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Abstract
Synthetic Fiber Reinforced Polymer (FRP) composites have been widely accepted by the construction industries as an 
effective external strengthening material to rehabilitate the existing structures deficiencies. These materials possess 
outstanding performances like high strength-to-weight ratio, resistance to corrosion, and lightness. However, the drawbacks 
include high costs during the manufacturing and end-life services, less environmental-friendly and cause adverse effects to 
human health. Environmental issues on global warming have triggered rapid development of natural fibers as sustainable 
materials for the strengthening of Reinforced Concrete (RC) structures. This paper presents a detailed review on the 
potential use of natural fibers as reinforcement in polymeric strengthening materials. A comparison was made between 
various types of fibers in terms of their chemical and mechanical properties. Bamboo fiber has demonstrated great 
potential among other natural fibers due to its superior physico-mechanical and thermal properties.

1. Introduction
The meritorious services of the artificial Fiber Reinforced 
Polymer (FRP) composites in construction industry are 
already encouraging since last few decades. The most 
common synthetic fibers in practice are glass, carbon, 
and aramid. It has been concluded that the synthetic FRP 
composites are capable to upgrade the stiffness, dura-
bility, ultimate load-carrying capacity, and retard the 
cracks propagation of structures1,2. However, such mate-
rial does not address the issues of sustainability of the 
non-renewable sources and imposes a higher cost dur-
ing manufacturing. In addition, the human health will 
be affected adversely especially in skin and respiratory 
system. Thus, the research community had given more 
attention to natural fibers as an alternative to the artificial 
fibers.

The benefit of the natural fibers are life cycle sustain-
ability, low density, light-weight, non-toxicity, renewable 

and biodegradable instantly3, non-abrasive nature to 
process equipment and good thermal insulation prop-
erty4. The production cost of natural fiber is economical 
as it consumed lesser energy compared to artificial fiber. 
Moreover, natural fibers are non-carcinogenic and safe 
during processing and handling.The commercially natu-
ral fiber can be gained easily from the natural resources 
that surrounds us, such as bamboo, coir, jute, abaca, 
ramie, pineapple leaf, hemp, oil palm empty fruit, sugar 
cane bagasse, sisal, kenaf, wood, flax and animals5.More 
than hundreds of lignocellulosic fibers can be found in 
temperate and tropical zones around the world6. For 
instance, the flax, Linumusitatssimum, is one of the old-
est crops in the world and classified to the bast fiber. It 
is previously utilized in the high value-added textile 
markets. On the other hand, the abaca (banana) fiber is 
resistant to seawater and durable. While, pineapple leaf 
fiber is a by-product of cultivation, which is abundantly 
available and inexpensive. The mechanical properties of 
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these natural fibers are influenced by their fiber structure, 
cellulose content, microfibrillar angle, cross section and 
polymerization degree. The combination of these varia-
tion resulted to a complicated design and performance 
predictions of composites7. Hence it was revealed that not 
all kind of the natural fibers can be utilized as reinforce-
ment in structural composites. The present paper aims to 
review the natural fibers such as jute, kenaf, sisal, and silk 
as current reinforcement in Polymer Matrix Composite 
(PMC) for strengthening of Reinforced Concrete (RC) 
structural members externally in building industry. This 
review also provides a thoughtful overview towards the 
bamboo fibers as the potential alternative to others arti-
ficial fibers.

2. Jute Fibers Composites
Jute fiber can be separated from the ribbon of the stem8. 
The common functions of jute fiber are wall decoration, 
ropes, yarn, and packaging material. The jute rope com-
posite plates were fabricated for the strengthening of RC 
beam in flexural zone9.The ultimate tensile strength of the 
jute rope composite was 99.97 MPa at fiber content of 25%. 
It is approximately reach the 40% of the yield strength of 
mild steel plate. Their experimental findings revealed that 
jute rope composite improved the load carrying capacity 
of RC beam by approximately 58% as compared to un-
strengthened beam. In addition, the jute rope composite 
plate effectively reduced the deflection at initial stage and 
enhanced the ductility during the testing period. The 
comparison of Jute Textile Reinforced Polymer compos-
ite (JFRP), Carbon Fiber Reinforced Polymer (CFRP) and 
Glass Fiber Reinforced Polymer (GFRP) for the flexural 
strengthening of RC beams externally was done10. JFRP 
possessed an ultimate tensile strength of 189.479 N/mm2 
which was the 21% of the CFRP (923.056 N/mm2) and 
28% of the GFRP (678.571 N/mm2). On the other hand, 
JFRP also exhibited the maximum flexural strength of 
208.705 N/mm2, which was 13% of the CFRP (1587.134 
N/mm2) and 32% of the GFRP (666.871). The load-car-
rying capacity of the JFRP strengthened beam increased 
by 62.5% and promoted a ductile failure without any 
concrete crushing, JFRP rupture and debonding. JFRP 
also depicted higher deformability index. The ultimate 
flexural strength of the RC beams strengthened using 
GFRP and CFRP showed an increment by 125 and 150%, 
respectively with fully wrapping technique.

3. Kenaf Fiber Composites
Kenaf fiber can be obtained from the stems bast of the 
plants, Hibiscus, Malvaceae family, cannibinus species.
It has an average yield of 1700 kg/ha11, due to its rapid 
growth rate. The fatigue behaviour of unidirectional 
kenaf/epoxy composites laminate was examined12. 
The findings showed that the ultimate tensile strength 
of neat epoxy was 36.56 MPa, and improved to 57.95 
MPa and 100.56 MPa by reinforced with 15% and 
45% of kenaf fiber volume fraction, respectively. The 
homologous increment was 58% and 175%. The young 
modulus of pure epoxy also recorded an increase of 
34% and 166% at fiber volume fraction of 15% and 45% 
respectively. It can be summarized that composites 
with higher fiber content contributed to higher load 
carrying capacity. The suitability of such lignocellu-
losic fiber reinforced with different types of thermoset 
polymer (epoxy, vinyl ester and polyester) composite 
at 0/90° and 45/-45° were assessed in terms of physical, 
mechanical and morphological properties11. The com-
posites were prepared using vacuum infusion technique 
at a fiber weight content of 35% ± 2%. The kenaf epoxy 
composite owns the highest tensile strength followed 
by polyester and vinyl ester at the orientation of 0/90° 
which is similar with the literature13. This could be 
explained by the uniform distribution of stress transfer 
with the application of tensile load in both transverse 
and longitudinal directions. According to the author, 
the biocomposites with the orientation of 0/90° pos-
sessed the highest mechanical strength and greater 
capacity for stress uptake. In 2014, Hafizah et al. car-
ried out an investigation on the structural behaviour 
of strengthened reinforced concrete (RC) beams using 
different types of kenaf fiber reinforced polymer com-
posite laminates with a fiber volume content of 50%14. 
The kenaf/epoxy, unsaturated, and vinyl ester compos-
ites exhibited the similar ultimate tensile strength of 78, 
77, and 79 MPa, respectively, at 50% fiber content. The 
ultimate young modulus was recorded by kenaf/epoxy 
composites at 36 GPa. The structural performances 
of composites upgraded progressively by increasing 
fiber volume content. The ultimate flexural strength of 
strengthened RC beams was increased by 40% whereas 
the deflection reduced by 24%, respectively. In15 per-
formed an experimental investigation on the shear 
strengthening of RC beam using kenaf fiber reinforced 
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polymer (KFRP) laminate15. The KFRP laminate with 
the optimum fiber content (25%) provides the highest 
tensile strength of 119.6 MPa. It was found that KFRP 
laminate was capable to restrict the cracks width in the 
shear span of the beam. The strengthened beam exhib-
ited an increase in the failure load by 33% as compared 
to the un-strengthened beam. The ductility, crack pat-
terns, and failure load of KFRP strengthened beam 
were witnessed to improve and comparable with CFRP 
strengthened beam. 

4. Sisal Fiber Composites
Sisal fiber could be extracted from the sisal plant leaves 
through hand extraction machine, either serrated or 
non-serrated knives16. The development of sisal fabric 
reinforced polymer composite (SFRP) system in flexural 
strengthening of RC beams externally was attempted17. 
The tensile strength of woven SFRP was 223.367 N/
mm2, which were 24% and 33% of the CFRP and GFRP. 
Whereas, SFRP exhibited a flexural strength of 350.034 
N/mm2, which was 22% and 52% of the CFRP and GFRP, 
respectively. SFRP was capable to improve the flexural 
strength of RC beams by 112.5% compared to the con-
trol beam and demonstrated an improvement in the 
load-deflection which is identical to CFRP and GFRP 
strengthening behaviour. Moreover, the SFRP strength-
ened beam had the highest ductility amount, control the 
cracks formation without rupture failure similar as in the 
case of synthetic FRP strengthened beam. 

5. Silk Fiber Composites
Natural Silk Fiber Reinforced Polymer (NSFRP) com-
posite has been produced to retrofit the RC beams18. The 
silk is a kind of natural protein which can be extracted 
from the cocoon.Silk fiber owns a relative low tensile 
strength (130 MPa), modulus of elasticity (9 GPa) and 
moderate specific weight (1.32 g/cm3). While the NSFRP 
possessed an average tensile strength of 5.11 MPa and 
Young’s modulus of 94.69 GPa respectively. A total of 
nine beams were tested, included three control beams 
and six beams were strengthened with NSFRP. All the 
tested beams were failed in flexure and shear mode.The 
control beams recorded an average ultimate load capacity 
of 36.53 kN.On the other hand, the ultimate load carry-
ing capacity of beams strengthened at tension and flexure 

zone showed an improvement of approximate 39% and 
36% as compared to unstrengthened beams.

6. Bamboo Fiber Composites
Bamboo is a collective of perennial evergreen grow-
ing woody plant in true grass family Poaceae, subfamily 
belongs to Bambusoideae, tribe Bambuseae19.It is acknowl-
edged as one of the fastest-growing plant in the world due 
to its unique rhizome-dependent system.In order to pre-
serve the biodiversity and sustaining the development of 
agriculture without threatening the tropical forests, bam-
boo is the most favourable plant due to it can be harvested 
several times in a growing cycle. Besides that, bamboo has 
great productivity as the world production recorded at 
30,000,000 tons20. The mechanical properties of bamboo 
fiber are advantageous primarily because of its unidirec-
tional fiber arrangement in the tissue and cellulose being 
its major constituent19. The cellulose content contributed 
to the tensile strength and proportional to the modulus of 
elasticity. The microfibrillar angle of bamboo is compara-
tively small (2°-10°) and owns a moderate lignin content 
approximate 32% among various lignocellulosic fibers. 
The longitudinal modulus of elasticity of fibers is maxi-
mized by the nearly axially oriented bamboo cellulose 
fibrils in the fiber walls,and their lignification enhances 
the rigidity of transverse19.The tensile modulus and 
strength of bamboo fiber can be upgraded remarkably 
after the lignin content was removed from the pristine 
bamboo fiber. The combination of these elements leads 
to the tremendously high flexural and tensile strength, 
as well as the rigidity of the polylamellate wall structure.
Several attempts have been made known that bamboo 
fibers reinforced composites are capable to replace over 
the GFRP composite21. The bamboo fiber reinforced 
composites (BFRCs) have indicated an exceptional com-
mitment which illustrating an increment in mechanical 
strength (10-20%) and rigidity (30-45%) as compared to 
pure polymers22. The natural fiber composite that made 
up by jowar, sisal, coir, banana and bamboo were com-
pared under duplicate laboratory environment23. The 
experimental outcomes presented that bamboo fiber pos-
sess excellent physico-mechanical properties than other 
selected natural fibers as shown in Table 1. 

Bamboo fiber owns the lowest density among others 
natural fiber which produce the lower density of natural 
fiber composite. In addition, four (4) years old bamboo 
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fibers of Dendrocalamus strictus species as natural fiber 
reinforcement were reinforced with epoxy to produce the 
composite laminates24. The authors summarized that the 
mechanical properties such as compressive and tensile 
strength of the composite were influenced by the lamina 
configurations.The mechanical property of unidirectional 
bamboo fiber bundle reinforced with biodegradable resin 
was carried out25. The BFRC were manufactured using 
hot press process. The ultimate tensile strength and mod-
ulus of the composites were 265 MPa and 12.4 GPa with 
optimum fiber content of 70%. The tensile strength of the 
composites had increased directly proportional to the 
fiber volume fraction. The author also examined the heat 
resistance of bamboo fibers and bamboo fiber reinforced 
composites in which the fibers were heated at 140, 160, 
180 and 200°C using an electric drying furnace for 15, 
30, 60 and 120 minutes. In addition, findings reported 
that the maximum fabrication temperature for bamboo 
fiber reinforced composites should be lower than 140°C 
to avoid the reduction of strength.

Table1. Comparison of tensile properties of bamboo 
fiber and selected natural fibers

Fiber Density 
(kg/m3)

Tensile 
strength 
(MPa)

Tensile 
modulus 
(GPa)

Elongation 
at break 
(%)

Sisal 1450-
1500

227-700 9-22 3-14

Kenaf 1300 930 53 1.6
Jute 1400 400-800 30 1.8
Bamboo 910 140-800 11-46 1.4

7. Conclusion
Among the natural fibers, bamboo fiber is considered as 
the most potential fiber due to its lighter specific density and 
rapid growth rate. The BFRC possessed higher mechanical 
properties than kenaf, jute, and sisal fibers based compos-
ite. Due to its local availability and abundant accessibility in 
Malaysia, where a tropical rainforest climate is all year round 
apparently, bamboo can be obtained easily. Bamboo fiber 
is believed to be a nearly inexhaustible root of raw material 
for the raising demand for biocompatible products, environ-
mentally friendly and have achieved the criterion of structural 
upgradation material. In the recent years, most of the findings 
on natural fibers composites are mainly confined to kenaf, 
jute, silk and sisal fibers for the work of retrofitting on the RC 

structural members. The principle parts of the researches 
on foreign species bamboo fiber have been focusing on the 
fiber separation techniques as well as mechanical and ther-
mal properties of fibers in polymer matrices. Investigation of 
local species of bamboo fibers are still needed in an extensive 
manner especially as reinforcement for structural members. 
To date, researches in the application of using BFRC plate as 
an alternative external strengthening material to improve the 
properties and behavior of RC beam is rather limited and 
still lacking. Hence, it can become the latent substitute of the 
costly and non-sustainable synthetic fiber and also a new ori-
gin of raw material for other industries.

8. Acknowledgement
This research is supported by the Ministry of Higher 
Education (MOHE), Malaysia under Research 
Acculturation Grant Scheme (RAGS) RDU 151409. 
The authors would like to acknowledge the Center 
of Excellence for Advanced Research in Fluid Flow 
(CARIFF) and laboratory of Faculty of Civil Engineering 
and Earth Resources, University Malaysia Pahang for the 
equipment and testing facilities provided.

9. References
1. Chin SC, Shafiq N, Nuruddin MF. Strengthening of RC 

beams with large openings in shear by CFRP laminates : 
Experiment and 2D Nonlinear Finite Element Analysis. 
Research Journal of Applied Sciences, Engineering and 
Technology. 2012; 4(9):1172–80.

2. Abduljalil BS. Shear Resistance of Reinforced Concrete Deep 
Beams the Opening Strengthened by CFRP Strips. Journal of 
Engineering and Development. 2014; 18(1):14–32.

3. Dalbehera S, Acharya SK. Study on Mechanical Properties 
of Natural Fiber Reinforced Woven Jute-Glass Hybrid 
Epoxy Composites. Advances in Polymer Science and 
Technology: An International Journal. 2014; 4(1):1–6.

4. Zakikhani P, Zahari R, Sultan MTH, Majid DL. Extraction 
and Preparation of Bamboo Fibre-Reinforced Composites. 
Materials and Design. 2014; 63:.820–8.

5. Nguong CW, Lee SNB, Sujan D. A Review on Natural Fibre 
Reinforced Polymer Composites. International Journal of 
Chemical, Molecular, Nuclear, Materials and Metallurgical 
Engineering. 2013; 7(1):.33–40.

6. Portela TGR, Costa LL, Santos NSS, Monteiro SN. 
Tensile Behavior of Lignocellulosic Reinforced Polyester 
Composites: Part II buriti petiole/polyester. RevistaMatéria. 
2010; 15(2):195–201.



Indian Journal of Science and Technology 5Vol 10 (2) | January 2017 | www.indjst.org 

Foo Sheng Tong Siew Choo Chin Shu Ing Doh and Jolius Gimbun

7. Al-Bahadly EAO. The Mechanical Properties of Natural 
Fiber Composites. Ph.D. Thesis. University of Technology, 
Swinburne. 2013.

8. Sen T, Jagannatha Reddy H.N. Application of Sisal, 
Bamboo, Coir, and Jute Natural Composites in Structural 
Upgradation. International Journal of Innovation and 
Technology. 2011; 2(3):186–91.

9. Alam MA, Nouri K, Jumaat MZ. Flexural Strengthening 
of Reinforced Concrete Beam Using Jute Rope Composite 
Plate. The 3rd National Graduate Conference, Putrajaya. 
2015 Apr 8-9.p.210–13. 

10. Sen T, Jagannatha Reddy HN. Strengthening of RC Beams 
in Flexure Using Natural Jute Fibre Textile Reinforced 
Composite System and its Comparative Study with CFRP 
and GFRP Strengthening Systems. International Journal of 
Sustainable Built Environment. 2013; 2(1):41–55.

11. Salman S D, Sharba M J, Leman Z, Sultan MTH, Ishak 
MR, Cardona F. Physical, Mechanical, and Morphological 
Properties of Woven Kenaf/Polymer Composites Produced 
Using a Vacuum Infusion Technique. International Journal 
of Polymer Science. 2015; 2015(2015):10.

12. Abdullah A, Alias SK, Jenal N, Abdan K, Ali A. Fatigue 
Behavior of Kenaffibre Reinforced Epoxy Composites. 
Engineering Journal. 2012; 16(5):106–13.

13. Albuquerque AC, Joseph K, Carvalho LH, Dalmeida 
JRM. Effect of Wettability and Ageing Cconditions on the 
Physical and Mechanical Properties of Uniaxially Oriented 
Jute Roving-Reinforced Polyester Composites. Composites 
Science and Technology. 2000; 60(6):833–44.

14. Hafizah NAK, Bhutta MAR, Hamaludin MY, Warid 
MH, Ismail M, Rahman MS, Azman M Y I. Kenaf Fiber 
Reinforced Polymer Composites for Strengthening RC 
Beams. Journal of  Advanced Concrete Technology. 2014; 
12(6):167–77.

15. Alam MA, Hassan A, Muda ZC. Development of Kenaffibre 
Reinforced Polymer Laminate for Shear Strengthening of 
Reinforced Concrete Beam. Materials and Structures. 2015; 
49(3):795–811.

16. Ramesh M, Palanikumar K, Hemachandra Reddy K. 
Mechanical Property Evaluation of Sisal-jute-glass Fiber 
Reinforced Polyester Composites. Composites: Part B. 
2013; 48:1–9.

17. Sen T, Jagannatha Reddy HN. Flexural Strengthening of RC 
Beams Using Natural Sisal and Artificial Carbon and Glass 
Fabric Reinforced Composite System. Sustainable Cities 
and Society. 2014; 10:195–206.

18. Kumar LSS, Jagannatha Reddy HN, Nizar R. Retrofitting 
of RC Beams Using Natural FRP Wrapping (NSFRP). 
International Journal of Emerging trends in Engineering 
and Development. 2013; 3(5):168–78.

19. Liu D, Song J, Anderson DP, Chang PR, Hua Y. Bamboo 
Fiber and its Reinforced Composites: Structure and 
Properties. Cellulose. 2012; 19(5):1449–80.

20. Faruk O, K.Bledzki A, Fink DP, Sain M. Biocomposites 
Reinforced with Natural Fibers: 2000-2010. Progress in 
Polymer Science. 2012; 37(11):1552–96.

21. Zakikhani P, Zahari R, Sultan MTH, Majid DL. Bamboo 
Fibre Extraction and its Reinforced Polymer Composite 
Material. International Journal of Chemical, Nuclear, 
Materials and Metallurgical Engineering. 2014;  8(4):287–
90.

22. Okubo K, Fujii T, Yamamoto Y. Development of Bamboo-
Based Polymer Composites and their Mechanical 
Properties. Composites: Part A: Applied Science and 
Manufacturing. 2004; 35(3):377–83.

23. Prasad AVR, Rao MK. Mechanical Properties of Natural 
Fibre Reinforced Polyester Composites: Jowar, sisal and 
bamboo. Materials and Design. 2011, 32(8-9), pp.4658–63.

24. Verma CS, Chariar VM. Development of Layered Laminate 
Bamboo Composite and their Mechanical Properties. 
Composites: Part B. 2011; 43(3):.1063–9.

25. Ochi S. Tensile Properties of Bamboo Fiber Reinforced 
Biodegradable Plastics. International Journal of Composite 
Materials. 2014; 2(1):.1–4.


