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Abstract 

This paper presents an investigation on the mechanical properties of self-

compacting concrete (SCC) using crushed sand as a partial replacement for 

river sand and sisal fiber as reinforcement. Here, cement was partially 

replaced with silica fume at 15% by weight of the total binder. Variation in the 

compressive strength, split tensile strength and modulus of elasticity of 

concrete when replacing river sand by crushed sand from 0% to 70% in steps 

of 10% . The results show an increase in the mechanical properties up to 60% 
replacement of crushed sand with river sand.  The concrete is designed for 

M40 grade. For this fixed mix  sisal fibre is dispersed randomly with a cut 

length of 30mm and aspect ratio  as 100. Self-compacting concrete with 0%, 

0.3%, 0.4%, 0.5%, 0.6% and 0.7% are casted.. The variation in mechanical 

properties such as compressive strength and split tensile strength were studied 

and compared for each percentage of fibre content.The findings reflect that 

crushed sand can be used as a viable replacement material to river sand for 

producing SCC and sisal fiber as reinforcement doesnt give the promising 

result. 

Keywords: Mechanicalproperties;Self compacting concrete; Super plasticizer; 

Cementitious materials;  Silica fume,sisal fiber. 

 

INTRODUCTION 

Concrete is the basic engineering material used in most of the civil engineering 

structures. Self- compacting  concrete  (SCC)  has  been  described  as  "the  most  

revolutionary  development  in concrete construction for several decades". It is a 

highly flowable, non-segregating concrete and by its own weight spread into place, 
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completely fill the formwork even in the presence of dense reinforcement and then 

encapsulate the rebar without the need of any additional compaction SCC can be 

defined as an engineered material consisting of cement, aggregates, water, filler, and 

chemical admixtures to take care of specific requirements, such as, high flowability, 

passing ability, adequate  viscosity and segregation resistance  and due  to its high 

deformability and resistance to segregation, it has the capacity to completely fill the 

formwork, easy to flow in complex forms with congested reinforcement and 

encapsulate the reinforcement without any influence of the workers skills. Concrete 

made with Portland cement has certain characteristics: it is relatively strong in 

compression but weak in tension and tends to be brittle. In plain concrete and  similar  

brittle  materials,  structural  crack  develops  even  before  loading  due  to  drying 

shrinkage and other causes. Addition of small discrete fibres to concrete can act as a 

crack arrestor and improves its static and dynamic properties. The weakness in 

tension can be overcome by the use of conventional rod reinforcement and to some 

extent by the inclusion of a sufficient volume of certain fibres. Introduction of steel 

reduce the micro cracks in concrete but over a long period, steel gets corroded due to 

various actions. This made the need for usage of various organic and inorganic fibres 

which are eco-friendly and economic. The use of fibres also alters the behaviour of 

the fibre-matrix composite after it has cracked, thereby improving its toughness. 

 

2. EXPERIMENTAL PROGRAM 

2.1 Materials 

2.1.1 Cement 
An Ordinary Portland Cement (OPC) 43 grade was used for all concrete mixes. As 

per IS: 

8112(1989), testing of cement was conducted and the values are reported in Table 1. 

 

Table 1: Basic tests conducted on ordinary Portland cement 

Characteristic Value Obtained 

Initial setting time(min) 135 

Final setting time(min) 480 

Standard consistency (%) 34 

Specific gravity 3.15 

Compressive strength(N/mn2) 43.5 

 

2.1.2 Fine and coarse aggregate 

Locally available river sand was used for this experimental program which confirms 

to IS:383(1970). Crushed sand obtained from the quarry process is used for the partial 
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replacement of river sand. Aggregate of size 12mm was used as the coarse aggregate. 

Testing of fine and coarse aggregate was conducted as per IS:383(1970) and results 

are tabulated in Table 2. 

Table 2: Physical properties of fine aggregate, coarse aggregate and crushed sand 

Characteristic Fine aggregate Coarse aggregate Crushed sand 

Specific gravity 2.69 2.68 2.76 

Bulk density (Kg/m3) 1560 1602 1538 

Fineness modulus 2.61 7.16           2.36 

 

2.1.3 Mineral admixture 
Silica fume which is a product resulting from the reduction of high purity quartz with 

coal in an electric arc furnace in the manufacture of silicon or Ferro silicon alloy, 

conforming to IS 3812:1989 is used as mineral admixture. The technical specification 

of silica fume is given in Table 3. 

Table 3: Technical specification of silica fume 

Amorphous SiO2 93.1% 

H2O 1.0% 

LOI 1.81% 

Retained 45 micron 0-58% 

Density 400-720 kg/m3 

BET 5-28 m2/g 

 

2.1.4 Chemical admixture 
Cerahyperplast XR-W40 with specifications ASTM C 494-03, BS 5075 and IS 9103 

capable of reduction of water up to 25% is used as the chemical admixture. Technical 

properties of the admixture are shown in the Table 4. 

Table 4: Technical properties of cerahyperplast XR-W40 

Appearance Liquid 

Colour Beige 

Chemical Poly carboxylate 

Composition Ether 

Active ingredients 40% 

Specific Gravity 1.11 

PH 7-8 

Chloride content Nil 
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2.1.5 Sisal fiber 
Sisal fibre is a vegetable fibre which is fairly coarse and inflexible. It is valued for 

cordage use because of its strength, durability, ability to stretch, affinity for certain 

dyestuffs, and resistance to deterioration in salt water. The diameter of fibre is 0.3 mm 

and cut length of 30mm is used. Thus aspect ratio of fiber is 30 mm. Fig 1 shows the 

composition of fiber obtained using x ray diffraction and table 5 showing the elements 

in fiber   

 

Fig 1. Xray diffraction image showing the elements of sisal fiber 

 

2.2 Method 

In this experimental method, a total of twelve SCC trials were conducted. M40 mix 

was used for this work. Trials of different SCC containing 15% silica fume which is 

kept constant of the total cement content and different percentages of super plasticizer 

are used. The mix proportion is shown in Table 5. All samples were tested for 

workability criteria according to EFNARC. From that test 0.55 % superplasticier 

meets the requirement of SCC. In that sample, crushed sand is partially replaced by 

river sand from 0% to 70% and all other parameters such as cement, super plasticizer 

W/C ratio are kept constant. Eight specimens replacing river sand by crushed sand 

from 0 to70% are produced with the reference mix  and is tested for hardened 

properties. The reference mix with a super plasticizer percentage of 0.55  and varying 

crushed sand were shown in the table 5 
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Table 5: Mix proportion 

 

 

Table 6: EFNARC (2002) standards 

Type of test Range 

Slump flow(mm) 650-800 

V-Funnel(sec) 8-12s 

L-Box(h2/h1) 0.8-1 

 

3. SPECIMEN PREPARATION AND TESTING 

Eight specimens containing crushed sand as fine aggregate is prepared. For each 

concrete mixture specimen four cubes of size 15×15×15cm and eight cylinders of size 

15cm diameter and 30cm length were casted. Hence the total number of specimen in 

this experimental program was 32 cubes and 64 cylinders. These specimens were 

demoulded after one day and then placed in the curing room until the testing days 

arrive. At 28 days compressive strength, split tensile strength and modulus of 

elasticity of concrete have been estimated. Results are reported at the average of three 

specimens. Cubes are used for the determination of compressive strength and 

cylinders are used for the determination of split tensile strength and modulus of 

elasticity of concrete. For this fixed mix sisal fibre is dispersed randomly with a cut 

length of 30mm and aspect ratio as 100. Self-compacting concrete with 0%, 0.3%, 

0.4%, 0.5%, 0.6% and 0.7% are casted and checked for workability. Various 

workability test were conducted are slump flow, L-box,  V-funnel and orimet  to study 

the workability properties of self-compacting concrete to access the filling ability and 

passing ability.  

The slump flow test was used to evaluate the flow ability of self-compacting concrete 

and minimum value to be 650mm and a maximum value of 800mm. The V-funnel test 

is used to determine the filling ability of the concrete. The time taken for the concrete 
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to flow down is noted in seconds and allowable limit is 8-12 sec.Lbox test were 

conducted to assesses the flow of the concrete, and also the extent to which it is 

subject to blocking by reinforcements and the permissible limit is 0.8 – 1.Orimet test 

for assessment of highly workable, flowing fresh concrete mixes on construction 

sites.The allowable limit were 0-5 sec .Then the variation in mechanical properties 

such as compressive strength  split tensile strength and modulus of elasticity of 

concrete were studied and compared for each percentage of fibre content. 

 

4. RESULTS AND DISCUSSION 

4.1 Test on Fresh Concrete 

Concrete mixes were prepared in seven sets by adding various percentage of crushed 

sand . These mixes are then tested in fresh state to check their behaviour and those 

results obtained are given in table 8.Also concrete mix with different percentage of 

sisal fiber from 0.3 to 0.7% were added  and properties were shown in table 8Mix 

with above 0.7% of  sisal fiber content were not workable and shows debonding of 

fiber shown in fig 2  

 
Table 7 showing fresh concrete properties 
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Table 8 showing fresh concrete properties of sisal fiber 

 

 
 

 
Figure 2. Test on hardened concrete 

 

2.1 Compressive strength 

Compressive test is carried out on a cube specimen of size 15×15×15cm. The 

compression tests were conducted at 28 days according to IS 516-1959. The testing 

was done to determine the compressive strength of the concrete using the compressive 

strength testing machine. There are three cubes for each percentage of crushed sand 

from (0, 10, 20, 30, 40, 50, 60, and 70%) with 15% silica fume and 0.55% super 

plasticizer by weight of cement and the mix were coded as M0 to M7 as shown in 

Table 9. Compressive strength increases as the percentage of crushed sand increases 

and it reaches the maximum at 60% and then decreases.  
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Table 9: Strength and Modulus of elasticity of crushed sand Concrete. 

 

 

Table 10: Strength and Modulus of elasticity of Sisal fibre Concrete 

 

Table 10 shows the result for the addition of sisal fiber from 0 to 0.7%.It seems that 

addition of sisal fiber decreases the strength of concrete and there is a slight increase 

in the addition of 0.6%. However as the percentage of crushed sand increases the 

compressive strength increases.but addition of sisal fiber decreases the strength of 

concrete  

 

4.2.2 Split tensile strength 
This test was done to determine the split tensile strength of concrete at the age of 28 

days by using a cylinder specimen having 15 cm diameter and 30 cm length. There are 

three cylinders for each percentage of crushed sand (0, 10, 20, 30, 40, 50, 60, and 
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70%) with 15% silica fume and 0.55 % superplasticiser by weight of cement. Split 

tensile strength increases up to 60% crushed sand and then decreases. The values of 

split tensile strength are shown in Table 9. But addition of sisal fiber decreases the 

split tensile strength of concrete and shown in table10  

 

 

Figure 3. Experimental setup forTensile strength measurement 

 

4.2.3 Modulus of elasticity of concrete 

The modulus of elasticity or Young's modulus is the constant of proportionality 

between stress & strain. It increases with density, age & strength of concrete. This test 

was done to determine the modulus of elasticity of concrete in compression by means 

of a cylinder having 15 cm diameter and 30 cm length.  

Testing of modulus of elasticity was done at the age of 28 days. There are three 

cylinders for each percentage of crushed sand (0, 10, 20, 30, 40, 50, 60, and 70%) 

with 15% silica fume and 0.55hyperplast by weight of cement. The value increases up 

to 60% and then decreases. The value decreased when sisal fiber is added and shown 

in table10 
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Figure 5. Experimental setup for measuring Modulus of elasticity 

 

5. CONCLUSIONS 

This research work focuses on the feasibility of usage of crushed sand as a partial 

substitute for river sand in SCC and effect of sisal fiber in  

1. Based on the results, the usage of crushed sand was not found to have much 

negative effect on concrete and have shown better results. 

2. Based on trial mixes and test conducted at its fresh state, silica fume content 

was fixed as 15% for partial replacement of cement and experiments were 

conducted for 0.55% dosage of Polycarboxylate based super plasticizer 

(cerahyperplast) by weight of cement. 

3. From the trial mix, it was noted that the super plasticizer dosage of above 

1.2% by weight of cement shows segregation. 

4. The compressive strength goes on increasing with increase of crushed sand 

percentage and it reaches its optimum value at 60% replacement and then 

decreases. 

5. When percentage of fibre content increases the properties of fresh concrete 

such as  flowability, passing ability, filling ability etc. are decreasing.   

6. It is obserdone with conventional BIS or ACI method and suitable adjustments 

can be done. Trial mixes have to be made for maintaining flow ability, self-

compatibility, passing ability and segregation resistance. 
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