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Abstract 

Sisal has been reported as one of the promising fibers for cement composite applications. The durability of sisal 

fiber reinforced concrete (SFRC) and steel sisal fiber reinforced concrete (SSFRC) have not been reported. Water 

absorption, rapid chloride permeability, and acid attack tests are conducted on fibrous cement composites. Steel, 

polypropylene, and sisal fibers with a total volume of 0.50%, 1.00%, 1.25%, and 1.50% were used. Sisal at a content 

of 1.50% in SFRC increases the water absorption by 76%, but it is reduced to 30% for SSFRC with 0.2% of sisal 

content. SFRC and SSFRC show the increased permeability of 1.69% and 2.09% respectively. SFRC experiences the 

highest volume loss of 6.52%. SSFRC illustrates the resistance to the mass loss and compressive strength loss. In 

conclusion, untreated sisal in any form is found to be not advantageous for durable fibrous concrete structures.  
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1. Introduction 

1.1.   Background 

An inherent weakness of concrete to tensile loading can be overcome by using fiber reinforced concrete (FRC). Fibers 

used in cement composites are broadly classified as metallic fibers (steel and carbon), synthetic fibers (polypropylene, 

polyester, polyvinyl alcohol, etc.), and natural fibers (kenaf, jute, sisal, coconut, etc.). FRC improved the fracture behavior of 

Portland cement mortar [1]. FRC was recommended not only for structures subjected to static loads but also those to impact 

loads due to the ability of the fibers to delay the initiation of cracks [2]. FRCs are used in the retrofitting of reinforced concrete 

structures [3]. 

Steel fibers have been dominant in improving the spectrum of properties of cement composites. Steel fiber reinforced 

concrete (SFRC) is capable of improving the mechanical properties of cement composites [4-5]. Some studies suggested that 

the SFRC could reduce the permeability [5] and water absorption [6] of concrete. Another widely accepted synthetic fiber is 

polypropylene (PP). They are hydrophobic, chemically inert, and available at a low cost [7]. Polypropylene fiber reinforced 

concrete (PFRC) improved mechanical [8] as well as durability [9] properties. However, the use of PP contributes to the 

greenhouse effect as it is derived from hydrocarbons. Therefore, natural fibers are considered the replacement for PP in cement 

composites. 

Generally, natural fibers are regarded as a potential replacement for synthetic ones [10]. Among all-natural plants, sisal 

shows better tensile performance as it has a higher content of cellulose components [11]. Sisal fibers could be easily cultivated 

and used in a wide variety of applications [12]. They are one of the most commonly used vegetable fibers. They could be used 

                                                           
* 

Corresponding author. E-mail address: srininara123@gmail.com 
 

Tel.: +91-6281776979; Fax: +91-6281776979
 



International Journal of Engineering and Technology Innovation, vol. 11, no. 1, 2021, pp. 59-69 60 

as a replacement for synthetic fibers in geopolymer composites [13]. Moreover, it was observed that PP and sisal fibers, at the 

same content, provide a similar level of performance of residual strength [14]. Hence, sisal is considered a replacement for PP 

in this study. 

Although Mono-FRC shows excellent performance, the hybrid fiber reinforced concrete (HyFRC) gains momentum as 

the synergy between the fibers results in amplified performance. The addition of steel and PP fibers results in steel 

polypropylene fiber reinforced concrete (SPFRC). Low cost, high life cycle properties, and sustainable characteristics can be 

achieved through hybridization [15]. It was observed that HyFRC enhances tensile and flexural properties as compared to 

Mono-FRC mixes [16]. The enhanced axial strain to the tune of 484% was reported for the hybrid glass and sisal FRC. HyFRC 

consisting of synthetic and natural fibers performed on par with Carbon FRC in retrofitting [17]. A hybrid combination of sisal 

and glass fibers were found to be effective for the retrofitting of the reinforced concrete structures [17]. 

1.2.   Purpose of the study 

In the present work, sisal is used as natural fiber. Though sisal fibers have high tensile properties, it has low elongation. 

Hence, they are blended with steel fibers to overcome the drawback of low ductility. The performance of SFRC and SSFRC are 

analyzed and reported. The present work focuses on the understanding performance of SFRC and SSFRC to the water 

absorption character, permeability character, and aggressive environment. Additionally, the performance of SFRC is compared 

with that of PFRC. A comparative performance analysis of SFRC vis-à-vis SFRC, PFRC, SPFRC, and SSFRC is carried out. 

It was reported that steel fiber dosage of more than 3% caused a reduction in compressive strength [18]. Furthermore, a 

decrease in the compressive strength of SFRC was observed when the dosage of steel fiber was increased from 1% to 2% [19]. 

Hence, the maximum fiber dosage was limited to 2%. However, the optimum steel fiber content for SPFRC was reported to be 

between 1-1.5% [20]. Therefore, the author is curious to verify the engineering properties of FRC at the fiber content of 1.25% ; 

the fiber dosages of 0.50%, 1.00%, 1.25%, and 1.50% by volume of concrete are considered.  

1.3.   Limitations of previous research 

There is a need to encourage the development of sustainable, safe, and low-cost building construction materials to reduce 

the consumption of fast-depleting natural resources. Although many investigations have been conducted on the synergistic 

effect of hybrid fiber combinations, the limited findings have been reported on the durability of SFRC and hybrid fibers 

containing steel and sisal.  

2. Materials and Mix Process 

Table 1 The properties of used materials  

Material Property Test Result Limits of the Specifications 

Cement 

Cement Specific Gravity 3.05 - 

Normal Consistency 35.5% - 

Initial Setting Time 120 min Minimum 30 min. [21] 

Final Setting Time 250 min Maximum 600 min. [21] 

Fineness (m
2
/kg) (Specific surface) 290 Minimum 225 [21] 

Compressive Strength (MPa) 53.6 Minimum 43 [21] 

Coarse Aggregate 
Specific Gravity 2.67 - 

Water Absorption 1.07% 2.00% [22] 

Fine Aggregate 

Specific Gravity 2.55 - 

Water Absorption 1.03% 2.50% [23] 

Sieve Analysis Zone I - 

Fineness Modulus 2.76 - 

Superplasticizer Solid Content 30.77% - 
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Ordinary Portland cement of grade 43 conforming to the code IS:8112 (2013) [21] was used. As per Indian standard, the 

grade refers to the minimum compressive strength of cement in MPa after 28 days of curing. The locally available crushed 

stone confirmed to IS:383 (2002) [22] was used as coarse aggregate with a maximum size of 20 mm. Natural river sand 

confirmed to IS:383 (2002) [22] was used as a fine aggregate. A detailed sieve analysis revealed that the fine aggregate 

belonged to zone II based on the specifications outlined in IS:383 (2002) [22]. Naphthalene sulfonate based on superplasticizer 

(SP) confirmed to IS:9103 (2004) [23] was used for all mix proportions. SP dosage of 1% by the weight of cement was used 

throughout the experimental work to maintain the workability. Table 1 shows the properties of various materials used to make 

the concrete. 

      
(a) Steel fibres (b) PP fibres (c) Sisal fibres 

Fig. 1 Fibers used 

Hooked-end steel fibers of 30 mm length and 0.5 mm thickness, the monofilament PP fibers of 12 mm length, and 

manually extracted locally available sisal fibers of 12 mm length were used. Fig. 1 demonstrates the images of steel, PP, and 

sisal fibers used in the research. The basic properties of them are presented in Table 2. The fiber content of 0.50%, 1.00%, 

1.25%, and 1.50% by the volume of concrete were used. Concrete mix design for M30 is done based on guidelines given in 

IS:10262 (2009) [24]. The quantities of different ingredients per 1 m
3
 of the control mix are depicted in Table 3. Furthermore, 

the mix proportions used in this work are presented in Table 4. The mixing process adopted for FRC is depicted in Fig. 2. 

Table 2 Properties of fibers used 

Name of Property Steel PP Sisal 

Length (mm) 30 12 12 

Thickness (mm) 0.5 0.022 0.09 

Aspect Ratio 60 545 133 

Specific Gravity 7.8 0.9 1.4 

Modulus of Elasticity (GPa) 200 4 16 

Tensile Strength (MPa) 1050 400 560 
 

 
Fig. 2 Mix process 

Table 3 The details of the control mix 

Cement (kg) Fine aggregate (kg) Coarse aggregate (kg) W/C SP (%) 

354.88 617.83 1183.35 0.50 1.0 

Table 4 Mix proportions 

Mix 
Total fiber vol. 

(%) 

Steel vol. 

(%) 

PP 

vol. (%) 

Sisal vol. 

(%) 
Proportions of Steel + PP Proportions of Steel + Sisal 

PCC - - - - - - 

S050 0.50 0.50 - - - - 

S100 1.00 1.00 - - - - 
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Table 4 Mix proportions (continued) 

Mix 
Total fiber vol. 

(%) 

Steel vol. 

(%) 

PP 

vol. (%) 

Sisal vol. 

(%) 
Proportions of Steel + PP Proportions of Steel + Sisal 

S125 1.25 1.25 - - - - 

S150 1.50 1.50 - - - - 

P050 0.50 - 0.50 - - - 

P100 1.00 - 1.00 - - - 

P125 1.25 - 1.25 - - - 

P150 1.50 - 1.50 - - - 

Si050 0.50 - - 0.50 - - 

Si100 1.00 - - 1.00 - - 

Si125 1.25 - - 1.25 - - 

Si150 1.50 - - 1.50 - - 

SP050 0.50 - - - 0.4+0.1 - 

SP100 1.00 - - - 0.8+0.2 - 

SP125 1.25 - - - 1.0+0.25 - 

SP150 1.50 - - - 1.35+0.15 - 

SSi050 0.50 - - - - 0.4+0.1 

SSi100 1.00 - - - - 0.8+0.2 

SSi125 1.25 - - - - 1.125+0.125 

SSi150 1.50 - - - - 1.35+0.15 

3. Methodology 

3.1.   Water absorption 

The water absorption test was conducted on cylindrical specimens of size 100 mm x 50 mm after 28 days of curing as per 

ASTM: C642 (1997) [25]. Three test specimens were cast for each mix and tested for water absorption. After the curing period, 

these specimens were oven-dried for 24 hours at the temperature of 1100
0
 C, and the oven-dry weight of specimens was 

measured. 

The test specimens were immersed in water and measured the weight of the saturated surface dry specimens at an interval 

of 12 hours. This procedure was repeated for not less than 48 hours until the two successive readings were the same to ensure 

that the concrete specimens were absorbing more water. The percentage of water absorption was calculated from the weight of 

the oven-dry specimen and saturated surface dry specimen. Three specimens were used for each mix, and average values are 

reported. 

3.2.   Rapid chloride permeability test 

Rapid chloride permeability test (RCPT) gives a rapid indication of the resistance of concrete to chloride ion penetration. 

In other words, the test provides an insight into the electrical conductance of concrete samples. It is widely accepted that the 

durability of concrete is significantly affected by the property of the concrete to resist chloride ion penetration. The standard 

test method for the electrical indication of concretes ability to resist the ingression of chloride ion was conducted on the 

specimens as per ASTMC1202 (2007) [26].  

RCPT was conducted on cylindrical specimens after 28 days of curing. The specimens of size 100 mm x 50 mm were used 

to conduct this test. Three specimens were tested for each mix, and the average value was reported. RCPT set-up consists of a 

two-component cell assembly. This assembly was checked for air and watertight before starting the test. The anode 

compartment was filled with 0.3 NaOH solution, and the cathode compartment was filled with a 3% NaCl solution. A potential 

difference of 60V from DC power source was applied between cathode and anode for the concrete specimen. The current was 

monitored up to 6 hours at an interval of 30 minutes. Samples were removed from the cell after 6 hours, and the average 

permeability of the specimen in terms of Coulombs was calculated. 
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3.3.   Acid attack test 

The resistance against the external acid attack is evaluated for all concrete mixes as per ASTMC267 (2001) [27]. The 

cubes of size 150 x 150 x 150 mm were prepared and cured them for 28 days in water. The concrete specimens were then taken 

out of the tank and cleaned with a dry cloth; the initial weight was taken. The specimens were immersed in a 3% sulfuric acid 

solution for 28 days. The  weight, dimensions, and compressive strength of the specimen were recorded at the age of 28 days of 

immersion in an acid tank. Properties, such as a change in volume, mass loss, and change in compressive strength were 

evaluated. Three specimens were used for each mix, and average values were reported. 

4. Results and Discussion 

4.1.   Water absorption 

Water absorption test results of various mixes are shown in Fig. 3. The mix SP150 absorbs less water as compared to the 

control mix, and the mix Si150 absorbs a maximum water content of 3.34%. The increase in fiber content of SFRC results in a 

reduction in the water absorption considerably. For example, the fiber content of 0.50% of steel reduces the water absorption 

by 16.8% as compared to the control mix. However, this reduction in water absorption is increased by 39.7% as compared to 

the control mix when the fiber content is increased to 1.50%. The increased content of steel fibers results in a reduction of water 

absorption of SFRC mainly due to the less porous and well-compacted structure between steel fibers and cement matrix. The 

well-compacted interfacial zone has fewer pores and thereby, the SFRC shows lower water absorption with an increase in fiber 

content. Hence, the water absorption capacity of SFRC decreases with an increase in fiber content. These findings are in 

complete agreement with some reported findings [6]. 

 
Fig. 3 Water absorption of various mixes 

An increase in resistance to water absorption is observed with an increase in the content of PP. Water absorption in the 

range of 1.22-1.80% is observed for PFRC. The less permeable structure of PFRC is attributed to a decrease in water 

absorption. The presence of sisal showed an adverse effect on the water absorption of FRC for the fiber dosages of 1.25% and 

1.50%. However, SFRC demonstrates the performance close to PFRC at the volume fractions 0.50% and 1.00%. Increasing the 

content of sisal fibers amplifies the water absorption capacity of the cement composites at the content of 1.25% and 1.50%. The 

water absorption was found to be in the range of 1.69% to 3.34% for SFRC. The hydrophilic nature of sisal causes it to absorb 

more water. Additionally, the weak interfacial transition zone between the matrix and the sisal creates more pores. The water 

absorbed by the  SFRC is replaced with the pores in the cement composites. These two factors result in higher water absorption 

of  SFRC at the higher content. Therefore, the use of SFRC has a detrimental effect if the structure gets in contact with water. 

However, it requires further research to evaluate the performance of treated sisal fibers in durable cement composites.  
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SPFRC continues to dominate the performance of resisting the water absorption capacity of FRC. The water absorption 

for HyFRC ranged from 1.52% to 1.05% with an increase in total volume fractions. Mix SP150 showed the lowest water 

absorption of 1.05%, which is 44.4% less than that of the control mix. The improved performance of SPFRC is the result of the 

availability of different porous structures between the fiber and cement matrix, and varying lengths of pores due to different 

lengths of the fibers. In addition, the discontinuity of the pores makes it difficult for the water to penetrate to the core of the 

specimen [5]. 

SSFRC showed the water absorption of 1.67% and 1.79% for the volume content of 0.50% and 1.00% respectively. 

Although these mixes illustrates the water absorption less than that of the control mix, SSFRC with the total volume content of 

1.25% and 1.50% surpasses the water absorption of the control mix. The water absorption of SSFRC reaches as high as 2.47% 

at the volume content of 1.50%. This is mainly because of the availability of more number of sisal fibers at the higher fiber 

content. It is noticed that both the hybrid combinations (SPFRC and SSFRC) showed similar water absorption characteristics at 

a low volume of sisal (0.5%) due to the high content of steel fibers. Nevertheless, the gap in their performance widens with an 

increase in total volume fractions,  owing to the demerits of sisal. Though the synergy between steel and sisal is reported in 

mechanical properties of SSFRC, similar synergy is not evident for water absorption capacity of SSFRC [2]. 

4.2.   Rapid chloride permeability test 

The graphical representation of the test results for various mix proportions is depicted in Fig. 4. It is obvious that an 

increase in the fiber content improves the resistance to penetration of chloride ions into the core of SFRC and HyFRC. On the 

contrary, the presence of the fibers showed a deleterious effect for PFRC and SFRC. RCPT ratings as given by ASTMC1202 

(2007) [26] are presented in Table 5. 

 
Fig. 4 Average permeability of various mixes 

An increase in fiber content of steel illustrates more resistance to the penetration of chloride ions as represented in Fig. 4. 

The lowest permeability of 2396 Coulombs is noticed for the mix SP150. This lowest permeability is attributed to the dense 

microstructure of SFRC [5]. The permeability for SFRC was found to be in the range of 2464to2405 Coulombs. 

Table 5 RCPT Ratings [27] 

S. No. The charge passed (Coulombs) Chloride ion permeability 

1 >4000 High 

2 2000-4000 Moderate 

3 1000-2000 Low 

4 100-1000 Very low 

5 <100 Negligible 

All PFRC mix proportions showed less permeability as compared to the non-fibrous mix. Nonetheless , the present 

findings are not in line with some published reports [28]. SFRC demonstrates an increase in permeability with an increase in 

fiber content. The permeability in the range of 2482 to 2532 Coulombs is observed for SFRC. The increased permeability of 

SFRC with an increase in volume content is mainly attributed to the porous structure of the fiber itself and relatively weak 

interface between the fiber and cement matrix [12].  
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An increase in the content of sisal in SSFRC resultes in lower permeability. The average permeability of SSFRC 

decreases steadily from 2478 to 2438 Coulombs with an increase in volume content from 0.50% to 1.50%. The relatively lower 

content of sisal and synergy between the steel and sisal has contributed to less permeability of SSFRC with an increase in fiber 

content. Although SPFRC and SSFRC show the distinctive performance at the volume fraction of 0.50% and 1.50%, they 

showed a similar performance at the volume content of 1.00% and 1.25%. In contrast, PFRC, SFRC, and SSFRC present 

similar performance at a low volume fraction of 0.50%. These three FRC mixed proportions perform differently with an 

increase in volume content beyond 0.50%. It can be observed that PFRC and SSFRC (with the total sisal content of 10% to 

20%) demonstrates similar performance until a fiber content of 1.00%. The presence of sisal alone causes more permeability in 

fibrous composites, and it is more so at higher volume content. However, SSFRC results in lower permeability due to the 

presence of higher content of steel fibers. Therefore, the use of sisal fibers in cement composites is not advantageous. 

4.3.   Acid attack test 

The integrity of the specimen after subjected to the aggressive environment is measured in terms of the change in volume 

of the specimen. The experimental investigation reveals that the non-fibrous mix reduces its volume by 4.6%. Observed from 

Fig. 5, the lowest change in volume is recorded for the mix SP150, and the most vulnerable mix to the aggressive environment 

is Si150. The image of a specimen under compressive loading and subjected to an acid attack is depicted in Fig. 6. 

 
Fig. 5 Change in volume of various mixes 

The fiber dosages of 0.50%, 1.00%, 1.25%, and 1.50% of steel resulted the reduction in volume of 3.95%, 3.30%, 2.64%, 

and 1.99% respectively. Although steel fibers are susceptible to an aggressive acidic environment, an increase in volume 

content of steel improves the resistance to the volume change of SFRC. The well-compacted and less porous interface might 

have restricted the ingression of acid into the center of the specimen and thereby protecting the loss of steel fibers lying deep 

inside the specimen.  

 
Fig. 6 A close-view of the specimen after acid attack 

Furthermore, an increase in the content of PP also improve the resistance to change in the volume of PFRC after subjected 

to an aggressive acidic environment. However, at the low volume fraction of PP (0.50%), PFRC doesn’t show any 

improvement in resisting the volume change, and the response is the same as that of a non-fibrous mix. Nonetheless, the 
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resistance to volume change is observed with an increase in the content of PP fibers. A relatively weak interfacial zone at the 

out surface of the specimen allows the ingression of corrosive substances into the specimen. Nevertheless, the discontinuous 

paths which are developed due to the presence of PP fibers might have restricted the effect of aggressive environment deep 

inside the specimen.  

SFRC illustrates different performance as compared to SFRC and PFRC in resisting volume change under an aggressive 

environment. An increase in the content of sisal  rise the loss of volume of SFRC. However, at a low volume fraction of 0.50%, 

SFRC performs better than PCC. In total, a reduction in the volume of SFRC is found to be in the range of 3.3to 6.5%. 

SPFRC continues to excel in retaining the volume of concrete in the acidic environment. The lowest volume reduction of 

1.3% is observed for the mix SP150. Moreover, all mix proportions of SPFRC shows superior performance for all total fiber 

content. On the other hand, SSFRC presents the performance similar to SFRC for all fiber dosages except for 0.50%. This may 

be due to the small content of sisal in the SSFRC specimens. However, the presence of more steel fibers brings the performance 

at par with that of SFRC. It is evident from the results that the addition of sisal fibers makes the specimen susceptible to an 

aggressive environment. SFRC loses more volume as compared to SSFRC at the same volume content. Therefore, the presence 

of sisal alone in concrete composites is detrimental in retaining the volume of the concrete. 

Fig. 7 depicts the performance of all mix proportions in resisting mass loss in an aggressive environment. Almost all mix 

proportions shows the same level of performance at a low volume because the fiber effect is negligible when content is 0.50%. 

However, more gap in performance is observed as the volume content is increased. The volume change reflects a similar 

change in mass. The rate of volume change does not proportionately influence the change in mass. 

SFRC shows a mass loss in the range of 1.57%to 1.01%. An increase in fiber content of SFRC reduces the mass loss. The 

dense interfacial zone and availability of more number of steel at higher fiber content are the reasons for reduced mass loss of 

SFRC. Nonethless, nearly the same mass loss of SFRC and control mix is observed at the volume content of 0.50%. PFRC also 

shows the performance similar to that of SFRC at all fiber dosages. The lowest mass loss of 1.14% is observed at a volume 

content of 1.50%. The availability of more number of PP fibers at higher fiber content is the primary reason for PFRC to retain 

its mass in an aggressive environment. The vulnerability of sisal in cement composites is observed in an aggressive 

environment as well. SFRC loses as high as 2.69% mass at the volume content of 1.50%. The biodegradability of sisal in an 

acidic environment is the primary reason for high mass loss.  

 
Fig. 7 Mass loss of various mixes 

It is evident from the test results that the HyFRC outperforms Mono-FRC at all dosages. SPFRC shows superior 

performance among all mix proportions including SSFRC in retaining the mass. An increase in total volume fractions 

improves the resistance to mass loss, and minimum mass loss of 0.48% is observed for the mix SP150. This superior 

performance of SPFRC is mainly attributed to the dense interfacial zone between the steel and cement matrix, and synergy 

between the fibers. However, SSFRC reduces the mass loss considerably. The week interfacial bonding between the sisal 

fibers and cement matrix, and biodegradability of sisal results in higher mass loss of SSFRC as compared to SPFRC. Although 
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SPFRC shows less mass loss even at the volume content of 0.50%, all other mix proportions present similar performance at the 

volume content of 0.50%. The mix proportions of PFRC, SFRC, and SSFRC demonstrates a more or less similar response at 

different dosages. However, the poor performance of SFRC in resisting mass loss continues with an increase in fiber content. 

The compressive strength of various mix proportions before and after acid attack test at 28 days is presented in Table 6. 

Additionally, a change in compressive strength is reported. 

Table 6 Compressive strength loss of mixes after 28 days 

Mix  
Compressive strength 

before acid attack (N/mm
2
) 

Compressive strength after 

the acid attack (N/mm
2
) 

Change in Compressive 

strength (%) 

PCC 40.62 31.56 -22.3 

S050 42.13 35.12 -16.6 

S100 43.71 38.32 -12.3 

S125 44.35 39.68 -10.5 

S150 45.07 40.89 -9.3 

P050 40.78 33.04 -19.0 

P100 41.87 35.31 -15.7 

P125 42.21 36.82 -12.8 

P150 42.62 38.19 -10.4 

Si050 40.76 32.61 -20.0 

Si100 41.68 33.86 -18.8 

Si125 42.49 34.91 -17.8 

Si150 42.96 35.68 -16.9 

SP050 42.32 38.42 -9.2 

SP100 43.91 41.21 -6.1 

SP125 45.12 42.90 -4.9 

SP150 45.08 43.29 -4.0 

SSi050 42.37 35.81 -15.5 

SSi100 44.06 39.41 -10.6 

SSi125 45.16 41.43 -8.3 

SSi150 44.86 42.28 -5.8 
 

 
Fig. 8 Compressive strength loss of mixes at 28 days 

Fig. 8 depicts the comparative performance of all mix proportions in resisting compressive strength. It can be observed 

that even at low volume fraction, each mix proportion shows the performance at different levels. The lowest and highest 

resistance to the loss in compressive strength is observed for SPFRC and SFRC respectively. Although PFRC and SFRC 

illustrate close performance at low volume fractions, SFRC continues to be vulnerable to compressive strength loss in the 

acidic environment at higher fiber dosages. 

5. Conclusions  

Though SFRC and PFRC reduced the water absorption, SFRC exhibited higher water absorption capacity with an 

increase in fiber content. At a fiber content of 1.50%, the water absorption increased by 76% as compared to the control mix. 

The water absorption capacity of SSFRC increased by about 30% for the total fiber content of 1.50%, where the sisal is only 
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0.2%, which is negligible. The permeability of SFRC increased by 1.69% at fiber content of 1.50%. Higher content of sisal 

resulted in higher permeability. In contrast, SFRC, PFRC, and SPFRC showed less permeability. SSFRC presented higher 

permeability with an increase in sisal content. An increase of 2.09% in permeability was noticed at total sisal content of 0.2%. 

An increase in fiber content resulted in less loss in volume for SFRC, PFRC, and SPFRC. Highest volume loss of 6.52% 

was observed for SFRC at a total volume content of 1.50%. An increase in sisal content resulted in higher volume loss for 

SFRC. SFRC retained the volume with an increase in fiber content. A volume loss of 1.99% was observed at total sisal content 

of 0.2%. SFRC was susceptible to mass loss. A mass loss of 2.69% was noticed for SFRC at a fiber content of 1.50%. However, 

SFRC, PFRC, and SPFRC are found to be effective in retaining mass of FRC. An increase in sisal content in SSFRC did not 

show an adverse effect on mass loss as the total fiber content was only 0.2%. SFRC illustrated only a compressive strength loss 

of 16.94% as compared to 22.3% of control mix even at a fiber dosage of 1.50%. SFRC, PFRC, and SPFRC retained 

compressive strength better as compared to SFRC. SSFRC lost only 5.75% of compressive strength at a total volume fraction 

of 1.50%, where the sisal was only 0.2%, which is negligible. 

It is safe to conclude that sisal in concrete as mono-FRC or HyFRC at any fiber content turned out to be not advantageous. 

Hence, the use of untreated sisal is not recommended for durable cement composites in any way and at any content. The 

treatment of sisal fibers can protect them from biodegradability and help contribute to enhanced engineering properties of FRC. 

This research work can be extended to evaluate engineering properties of SFRC and SSFRC using chemically treated sisal 

fibers. 
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