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Abstract— Self-compacting concrete (SCC) is becoming a 

popular choice in concrete industry due to ease of placement 

in congested reinforcements, reduced labor and equipment, 

no segregation character and smooth surface. Fly ash has 

been used in producing SCC which increases filling and 

passing ability of the concrete. In this study the sisal fibers 

were used to reinforce self-compacting concrete. This study 

investigates how the inclusion of sisal fiber of varying 

quantities, in SCC affects the flowability and performance in 

hardened state. The flow characteristics were assessed by 

considering slump flow, V-funnel and J-ring test and the 

mechanical properties were found using compression, 

flexural and Impact test. 
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I. INTRODUCTION 

A. General 

The term fiber reinforced concrete (FRC) is characterized as 

a solid containing scattered arbitrarily arranged filaments. 

Intrinsically concrete is fragile under malleable stacking and 

mechanical properties of cement might be enhanced by 

arbitrarily arranged short discrete filaments which avoid or 

control start and engendering of splits. The discrete fibers, 

dispersed throughout the matrix improve the mechanical 

properties of concrete through stress redistribution. However 

the use of fibers reduces the workability of the matrix. 

On the other hand, use of self-compacting concrete 

(SCC) in the construction industry has grown significantly 

due to its technical advantages. SCC is a new type of concrete 

that can be cast into a framed work and fill it completely 

under its own weight without the need of any type of 

compaction or external vibration. SCC also has a great 

resistance to segregation and a high ability to flow around 

obstacles such as reinforcements or narrow sections. 

By incorporating fibre in SCC a homogeneous 

composite material namely fibre reinforced self-compacting 

concrete (FRSCC) is achieved. Due to the high   flowable 

nature of SCC uniform dispersion of fibre takes place and a 

higher degree of stress redistribution is ensured. 

B. History and Development of SCC 

SCC was first created in Japan in 1988 so as to accomplish 

more strong solid structures by enhancing the quality 

accomplished in the development procedure and the set 

material. The evacuation of the requirement for compaction 

of cement diminished the potential for sturdiness surrenders 

because of lacking compaction. The use of SCC was also 

found to offer economic, social and environmental benefits 

over vibrated concrete construction. These benefits include 

faster construction and the elimination of noise due to 

vibration. One of the main drivers for the development of the 

technology was reduction in the number of skilled site 

operatives that the Japanese construction industry was 

experiencing in 1980’s. The use of SCC meant that less 

skilled labour was required for placing and finishing of the 

concrete. SCC was developed from the existing technology 

used for high workability and under water concretes, where 

additional cohesiveness is required. The first required 

publications that looked into the principles required for SCC 

were from Japan around 1989 to 1991. These studies 

concentrated upon high performance and super workable 

concretes and their fresh properties such as filling capacity, 

flow ability and resistance to segregation. 

The first significant publication in which modern 

SCC was identified is thought to be a paper from the 

University of Tokyo by Ozawa et al. in 1992.The term self-

compacting cement is not utilized inside the paper, albeit elite 

solid which had all the basic properties of self-compacting 

solid blend. In the accompanying couple of years many 

research papers were distributed on cements, for example, 

super workable, self-uniting, profoundly workable and 

exceedingly fluidised cements, all of which had comparative 

properties to what we now know as SCC. These were mainly 

papers on work into the mix design of what would become 

SCC and its associated fresh properties. In 1993 research 

papers were beginning to be published of case studies on the 

use of these early forms of SCC in actual applications. 

One of the first published references utilising the 

term self-compacting was in Japan in 1995. After the 

development of this prototype SCC, intensive research began 

in many places in Japan, especially within the research 

institutes of construction companies, and as a result, SCC has 

now been used in many practical applications. 

C. Origin and Development of Fibers Reinforcement in 

Concrete 

The technology of fibre reinforced building material can be 

traced back to antiquity, when straw was used to make bricks 

and other examples being the use of asbestos reinforced posts 

around 2500 B.C. And then Ziggurat at Agar Quf near 

Bhagdad, built in 1400 B.C, every 6th course of brick work 

was reinforced with reeds to facilitate drying out and to 

reduce and evenly distribute drying shrinkage. 

The idea that concrete can be strengthened by the 

inclusion of fibers was first put forward by Porter in 1910, but 

little progress was made in the development of this material 

till 1963 when Ramualdi and Bastan published this classical 

work on the subject. Since then there has been a reviewed 

interest in the science and applications of fibre reinforced 

concrete and cement, using a variety of fibers and more basic 

knowledge has been gained on the behaviour of such cement 

system. 

Research and development works of FRC 

composites started in India during the early 1970 and 

investigations were confined only to steel fibers and 

investigations in other types of fibre arouse later. Even 
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though, work on FRC was initiated using steel fibers, they are 

yet to be made available in India on a commercial scale. 

D. Sisal Fibers 

Fibers used in FRC can be broadly classified into Natural and 

Man-made categories on a basis of morphology; Vegetable 

fibers can be classified into four groups viz 

 Leaf fibers 

 Stem fibers 

 Wood fibers and 

 Surface Fibers 

Among these fibers, sisal Fibers belong to the 

category of leaf fibers. It is natural fibers from many kind of 

Agave(Agave froucoydes, American Agave).It has a yellow 

colour and a good tensile strength. Fibers from Fourcroya 

Ginatea of the family of Amaryllidacea are sometimes called 

sisal because they are similar to those from Agave. The 

greater Sisal productors are brazil, Tanzania and Mexico. The 

fibre properties are determined in most cases in relation to 

their use as ropes and textiles and they present a high degree 

of variation since there are so many kinds of plants. This fact 

could be responsible for mistakes in interpretation of results 

from experimental tests. In spite of the great variability of 

fibers, Sisal is cheap, renewable and abundant material in 

many tropical countries. Nearly 4.5 million ton of Sisal fibre 

is produced every year throughout the world. 

E. Need for the Use of Sisal Fibers 

In India, extensive studies have been carried out on steel 

fibers. However the use of steel fibers is restricted due the 

high cost of steel. To eliminate this problem, cheap and 

abundantly available natural fibers were thought to be put in 

use and hence studies on these fibers are being carried out 

these days. In spite of their low cost, these fibers have been 

reported to delay and control tensile cracking in the concrete 

and further they were found to decrease deformations at all 

stress levels and were found to impart a well-defined post 

cracking and post yield behaviour. Moreover, they were also 

found to improve fracture toughness, ductility and energy 

absorption capacity of the composites. 

F. Scope of Study 

 To evaluate the fresh and mechanical properties of self-

compacting concrete (M30) with sisal fibers. 

 Self-compacting concrete (SCC) mixes are produced by 

replacing the cement with Fly ash and with addition of 

sisal fiber of 0, 0.5%, 1%, 1% and 

 1.5% and length of fibers considered are 5mm, 10mm, 

and 20mm to the SCC concrete. 

 Sulphonated naphthalene Formaldehyde condensates 

based SP is used as water reducing agent. 

 To study the various workability tests such as slump 

flow, V-Funnel, J-Ring to the mix. 

 Compressive strength and Flexural strength of SCC mix 

has to be determined at 14 and 28 days. 

 Impact strength of SCC mix has to be determined at 28 

days. 

G. Objectives of Study 

To study the properties of sisal fiber reinforced self-

compacting concrete 

H. Methodology 

1) Collection of required materials. 

2) Investigation of physical properties for Cement, Fly ash, 

Fine aggregate and Coarse Aggregate, Sisal fiber. 

3) Arriving mix proportions by checking the flow 

properties of SCC. 

 Slump test 

 V-Funnel test 

 J-Ring test 

4) Casting of specimens. 

 For compressive Strength test a cube of size 

100×100×100mm is used. 

 For flexural strength test for beam 100×100×500mm is 

used. 

 For impact strength test for slab 100×100×100mm is 

used. 

5) Curing of specimens. 

6) Testing of specimen at 28 days of age. 

7) Correlation of the results 

II. MATERIAL 

A. Sisal Fibers 

The Sisal fibre used in this investigation is locally available 

in processed form. These fibers are cut into pieces manually 

to a length of 5mm, 10mm, 20mm respectively. The extent of 

fibre content that can be used in FRSCC can be fixed either 

on the basis of volume of concrete or by the weight of the 

cement. Among these two, most of the investigators have 

adopted the fibre content based on the volume of the concrete. 

Hence in this experimental investigation also volume of 

concrete is considered for determining the fibre content. The 

fibre content adopted for the study is 0.5%, 1%, 1.5% volume 

of cement and fibre lengths 5mm, 10mm, 20mm were 

considered. The properties of sisal fibre are given in Table 1. 

 
Fig. 1: Various stages in processing of the Sisal Fibers 

Sl. No Property Results 

1 Specific gravity 1.17 

2 Water absorption in 24h 180% 

3 Diameter 0.15mm 

4 Max. tensile strength 62Mpa 

5 Length (30.5-47.5)mm 

Table 1: Physical Properties of Sisal Fibre 

B. Fly Ash 

Fly ash of class F type having a specific gravity of 2.01 has 

been used in the present study. The fly ash is obtained from 

Ennore, Chennai.  

C. Cement 

Grade 43 ordinary Portland cement (OPC) confirming to IS: 

12269-1987 has been used. The physical properties of the 

cement such as consistency, initial and final setting time and 

specific gravity were tested in accordance with IS: 4031-1968 

and given in Table 2. 

Sl. No Property Value 

1 Standard consistency 31% 
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2 Initial setting time 140min 

3 Final setting time 245min 

4 Specific gravity 3.1 

Table 2: Physical Properties of Cement 

D. Coarse Aggregate 

The coarse aggregate used in the concrete mixtures was 

crushed stone of size 20mm and 12.5mm. It has a specific 

gravity of 2.75 and was determined according to IS: 2380 

(Part- 111) of 1963. The physical properties were also 

determined and given in Table 3. 

Sl. No Property Value 

1 Specific gravity 2.71 

2 Fineness modulus 8.07 

3 Bulk density 1320kg/m3 

4 Water absorption 1.5% 

Table 3: Physical Properties of Coarse Aggregates 

E. Fine Aggregate 

Natural sand was used as fine aggregate with a maximum size 

of 4.75mm.The specific gravity of the fine aggregate is 2.63 

and was determined according to IS:2386(Part-111) of 1963. 

Sieve analysis was performed on the fine aggregate according 

to IS: 383-1970. The physical properties are given in Table 4. 

Sl. No Property Value 

1 Specific gravity 2.63 

2 Fineness modulus 3.49 

3 Bulk density 1430 kg/m3 

4 Water absorption 1% 

Table 4: Physical Properties of Fine Aggregate 

F. Water 

Ordinary potable water was used for the entire experimental 

investigation both for making and curing of specimens. 

G. Admixtures 

Super plasticizer by trade name SUPAFLO M was used.  

Supaflo M is a non-toxic brown liquid based on sulphonated 

naphthalene formaldehyde condensates. Supaflo M is a high 

range water reducing admixture for concrete and grouts 

confirming to BS: 5075 (Part-3) and ASTM C-494 type F as 

per manufacturer‘s data. It was used to produce high strength 

concrete and flowing concrete without addition of water.  

III. EXPERIMENTAL PROGRAMME 

A. Fresh Properties of Self Compacting Concrete 

First a reference mix using OPC, FA and CA was 

proportioned for M30 concrete using Nan Su, et al., method 

of mix design for SCC. The mix proportions thus obtained 

was given in Table 5. 

Trial 

Mix 

Cement 

(kg/m3) 

Fly Ash 

(kg/m3) 

C.A 

(kg/m3) 

F. A 

(kg/m3) 

water 

(kg/m3) 

SP 

(kg/m3) 

Slump 

Result (mm) 

1 214 161 1032 769 158 4.6 No Flow 

2 214 184 1057 774 170 6.4 400 

3 350 170 665 942 225 10.4 680 

4 350 147 710 832 216 8.9 600 

5 350 150 710 832 216 8 625 

6 385 150 760 885 210 8.5 670 

Table 5: Trial Mix Proportions and Slump Result of SCC for M30 Grade of Concrete by Nan Su

Sisal fibers are introduced in the above mix, in four 

volumes and three fibre lengths. The fibre content volumes 

are 0%, 0.5%, 1% and 1.5% by volume of concrete, and fibre 

length of 5mm 10mm, 20mm respectively. 

B. Mix Proportion of M30 Grade 

After having six trials, the final mix proportion is given in 

Table 6, with various workability characteristics. (Without 

sisal fibers). 

Cement 
Fly 

Ash 
C.A F. A Water SP SFV VF JR 

385 150 760 885 210 8.5 670 10 6 

Table 6: Mix Proportion of SCC (kg/m3) 

C. Fresh Concrete Properties 

1) Slump Flow Properties of SFRSCC 

The slump flow of the SCC and SFRSCC are given in Table 

7. The variation of slump flow with respect to the fibre 

content is shown in Fig 2. From the results following are the 

observations. 

 The slump flow decreases with increase in the fibre 

content from 0.5% to 1.5%. 

 The maximum decrease in the slump flow is 21.42% at 

1.5% fibre content with respect to the reference SCC. 

 Without effecting the slump flow property in SCC, the 

maximum sisal fibre can be used is 1%, where the slump 

flow is 600 mm which is 13.33% less than reference 

slump flow value that is 680 mm. 

 The slump flow reduction at the fibre content of 1.5% is 

due to the resistance of the fibre to the flow of the cement 

matrix. Visually it shows that, the matrix especially finer 

portions (i.e., Sand+ Cement + Fly ash) are separated 

from the fibre content. This tendency is because of less 

quantity of finer portions as compared to the fibre 

content. Hence there is a revision of mix proportions is 

required to get a good flow of matrix. 

The slump flow of SCC at 0%, 0.5%, 1%, 1.5% fibre 

content is shown in Fig. 4. 

Sl. 

No 

Fibre content Slump flow 

values (mm) % Aspect ratio 

1. 0 0 680 

 

2. 

 

0.5 

33 680 

66 680 

133 680 

 

3. 

 

1 

33 680 

66 640 

133 600 

 

4. 

 

 

1.5 

33 675 

66 620 

133 580 

Table 7: Slump Flow Values of SFRSCC 
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Fig. 2: Slump flow of SFRSCC with increase in fibre 

content & various Aspect ratios 

 
Fig. 3: Slump flow for reference mix SCC 

 
Fig. 4: Slump flow for 0.5% fibre content SCC 

 
Fig. 5: Slump flow for 1% fibre content SCC 

 
Fig. 6: Slump flow for 1.5% fibre content SCC 

2) V- Funnel Properties of SFRSCC 

The V-funnel of the SCC and SFRSCC are given in Table 8 

and its variation is shown in Fig. 7. From the results following 

are the observations 

 The V-funnel flow decreases with increase in the fibre 

content from 0.5% to 1.5%. 

 The maximum decrease in the flow is 66% at 1.5% fibre 

content with respect to the reference SCC. 

 Without effecting flow property in SCC, the maximum 

sisal fibre can be used is 1%, where the flow is 13sec 

which is 44% less than reference V-Funnel value i.e. 9 

sec. 

Sl. No 
Fibre content V-Funnel values 

(sec) % Aspect ratio 

1. 0 0 9 

2. 
 

0.5 

33 10 

66 11 

133 13 

3. 
 

1 

33 11 

66 13 

133 15 

4. 

 

 

1.5 

33 13 

66 15 

133 17 

Table 8: V-Funnel Values of SFRSCC 

 
Fig. 7: V-Funnel flow of SFRSCC with increase in fibre 

content & various Aspect ratios 

3) J-Ring Properties of SFRSCC 

The J-ring of the SCC and SFRSCC are given in Table 3.5. 

The variation of flow and blockage with respect to the fibre 

content is shown in Fig.8. From the results following are the 

observations 

 The J-ring flow decreases with increase in the fibre 

content from 0.5% to 1.5%. 

 The maximum decrease in the flow is 16% at 1.5% fibre 

content with respect to the reference SCC and the 

blockage increased with increasing the fibre content. 

 Without effecting  flow property in SCC, the maximum 

sisal fibre can be used is 1%, where the flow is 590mm 

which is 10% less than reference flow value that is 

650mm and the blockage is increased 66%  at 1.5% fibre 

content with respect to reference SCC. 

Sl. 

No 

Fibre content J-Ring values (mm) 

% Aspect ratio Flow Blockage 

1. 0 0 650 6 

2. 0.5 

33 640 7 

66 640 7 

133 610 9 

3. 1 

33 645 8 

66 610 10 

133 590 11 

4. 1.5 

33 620 10 

66 600 12 

133 560 13 

Table 9: J-Ring value of SFRSCC 

 
Fig. 8: J-Ring flow of SFRSCC with increase in fibre 

content & various Aspect ratios 
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Fig. 9: J-Ring flow for reference mix SCC 

D. Test on Hardened Concrete 

1) Compressive Strength of SFRSCC 

The concrete specimens were tested for compressive strength 

after 14 and 28 days of water curing. The results are given in 

Table 10. The variation of compressive strength with respect 

to the fiber content is shown in Fig.9. From the results 

following are the inferences. 

1) The maximum compressive strength is obtained when 

the fibre content is 0.5%. 

2) The percentage increase in compressive strength is 5% 

with respect to the reference mix. 

3) The occurrence of maximum compressive strength (i.e., 

0.5%) is same at 14 days and 28days of curing. 

4) Across the age of curing i.e., from 7days to 28days, the 

compressive strength was increased in the range of 2% 

to 5%, which corresponds to the respective fibre content. 

5) The reduction in the compressive strength at 1.5% fibre 

content is due to the formation of uneven surface/honey 

combs, while casting the cube elements. This uneven 

surface/honey combing causes development of micro 

cracks and ultimately crushes the cube in the early hours 

of compressive loads. 

6) Within the limit, it is found that at the fibre content of 

1%, the compressive strength is equal to the reference 

SCC compressive strength. 

The fractured specimen of SFRSCC is shown in 

Figure 11. 

Sl. 

No 

Fibre content Compressive 

Strength @ 14 

days (N/mm2) 

Compressive 

Strength @ 28 

days (N/mm2) 
% 

Aspect 

ratio 

1. 0 0 30.2 40.1 

2. 
 

0.5 

33 31.2 42.3 

66 32.2 41.5 

133 29.1 32 

3. 
 

1 

33 30.4 43.6 

66 33.6 43 

133 22 22 

4. 

 

 

1.5 

33 25 35 

66 27 30 

133 20 26 

Table 10: Compressive Strength Values of SFRSCC 

 
Fig. 10: Compressive Strength of SFRSCC at various Fibre 

contents & various Aspect ratios 

 
Fig. 11: Fractured Specimens of SFRSCC Cubes after 

Compression Test 

2) Flexural Strength of SFRSCC 

The concrete specimens were tested for Flexure strength after 

28 days of water curing. The test results are given in the Table 

44. The variation of flexural strength with respect to the fibre 

content is shown in Fig 12. From the results, following 

inferences were drawn. 

 The maximum flexural strength is obtained when the 

fibre content is 0.5%. 

 The percentage increase in the flexural strength is 8.5% 

with respect to the reference mix and the aspect ratio 

increased the flexural strength is decreased. 

 At the maximum fibre content of 1%, the increase in 

flexural strength is 2% with respect to the reference SCC. 

 At the aspect ratio of 33 the strength is 8.5% increased 

than reference SCC and above 33 aspect ratio the 

strength is 2% is increased than the reference SCC. 

 The observation in the using of sisal fibre in SCC at three 

different fiber volume and three different aspect ratios 

minor fractures only occur after loading compare to 

reference SCC. 

Sl. 

No 

Fibre content Flexural Strength @ 

28 days (N/mm2) % Aspect ratio 

1. 0 0 5.86 

 

2. 

 

0.5 

33 6.36 

66 6.24 

133 6.19 

 

3. 

 

1 

33 5.92 

66 4.35 

133 3.88 

 

4. 

 

 

1.5 

33 3.82 

66 3.06 

133 2.91 

Table 11: Flexural Strength Values of SFRSCC 

 
Fig. 12: Flexural Strength of SFRSCC at various Fibre 

contents & various Aspect ratios 
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3) Impact Strength of SFRSCC 

The impact strength was conducted and the results are 

shown in Table 12 Different type of failure pattern was 

observed for different fibre content of concrete. The type 

of failure pattern is visible from the following figures. 

 The maximum impact strength is obtained when the fibre 

content is 1.5%. 

 The percentage increase in impact strength is 93.5% with 

respect to the reference mix. 

 The reduction in the impact strength at increasing the 

aspect ratio of fibers is due to the formation of uneven 

surface/honey combs, while casting the cube elements. 

This uneven surface/honey combing causes development 

of micro cracks and ultimately crushes the cube in the 

early hours of impact loads. 

The fractured specimen of SFRSCC is shown in 

Fig.14 

Sl. 

No 

Fibre content No. of blows 

Impact Strength 

@ 28days 

(Joules) 

% 
Aspect 

ratio 

Initial 

crack 

Final 

crack 

Initial 

crack 

Final 

crack 

1. 0 0 10 15 401 601 

2. 0.5 

33 23 25 922 1003 

66 19 23 762 922 

133 4 7 660 720 

3. 1 

33 24 28 962 1123 

66 10 13 762 944 

133 9 12 546 780 

4. 

 
1.5 

33 27 29 1083 1163 

66 20 24 802 962 

133 5 9 512 795 

Table 12: Impact Strength Values of SFRSCC 

 
Fig. 13: Impact Strength of SFRSCC at various Fibre 

contents & various Aspect ratios 

 
Fig. 14: Fractured Specimen of SFRSCC Cubes after Impact 

Test 

IV. CONCLUSION 

The general conclusions drawn based on the experimental 

investigations carried out in this study are as follows: 

 A Mix proportion for M30 grade of concrete was arrived 

for SCC by Nan Su method. 

 The slump flow decreases with increase in sisal fibre 

content. 

 In the present investigation the maximum sisal fibre 

content can be used in SCC is 1%, where the slump flow 

is 17.24% less than the reference slump flow value. 

 At the sisal fibre content of 1.5%, the mix proportion of 

SCC for M30 grade of concrete has to be revised 

especially with respect to the finer portions of the mix, 

so that the mix will be consistent, without separation of 

sisal fibers from the cement matrix. 

 The maximum compressive strength of SFRSCC is at 

0.5% fibre content and it is 10% higher than that of the 

compressive strength of reference mix of SCC. 

 Across the age of curing from 14 days to 28 days of the 

SFRSCC, there is no loss of strength. Instead the 

compressive strength improved in the range of 4% to 

10%. Hence the sisal fibre are durable in alkaline 

environment. 

 The maximum impact strength of SFRSCC is at the 

aspect ratio of 33 and at 0.5%, 1%, 1.5% fibre content 

and it is 93.5% higher than that of the impact strength of 

reference mix of SCC. 

 The maximum flexural strength of SFRSCC is at 0.5% 

fibre content and it is 8.53% higher than that of the 

flexural strength of reference mix of SCC. 

 Within the limit of study, where in without affecting the 

slump flow and strength of the composite, it is possible 

to use a maximum sisal fibre content of 1%. 
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