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Abstract  The utilization of sustainable materials in 

concrete production has attained attention recently. The 

effect of altering jute fiber content on the workability, 

compressive, and splitting-tensile strength of concrete 

prepared using stone chips as coarse aggregate is 

investigated in this study. In this experimental study, 

different concrete mixtures were prepared with 25-mm jute 

fibers in selected proportions (0%, 0.4%, 0.8%, and 1.2% 

by weight of cement). To determine the workability of the 

concrete, thorough assessments were performed. 

Additionally, the jute fiber content was systematically 

added to identify the optimum proportion for enhancing the 

mechanical performance (compressive and splitting-tensile 

strength) of the concrete while maintaining moderate 

workability. Workability in terms of slump values falls as 

fiber content increases. The findings show that 

incorporating jute fibers into concrete improves its 

compressive and split-tensile strength significantly. For 

both tests, the optimum fiber content was found to be 0.4%. 

These improvements are attributed to the reinforcing and 

bridging effects of the jute fibers within the concrete matrix. 

However, for higher fiber content (1.2%), the concrete-mix 

becomes less workable, resulting in improper fiber 

distribution, difficulty in compaction, and higher voids in 

the concrete. As a result, fiber aggregation occurs, and 

compressive and split tensile strength decreases. 

Keywords  Jute Fiber, Fiber-Reinforced Concrete, 

Slump, Compressive Strength, Splitting Tensile Strength 

1. Introduction

The availability of constituent materials, higher 

durability, better compressive strength, impressive 

versatility, and cost-effectiveness have made concrete the 

most utilized construction material in the world [1]. While 

concrete is the most widely used construction material, 

concerns persist in the construction industry due to its 

weaknesses in tension, ductility, fatigue, toughness, impact, 

and crack resistance [2, 3]. Natural fibers have the ability to 

eliminate certain weaknesses in concrete and are 

abundantly found in nature [4]. Natural fibers, when 

incorporated in concrete, improve the mechanical and 

durability performance of concrete and erase the 

limitations of plain concrete to a great extent [5-9]. 

Brittleness is a major concern for plain concrete, and this 

can be effectively overcome by reinforcing it with natural 

fibers [10, 11]. Fiber reinforcement strengthens the weak 

matrices of concrete, and the bridging effect of fibers 

reduces the crack propagation significantly [12, 13]. 

Microfibers, with increased surface area, have the ability to 

minimize the plastic shrinkage cracking of concrete [14]. 

Natural fibers contribute to mitigating the emission of CO2 
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into the atmosphere making it more environmentally 

sustainable [15-17]. Furthermore, natural fibers, sourced 

from renewable resources like plants, possess the benefit of 

requiring less energy during their extraction process [18]. 

Among various natural fibers, jute fibers stand out as 

highly promising materials for concrete composites due to 

their widespread commercial availability and affordability 

[19, 20]. Properties such as biodegradability, high tensile 

strength, low cost, low density, sustainability, and 

non-toxicity have made jute fiber a better natural fiber than 

others [21, 22]. Jute is a rapidly growing herbaceous shrub 

that belongs to the Malvaceae family, specifically 

classified under the genus Corchorus [23]. The primary 

constituents of jute fibers are cellulose (45-65%) and lignin 

(21-26%) [24]. Studies indicate that jute fibers, weighing 

roughly seven times less than steel fibers, exhibit a tensile 

strength in the range of 250 to 300 MPa, making them 

suitable for a diverse range of applications [25, 26]. 

Several researchers have reported a significant decrease 

in the workability of concrete due to the addition of 

untreated jute fibers. Jute fiber reinforced concrete (JFRC) 

shows lower slump value than plain concrete due to high 

water absorption capacity and confinement effect of fibers 

[27, 28]. It is observed that specific quantity of jute fibers 

and length yields the maximum mechanical performance of 

JFRC [20]. But optimum quantity and length of jute fibers 

varied for different researchers as properties and 

proportions of constituent’s materials of concrete also 

varied. Faiq [29] reported that the highest splitting tensile 

strength was observed with 1% fiber content, surpassing 

the values for 0.5% and 1.5%, across both 2 cm and 4 cm 

fiber lengths. Sultana et al. [30] found that the highest 

compressive strength and splitting tensile strength were 

achieved when incorporating a volume content of 0.2% of 

jute fiber. Islam and Ahmad [31] incorporated jute fibers in 

concrete at varying percentages (0.25%, 0.5%, 0.75%, and 

1%), and determined that the optimal fiber content for 

enhanced performance was 0.5%. Dayananda et al. [32] 

achieved enhanced compressive strength up to a fiber 

content of 1.4%, while Zhang et al. [33] reported an 

increased attainment of both compressive and splitting 

tensile strength for concrete with jute fiber content up to 

3%. Zakaria et al. [20] carried out an investigation utilizing 

jute fibers measuring lengths of 10 mm, 15 mm, 20 mm, 

and 25 mm, along with volume dosages ranging from 0% 

to 0.75%. Their study revealed a notable enhancement in 

both strength when the volume contents of 0.1% and   

0.25% were employed in conjunction with fiber lengths of 

10 mm and 15 mm. The findings indicated a maximum 

tensile strength increase of 35% for JFRC compared to 

plain concrete. Asaduzzaman and Islam [34] examined the 

fresh and hardened properties of JFRC, incorporating fiber 

contents of 0.1%, 0.2%, 0.3%, and 0.4%, along with cut 

lengths of 20 mm and 25 mm. They observed a maximum  

7% increase in compressive strength at low fiber content 

and a maximum 25% increase in tensile strength when the 

fiber content was 0.4%. Aziz et al. [35] pointed out that the 

properties of concrete, whether in its fresh or hardened 

state, are influenced by factors such as the types, shapes, 

forms, and surface textures of the fibers integrated into the 

concrete mixture. However, it is underscored that the most 

significant impact is attributed to the characteristics of the 

fibers, specifically their type, length, and volume 

concentration [5]. Additionally, the mechanical properties 

of the fibers, encompassing aspects like elongation at 

breakage, tensile strength, modulus of elasticity, and 

moisture absorption capacity, are identified as playing a 

pivotal role in governing the concrete's properties [36]. 

This study aims to expand on prior research by 

investigating how changes in fiber content affect the 

mechanical performance of jute fiber-reinforced concrete. 

The main objective is to identify the optimal fiber content 

for concrete using natural stone as coarse aggregates. This 

involves a comprehensive evaluation of both the fresh and 

hardened properties of the concrete. The outcomes of this 

research are anticipated to provide guidance for selecting 

the ideal jute fiber percentage for concrete with 

comparable mix ratios and aggregate properties. 

2. Materials and Methods 

2.1. Materials 

All the materials used for this study are shown in Figure 

1. Portland composite cement (PCC) (CEM-II/A-M) was 

used as a binder, with a strength class of 42.5 N, a setting 

time of 165 minutes, and an early (3 days) strength of 20.3 

MPa. It contains 80-94% clinker, 6-20% slag, 0-5% 

limestone, and 0-5% gypsum. Black crushed stone chips 

(maximum size 19 mm) were utilized as coarse aggregate, 

whereas coarse river sand (maximum size 4.75 mm) was 

used as fine aggregate. Table 1 shows physical properties, 

and Figure 2 depicts the particle size distribution of 

aggregates. Furthermore, jute fibers (Figure 1d) were 

collected from local sources, cleaned with water, and cut 

into 25 mm sizes before drying. 
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(a)                        (b)                         (c)                          (d) 

Figure 1.  Materials used in the study: (a) cement, (b) coarse aggregates (stone chips), (c) Fine aggregates and (d) 25 mm jute fibers 

Table 1.  Physical properties of aggregates (coarse and fine) 

Physical Properties Fine Aggregate Coarse Aggregate 

Unit Weight (Kg/m3) 1556.00 1695.00 

Bulk Specific Gravity (OD) 2.14 2.77 

Bulk Specific Gravity (SSD) 2.32 2.80 

Apparent Specific Gravity 2.60 2.85 

Absorption Capacity (%) 8.10 0.96 

Voids (%) 27.14 38.75 

Fineness Modulus 3.10 7.00 

 

Figure 2.  Grain size distribution of coarse and fine aggregates 

2.2. Mix Proportions 

The mix design was performed according to ACI 211.1 

[37] for a target compressive strength of concrete of 20 

MPa, and the material proportions are shown in Table 2. 

Tap water was used for the concrete mix with a 

water-to-cement ratio of 0.5. A total of five types of 

mixtures were prepared, containing jute fibers at 0%, 0.4%, 

0.8%, and 1.2% by weight of cement. For the compaction 

of concrete, a mechanical vibrator was used. A total of 24 

cylindrical samples, each measuring Ø100 mm × 200 mm, 

were prepared for performing compressive and splitting 

tensile strength tests. 

2.3. Methods for Testing Fresh and Hardened 

Properties of Concrete 

With the provisions of ASTM C143/143M [38], the 

slump test was conducted to determine the workability of 

concrete using a slump cone (Figure 3). Triplicate 

specimens were prepared for both compressive strength 

ASTM C39/C39M [39] and splitting tensile strength tests 

ASTM C496/C496M [40], and all samples were cured with 

water for 28 days before conducting the tests. 
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Table 2.  Mix proportion of concrete for 20 MPa target strength 

Mix No Mixing Type Fiber length (mm) Jute Fiber (%) 
Mix Proportion (Kg/m3) 

Water Cement Stone chips [SSD] Sand [SSD] Jute Fiber 

1 Control - - 249.17 498.34 1230.90 1166.12 - 

2 JFRC 1 25 0.4 248.85 497.69 1229.30 1164.60 2.0 

3 JFRC 2 25 0.8 248.50 497.00 1227.58 1162.97 4.0 

4 JFRC 3 25 1.2 248.17 496.35 1225.98 1161.45 6.0 

     

(a)                                 (b)                                 (c) 

Figure 3.  Tests on concrete: (a) slump, (b) compressive strength and (c) splitting tensile strength tests 

3. Result and Analysis 

3.1. Influence of Jute Fiber on Workability of Concrete 

Slump is reduced when jute fibers are added, as shown 

in Figure 4. When jute fiber is added to the concrete matrix, 

the non-uniform distribution of fibers due to agglomeration, 

water absorption from the mixture, and the hydrophilic 

nature of jute fiber, causes this decrement in workability 

[41]. When 0.4% jute fiber was incorporated to the 

concrete, workability decreased by 31%. Adding 0.8% jute 

fiber resulted in a 52.5% reduction in slump (Figure 4). The 

addition of 1.2% jute fiber led to a nearly 69% decrease in 

workability, as measured by the slump value in the 

concrete mix. Reduced workability makes it challenging to 

ensure proper fiber dispersion within the matrix and 

achieve effective compaction of the concrete. A 

comparison of the workability reduction trend found in this 

study and other available studies in the literature is shown 

in Figure 5. There are large variations in the trend of 

workability reduction which might be attributed to the 

variation of water absorption capacity of the utilized jute 

fibers by different researchers. For instance, the inclusion 

of 1.2% jute fiber decreased workability (i.e., slump value) 

by 69% in this study. In contrast, Tiwari et al. [41] reported 

a workability reduction of 20-28% (as shown in Figure 5) 

when using 1.2% jute fibers with lengths of 25-50 mm in 

concrete for M25-M40 mixes. Furthermore, Islam and 

Ahmad [31] reported a 100% loss of workability when 1% 

of 20 mm jute fibers was added to the concrete mix (Figure 

5). 

 

Figure 4.  Comparison of workability of concrete (slump) for various 

jute fiber content 

3.2. Influence of Jute Fiber Content on Compressive 

Strength 

The compressive strength of concrete increased with the 

rise in jute fiber content, up to 0.4% fiber content,- for 

concrete specimens containing stone chips as coarse 

aggregates (ref. to Figure 6a). This increment is attributed 

to the function of fibers, which bridge the micropores and 

also fill concrete voids [41]. Figure 7(a-d) shows the failure 

patterns of all the tested specimens including the bridging 

effect of fibers under compressive loads. The optimal 
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content of jute fiber is observed at 0.4%, indicating nearly a 

28% strength increment compared to the control concrete 

specimens concerning compressive strength. From the 

failure pattern of concrete specimens (refer to Figure 7b) 

containing 0.4% fiber, it can be observed that the fibers 

resisted crack development, requiring additional strength 

to cause the collapse of the specimens. However, the 

addition of jute fiber over this percentage resulted in a loss 

in compressive strength. When 1.2% jute fibers were added 

to the concrete, the compressive strength decreased to 19.5 

MPa, which is lower than the control concrete. The 

presence of fibers up to a specific amount aids in the more 

effective control of fracture development and propagation, 

resulting in an improvement in compressive strength [42]. 

Again, an increase in fiber content beyond the optimum 

percentages in the mixture results in higher porosity in the 

matrix due to poor compaction and less workable concrete, 

leading to obstruction in the cohesion of the concrete 

matrix. This obstruction results in the balling effect and 

reduces the compressive strength [20, 42, 43]. With a 1.2% 

addition of jute fibers into the concrete mix, lower 

workability was observed (Figure 5), which led to fiber 

aggregation, as depicted in Figure 7d. This aggregation 

resulted in more air voids in the concrete mix, contributing 

to a decreased compressive strength, as reported in 

previous studies on fiber-reinforced concrete [44, 45]. 

 

Figure 5.  Comparison of normalized slump of concrete for the current study and study contacted by Islam & Ahmed for different percentages of 20 

mm jute fiber 

   

(a)                                                           (b) 

Figure 6.  (a) Effect of jute fiber content on compressive strength of concrete and (b) Comparison of experimental value of compressive strength with 

the predicted values by Sultana et al. 
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(a) Control specimen                     (b) JFRC 1 (0.4% fiber) 

   

(c) JFRC 2 (0.8% fiber)                      (d) JFRC 3 (1.2% fiber) 

Figure 7.  Failure pattern of all types of concrete samples 

The experimentally found compressive strengths of the 

specimens are compared, as shown in Figure 6b, with a 

prediction model proposed by Sultana et al. [30]. The 

prediction model by Sultana et al. [30] has been proposed 

using soft computing approaches where water-to-cement 

ratio, fiber length, and fiber volume are considered as 

different variables to predict compressive strength. From 

the comparison, it can be observed that the addition of jute 

fiber content tends to decrease compressive strength. 

However, for 0.4% jute fiber content, the predicted value 

appears similar to the experimental value from this study 

(Figure 6b). Beyond a 0.4% addition, the decrement rate is 

higher in the experimental case than the predicted one. 

Meanwhile, the normalized compressive strengths (fc/fc0) 

of concrete with the jute fiber content from previous 

studies and this study are compared and shown in Figure 8, 

where fc and fc0 are compressive strengths with a specific 

jute fiber content, and without any jute fiber, respectively. 

Most studies show an increment in normalized 

compressive strength compared to the control concrete up 

to a certain amount of jute fiber added and a decreasing 

trend after reaching the optimum value of jute fiber content 

[31, 41, 46, 47]. However, Faiq [29] reported a gradual 

decrement in normalized compressive strength with the 

addition of jute fibers. 

3.3. Effect of Jute Fiber Content on Splitting Tensile 

Strength 

A similar pattern is observed in the case of splitting 

tensile strength, where the addition of jute fibers into the 

concrete mix increased the splitting tensile strength (Figure 

9) up to a certain fiber content i.e., 0.4%. Specifically, 

when 0.4% and 0.8% jute fibers were added to the concrete 

mix, an increment of 30% and 27% in splitting tensile 

strength was observed, respectively. However, with a 1.2% 

addition of jute fiber, only a 7% increment was observed. 

Jute fibers help to improve the brittle behavior of concrete, 

thereby increasing the splitting tensile strength [41]. 

Furthermore, the suitability of physical and chemical 

connections (i.e., bonds) between the jute fibers and the 

concrete matrix allows them to prevent the spreading of 

microcracks, which is another factor contributing to the 

strength increment. On the other hand, concrete with a 

higher percentage of jute fiber tends to exhibit a balling 

effect or fiber aggregation and improper bonding, as 

discussed in the previous section, leading also to a 

reduction in splitting tensile strength. Similarly, a higher 

percentage of fiber reinforcement contributes to a decrease 

in splitting tensile strength during cracking due to the 

smaller density of concrete [42]. 
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Figure 8.  Comparison of normalized compressive strength (fc/fc0) of concrete with other studies containing 20 mm jute fiber 

   

(a)                                                                        (b) 

Figure 9.  Effect of jute fiber content on splitting tensile strength of concrete and (b) Comparison of experimental value of splitting tensile strength with 

the predicted values by Sultana et al. 

The experimentally determined splitting tensile 

strengths of the specimens, shown in Figure 9b, are 

compared with a prediction model proposed by Sultana et 

al. [30]. Referring to the prediction equation proposed by 

Sultana et al. [30] using soft computing approaches, it is 

evident that the addition of jute fiber content has a minimal 

effect on the increment of splitting tensile strength. 

Nevertheless, the predicted values closely align with the 

experimentally observed values for 0.4% and 0.8% jute 

fibers, as illustrated in Figure 9b. Meanwhile, the 

normalized splitting tensile strength of concrete with jute 

fiber content from previous studies and this study is 

compared and shown in Figure 10. Normalized splitting 

tensile strength refers to the ratio of the splitting tensile 

strength of concrete with a specific jute fiber content to that 

without any jute fiber. Most of the previous studies [29, 31, 

41, 46, 47] that incorporated 20-25 mm length of jute fibers 

into concrete concluded that the inclusion of jute fibers 

increases the splitting tensile strength up to a certain fiber 

content; however, there are some exceptions. The optimum 

percentage of jute fibers varies between 0.3% and 1%, as 

seen in Figure 10. Some inconsistencies are found in the 

optimum jute fiber content due to different mix designs, 

mixing and compaction processes, the use of admixtures, 

types of coarse aggregates, and curing. 
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Figure 10.  Comparison of normalized splitting tensile strength (ft/ft0) of concrete with other studies containing 20 mm jute fiber 

4. Conclusions and Recommendations 

The optimal content of jute fibers is crucial for achieving 

a balance between enhancing mechanical properties and 

maintaining workability in concrete. The study 

underscores the importance of carefully determining fiber 

content in concrete mixtures to attain desired performance 

characteristics. Based on the experimental analysis, the 

following findings can be addressed. 

 The introduction of jute fibers led to a noticeable 

reduction in workability, evident in decreased slump 

values (i.e., 31 ~ 70% reduction with 0.1~1.2% JF 

content). This decline is attributed to challenges in 

achieving uniform fiber distribution due to 

agglomeration and water absorption, a characteristic 

of the hydrophilic nature of jute fiber. As workability 

decreased, difficulties arose in ensuring proper fiber 

dispersion and concrete compaction, aligning with 

findings from previous studies. 

 The compressive strength of concrete exhibited an 

increase with an increase in jute fiber content up to an 

optimal level of 0.4%, resulting in a remarkable 

strength increment compared to control concrete. The 

fibers played a role in bridging micropores and filling 

voids. However, beyond this optimal percentage, 

compressive strength experienced a decline, reaching 

a lower level at a 1.2% fiber addition. This decrease 

beyond the optimum was attributed to higher porosity 

resulting from poor compaction, decreased 

workability, and fiber aggregation, consistent with 

observations in previous studies on fiber-reinforced 

concrete. 

 The inclusion of jute fibers demonstrated an 

enhancement in splitting tensile strength up to 0.4% 

fiber content. Incremental additions of 0.4% and   

0.8% jute fiber- resulted in remarkable increases, 

whereas a 1.2% addition led to a comparatively 

smaller increase. The improved splitting tensile 

strength is linked to the suppressed brittle behavior in 

concrete and the prevention of microcrack spreading 

through physical and chemical connections between 

jute fibers and the matrix. Conversely, higher fiber 

percentages caused issues such as a balling effect, 

fiber aggregation, and improper bonding, 

contributing to reduced splitting tensile strength. 

This study marks the authors' initial exploration into the 

effects of untreated jute fiber content. As a natural material, 

jute fiber has low bonding strength to concrete due to 

smooth surfaces. Therefore, chemical treatment is 

necessary to achieve greater surface roughness which 

would be a scope of future work. In addition, durability test, 

sulphate resistance test, freeze-thaw test, scanning electron 

microscopy (SEM) can be conducted in further researches 

to get a comprehensive idea about the performance of jute 

fiber reinforced concrete. The authors are considering 

conducting further research to enhance the fresh properties 

of jute-fiber-reinforced concrete by incorporating 

admixtures. This is particularly crucial as higher amounts 

of jute fiber negatively impact concrete workability. 

Admixtures can be employed to maintain medium to high 

workability levels. Additionally, this study employs 25 mm 

jute fibers, but there is a need to investigate jute fibers with 

varying aspect ratios, ranging from low to high, and their 

impact on concrete. Furthermore, it is recommended to 

examine the effect of jute fibers on concrete containing 

different types of coarse aggregates, including brick chips. 
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