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Abstract— Concrete is a mixture of cement, fine aggregate, 

coarse aggregate and water. A study is conduct to determine 

the advanced concrete engineering properties viz. 

Compressive Strength, Tensile Strength, Flow Ability, 

Durability and Water Absorption Capacity of the partially 

replacement of river sand and ordinary Portland cement. This 

paper deals the fresh and hardening property of concrete 

made with clay sand and fly ash as cement replacement in 

different percentage of amounts and also the experimental 

studies on physical and micro structural properties of fly ash 

and clay are presented in this paper. While comparing the 

properties of natural sand (spherical particles) gives better 

interlocking between the particles. Hence, enhancement in 

strength and durability characteristics may be obtained. For 

this study, three mixtures were prepared with a fly ash 

(cement) 2%, 4%, 6% of sand (clay) content 4%, 7.5%, 

10%.The optimum percent of replacement Fly ash and clay is 

found by considering optimum compressive strength result. 

Fresh concrete properties were assessed by means of slump 

test and compaction factor test, while hardened properties 

were evaluated by means of compressive strength, split 

tensile strength ages of 7, 14, and 28days and flexural 

strength ages of 28days. The load versus deflection behavior 

of optimum beam is compare with conventional beam. For 

this study, the Samples of concrete (e.g. cubes, cylinders and 

beams) are made. It was found that 0.45 water/cement ratio 

produced higher compressive strengths, tensile strength and 

better workability for M25 mix, proportion for the mix is 

considered. These results compare favorably with those of 

conventional concrete. The concrete was found to be suitable 

for use as structural members for buildings and related 

structures. 
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I. INTRODUCTION 

Concrete can be a strong durable building material that can 

be formed into many varied shapes and sizes ranging from a 

simple rectangular column, to a slender curved dome or shell, 

if the constituent materials are carefully selected. The 

constituent materials are: cement, fine aggregate, coarse 

aggregate and water. 

Concrete is a very variable material, having a wide 

range of strengths. Concrete generally increases its strength 

with age. The precise relationship will depend upon the type 

of cement used. Some codes of practice allow the concrete 

strength used in design to be varied according to the age of 

the concrete when it supports the design load. IS 456 does not 

permit the use of strength greater than 28 – day value in 

calculations. It is important that the aggregates for making 

concrete should be clean of all sorts of impurities. Aggregates 

for concrete are usually specified to comply with 

requirements of IS 383, which gives test for suitable 

aggregate. 

In present day, the conventional fine aggregate has 

the presence of clay -soil content due to deep digging of river. 

The scarcity of sandy material has led to the increase in retail 

price and subsequently leads to higher production cost of 

concrete products. Thus, soil would naturally be an 

environmentally friendly, relatively cheap and sustainable 

construction material and minimizes environmental impacts 

of transporting clean and processed sand. 

This study was conducted to investigate presence of 

soil in place of sand in producing conventional concrete. This 

is a study which only limited to the investigation of 

compressive and flexural strengths. 

The mechanical behavior of clean sands was 

investigated first by Coulomb in the 18th century. Studies of 

the mechanical behavior of pure clays were reported only 

approximately 150 years later. Studies of these soils 

continued over the years as clean sands and pure clays define 

distinct boundaries of a wide spectrum of natural soils and 

thus set limits on expected performance. Most of the studies 

concerning the stress–strain and shear strength behavior of 

granular soils mainly inspected the response of clean sands. 

However, field observations show that granular soils may 

contain a considerable amount of clay and/or silt. Therefore, 

these fines should be expected to influence the engineering 

behavior of sandy soils. 

In present day sand, the presence of clay or soil in 

the sand is much more than earlier due to various reasons. So 

the compressive and flexural strength of concrete shall lesser 

due to less sand content or more soil content in it. 

Soil has the potential to be used in place of 

conventional sand because It is nearly presents and therefore 

abundantly available. Thus, soil would naturally be an 

environmentally friendly, relatively cheap and sustainable 

construction material. Even there are abundant reserves of 

suitable sands. 

II. EXPERIMENTAL PROGRAMME 

A. Materials Used 

Ordinary Portland cement of grade 53 is used for this 

experimental work. The fine aggregates used was natural 

sand and clay/silt content. The basic material test was done as 

per code IS: 383-1970. Coarse aggregate used is locally 

available crushed angular aggregate of size 20mm and down. 

Water is used with pH value of 7.5 for this experimental 

work. The physical properties are given in table 1. 

Particular Natural sand Coarse aggregate 

Specific gravity 2.60 2.65 

Water absorption (%) 1 0.5 

Fineness modulus 2.61 7.30 

Bulk density (g/cc) 1.47 - 

Percentage of voids 43.46 - 
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Grading Zone II - 

B. Clay 

There has long been concern that clay particles may be 

harmful to concrete because of their ability to absorb water 

and swell, which increases the water demand in fresh 

concrete. 

1) Silicon dioxide / silica (SiO2) : 60.34-72.6 

2) Aluminum oxide/alumina (Al2 O3
)     

: 4.67-6.5 

3) Calcium oxide                  : 1.75- 3 

4) Magnesium oxide   : 5.98-7.3 

5) Sodium oxide    : 8.56-9.1 

6) Manganese    : 0.127- 0.26 

Particular 
Physical properties of 

clay 

Specific gravity 2.08 

Water absorption % 18.3 

Fine material 5.9 

Fineness modulus 3.07 

Los angles - 

Practical size distribution in 

(mm) 
- 

19mm - 

12.5mm - 

9.5mm - 

4.75mm 100 

2.36mm 80.5 

1.18mm 51.2 

600µm 31.3 

300 µm 20.3 

150 µm 9.7 

Table 2: Physical Properties of Clay 

III. MIX DESIGN 

The mix proportion chosen for this study is M25 grade 

(1:2.01:3.56) with water-cement ratio of 0.45. Cubes of 

standard size 150x150x150mm of total 48 no. and cylinders 

of standard diameter 150mm and height 300mm of total 48 

no. are casted and cured for 7 and 28 days and tested as per 

code IS: 516-1959 and IS: 5816-1999. 

Unit of 

batch 

Water 

(liter) 

Cement 

(kg) 

Sand 

(kg) 

Coarse 

aggregate 

(kg) 

Meter cube 

content 
168 380 765 1356 

Ingredient 

ratio 
0.45 1 2.28 3.67 

Table 3: Mix Propotion for M25 Grade Concrete 

IV. WORKABILITY 

Slump test was conducted to determine the workability of 

concrete. In this experimental work, as the percentage of 

clay/silt content increases with fly ash the workability of 

concrete mix also increases. The slump value obtained from 

different percentage of clay/silt with fly ash content mixes are 

shown in figure 1. 

 
Fig. 1: Slump Values for Different Mix Proportions 

V. COMPRESSIVE STRENGTH TEST 

Compressive loading was applied to the cube specimens for 

a standard dimensions 150mmX150mm. The cubes were 

tested at each stage of curing (7, 14, 28 days), each stage of 

testing has 3 trials, mean values are noted in the table and it 

represents the compressive strength of M25 grade of 

concrete. Test was conducted using 2000kN compression 

testing machine as per code IS: 516-1959 The compressive 

strength test is carried out on various mixes by varying the 

percentage of clay content by 4%, 7.5% and 10% and keeping 

all other parameters as constant. 

 
Fig. 2: Avg Compression Strength Variation of Different 

Mix for 28 Days 

VI. SPLIT TENSILE STRENGTH TEST 

The size of cylinder used for this test was of diameter 150mm 

and height 300mm. For each mix, 2 cylinders were casted and 

cured for 28 days. Then testing was done in 2000kN 

compression testing machine as per code IS: 516-1959.The 

calculation was done by using the formula fcr=(2P)÷(πdl). 
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Fig. 3: Avg Split Tensile Strength Variation of Different 

Mix for 28days 

VII. FLEXURAL BEHAVIOR OF REINFORCED CONCRETE BEAM 

The dimension of the test beam having overall length 'L' as 

1200mm, effective length 'Leff' as 1000mm, total depth 'D' as 

150mm, effective depth 'd' as 150mm, breadth 'b' as 150mm 

and clear cover 'c' a 20mm is used. High yield strength 

deformed (HYSD) bars having 415 N/mm2 yield strength is 

used in two different ways in test beam. 

 
Fig. 5: Reinforcement Details of Test Beam-1, 2 

The test beams are white washed in lime and 

markings are made such as to indicate the support points, 

centre of beams and also to measure surface strain. Then the 

test beam is placed in loading frame on the supports. Then 

steel roller is kept on the loading frame points and 

eccentricity is checked. Then channel ISMC 250 is rested on 

the roller and hydraulic jack is placed on it centrally. The load 

is applied at the interval of 2kN and the deflection for every 

2kN is noted by using digital dial gauge and surface strain is 

measured using demec gauge. The loading is continued till 

the test beam fails. 

 
Fig. 6: Set-Up of Test Beam in Loading Frame 

VIII. RESULTS & DISCUSSION 

A. Crack Pattern & Modes of Failure 

All the test beams were designed as under reinforced section. 

As the load was applied the beams started cracking at the 

tension zone and as the load was increased the crack started 

propagating toward the neutral axis. The mode of failure of 

all the beams was flexural failure. There was no horizontal 

crack at the level of the reinforcement, which shows that there 

was no bonding failure. 

B. Experimental Results 

Structural parameters like cracking load, service load and 

ultimate load with their deflections are investigated. Totally 

2 no. of test beams were casted and tested, in that 1 were 

control mix of 10 diameter bars, 1 were clay 10% + fly ash 

6% of 10 diameter bars. The results of the deflections are 

shown in the table III and in figure 7. 
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Table 4: Experimental Results of Cracking Load, Service 

Load & Ultimate Load With Thier Respective Deflections & 

Crack Width 

 
Deflection at mid span in mm 

Fig. 7: Average Deflection of Test Beam 1, 2 

The surface strains were measured using demec 

gauge. The strain reading was taken at approximately 95% of 

the failure mode. The load at which the first crack was 

observed was calculated as cracking moment. The load at 

which the beam fails and the crack observes was calculated 

as ultimate moment. 

Beam 
Loa

d 

Maximum 

surface strain 

Avg 

crackin

g 

Avg 

ultimat

e 

Designatio

n 

(kN

) 
C T 

momen

t 

(kNm) 

mome

nt 

(kNm) 

Test beam 

-1 
52 

-

0.0001

2 

0.0001

5 
5 14.50 

Test beam 

-3 
54 

-

0.0002

4 

0.0003

1 
6.25 14.75 

Table 5: Experimental Results of Surface Strain, Cracking         

Moment & Ultimate Moment 

IX. CONCLUSION 

From the results, the following conclusions are drawn. 

Replacement of clay with added fly ash is found to improve 

the strength of concrete. 
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 The target mean of M25 grade concrete is 31.6 N/mm2. 

The optimal replacement percentage of cement with clay 

and fly ash worked out 10% and 6%. 

 When the compressive strength is 33.33 N/mm2. 

 The optimal replacement percentage of cement with clay 

and fly ash worked out 10% and 6%, when the Split 

tensile strength is 3.87 N/mm2. 

 The 28 days average compressive strength obtained for 

clay and fly ash 10% and 6%mix concrete shows 0.3% 

to 17.3% increase in compressive strength when 

compared to control mix concrete. 

 The 28 days average split tensile strength obtained for 

clay and fly ash 10% and 6%mix concrete shows 

increase in split tensile strength when compared to 

control mix concrete. 

 The maximum strain at service load should not exceed 

0.0035 as per code IS: 456-2000. Therefore the 

experimental results shows that the maximum strain in 

all test beams are well within the limits. 

 The flexural results show that there is an increase in 

cracking moment by 31.84% for 0.62% tensile 

reinforcement. 

 The ultimate moments obtained from experimental 

results are greater that the theoretical results by 27.58%. 
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