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Graphical abstract 
 

 

Abstract 
 

Concrete is a mixture made up of a proportional mixture of water, aggregate (sand or gravel), 
cement, and admixtures to impart advantageous properties. Despite its high compressive 
strength, concrete is fragile; compared to its compressive strength, its tensile strength is only 
about 10%, and it also has a low resistance to cracking, which restricts its application. Fiber-
reinforced concrete, which combines concrete with fibrous material to solve these 
limitations, is a solution. Fiber-reinforced concrete (FRC) has emerged as a new sustainable 
material for a varied range of applications, including building pavements, huge industrial 
building floors, and runways. Natural fibers are used in contemporary technologies (jute 
fiber) and this study explores the use of non-metallic fibers (jute fiber) in concrete. The 
purpose of this article is to analyze the strength properties of non-metallic fibers in concrete 
and compare them to standard plain concrete specimens. When Jutes fiber is added to 
concrete, the compressive strength increases to a certain limit, increasing fiber content. In 
this study, chopped jute fibers were utilized to create an FRC material to see whether the 28-
day strength could be improved. Mixing and casting issues were created by fiber clumping at 
high fiber concentrations. In this experiment, 10 mm and 15 mm long jute samples (0.1%, 

0.2%, and 0.3%) of volumetric weight are mixed with concrete. The mix design followed the 
American Concrete Institute's recommendations (ACI, 211.1-91). The ratio of water to 
cement was 0.4. Compressive strength of the concrete decreases, also resulting in poor 
workability. When compared to ordinary concrete, the compressive strength of 28 days was 
improved by 64.34%, and the optimal content of jute was determined to be 0.1%. The 
compressive and tensile strength of the fiber was also affected by its length. The ductile 
behavior of the FRC improves as the fiber content increases. In this investigation, it was also 
discovered that the modulus of elasticity of FRC was increased when compared to ordinary 
concrete 
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1.0  INTRODUCTION 
 
It has been a technological challenge in both developing and 
industrialized countries to build low-cost, long-lasting fiber 
reinforced cement concrete. Steel, carbon, plastics, glass, and 
natural fibers are among the fibers now in use. Natural fibers 

have the tendency being used as reinforcement to counteract 
the inherent shortage of cementitious materials. Concrete is a 
composite material made by allowing a precisely proportioned 
combination of cement, sand and, gravel or other aggregates, 
and water to solidify into the required shape and size. The 
components are combined until cement paste forms, covering 
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the majority of the spaces in the aggregates and resulting in 
dense, homogeneous concrete. Portland cement concrete has a 
unique set of properties. Plain unreinforced concrete has a 
limited strain capacity and is fragile. Micro concrete has always 
been critical from a civil engineering standpoint, and there has 
been a continual push to improve micro concrete's 
performance. The lack of ductility is the most significant 
restriction of this concrete, and enhancing this element of 
concrete is a top priority for Civil engineers. Concrete is fragile, 
strong in compression, but low tensile strength. A large number 
of researches are being carried out to improve ductility in 
concrete by introducing several kinds of fibers (jute fiber, fiber 
polymer, steel fiber, glass fiber, and so on) into concrete. Due to 
its enhanced ductility and lower brittleness, concrete reinforced 
with these fibers, also known as FRC (Fiber Reinforced 
Concrete), is considered to be one of the most promising 
building materials. Natural fibers also modify the nature of the 
shattered fiber-matrix composite, improving its toughness. 
Fiber-reinforced concrete (FRC) may be characterized as a 
composite material consisting of Portland cement, aggregate, 
and discrete interruptive fibers (ACI 544.4R-88, 1999). To 
strengthen concrete, two kinds of fibers are often used (natural 
fibers and man-made or artificial fibers). The fibers' main 
contribution is to improve the concrete's toughness. As seen in 
Figure 1, introducing fibers to concrete significantly improves its 
durability. When the maximum strength of concrete is 
exceeded, it collapses abruptly. In contrast, fiber-reinforced 
concrete can resist considerable loads even at deflections much 
above the rupture deflection of ordinary concrete. Fiber-
reinforced concrete can withstand far more weight or strain 
than ordinary concrete. 
 

 
Figure 1. Typical stress-strain curves for FRC (El-Ashkar et al, 
2006). 
 
This demonstrates how far we've come; the use of fibers as 
reinforcement is not a novel concept. Fibers have been used as 
reinforcement since prehistoric times. Horsehair and straw were 
both formerly used in mortar and mud bricks. Asbestos fibers 
were used in concrete in the early 1900s. Composite materials 
were invented in the 1950s, and fiber-reinforced concrete was 
one of the hottest topics. After the health dangers linked with 
asbestos were discovered, there was an urgent need to find a 
substitute for the chemical in concrete and other building 
materials. By the 1960s, steel, glass fiber, and synthetic fibers 
were all used in concrete. New fiber-reinforced concrete 
products are being developed. Fiber reinforced concrete has 
several uses in the construction industry. The following are some  

The planned study's major purpose is to compare the efficacy of 
Jute fiber in concrete to normal concrete. The following are the 
objectives for achieving the goal: 

1. To measure the usage of different percentage of jute 
fibers in concrete. 

2. To compare the performance of non-metallic fiber and 
plain concrete after cracking. 

3. To investigate the compressive strengths of concrete 
using non-metallic and plain fibers. 

4. Determine the ideal ratio of non-metallic fibers. 
5. To compare and contrast the results of plain and fiber 

concrete. 
The fiber material is being utilized to strengthen fragile matrices 
to improve their mechanical characteristics. Concrete is a well-
known brittle material that performs well in compression but 
poorly in tension. Fibers improve toughness by providing energy 
dissipation mechanisms and boost flexural strength by reducing 
and stopping the development of fractures in concrete. Many 
additional characteristics, including shear and compressive 
strength, are influenced by fibers. Many factors influence the 
strength of fiber reinforced concrete, including fiber size, 
geometry, and the volume/weight percentage of fibers. 
Jute is a lingo cellulosic fiber that is biodegradable, inexpensive, 
non-toxic, and environmentally benign. With only 120-150 days 
from seed to fiber or maximum biomass, it is a versatile, rapidly 
renewable biomass and light-responsive crop. Jute and jute 
commodities are losing market share in major nations due to the 
introduction of low-cost synthetic alternatives, bulk handling, 
containerization, and soil storage. To keep the jute industries 
from collapsing further, they must be used in a variety of ways. 
Jute is a biomass resource that is replenished every year. As a 
result, different developed and emerging countries are 
becoming increasingly interested. As a substitute for composite, 
jute is readily accessible. Jute stems are made up of two fibrous 
components, both of which may be used to make a variety of 
goods. The bark fiber is around 2.5 mm in length and contributes 
for 25-35 percent of the weight of the stem. The shorter core 
fiber is around 0.6 mm long and contributes about 60-65 percent 
of the weight of the stem. Both are useful for producing a wide 
range of items. The bark has soft fiber qualities, but the core 
fiber possesses hardwood fiber strength capabilities. 
Synthetic alternatives are degrading the traditional jute product 
business, which includes agricultural packaging materials 
(including cement, packaging for fertilizer, sacks, bags, backing 
cloth, and chemicals). To avoid future deterioration of the jute 
industry, it is necessary to diversify the usage of jute by 
establishing important new market outlets. Jute variants 
Corchorus olitorin and Corchorus capsularis are the most 
extensively planted and best for diversity. For diverse uses, the 
entire jute plant, jute fiber, jute sticks, and jute cutting can be 
employed. Table 1 shows the chemical composition of jute that 
is suited for qualitative application. Jute is a Liliaceae plant from 
the genus Corchorus. Jute fibers are finer and stronger than 
Mesta fibers, indicating a better level of quality. Tosca jute's 
natural fiber color is golden, whereas white jute's is white and 
creamy. 
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Table 1. Chemical composition of jute. (S. Islam, 2016) 
 

Element Jute 
fiber 
(%) 

Jute 
stick 
(%) 

Element Jute fiber 
(%) 

Cellulose 58-63 34.18-
45.20 

Water 
Soluble 

0.6-1.2 

Lignin 12-14 22.21-
23.50 

Polyuronide 4.8-5.2 

Wax(Oil 
Materials) 

0.4-0.8 7.18-
7.25 

Acetyl Value 2.8-3.5 

Ash 
Content 

 
- 

0.37-
0.4 

Nitrogenous 
matter 

1.56-1.87 

Oxalic 
acid 

 
- 

13.3-
22.3 

Material 
Substances 

0.5-0.79 

Hemi-
cellulose 

20-23  
- 

 
- 

 
- 

 
The most significant tissue is the phloem, which is linked to fiber 
formation. The phloem tissue is also known as bast. Jute is made 
up of 40 different species, most of which are found in tropical 
areas. Jute takes around 3-5 months to fully mature. C. 
capsularis cultivars reach a height of around 5-12 feet at harvest, 
whereas C. olitorin varieties reach a height of 5-15 feet or higher. 
Both of their stems are cylindrical. When compared to Mesta, 
ramie, and flax, jute has the shortest fiber length. In jute, fibers 
from the outside sections of the wedge average 0.3-2 mm in 
length, whereas fibers from the internal regions average only 1-
5 mm. 
 Jute fiber has a hierarchical structure, which is important to 
observe. Every fiber has a principal wall (the first surface coated 
throughout cell cycle progression) as well as a secondary wall (S), 
which is comprised of three layers (S1, S2, and S3 (Figure 2). 
These layers include variable quantities of cellulose, 
hemicelluloses, and lignin in all cellulosic fibers. A lignin-rich area 
known as the middle lamella holds the individual fibers together. 
The S2 layer (approximately 50 percent cellulose) has the highest 
concentration of cellulose, whereas the middle lamella (about 
90 percent lignin) has the highest concentration of lignin. A large 
number of elongated primary fibers, or fiber-cells, with a 
diameter of 20 to 30 m. The S2 layer is the thickest layer is 
frequently by far the thickest and has the most influence on the 
fiber's qualities. 

 
Figure 2. Microstructure of natural fiber. (Habib Awais, 2021) 

All plant fibers are made up of cellulose, which is the most 
fundamental structural component. It is the most important and 
plentiful organic chemical generated by plants. The cellulose 
molecule is made up of glucose units that are connected in long 
chains, which are then joined together in micro-fibrils. Tensile 
strength of cellulose micro fibrils is strong. With a potential 
tensile strength of 7.5 GA, it possesses the greatest tensile 
strength of any known material (1,087,500 pounds per square 
inch). The S2 layer's micro-fibrils run almost parallel to the fiber 
axis. S2, which accounts for nearly half of the cell wall, provides 
the fibers with a high tensile strength. Hemicelluloses are also 
found in plant fibers. Hemicelluloses are polysaccharides that 
form a short, branching chain (Figure 2). They are closely related 
to the cellulose micro-fibril matrix. Hemicelluloses are very 
hydrophobic, with several places where water may easily attach. 
The lignin component is responsible for the plant's rigidity. 
Without lignin, plants cannot achieve tremendous heights (as 
shown in trees) or rigidity (as found in some annual crops). Lignin 
is a three-dimensional polymer with a high molecular weight. 
The least water-loving of the three fiber components, lignin, is 
projected to be the least water-loving. Another important 
attribute of lignin is that it is thermoplastic (it softens at around 
90°C and begins to flow at approximately 170°C). Jute fibers 
contain lignin, which makes them resistant to microbial assault 
and improves strength, hardness, and brittleness. Most physical 
and chemical characteristics, such as biodegradability, 
flammability, thermos plasticity susceptibility to moisture, UV-
light degradability, and so on, are due to lignin and 
hemicelluloses. Figure 2 shows several monomeric unit 
configurations for the primary polymeric components of 
cellulosic plant fibers. The presence of hydroxyl groups in natural 
fibers makes them chemically modifiable. The hydroxyl groups 
inside cellulose molecules may be engaged in hydrogen bonding, 
activating these groups or introducing new moieties that create 
effective interlocks within the system. Chemical treatment can 
enhance surface properties such as wetting, adhesion, surface 
tension, and fiber porosity. The flaws on the fiber surface 
influence the mechanical interlocking at the contact. By making 
suitable adjustments to the components, the interfacial 
characteristics can be enhanced, resulting in changes in physical 
and chemical interactions at the contact. In the realm of fiber 
modification, a tremendous amount of research has been done. 
The current study focused on modifying jute fiber to make it rot, 
fire, and water-resistant. 
 
 

2.0  JUTE IN BANGLADESH 
 
Bangladesh is currently the second largest producer of jute fiber. 
In terms of world export of jute fiber, Bangladesh's share is more 
than 70%, which makes Bangladesh the largest exporter of jute 
fiber in the world. After woven and knit clothing, jute and jute 
items are the third most important source of foreign exchange 
profits. Jute is becoming increasingly popular as an 
environmentally friendly alternative to dangerous synthetic 
compounds. Jute products are made all over the world. Jute 
goods are classified into two types: traditional items and 
diversified things. Hessian, carpet backing cloth, and sacking are 
traditional items, while diverse products include blankets, 
ornamental textiles, gift articles, shopping bags, and so on. 
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Bangladesh grows the best jute fiber in the world and exports it 
to the rest of the globe. Bangladesh, on the other hand, is lagging 
behind other rivals as a result of recent technical developments. 
Bangladesh is the world's largest exporter of jute fiber and jute 
products, accounting for more than 65 percent of global jute 
fiber and jute product exports. According to research, the 
country's top five jute-producing districts are Faridpur, Rajbari, 
Madaripur, Kushtia, and Magura. These five districts account for 
approximately 31.44 percent of total jute output in Bangladesh. 
Mymensingh and Dhaka are well-known for producing high-
quality jute. However, jute output varies owing to weather and 
natural disasters. As a result, the price changes.  
 
 

3.0 METHODOLOGY 
 
Coarse aggregate, fine aggregate, Ordinary Portland cement 
(OPC), and jute fiber were utilized in this investigation. The key 
to attaining desired outcomes in concrete is proper 
proportioning of component elements, often known as "mix-
design." To summarize, the experimental part of the project 
aims to conduct the following tests: 

1. The slump test. 
2. Compressive strength of cylindrical concrete. 

 
3.1 Components 
 
Cement 
 
Ordinary Portland cement (OPC) with a strength class of 52.5 N 
was employed in this experiment. This cement took 45 minutes 
to set, and its early strength after two days was 20 MPa. The 
specific gravity of OPC is 3.12, and it is composed of 95-100 
percent clinker and 0-5 percent gypsum. As a consequence, Shah 
Ordinary Portland cement was used in the experiment since it 
was conveniently accessible. 
Aggregates 
 
As a fine aggregate, coarse sand was used, while crushed stone 
chips were used as coarse aggregate in this investigation, with 
grading done according to ASTM C33. Sylhet was the source of 
these aggregate.  

Jute Fiber 
 
Raw jute fiber which is shown in Figure 3 was used for the 
purpose of this experiment. Certain percentage and certain 
length was need for this test. The jute fiber was cut down in 
10mm and 15mm and mixed with concrete mixture. 
 

 
Figure 3. Jute Fiber. 

 
Water 
 
Portable water with a pH of 6.5-9.5 was used for mixing and 
curing. 
 
3.3 Mix Proportions of Concrete 
 
Mix design was carried out by the American Concrete Institute 
(ACI, 211.1-91). With a slump of 3 in to 4 in. Before mixing, all of 
the aggregates must be soaked and surface dry (SSD). Initially 
75mm slump value was selected. Course aggregate maximum 
size was about 20 mm. Entrapped air content 2%. 
 
For w/c ratio = 0.4, The mix design amounts are shown in Table 
4. Plan of the test is also mentioned in details in Table 5. The 
amount of water, cement and aggregate was calculated in a 
tabulated form below. 
 
 
 

 
 

Table 4. Concrete Mix Proportions 
 

 

Mix 

 

Water (kg/m3) 

 

Cement (kg/m3) 

Coarse 

aggregate (kg/m3) 

[SSD] 

Fine aggregate 

(kg/m3) 

[SSD] 

 

Fiber (kg/m3) 

Normal Concrete 225 562 998 595 0.0 

JF1 (0.1%, 10mm) 229 562 998 595 1.56 

JF2 (0.2%, 10mm) 231 562 998 595 2.47 

JF3 (0.3%, 10mm) 233 562 998 595 6.97 

JF4 (0.1%, 15mm) 228 562 998 595 2.35 

JF5 (0.2%, 15mm) 232 562 998 595 4.7 

JF6 (0.3%, 15mm) 234 562 998 595 7.07 
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Table 5. Test Plan 
 

Criteria 
% of Jute (Volumetric 

Weight) 

Length of Fiber 

(mm) 

Diameter of 

Cylinder (in) 

Height of 

Cylinder (in) 

Number of 

Cylinder 

Total Volume of 

Cylinder (in3) 

Normal 

Concrete 
0 -- 4 8 6 603.18 

JFR Concrete 0.1 % 

10 

4 8 6 603.18 

JFR Concrete 0.2 % 4 8 6 603.18 

JFR Concrete 0.3 % 4 8 6 603.18 

JFR Concrete 0.1 % 

15 

4 8 6 603.18 

JFR Concrete 0.2 % 4 8 6 603.18 

JFR Concrete 0.3 % 4 8 6 603.18 

 
 
3.4 Mixing of Concrete 
 
Before mixing the concrete, the cement was kept dry and stored 
in a moisture-proof container to avoid hydration and handling 
issues. Before usage, the surface of the fine and coarse 
aggregate was kept damp and dry for 24 hours. ASTM C 192-90a 
required that all concrete products be stored at room 
temperature, ranging from 20 to 30 degrees. Proper mixing is 
essential to ensure that all surfaces of the aggregate particles 
are coated with cement paste and that the materials are 
combined into a uniform mass. The drum mixer was employed 
for this test. In this inquiry, the workability tests utilized were 
concrete slump tests. The slump test was performed according 
to ASTM C143-90a. 
 
 

 
As the test was about jute fiber reinforced concrete so jute was 
needed at a certain percentages and also a certain amount of 
length. Therefore a 10 mm and 15 mm length was cut at figure 
5 and figure 6 for the purpose of this study. After that in a 
concrete mixture machine the required jute was added with 
cement aggregate at figure 7. Next a uniform dispersion of fiber 
was seen at figure 8 after pouring the mixture. The slump value 
test was carried out 3 times as shown at the figure 9. The data 
of slump value was taken precisely.  After that the compaction 
was done for the cylindrical mold according to ASTM C31 shown 
at the figure 10. 7 days and 28 days curing at figure 11 was 
performed for the test result. Compressive load value was taken 
from the compression test machine at figure 12. 
 
 

 
  

Figure 5. Jute Fiber (10 mm) Figure 6. Jute Fiber (15 mm) Figure 7. Mixing (In Laboratory) 
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3.5 Curing of Specimen 
 
Concrete must be properly cured in order to achieve its greatest 
properties. To prevent water evaporation from the un-hydrated 
concrete, the specimens were immediately covered with a damp 
gunny bag after shaping. After 24 hours (ASTM C192, 1990), the 
specimens were removed from the molds and wet cured for 7 
and 28 days at 23.17°C. After wet curing, the specimens were 
loaded for compressive strength test. 
 
3.6 Compressive Strength Test 
 
The specimens were examined by the Universal Testing Machine 
(UTM) after 7 and 28 days of curing. For equal load distribution, 
bearing plates were installed at the top and bottom. A Universal 
Testing Machine (UTM) constantly applied compressive stress 
without shock. The load was gradually increased at a rate of 
2mm/min until the specimens failed. During the test, the 
maximum load borne by the compression test machine was 
recorded. By dividing the load at failure by the area of the 
specimen, the compressive strength of concrete was estimated. 
Figure 12 depicts the test setup. 
 
 

4.0 ANALYSIS OF RESULT 
 
This section presents the findings of an experimental study with 
different fiber quantities and lengths of a compressive strength 
test. The cylinders have been cast and the following tests have 

been performed after 7 and 28 days of water treatment. The 
results will be given in both graphical form and table form. The 
influence of jute fibers was assessed and results are 
diagrammatically presented. It was found that the value of 
slump reduces with increases in fiber content. The slump was 
detected at 4 inches with 0.1% of JFRC, and 3 inches with 0.2% 
of JFRC, and 2.5 cm with 0.3% of JFRC shown in  Figure 13. Again, 
the slump drops drastically to one inch for fiber content. 
Therefore, the amount of concrete slump decreases 
dramatically after 0.3 percent fiber content.  

Compressive strength tests were done on specimen 
concrete cylinder combined with different percentage points of 
jute fiber. The compressive strength of the concrete was 
compared to a variety of jute fiber (0.1%, 0.2%, and 0.3%) for the 
lengths 10mm and 15mm. Compressive strength concrete 
statistics are provided in the table (6 and 7). Figures 14 to 22 
indicate that the compressive strength at high compressive 
stresses is graphically shown. The results reflect a minor impact 
on compressive strength by incorporation of Jute fiber into the 
mix. 

In the graph, the highest compressive strength was 
observed at 0.1% fiber content for jute fibers both 10mm and 
15mm in length. Compared to normal concrete, 64.34% 
and70.9% enhanced the compression strength of 28 days of 10 
and 15mm lengths respectively. A declining trend in the content 
of fibers can be explained by lowering the specific gravity of the 
composites, and as a result of low specific gravity, improper 
mixing, and high porosity of the jute fiber concrete by adding 

Figure 8. Concrete ingredient with a 
uniform dispersion of the fiber. (In 
Laboratory) 

Figure 9. Slump test. (In Laboratory) Figure 10. Compaction process. (In 
Laboratory) 

Figure 11. Curing condition. (In lab) Figure 12. Set up for compression test. 
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jute fiber into concrete. When adding a high volume and a higher 
fiber length, a reduced compressive strength has been found. 
From Figure 22, it can be observed that 0.1% for the length of 10 
mm, the greatest compressive stress at the peak when 
compared to regular concrete with peak compressive stress, the 
Jute fiber increased stresses by 62.34 percent after 28 days. 
When fiber content was increased by more than 0.1 percent, 
there was a declining trend. 

The mechanical performance of fiber cement 
composites, which are effectively correlated by fibers to 
surrounding concrete, is influenced by a variety of factors, 
including geometry, type and surface properties, fiber 
orientation, fiber volume ratio, fiber distribution, fiber chemical 
composition, and others. Fiber composites are also among the 
most important facts. The effects of jute fiber have been tested 
and results have been evaluated. 
The percentage of Jute Fiber Reinforced Concrete compressive 
strength variation (JFRC) to a single compared to three distinct 
jute fiber doses; where flat concrete without jute fiber is made. 
It was noted that just 10 mm fiber with 0.1% jute content; the 
15 mm fiber length causes a maximum loss of strength of 
cement composites is noticed for the noteworthy enriching 
effect on the compressive strength. 

The composite strength affects a mix ratio, and both 
the right concrete mixture and the stronger enhancement result 
in higher cement content. Fibers may be spread evenly through 
the concrete mix in the presence of more cement and the 
regular fiber arrangement, which produces more resistant 
composite material, opposed to the functional forces can be 
achieved. The second strongest improvement in JFRC is 10-mm 
fiber in the mixing ratio with 0.10% dosage. The introduction of 
greater fiber length (15 mm) and contents leads to an 
unanticipated decrease in pressure strength. 

Because various researches included reinforcement 
materials, i.e. coarse aggregate-like fibers or yarns, despite the 
thin aggregate fraction, the addition of yarns increases the 
coarse aggregate percentage, potentially leading to substantial 
porosity in the cement matrix. A decreasing trend of fiber can be 
justified by reducing the specific gravity of the composites by 
adding the jute yarn in concrete and by reducing the low-specific 
gravitation, inadequate mixing, and high JFC porosity, in the case 
of high volume and larger lengths of yarn a lowers compressive 
strength was added in particular. Similar findings have been 
achieved by Shimizu et al. (1992). Finally, the JFRC is the most 
promising combination of compression strength increase with 
less than 15mm fiber cut length with less than 0.1% fiber content 
dozing. 
 

 
Figure 13. Decrease of the slump with Fiber Content. 

 

 
Figure 14. Compressive Strength at 7 days Curing (10mm Jute Fiber) 

 

 
Figure 15: Compressive Strength Comparison at 7 days Curing (10mm 
Jute Fiber) 
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Figure 16. Compressive Strength at 28 days Curing (10mm Jute Fiber) 

 
 

 
Figure 17. Compressive Strength Comparison at 28 days Curing (10mm 
Jute Fiber) 

 

 
Figure 18. Compressive Strength at 7 days Curing (15mm Jute Fiber) 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 19. Compressive Strength Comparison at 7 days Curing (15mm 
Jute Fiber) 

 

 
Figure 20. Compressive Strength at 28 days Curing (15mm Jute Fiber) 

 

 
Figure 21. Compressive Strength Comparison at 28 days Curing (15mm 

Jute Fiber) 
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Figure 22. Compressive Strength Comparison of Jute Fiber with Normal Concrete at 28 days for (10mm & 15mm) 

 
Table 6. Compressive Strength of JFRC and normal concrete at 7 Days 
Curing. 

Jute 
Fiber 

Length 
(mm) 

Specimen Name Fiber Content (%) 
Strength 

(MPa) 

-- Normal Concrete 0 4.4 

10 

JF 1 0.1 6.5 

JF 2 0.2 5.2 

JF 3 0.3 3.2 

15 

JF 4 0.1 6.1 

JF 5 0.2 4.9 

JF 6 0.3 3.1 

Table 7. Compressive Strength of JFRC and normal concrete at 28 Days 
Curing 

Jute 
Fiber 

Length 
(mm) 

Specimen 
Name 

Fiber Content (%) 
Strength 

(MPa) 

 Normal 
Concrete 

0 8.3 

10 JF 1 0.1 12.9 

 
JF 2 0.2 10.4 

 
JF 3 0.3 6.2 

15 JF 4 0.1 11.7 

 
JF 5 0.2 9.9 

 
JF 6 0.3 5.7 

 
 

5.0 CONCLUSION  
Concrete is a world-renowned substance. It depends on several 
elements, such as cement and aggregates, water quality, mixing 
method, compaction type, cure duration, and water quality, 
temperature, and moisture quality. The compliance of concrete 
with fibers is one of the main areas of investigation.  
An attempt was made in this study to incorporate native jute 
fiber in the micro concrete in Bangladesh as a substitute for 
commercially available polyester fiber. But the comportment 
and function of reinforced concrete such as jute fiber are still to 
be investigated. 

This research has therefore tried to identify numerous 
fundamental jute fiber reinforced concrete (JFRC) features 
mainly linked to strength, ductility. The study's main focus 
however was regarding the fiber content effects on JFRC's 
above-mentioned qualities. The fiber dosage thereby altered in 
low volume. The strength attributes taken into consideration in 
the study are static compressive strength and compressive 
loading. 

Following testing and analysis of the data concerning the 
strength and ductility of fiber reinforced concrete, the following 
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conclusions may be drawn. The following points outline the key 
conclusions and recommendations for future research: 

• The addition of this jute fiber lowers the slump i.e. the 
concrete for this jute fiber is strong enough to retain 
its shape and collapse rapidly after the 0.3% jute fiber 
content. 

• Compressive strength was raised by 64.34% and 
70.94% in jute fibers reinforced concrete, compared to 
normal concrete using 10mm and 15mm long fiber 
respectively. 

• By manufacturing cement concrete with varied 
amounts of jute fiber, the critical fiber content was 
optimized (0.1-0.3 % w.r.t. volumetric weight).At 0.1% 
fiber load in the cement compound, the maximum 
compressive strength is obtained. 

• The concrete mixing process was improved to achieve 
sufficient workability of concrete during casting, with 
conventional sand, cement, brick chips, and water 
ratios. 

• The JFRC content of 0.1% fiber might be deemed to be 
the optimal content considering concrete strength, 
ductility, and durability parameters. 

• The technique of dispersal in concrete and mortar in 
short jute fiber (optimum length: 10 mm) on a dry and 
wet basis was optimized. 

• The optimal jute fiber content is 0.1 % for a length of 
10 mm, the maximum compressive strength obtained. 

 
 

6.0 RECOMMENDATION 
 

There has always been a need to broaden the scope of the study 
to obtain more information and produce better findings during 
the testing and analysis. In addition, as this is a relatively new 
topic in the country's building industry, there is much potential 
for future research. Some of these prospects for future research 
are recommended below- 

• Composite and fiber moisture-absorbing properties 
should be evaluated (other environmental 
conditions).The wear quality and durability of the 
composite should be examined for friction and sliding. 

• The admixture was not employed in the functioning of 
the jute fiber integrated concrete mix. A further 
experiment on jute fiber with admixture can be carried 
out. 

• Other qualities like as creep, fatigue, shear strength, 
chemical resistance, and electric characteristics should 
also be studied. 

• Hybrid composite, incorporating fibers other than jute 
(such as okra, fiber) can be researched since the 
performance of the composite system will 
undoubtedly be improved. 

• Structural jute-based composite materials with 
homogeneous densities, durability in an adverse 
environment, and high strength can also be made 
using high-performance adhesives and fiber 
modification. 

• The hybrid method of combining the glass mat with a 
woven jute fabric in the epoxy matrix can be used to 
enhance the mechanical performance and 
dimensional stability of the composite jute epoxy. 

• Raw/chemically modified jute-fiber strengthened 
cement composites with varied experimental 
parameters such as various treatments, weight-
percent fiber contents, fiber lengths, and duration of 
curing can be performed. 

 

Acknowledgements 
 

This study is supported by B.Sc Research and Theis Project Unit 
of the Ahsanullah University of Science & Technology, 
Department of Civil Engineering. This paper has benefited from 
the B.Sc thesis authors, under the supervision of the 
corresponding author (Sharmin Reza Chowdhury). The 
experimental study of this paper has been conducted at the civil 
engineering laboratory of the Ahsanullah University of Science & 
Technology. Ahanaf Tahmid is gratefully acknowledged by the 
corresponding author of this paper for providing immense 
knowledge about Jute Fiber which provided significant 
contributions to this study. The authors are also grateful to the 
anonymous reviewers for carefully reviewing the manuscript 
and providing valuable. 
 

References  
 
[1] Bint Ashraf, W. 2012. Concrete Mix Design Procedure Using Locally 

Available Materials. M. Sc. Thesis, Bangladesh University of Science & 
Technology. 125: 1-2 

[2] Shetty, M. S., & Jain, A. K. 2019. Concrete Technology (Theory and 
Practice), 8e. S. Chand Publishing, 66. 

[3] Mishra, S. P. 2012. Comparison of IS, BS and ACI Methods of concrete 
mix design and proposing function equations based design. Research 
and Development (IJCSEIERD), 2(1): 20-56.  

[4] Santhosh R., & Dr. Shivananda P. 2017. A review of Concrete Mix 
Designs. International Journal for Research in Applied Science & 
Engineering Technology (IJRASET) 5(XI): 586-590. http:// DOI: 
10.22214/ijraset.2017.11091 ISSN: 2321-9653;. 

[5] Chhachhia, A. 2021. Concrete Mix Design by IS, ACI and BS Methods: 
A Comparative Analysis. Journal of Building Material Science, 2(1): 30-
33 

[6] Yurdakul, E. 2010. Optimizing concrete mixtures with minimum 
cement content for performance and sustainability. Master of Science, 
Iowa State University. 

[7] Ahmed, M., Islam, S., Nazar, S., & Khan, R. A. 2016. A comparative 
study of popular concrete mix design methods from qualitative and 
cost-effective point of view for extreme environment. Arabian Journal 
For Science And Engineering, 41(4): 1403-1412. 
http://DOI:10.1007/s13369-015-1946-9 

[8] Okah, J. C., & Amos Elekima N.J. 2018. Effect of Aggregate/Cement and 
Water/Cement Ratios on Concrete Workability. International Journal 
of Geography and Environmental Management ISSN 2504-8821; 4. 
Port Harcourt Polytechnic. 

[9] Lin, W. T. 2020. Effects of sand/aggregate ratio on strength, durability, 
and microstructure of self-compacting concrete. Construction and 
Building Materials, 242: 118046. 

[10] Uddin, M. T., Harun, M. Z. B., Joy, J. A., & Ahmed, M. A. 2020. Effect of 
sand-to-aggregate volume ratio on mechanical properties of concrete. 
IABSE-JSCE Joint Conference on Advances in Bridge Engineering-IV, 
Dhaka, Bangladesh; ISBN: 978-984-34-8313-3. 

[11] Dixon, D. E., Prestrera, J. R., Burg, G. R., Chairman, S. A., Abdun-Nur, E. 
A., Barton, S. G., ... & Lee, S. H. 1991. Standard Practice for Selecting 
Proportions for Normal, Heavyweight, and Mass Concrete (ACI 211.1-
91). 

[12] Neville, A. M., & Brooks, J. J. 1987. Concrete technology (pp. 242-246). 
England: Longman Scientific & Technical [15,25] 

[13] Berwal, M. P., & Goel, R. 2017. An Overview on Utilization of Industrial 
Waste in Civil Engineering. International Journal for Research in 
Applied Science & Engineering Technology. 5(X): 63-69 

[14] Anik, M. F. R., Asif, M. M. H., Raha, S. H., & Chowdhury, S. R. A 2020. 
Comparison between Strengthened CFRP and GFRP laminated RC 



35                                                    A.Z.M. Abdullah Al Mansur et al / Malaysian Journal of Civil Engineering 34:3 (2022) 25–35 

 

 

Beam: Finite Element Approach. Journal of Structural Engineering, its 
Applications and Analysis, 3: 1-16. HBRP Publication. 

[15] Biswas, S. 2010. Characterization and performance analysis of natural 
fibers as reinforcement in polymer composite. (69) M. Sc theses, 
Bangladesh University Of Engineering And Technology. 

[16] Shahinur, S. 2011. Characterization of chemically modified jute fiber 
for polymer composites. M. Sc theses, Bangladesh University Of 
Engineering And Technology. 

[17] El-Ashkar, N. H., & Kurtis, K. E. 2006. A new, simple, practical method 
to characterize toughness of fiber-reinforced cement-based 
composites. ACI Materials Journal, 103(1): 33.  

[18] Zakaria, M., Ahmed, M., Hoque, M. M., & Islam, S. 2017. Scope of using 
jute fiber for the reinforcement of concrete material. Textiles and 
Clothing Sustainability, 2(1): 1-10. 

[19] Sultana, N., Hossain, S. Z., Alam, M. S., Islam, M. S., & Al Abtah, M. A. 
2020. Soft computing approaches for comparative prediction of the 
mechanical properties of jute fiber reinforced concrete. Advances in 
Engineering Software, 149: 102887. 

[20] Krishna, T. S. V., & Yadav, B. M. 2016. A comparative study of jute fiber 
reinforced concrete with plain cement concrete. International Journal 
of Research in Engineering and Technology, 5(09): 111-116 

[21] Parvin, S. 2014. physicomechanical properties of chemically treated 
jute fiber-reinforced plastic composites. M. Sc theses, Bangladesh 
University Of Engineering And Technology. 

[22] Shahinur, S. 2011. Characterization of chemically modified jute fiber 
for polymer composites. M. Sc theses, Bangladesh University Of 
Engineering And Technology. 

[23] Zakaria, M., Ahmed, M., Hoque, M., & Shaid, A. 2018. A comparative 
study of the mechanical properties of jute fiber and yarn reinforced 
concrete composites. Journal of Natural Fibers. 17(5): 676-687 

[24] Bledzki, A. K., & Gassan, J. 1999. Composites reinforced with cellulose-
based fibers. Progress in polymer science, 24(2): 221-274. 

[25] Bos, H. L., Van Den Oever, M. J. A., & Peters, O. C. J. J. 2002. Tensile 
and compressive properties of flax fibers for natural fiber-reinforced 
composites. Journal of Materials Science, 37(8): 1683-1692. 

[26] Van de Velde, K., & Baetens, E. 2001. Thermal and mechanical 
properties of flax fibers as potential composite reinforcement. 
Macromolecular Materials and Engineering, 286(6): 342-349. 

[27] Dahlke, B., Larbig, H., Scherzer, H. D., & Poltrock, R. 1998. Natural fiber 
reinforced foams based on renewable resources for automotive 
interior applications. Journal of Cellular Plastics, 34(4): 361-379. 

[28] Ellison, G. C., McNaught, R., & Eddleston, E. P. 2000. The use of natural 
fibers in nonwoven structures for applications as automotive 
component substrates. Research & Development Report NF0309. 
Ministry of Agriculture, Fisheries and Food, UK. 

[29] Karus, M., Kaup, M., & Lohmeyer, D. 2000. Study on markets and 
prices for natural fibers (Germany and EU). In Proceedings of the 3rd 
International symposium—Bioresource Hemp & Other Fiber Crops. 

[30] Tripathy, S. S., Di Landro, L., Fontanelli, D., Marchetti, A., & Levita, G. 
2000. Mechanical properties of jute fibers and interface strength with 
an epoxy resin. Journal of applied polymer science, 75(13): 1585-1596. 

[31] Ahmed, K. S., Vijayarangan, S., & Naidu, A. C. B. 2007. Elastic properties 
notched strength and fracture criterion in untreated woven jute–glass 
fabric reinforced polyester hybrid composites. Materials & Design, 
28(8): 2287-2294. 

[32] Rana, A. K., Mandal, A., & Bandyopadhyay, S. 2003. Short jute fiber 
reinforced polypropylene composites: effect of compatibilizer, impact 
modifier, and fiber loading. Composites Science and Technology, 63(6): 
801-806. 

[33] Gassan, J., & Bledzki, A. K. 1999. Possibilities for improving the 
mechanical properties of jute/epoxy composites by alkali treatment of 
fibers. Composites Science and Technology, 59(9): 1303-1309. 

[34] ASTM A820/A820M. 2004. Standard Specifications for Steel Fibers for 
Fiber Reinforced Concrete. 

[35] ACI Committee 544. (n.d.). Measurement of Properties of Fiber 
Reinforced Concrete: ACI 544.2R-89. 

[36] ASTM C 136. 2001. Standard test Method for Sieve Analysis for Fine 
and Coarse  

[37] Aggregate.2018. ASTM International, West Conshohocken, PA, USA. 
[38] ASTM C1116/ C1116M. 2002. Standard Specification for fiber-

reinforced Concrete and Shot Crete. ASTM International, West 
Conshohocken, PA, USA. 

[39] ACI Committee 544. 1993. Guide for Specifying Proportioning, Mixing, 
Placing and Finishing Steel Fiber Reinforced Concrete: ACI 544.3R-93. 

[40] ASTM C143/143 M. 2010. Standard Test Method for Slump of 
Hydraulic-Cement  

[41] ASTM C29/29M. 1991. Standard Test Method for Bulk Density (Unit 
Weight) and Voids in Aggregate. ASTM International, West 
Conshohocken, PA, USA. 

[42] ASTM C39/ C39M. 2003. Standard Test Method for compressive 
Strength of Cylindrical Concrete Specimens. ASTM International, West 
Conshohocken, PA, USA. 

[43] Foster, S. J., & Attard, M. M. 2001. Strength and ductility of fiber-
reinforced high-strength concrete columns. Journal of Structural 
Engineering, 127(1): 28-34. 

[44] Belal Hossen, M. 2016. Determination of optimum fiber content for 
fiber-reinforced micro concrete. M. Sc theses, Bangladesh University 
Of Engineering And Technology. 

[45] ACI 211.1-91, Reapproved 2009, Standard Practice for Selecting 
Proportions for Normal, Heavyweight and Mass Concrete, American 
Concrete Institute, Farmington Hills, MI, 48331- 3439 USA. 

[46] Nemati K. M., 2013, Fiber Reinforced Concrete (FRC), CM-425, 
concrete technology, University of Washington. 

[47] Akhtaruzzaman A. A. and Hasnat A, 1983, Properties of concrete using 
crushed brick as aggregate, Concrete International, 5(2): 58-63. 

[48] Kamran M. and Nemati, 2013, Concrete Technology-Fiber reinforced 
concrete, Final report, University Washington, USA. 

[49] Concrete Society, 1973, Fiber-reinforced cement composites, 
Technical Report No.51.067, London. 

[50] M.A. Aziz and M.A. Mansur, 1988, Jute Fiber Reinforced Concrete 
Materials for Building Construction, IABSE Congress Report, 13: 116-
122. 

[51] Vipul, K. 2015. Study of Cement Composites on the addition of Jute 
fiber. International Research Journal of Engineering and Technology, 
2(5): 1073-1075. 

[52] Dayananda, N., Gowda, B. K., & Prasad, G. E. 2018. A study on 
compressive strength attributes of jute fiber reinforced cement 
concrete composites. In IOP Conference Series: Materials Science and 
Engineering. 376(1): 012069. IOP Publishing. 

[53] Wikipedia, 2019, https://en.wikipedia.org/wiki/Fiber-
reinforced_concrete [Accessed 25 June 2021]

 


