 

the strength of three specimens. The individual variation should be not be more than 

plus or minus 15 percent of the average. 

When we combine the effect of all these Clauses several situations arise. Let us 

discuss one situation here. 

 

Situation 

Grade of concrete – M-25 

Quantity of concrete – 30m3 

Concreting done in one shift 

Going by Clause 15.2.2 of IS: 456-2000 though minimum 3 numbers of samples 

are required, we need to go for four samples to satisfy Clause 16.1(a) of IS: 456-2000. It 

is assu ed that e p essio  Fou  o se uti e test esults  ea s fou  sa ples test 
esults . 

The individual cube test result shall not be less than 24.7N/mm2 (Clause 16.2.b). 

For individual cube test result of 24.7N/mm2 the maximum allowed sample result shall 

be 29.05N/mm2 i.e. (24.7/0.85) as per Clause 15.4 of IS: 456- . Assu i g that Othe  
t o u es  of the sa ple ield sa e st e gth, the a i u  st e gth of othe  t o 
cubes of the sample shall be 31.225 N/mm2. If the strengths of the two individual cubes 

of the sample become 24.7N/mm2, the maximum allowed strength of the 3rd cube of 

the sample shall be 37.75N/mm2. 

Now if all the three individual cubes of the sample yield the strength of 

24.7N/mm2, the average strength of other 3 samples has to be more than 28N/mm2 

(Clause 16.1.a). Assuming that cubes of rest 3 samples yield same strength when the 
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strength of first sample is 24.7N/mm2, the individual cube strength of the other 3 

samples shall be 29.1N/mm2. 

 It can be seen that when we combine all the relevant Clauses of IS:456-2000 as 

far as Acceptance Criteria is concerned, many situations come up and that makes the 

adoptio  of A epta e C ite ia  as e plai ed i  I“: -2000 difficult at construction 

site. 

 

Issues to solve:- 

(a) Please indicate if any incorrect interpretations of Clauses of IS: 456 have been 

made in the above analysis. 

(b) Does the Clause No.15.2.1 and Clause No.16 of IS: 456-2000 contradicts each 

other? If it is not so, then applications of both the Clauses may be explained. 

(c) What is the ea i g of No -o e lappi g  Co se uti e test esults? If a u e of 

Sample–6 yields a result of characteristic strength minus 0.3N/mm2, does the 

No -o e lappi g test  ea  the a e age st e gth of Sample-6, Sample-5, 

Sample-4 and Sample-3? 

(d) Is it possible, to write a simplified Acceptance Criteria for concrete taking into 

account relevant Clauses of IS: 456-2000, which shall clearly tell the Construction 

Engineer when to accept the concrete or to reject the concrete? 

 What shall e o di g of that A epta e C ite ia ? 

 The illust atio  of the suggested A epta e C ite ia  ith a  e a ple shall e 
highly appreciated. 

 Pozzolanic or Mineral Admixtures: 

-Ancient Greeks and Romans used certain finely divided siliceous materials which when mixed 

with lime produced strong cementing material having hydraulic properties and such cementing 

materials were employed in the construction of acquaducts, arch, bridges etc. 

- One such material was consolidated volcanic ash or tuff found near Pozzuoli (Italy) near 

Vesuvius. This came to be designated as Pozzuolana, a general term covering similar materials 

of volcanic origin found in other deposits in Italy, France and Spain. Later, the term pozzolan 

was employed throughout Europe to designate any materials irrespective of its origin which 

possessed similar properties. 

-After the development of natural cement during the latter part of the 18th century, the 
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Portland cement in the early 19th century, the practice of using pozzolans declined, but in 

More recent times, Pozzolans have been extensively used in Europe, USA and Japan, as an 

ingredient of Portland cement concrete particularly for marine and hydraulic structures. 

 

It has been amply demonstrated that the best pozzolans in optimum proportions mixed with 

Portland cement improves many qualities of concrete, such as: 

(a) Lower the heat of hydration and thermal shrinkage; 

(b) Increase the water tightness; 

(c) Reduce the alkali-aggregate reaction; 

(d) Improve resistance to attack by sulphate soils and sea water; 

(e) Improve extensibility; 

(f) Lower susceptibility to dissolution and leaching; 

(g) Improve workability; 

(h) Lower costs. 

In addition to these advantages, contrary to the general opinion, good pozzolans will not 

Unduly increase water requirement or drying shrinkage. 

Pozzolanic Materials: 

Pozzolanic materials are siliceous or siliceous and aluminous materials, which in themselves 

possess little or no cementitious value, but will, in finely divided form and in the presence of 

moisture, chemically react with calcium hydroxide liberated on hydration, at ordinary 

temperature, to form compounds, possessing cementitious properties. 

 

> On hydration of tri-calcium silicate and di-calcium silicate, calcium hydroxide is formed as one 

of the products of hydration. This compound has no cementitious value and it is soluble in 

water and may be leached out by the percolating water. 

>The siliceous or aluminous compound in a finely divided form react with the calciumhydroxide 

to form highly stable cementitious substances of complex composition involving water, calcium 

and silica. 
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> Generally, amorphous silicate reacts much more rapidly than the crystalline form. It is pointed 

out that calcium hydroxide, otherwise, a water soluble material is converted into insoluble 

cementitious material by the reaction of pozzolanic materials. 

 

The reaction can be shown as 

 

Pozzolana + Calcium Hydroxide + Water        C – S – H (Gel) 

 

This reaction is called pozzolanic reaction. The characteristic feature of pozzolanic reaction is 

firstly slow, with the result that heat of hydration and strength development will be accordingly 

slow.  

The reaction involves the consumption of Ca(OH)2  and not production of Ca(OH)2. The 

reduction of Ca(OH)2 improves the durability of cement paste by making the paste dense and 

impervious. 

 

>Pozzolanic materials can be divided into two groups:  

   -natural pozzolana and -artificial pozzolana. 

 

Natural Pozzolans: 

-Cla  a d “hale’s 

-Opalinc Cherts 

-Diatomaceous Earth 

-Volcanic Tuffs and Pumicites. 

Artificial Pozzolans: 

-Fly ash 

-Blast Furnace Slag 

-Silica Fume 

-Rice Husk ash 
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-Metakaoline 

-Surkhi 

> Other mineral admixtures, like finely ground marble, quartz, granite powder are also used. 

They neither exhibit the pozzolanic property nor the cementitious properties. They justact as 

inert filler. 

Natural pozzolans such as diatomaceous earth, clay and shale, pumicites, opaline cherts 

etc., needs further griding and sometimes needs calcining to activate them to show pozzolanic 

activities. 

 

> FLY ASH: 

Fly ash is finely divided residue resulting from the combustion of powdered coal and 

transported by the flue gases and collected by electrostatic precipitator. In U.K. it is referred as 

pulverised fuel ash (PFA). Fly ash is the most widely used pozzolanic material all over the world. 

-The importance and use of fly ash in concrete has grown so much that it has almost become a 

common ingredient in concrete, particularly for making high strength and high performance 

concrete. 

-The utilization of fly ash as a supplementary cementitious material. High volume fly ash 

concrete is a subject of current interest all over the world. 

-The use of fly ash as concrete admixture not only extends technical advantages to the 

properties of concrete but also contributes to the environmental pollution control. 

-There are two ways that the fly ash can be used: one way is to intergrind certain percentage of 

fly ash with cement clinker at the factory to produce Portland pozzolana cement (PPC) and the 

second way is to use the fly ash as an admixture at the time of making concrete at the site of 

work.  

-The latter method gives freedom and flexibility to the user regarding the percentage addition 

of fly ash. 

>High fineness, low carbon content, good reactivity are the essence of good fly ash. 

Since fly ash is produced by rapid cooling and solidification of molten ash, a large portion of 

components comprising fly ash particles are in amorphous state. 
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>The amorphous characteristics greatly contribute to the pozzolanic reaction between cement 

and fly ash. 

>One of the important characteristics of fly ash is the spherical form of the particles. This shape 

of particle improves the flowability and reduces the water demand. The suitability of fly ash 

could be decided by finding the dry density of fully compacted sample. 

 

ASTM broadly classified fly ash into two classes: 

-Class F: Fly ash normally produced by burning anthracite or bituminous coal, usually has less 

than 5% CaO. Class F fly ash has pozzolanic properties only. 

-Class C: Fly ash normally produced by burning lignite or sub-bituminous coal. Some 

class C fly ash may have CaO content in excess of 10%. In addition to pozzolanic properties, 

class C fly ash also possesses cementitious properties. 

 

Effect of Fly Ash on Fresh Concrete: 

-Use of right quality fly ash, results in reduction of water demand for desired slump.  

-With the reduction of unit water content, bleeding and drying shrinkage will also be reduced.  

-Since fly ash is not highly reactive, the heat of hydration can be reduced through replacement 

of part of the cement with fly ash.The reduction of temperature rise for 30% substitution of fly 

ash. 

 

Effects of Fly Ash on Hardened Concrete: 

-Fly ash, when used in concrete, contributes to the strength of concrete due to its pozzolanic 

reactivity. However, since the pozzolanic reaction proceeds slowly, the initial strength of fly ash 

concrete tends to be lower than that of concrete without fly ash. 

-Due to continued pozzolanic reactivity concrete develops greater strength at later age, which 

may exceed that of the concrete without fly ash. 

-fly ash concrete should be cured for longer period. In this sense, fly ash concrete used in under 

water structures such as dams will derive full benefits of attaining improved long term strength 

and water-tightness.  
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Durability of Concrete: 

-Sufficiently cured concrete containing good quality fly ash shows dense structure which offers 

high resistivity to the infiltration of deleterious substances. 

-It is also recognised that the addition of fly ash contributes to the reduction of the expansion 

due to alkali-aggregate reaction. 

 

High Volume Fly Ash Concrete (HVFA): 

- High volume fly ash concrete is a concrete where in 50 to 60% fly ash is incorporated. It was 

first developed for mass concrete application where low heat of hydration was of primary 

consideration.  

-Subsequent work has demonstrated that this type of concrete showed excellent mechanical 

and durability properties required for structural applications and pavement constructions.  

-Some investigations have also shown the potential use of the high volume fly ash system for 

shotcreting, light weight concrete and roller compacted concrete. 

-Due to very low water content of high volume fly ash concrete, the use of superplasticizer 

becomes necessary for obtaining workable concrete. Use of air-entraining admixtures is also 

concurrently used. 

 

Silica Fume: 

-Silica fume, also referred to as microsilica or condensed silica fume, is another materialthat is 

used as an artificial pozzolanic admixture.  

-It is a product resulting from reduction of high purity quartz with coal in an electric arc furnace 

in the manufacture of silicon or ferrosilicon alloy. 

-Silica fume rises as an oxidised vapour. It cools, condenses and is collected in cloth bags.  

-It is further processed to remove impurities and to control particle size. Condensed silica fume 

is essentially silicon dioxide (more than 90%) in noncrystalline form. Since it is an airborne 

material like fly ash, it has spherical shape. Influence on Fresh Concrete 
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-It is extremely fine with particle size less than 1 micron and with an average diameter of about 

0.1 micron, about 100 times smaller than average cement particles. Silica fume has specific 

surface area of about 20,000 m2/kg against 230 to 300 m2/kg. 

-It should be realised that silica fume by itself, do not contribute to the strength dramatically, 

although it does contribute to the strength property by being very fine pozzolanic material and 

also creating dense packing and pore filler of cement paste. 

 

>Influence on Fresh Concrete: 

- Water demand increases in proportion to the amount of micro silica added. The increase in 

water demand of concrete containing micro silica will be about 1% for every 1% of cement 

substituted. 

Therefore, 20 mm maximum size aggregate concrete, containing 10% micro silica, will have an 

increased water content of about 20 liters/m3 

- Measures can be taken to avoid this increase by adjusting the aggregate grading and using 

super plasticizers.  

-The addition of micro silica will lead to lower slump but more cohesive mix. The micro silica 

make the fresh concrete sticky in nature and hard to handle.  

- It was also found that there was large reduction in bleeding and concrete with micro silica 

could be handled and transported without segregation. . 

-It is reported that concrete containing micro silica is vulnerable to plastic shrinkage cracking 

and, therefore, sheet or mat curing should be considered.  

-Micro silica concrete produces more heat of hydration at the initial stage of hydration. 

However, the total generation of heat will be less than that of reference concrete. 

 

>Influence on Hardened Concrete: 

 -Concrete containing micro silica showed outstanding characteristics in the development of 

strength. It has been also found out that modulus of elasticity of micro silica concrete is less 

than that of concrete without micro silica at the same level of compressive strength. 

 

>Mixing: 
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-By far the most popular application of micro silica is in the 50:50 slurry form; as it is easy to 

store and dispense. There are conflicting views on whether micro silica is best added in powder 

or slurry form. 

 

> Curing: 

-Curing is probably the most important aspect of micro silica concrete as the material 

undergoes virtually zero bleeding. If the rate of evaporation from the surface is faster than the 

rate of migration of water from interior to the surface, plastic shrinkage takes place.  

-In the absence of bleeding and slow movement of water from interior to the surface, early 

curing by way of membrane curing is essential. 

 

Rice Husk Ash: 

- Rice husk ash is obtained by burning rice husk in a controlled manner without causing 

environmental pollution. 

-When properly burnt it has high SiO2 content and can be used as a concrete admixture. --Rice 

husk ash exhibits high pozzolanic characteristics and contributes to high strength and high 

impermeability of concrete. 

- Rice husk ash (RHA) essentially consists of amorphous silica (90% SiO2), 5% carbon, and 2% 

K2O. The specific surface of RHA is between 40 – 100 sq m/g. 

- India produces about 122 million ton of paddy every year. Each ton of paddy producers about 

40 kg of RHA. There is a good potential to make use of RHA as a valuable pozzolanic material to 

give almost the same properties as that of micro silica. 

 

Surkhi: 

-Surkhi, was the commonest pozzolanic materials used in India. 

-Surkhi is an artificial pozzolana made by powdering bricks or burnt clay balls. In some major 

works, for large scale production of surkhi, clay balls are specially burnt for this purpose and 

then powdered.  
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-By its nature, it is a very complex material differing widely in its qualities and performances. 

Being derived from soil, its characteristics are greatly influenced by the constituent mineral 

composition of soil, degree of burning and fineness of grinding.  

-Because of the complexity of problem there has been much confusion on account of 

contradictory results obtained by various research workers. 

- No  the te i olog  calcined clay Pozzolana  is used i stead of the o d su khi, gi i g 
specific property and composition to this construction material. IS 1344 of 1981 covers the 

specification for calcined clay pozzolana for use in mortar or concrete? IS 1727 of 1967 covers 

the methods of test for pozzolanic materials? 

 

Metakaolin: 

- Considerable research has been done on natural pozzolans, namely on thermally activated 

ordinary clay and kaolinitic clay. These unpurified materials have often been called 

Metakaoli .  

-Although it showed certain amount of pozzolanic properties, they are not highly reactive. 

Highly reactive metakaolin is made by water processing to remove unreactive impurities to 

make 100% reactive pozzolan. Such a product, white or cream in colour, purified, thermally 

activated is called High Reactive Metakaolin (HRM). 

-High reactive metakaolin shows high pozzolanic reactivity and reduction in Ca(OH)2 even as 

early as one day.  

-It is also observed that the cement paste undergoes distinct densification. 

The improvement offered by this densification includes an increase in strength and decrease in 

permeability. 

- The high reactive metakaolin is having the potential to compete with silica fume. 

High ea ti e etakaoli   t ade a e Meta e . 

 

Ground Granulated Blast Furnace Slag (GGBS): 

- Ground granulated blast-furnace slag is a nonmetallic product consisting essentially of silicates 

and aluminates of calcium and other bases. The molten slag is rapidly chilled by quenching in 

water to form a glassy sand like granulated material. The granulated material when further 

ground to less than 45 micron will have specific surface of about 400 to 600 sq m/kg(blaine) 
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-The performance of slag largely depends on the chemical composition, glass content and 

fineness of grinding. 

-There are two methods for making Blast Furnace Slag Cement. In the first method blast 

furnace slag is inter ground with cement clinker along with gypsum.  

-In the second method blast furnace slag is separately ground and then mixed with the cement. 

 

> Performance of GGBS in Concrete: 

 

-Fresh concrete: 

The replacement of cement with GGBS will reduce the unit water content necessary to obtain 

the same slump. 

-This reduction of unit water content will be more pronounced with increase in slag content 

and also on the fineness of slag. This is because of the surface configuration and particle shape 

of slag being different than cement particle. 

-In addition, water used for mixing is not immediately lost, as the surface hydration of slag is 

slightly slower than that of cement 

 

-Hardened concrete: 

The major advantages recognized are: 

  -Reduced heat of hydration 

  -Refinement of pore structures 

  -Reduced pe ea ilit ’s to the external agencies 

  -Increased resistance to chemical attack. 

 Design of plastic concrete mix 

One of the main environmental problem today is the disposal of the waste 

plastics. The use of plastics in various places as packing materials and the 

products such as bottles, polythene sheets, containers, packing strips etc., are 

increasing day by day. This results in production of plastic wastes from all sorts 

of livings from industrial manufacturers to domestic users. To circumvent this 
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pollution crisis, many products are being produced from reusable waste plastics. 

On the other side, the Indian construction industry is facing problems due to 

insufficient and unavailability of construction materials. So, we need to search 

for new construction materials as well as a method to dispose the plastic waste. 

To find a solution to the above problems, one of them can be used to solve the 

other. In this experimental study, an attempt has been made to use the waste 

plastics in concrete and studies have been conducted to focus particularly on the 

behavior of compression members with various proportions of plastic wastes. 

The plastics used in this investigation were polythene sheets, raw plastics (raw 

material used for straw manufacturing), road wastes (waste plastics collected 

from road sides are melted and shredded) and plastic straw. The above plastic 

wastes were mixed with cement concrete in various proportions (0.1% to 2%) 

and test specimens were cast (cubes and columns) to study the behavior of 

plastic mixed concrete in axial compression.  

The plastic is one of the recent engineering materials which have appeared in 

the market all over the world. Some varieties of naturally occurring 

thermoplastics were known to Egyptians and Romans who extracted and used 

these plastics for various purposes. Plastics were used in bath and sink units, 

corrugated and plain sheets, floor tiles, joint less flooring, paints and varnishes 

and wall tiles. Other than these, domestically plastics were used in various forms 

as carry bags, bottles, cans and also in various medical utilities. There has been a 

steep rise in the production of plastics from a mere 30 million kN in 1955, it has 

touched 1000 million kN at present. It is estimated that on an average 25% of 

the total plastic production in the world is used by the building industry. The per 

capita consumption of plastics in the developed countries ranges from 500 to 

1000N while in our country, it is only about 2N. There is however now increase in 

awareness regarding the utilization of plastic as a useful building material in our 

country. These types of usages normally generates more amount of wastes 

which are to be disposed of properly.  

Environmentally sensitive aware people condemn the use of plastics for amount 

of pollution caused by them in disposal. However this is not a serious problem in 

comparison to the waste and pollution generated by a host of other industries. 

The non-biodegradable plastic products used for soft drink bottles, milk and juice 

bottles, bread bags, syrup bottles, coffee cups, plastics utensils etc., can be 

conveniently recycled into carpets, detergent bottle, drainage pipes, fencing, 

handrails, grocery bags, car battery cases, pencil holders, benches, picnic tables, 

road side posts etc,. The developing construction field consumes a huge amount 

of concrete and it leads to the depletion of natural products and causes 

environmental pollution.  
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Plastics are normally stable and not biodegradable. So, their disposal poses 

problems. Research works are going on in making use of plastics wastes 

effectively as additives in bitumen mixes for the road pavements. Reengineered 

plastics are used for solving the solid waste management problems to great 

extent. This study attempts to give a contribution to the effective use of waste 

plastics in concrete in order to prevent the ecological and environmental strains 

caused by them, also to limit the high amount of environmental degradation.  

 

This study attempts to give a contribution to the effective use of domestic 

wastes (plastics) in concrete in order to prevent the environmental strains 

caused by them, also to limit the consumption of high amounts of natural 

resources.  

 

Four types of plastic materials were selected to mix along with the concrete: (1) 

Polythene Sheet (2) Raw Plastics (3) Road Wastes (4) Plastic Straw to study their 

behavior in conjunction with concrete. The properties of the materials used in 

the present investigations were completely studied and the optimum mix of the 

above plastic materials was found based on their compressive, split tensile, 

flexural strengths. After finding the optimum mix percentages in compression, 

RC columns were cast and tested for its compressive strength. From the 

investigation, the road waste mixed concrete was found to take more loads in 

compression. Raw plastic mixed concrete as well as plastic straw mixed concrete 

were also found to give better strength than the reference RC column. 

Materials used: 

a. Polythene Sheet 

b. Road waste 

c. Raw Plastics 

d. Plastic Straw 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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