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Abstract— Effect of water reducing agent to improve 

workability and strength of concrete. Water reducing agent 

can be used in concrete mix for two different purposes or a 

combination. First one is reduce the water in water-cement 

ratio (w/c) and therefore to increase strength and improve 

durability And another is to reduce both water and cement, 

at given workability and strength, in order to save cement 

and reduce creep shrinkage, and thermal strains. The order 

to achive this thing water reducing agents are used that are 

myk wp-10 lignosulphonated based and Sulphonated 

naphthalene formaldehyde. This experimental work was 

conducted to study the effect of water reducing agent on 

properties of concrete with characteristic strength of 25 

N/mm2. The properties investigated were workability 

(Slump loss with time), and compressive strength. On the 

basis of observation on test result it can be stated that 

properties of concrete in fresh and hardened stages have 

been improved with the addition of three types of different 

ingredients based water reducing agent for all nominal 

mixes of concrete, the Sika 541 K2 have shown however 

more pronounced in terms of increase in the compressive 

strength, workability, water reduction, cement saving 

requirements of concretes. Slump loss can be reduced by 

using the chemical admixtures. However, effectiveness is 

higher for water reducing agent concrete. From the results of 

the study the workability of concrete can be increased by 

addition of water reducing agent. However, very high 

dosages of water reducing agent tend to impair the 

cohesiveness of concrete. Compressive strength is improved 

by using different ingredients based water reducing agent 

compared with conventional concrete; On the other hand, 

even its ultimate strength is lightly lesser than the desired 

characteristic strength. This paper summarizes some of the 

major aspects of effect of water reducing agent to improve 

workability and strength of concrete. 

Key words: Reducing Agent, Chemical Admixtures, 

Compressive Strength 

I. INTRODUCTION 

A. Fundamentals of Water Reducing Agent 

Water reducing agent can be used in concrete mix for two 

different purposes or a combination. To reduce the water in 

water-cement ratio (w/c) and therefore to increase strength 

and improve durability and to reduce both water and 

cement, at given workability and strength, in order to save 

cement and reduce creep shrinkage, and thermal strains. 

The water reducing agents are classified in the 

following three major groups: 

 Sika 581 LT/4 k2 

 Myk wp -10 lignosulphonated based 

 Sulphonated naphthalene formaldehyde 

Superplasticizers belong to a class of water 

reducers chemically different from the normal water 

reducers and capable of reducing water contents by about 

30%. The admixtures belonging to this class are known as 

superplasticizers, superfluidizers, superfluiddiers, super 

water reducers, or high range water reducers.  

The advantages derived by the use of 

superplasticizers include production of concrete having high 

workability for easy placement, and production of high 

strength concrete with normal workability but with lower 

water content. A mix having a combination of better normal 

workability and lower normal amount of water, or that with 

less cement but having the normal strength and workability 

are other possible applications. Reliable statistics on the 

extent of the use of superplasticizers are not available. 

Effect on concrete by using Water Reducing Agent  

B. Water-Reducing Admixtures 

Usually reduce the required water content for a concrete 

mixture by about 5 to 10 percent. Consequently, concrete 

containing a water-reducing admixture needs less water to 

reach a required slump than untreated concrete. The treated 

concrete can have a lower water-cement ratio. This usually 

indicates that a higher strength concrete can be produced 

without increasing the amount of cement. Recent 

advancements in admixture technology have led to the 

development of mid-range water reducers. These admixtures 

reduce water content by at least 8 percent and tend to be 

more stable over a wider range of temperatures. Mid-range 

water reducers provide more consistent setting times than 

standard water reducers.  

C. Retarding Admixtures 

Which slow the setting rate of concrete, are used to 

counteract the accelerating effect of hot weather on concrete 

setting. High temperatures often cause an increased rate of 

hardening which makes placing and finishing difficult. 

Retarders keep concrete workable during placement and 

delay the initial set of concrete. Most retarders also function 

as water reducers and may entrain some air in concrete. 

D. Accelerating Admixtures 

Increase the rate of early strength development; reduce the 

time required for proper curing and protection, and speed up 

the start of finishing operations. Accelerating admixtures are 

especially useful for modifying the properties of concrete in 

cold weather. 

E. Superplasticizers 

Superplasticizers known as plasticizers or high-range water 

reducers (HRWR) reduce water content by 12 to 30 percent 

and can be added to concrete with a low-to-normal slump 

and water-cement ratio to make high-slump flowing 

concrete. Flowing concrete is a highly fluid but workable 
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concrete that can be placed with little or no vibration or 

compaction. The effect of superplasticizers lasts only 30 to 

60 minutes, depending on the brand and dosage rate, and is 

followed by a rapid loss in workability. As a result of the 

slump loss, superplasticizers are usually added to concrete at 

the jobsite. 

F. Corrosion-Inhibiting Admixtures  

It is fall into the specialty admixture category and are used 

to slow corrosion of reinforcing steel in concrete. Corrosion 

inhibitors can be used as a defensive strategy for concrete 

structures, such as marine facilities, highway bridges, and 

parking garages, that will be exposed to high concentrations 

of chloride. Other specialty admixtures include shrinkage-

reducing admixtures and alkali-silica reactivity inhibitors. 

The shrinkage reducers are used to control drying shrinkage 

and minimize cracking, while ASR inhibitors control 

durability problems associated with alkali-silica reactivity. 

G. Water Reducing Agent and Mineral Admixtures 

As stated before, the Portland cement industry is one of the 

most important contributors of anthropogenic CO2 released 

in the atmosphere. Portland cement is also the most energy 

intensive component of a concrete mixture and therefore its 

partial replacement by silica fume, fly ash or other 

cementitious by-products from thermal power production 

and metallurgical operations might result in a significant 

energy savings and in an important reduction of global CO2 

emissions. In recent years, several investigations have been 

performed that were aimed at the development of concrete 

in which a significant proportion of cement (typically 

between 20 and 60%) was replaced by these industrial by-

products. In the following section, we will review some of 

the data that were obtained in those studies and we will 

outline the contribution that superplasticizers have made to 

this field. 

H. Silica fume 

Silica fume is a by-product resulting from the reduction of 

high purity quartz with coal in electric arc furnaces in the 

manufacture of silicon, Ferro-silicon and other alloys of 

silicon. Silica fume, which is highly pozzolanic, has a high 

content of amorphous silicon dioxide in the form of very 

fine spherical particles, averaging a diameter of about 0,1 

μm. Its use in concrete was first reported in the early 50’s, 

but it is only since the 1970’s in Scandinavia and 1980’s in 

North America that silica fume really started to be used as a 

supplementary cementitious material in concrete. Because of 

its extreme fineness, the water demand of mortars and 

concretes incorporating silica fume has been shown to 

increase with increasing amounts of silica fume and, if the 

workability is maintained by increasing the water content 

rather than by using a superplasticizer, the increase in 

strength of silica fume concrete over control concrete is 

largely offset by the higher water demand. For example, 

Carette and Malhotra have shown that substituting 30% of 

cement by silica fume resulted in an almost 30% increase of 

the water demand when compared to a control concrete, the 

water/cement ratio increasing from 0.64 to 0.84. The use of 

a superplasticizer is thus an absolute prerequisite in order to 

achieve proper dispersion of the silica fume and to utilize its 

contribution to the strength to the largest possible extent. 

For instance, a recent study (4) showed that the compressive 

strength of a super plasticized silica fume concrete in which 

10% of cement was replaced by silica fume was somewhat 

higher than that of the super plasticized control concrete. 

I. Fly Ash 

Coal is the combustible material used in most thermal power 

plants. Depending on its grade, substantial amounts of non-

combustible impurities, from 10 to 40%, are usually present 

in the form of clay, shale, quartz, feldspar and limestone. 

Following the combustion of the volatile matter and carbon 

in the high-temperature zone of the furnace, most of the 

mineral impurities are fused and remain suspended in the 

flue gas. Upon leaving the combustion zone, the molten ash 

particles are cooled rapidly and they solidify as spherical, 

glassy particles. Some of the fused matter agglomerates to 

form bottom ash, but most of it flies out with the flue gas 

stream and is therefore called fly ash. Super plasticizers 

have been also used in concrete incorporating large amounts 

of fly ash.  

J. Blast-Furnace Slags 

Metallurgical slags are mostly generated by the iron and 

steel industries. Blast-furnace slags are produced during the 

production of pig iron from iron ore and steel slags are 

produced during the conversion of pig iron to steel. Both 

slags are rich in calcium (35-40% CaO) and a cementitious 

granulated product is obtained when they are rapidly cooled 

from the molten state. The compressive strength of super 

plasticized concrete incorporating 50 to 70% granulated 

blast furnace slag as replacement for Portland cement was 

shown to be similar to that of the control concrete that 

contained only Portland cement and superplasticizer. These 

results, suggest that the interactions between the 

superplasticizer molecules and these cementitious by-

products are similar to those between superplasticizer and 

Portland cement. 

II. METHODOLOGY 

A. General 
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The strength, durability and other characteristics of concrete 

depends upon the properties of its ingredients’, on the 

proportion of the mix, the method of compaction and other 

control during placing, degree of compaction and curing. 

The influence of material properties on concrete is briefly 

described below. 

III. EXPERIMENTAL WORK 

A. General 

The experimental work was carried out using basic 

ingredients of concrete coarse and fine aggregates, water 

and cement, with use of different ingredients’ based super 

plasticizers. The ingredients taken were as follow: 

1) Coarse aggregate: Locally available coarse 

aggregate obtained from nandani quarry, consisting 

of natural rock of nominal maximum size of 20 

mm. 

2) Fine aggregate: Fine aggregate consisting of 

natural sand obtained from the shivnath river. 

3) Cement: Portland pozzolona cement conforming to 

IS 455: 1989 made of Birla gold was used for the 

experimental work. 

B. Experimental Setup 

Results have been obtained and thoroughly analysis has 

been done.  

 

C. Determination of Material Properties 

1) Specific gravity and water absorption of coarse 

aggregate:  

The specific gravity of coarse aggregate is determined as per 

the procedure specified in IS: 2386:1963. Method –II of 

clause 2.3. 

Following are the summary of the test: 

 Nominal maximum size of coarse aggregate = 20 

mm 

 Weight of sample taken =2000 g 

 A = weight (in g) of vessel containing sample and 

filled with distilled water = 1740 g 

 B = weight (in g) of vessel filled with distilled 

water only = 1054 g 

 C = weight (in g) of saturated surface dry sample = 

1053 g 

 D = weight (in g) of oven dry sample = 1049 g 

Calculations:  Specific gravity, apparent specific 

gravity and water absorption of coarse aggregate is 

calculated as follows: 

 Specific gravity = D/(C-{A-B}) = 1049/ (1053-

{1740-1054}) = 2.85 

 Apparent specific gravity = D/ (D-{A-B}) = 1049/ 

(1049-{1740-1054}) = 2.88 

 Water absorption (% dry weight) = 100(C-D)/D = 

100(1053-1049)/1049= 0.38% 

2) Specific Gravity and Water Absorption of Fine 

Aggregate:  

The specific gravity of fine aggregate is determined as per 

the procedure specified in IS: 2386:1963.  

Method – II of clause 2.3, using the pycnometer. 

Following are the summary of the test: 

1) Type of fine aggregate = natural sand river 

2) A = weight (in g) of saturated – surface dry sample 

= 500 g 

3) B = weight (in g) of pycnometer containing sample 

and filled with distilled water = 1787 g 

4) C = weight (in g) of pycnometer filled with 

distilled water only = 1490 g 

5) D = weight (in g) of oven dry sample = 485 g 

Calculations: Specific gravity, apparent specific 

gravity and water absorption of fine aggregate is calculated 

as follows: 

 Specific gravity = D/(C-{A-B}) = 485/ (500-

{1787-1490}) = 2.38 

 Apparent specific gravity = D/ (D-{A-B}) = 485/ 

(485-{1787-1490}) = 2.57 

 Water absorption (% dry weight) = 100(C-D)/D = 

100(500-485)/48 = 31.25 

3) Sieve analysis and fineness modulus of coarse and fine 

aggregate:  

The sieve analysis and fineness modulus of coarse and fine 

aggregate is determined as per the procedure specified in IS: 

2386(part-I):1963, (reaffirmed: 1997), Clause 2.  

Following are the summary of the test ref table 4.1 and 4.2. 

a) Coarse Aggregate: 

I.S.Siev

e size 

Weight 

retaine

d in 

grams 

Cumulati

ve % 

retained 

in kg 

Cumulati

ve % 

passing 

Cumulati

ve 

80 mm 0 0 0 0 

40 mm 0 0 0 0 

20 mm 1364 27.28 72.75 27.29 

10 mm 3415 68.25 31.87 97.48 

4.75 

mm 
215 4.28 95.76 99.7 

2.36 

mm 
- - 0 99.7 

1.18 

mm 
- - 0 99.7 

600 - - 0 99.7 
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micron 

300 

micron 
 - 0 99.7 

150 

micron 
- - 0 99.7 

Total - - 0 722.97 

Fineness modulus of coarse aggregate = 722.97/1000 = 

7.20 

Table 3.1: Calculated of fineness modulus of coarse 

aggregate (Weight of sample taken = 5.00 kg) 

b) Fine Aggregate: 

I.S. 

Sieve 

size 

Weigh

t in g 

Cumulativ

e % 

retained in 

kg 

Cumulativ

e % 

retained 

Cumulativ

e 

percentage 

passing 

80 

mm 
0 0 0 0 

40 

mm 
0 0 0 0 

20 

mm 
0 0 0 0 

10 

mm 
0 0 0 0 

4.75 

mm 
35 3.5 96.50 3.50 

2.36 

mm 
48 4.8 95.20 8.30 

1.18 

mm 
185 18.5 81.50 36.80 

600 

micro

n 

273 27.3 72.70 78.10 

300 

micro

n 

376 37.6 62.40 95.70 

150 

micro

n 

72 7.2 92.80 98.90 

Total    321.3 

Fineness modulus of fine aggregate = 321.30/100 = 3.21 

Grading  of fine aggregate = zone II (As per table-4 of 

IS: 383) 

Table 3.2: Calculated of fineness modulus of fine aggregate  

(Weight of sample taken = 1000 gm) 

 
Fig. 3.1: 150 mm x 150 mm Cube 

IV. RESULT AND DISCUSSION 

Result of the experimental works are summarized in the 

following Table  

Superplast

icizers 

Used 

w/

c 

rat

io 

Slu

mp 

(m

m) 

Compre

ssive 

Strengt

h 

7 days 

(N/mm
2

) 

Compre

ssive 

Strengt

h 

14 days 

(N/mm
2

) 

Compre

ssive 

Strengt

h 

28 days 

(N/mm
2

) 

Convention

al concrete 

0.4

4 
90.0 28.5 33.0 37.5 

Sika 581 

LT/4 K2 

0.4

4 
60.0 37.0 39.8 42.5 

Myk wp-10 
0.4

4 
45.0 37.0 39.0 41.0 

Nepthalene 

formaldehy

de 

0.4

4 
45.0 36.0 41.0 46.5 

Table 4.1: Conventional concrete vs. Sika 581 LT/4 K2, 

Myk wp-10,  Nepthalene formaldhyde concrete comparing 

its compressive strength in 7, 14 and 28 days for M25 grade 

mix with water cement ratio 0.44 

 
Fig. 4.2: Plot of compressive strength of conventional 

concrete vs. Sika 581 LT/4 K2, Myk wp-10, Nepthalene 

formaldhyde concrete for M25 mix 

We have plotted graphs showing compressive 

strength at constant w/c ratio of M25grade concrete: 

(a) Graph is plotted between conventional concrete 

and Sika 581 LT/4 K2, Myk wp-10, Nepthalene 

formaldhyde concrete. 

 At 7 days myk wp 10 got the high strength of 

42.0 N/mm² 

 At 14 days sika 581 has got the high strength 

of 42.5 N/mm² 

 At 28 days sika 581 has got the high strength 

of 48.5 N/mm² 

Superplast

icizers 

Used 

w/

c 

rat

io 

Slu

mp 

(m

m) 

Compre

ssive 

Strengt

h 

7 days 

(N/mm
2

) 

Compre

ssive 

Strengt

h 

14 days 

(N/mm
2

) 

Compre

ssive 

Strengt

h 

28 days 

(N/mm
2

) 

Conventio

nal 

concrete 

0.3

5 
65 31.5 35.5 39.5 

Sika 581 

LT/4 K2 

0.3

5 
65 41.5 45.0 49.0 

Myk wp-10 
0.3

5 
60 35.0 38.0 42.0 
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Nepthalene 

formaldehy

de 

0.3

5 
20 30.0 35.5 40.5 

Table 4.3: Conventional concrete vs. Sika 581 LT/4 K2, 

Myk wp-10, Nepthalene formaldhyde concrete comparing 

its compressive strength in 7, 14 and 28 days for M25 grade 

mix with water cement ratio 0.35 

 
Fig. 4.3: Plot of compressive strength of conventional 

concrete vs. Sika 581 LT/4 K2, Myk wp-10, Nepthalene 

formaldhyde concrete for M25 mix 

We have plotted graphs showing compressive 

strength at constant w/c ratio of M25grade concrete: 

(b) Graph is plotted between conventional concrete 

and Sika 581 LT/4 K2, Myk wp-10, Nepthalene 

formaldehyde concrete. 

 At 7 days sika 581 got the high strength of 

41.5 N/mm² 

 At 14 days sika 581 has got the high strength 

of 45.0 N/mm² 

 At 28 days sika 581 has got the high strength 

of 49.0 N/mm² 

Slump loss 
w/c 

ratio 

0 

min 

10 

min 

20 

min 

30 

min 

40 

min 

Conventional 

concrete 
0.44 90 40 30 10 0 

Sika 581 LT/4 

K2 
0.44 60 20 0 0 0 

Table 4.4: Conventional concrete vs. Sika 581 LT/4 K2, 

concrete comparing its compressive workability without 

reducing water content for M25 grade mix slump loss 

measuring with respect to minute’s water cement ratio 0.44 

 
Fig. 4.4: Plotting the effect of Sika 581 LT/4 K2 on 

workability Vs conventional concrete at constant w/c ratio 

for mix M25 grade 

From this graph the following points to be pointed 

out: 

 Conventional concrete has got 90 mm slump at 0 

min more than any other type of water reducing 

agent. 

 Sika 581 LT/4 K2 got the slump 0 mm in 20 min, 

while the conventional concrete is workable for 30 

min.  

 Conventional concrete is workable for longer time 

than Sika 581 LT/4 K2. 

Slump loss 
w/c 

ratio 

0 

min 

10 

min 

20 

min 

30 

min 

40 

min 

Conventional 

concrete 
0.44 90 40 30 10 

0 

Myk wp-10 0.44 45 10 0 0 0 

Table 4.5: Conventional concrete vs. Myk wp-10, concrete 

comparing its compressive workability without reducing 

water content for M25 grade mix slump loss measuring with 

respect to minute’s water cement ratio 0.44 

 
Fig. 4.5: Plotting the effect of Myk wp-10 on workability Vs 

conventional concrete at constant w/c ratio for mix M25 

grade 

From this graph the following points to be pointed 

out: 

 Conventional concrete has got 90 mm slump at 0 

min more than any other type of water reducing 

agent. 

 Myk wp-10 got the slump 0 mm in 20 min, while 

the conventional concrete is workable for 30 min.  

 Conventional concrete is workable for longer time 

than Myk wp-10. 

Slump loss 
w/c 

ratio 

0 

min 

10 

min 

20 

min 

30 

min 

40 

min 

Conventional 

concrete 
0.44 90 40 30 10 

0 

Nepthalene 

formaldehyde 
0.44 45 20 0 0 

0 

Table 4.6: Conventional concrete vs. Nepthalene 

formaldehyde, concrete comparing its compressive 

workability without reducing water content for M25 grade 

mix slump loss measuring with respect to minute’s water 

cement ratio 0.44 

 
Fig. 4.6: Plotting the effect of Nepthalene formaldehyde on 

workability Vs conventional concrete at constant w/c ratio 

for mix M25 grade 

From this graph the following points to be pointed 

out: 
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 Conventional concrete has got 90 mm slump at 0 

min more than any other type of water reducing 

agent. 

 Nepthalene formaldehyde got the slump 0 mm in 

20 min, while the conventional concrete is 

workable for 30 min.  

 Conventional concrete is workable for longer time 

than Nepthalene formaldehyde. 

V. SUMMARY AND CONCLUSION 

A. Summary 

The summary of different ingredients of water reducing 

agent their function, dosages, influence and suitability are as 

below. 

 M25 grade of concrete mix is designed by Indian 

standard method. 

 The strength getting from M25 grade of concrete with 

water reducing agent is some time higher than the 

conventional concrete. 

 Workability of of concrete with mix water reducing 

agent is good compaire to conventional concrete 

 Conventional concrete slump is better than the concrete 

of water reducing agent. 

  The strength point of view in 7 days Sika 581 lt/4 K2 

has the greater strength, in 14 days nephathalene 

formaldyhyde getting the higher strength, at 28 days 

nephathalene formaldyhyde again getting the strength 

more than other two type of water reducing agent. 

 From the workability point of view conventional 

concrete has got the higher slump ratio and it is 

workable for longer time than any other water reducing 

agent concrete.myk wp-10 is low slump ratio but 

strength is more than any other water reducing agent 

was used. 

Superplastic

izers Used 

7 days 

(N/mm²) 

14 days 

(N/mm²) 

28 days 

(N/mm²) 

Conventional 

concrete 
28.5 33.0 37.5 

Sika 581 

LT/4 K2 
37.0 39.8 42.5 

Myk wp-10 37.0 39.0 41.0 

Nepthalene 

formaldehyd

e 

36.0 41.0 46.5 

Table 5.1: Comparison of compressive strength of  

Water Reducing Agent concrete of grade M25 mix W/c 0.44 

Superplasticizers 

Used 

7 days 

(N/mm²) 

14 days 

(N/mm²) 

28 days 

(N/mm²) 

Conventional 

concrete 
30.5 34.5 38.5 

Sika 581 LT/4 K2 37.0 42.5 48.5 

Myk wp-10 42.0 42.0 42.0 

Nepthalene 

formaldehyde 
34.5 40.0 46.0 

Table 5.2: Comparison of compressive strength of  

Water Reducing Agent concrete of grade M25 mix W/c 0.38 

Superplasticizers 

Used 

7 days 

(N/mm²) 

14 days 

(N/mm²) 

28 days 

(N/mm²) 

Conventional 31.5 35.5 39.5 

concrete 

Sika 581 LT/4 K2 41.5 45.0 49.0 

Myk wp-10 35.0 38.0 42.0 

Nepthalene 

formaldehyde 
30.0 35.5 40.5 

Table 5.3: Comparison of compressive strength of  

Water Reducing Agent concrete of grade M25 mix W/c 0.35 

VI. CONCLUSION 

The following conclusion can be drawn: 

1) This experimental work was conducted to study the 

effect of water reducing agent on properties of concrete 

with characteristic strength of 25 N/mm
2
. The 

properties investigated were workability (Slump loss 

with time), and compressive strength. 

2) On the basis of observation on test result it can be stated 

that properties of concrete in fresh and hardened stages 

have been improved with the addition of three types of 

different ingredients based water reducing agent for all 

nominal mixes of concrete, the Sika 541 K2 have 

shown however more pronounced in terms of increase 

in the compressive strength, workability, water 

reduction, cement saving requirements of concretes. 

3) From the results of the study the workability of concrete 

can be increased by addition of water reducing agent. 

However, very high dosages of water reducing agent 

tend to impair the cohesiveness of concrete. 

4) Slump loss can be reduced by using the chemical 

admixtures. However, effectiveness is higher for water 

reducing agent concrete. 

5) Compressive strength is improved by using different 

ingredients based water reducing agent compared with 

conventional concrete; On the other hand, even its 

ultimate strength is lightly lesser than the desired 

characteristic strength. 
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