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Abstract 
 
The ductility of concrete matrix which is strong in term of compressive but weak in term of 
tensile and flexure could be increased by fiber addition.This research aims to investigate the 
influence of sugar palm fiber addition toward the tensile strength of concrete. The natural fiber 
from the sugar palm tree was spread randomly in normal concrete to increase its tensile strength. 
The splitting tensile strength test was done in accordance with ASTM C496–90. Four different 
percentages (2.5%, 5%, 7.5%, 10%) of sugar palm fiber were added to normal concrete to 
discover the tensile behaviour of this type of concrete. The result shows, 10% sugar palm fiber 
addition increases the tensile strength of concrete up to24% at the age of 28 days, and the 
increasing rate is getting low at the age of 4 months (7.5%). 
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Introduction 

 
Protecting the environment becomes mandatory for the researchers before implementing the new 

technology to ensure no damage or environmentally friendly. Utilization of waste material and renewable 
resources as alternative building materials have become the popular way to overcome the environmental 
problem in most developing country (Neville, 1995). 

Fiber reinforced concrete (steel fiber or natural fiber) is gaining more attention in construction 
industry. Adding the short fiber reinforcement in low volumes (less than 2–3%) can increase the fracture 
toughness of concrete that will help to control the width of crack that form due to the volume changes in 
concrete (Raoufi and Weiss, 2011). 

Organic fibers can be produced from a number of solid wastes such as bamboo, coconut, date palm, 
oil palm, sugarcane, and vegetable wastes. Some of these fibers are chemically more inert than either steel 
and glass fibers. They are also cheaper and more importantly most of them can be natural (Safiuddin et al., 
2010). The tensile strength of concrete is about 9–15% of its compressive strength, and concrete is 
considered as brittle material. The fiber addition inside the concrete could increase its ductility that makes it 
suitable to be used in the earthquake prone area. Previous research shows that bamboo fiber addition could 
increase the tensile strength of concrete (Wahyuni et al., 2014). Torgal and Jalali (2011) said that promoting 
the use of concrete reinforced with vegetable fibers could be a way to improve concrete durability and also 
sustainability construction. 

When concrete cracks, fibers help to bridge a crack and transfer load across the crack. Fiber 
reinforcement will limit the extent of restrained shrinkage cracking by limiting the width of the crack that 
forms in concrete element (Shah et al., 1995). 

Sugar palm fiber is obtained as a by–product of the sugar palm tree (Arenga Pinnata). This durable 
fiber is extracted from the trunk and leaf–bases of sugar palm plant. Sugar palm fiber offers good tensile and 
flexural properties in polymeric composites due to a better bonding with the matrix (Bachtiar et al.,2010).The 
most crucial structural component of the natural fiber is its cellulose in comparison with the other chemical 
constituents. The amount of cellulose in their cell walls will determine the mechanical properties, cost of 
production and various potential applications of fibers (Sanyang et al.,2016). 

It is encouraged to use the renewable materials for sustainable pattern of consumption of building 
materials. The focus of this research is utilizing the fiber from sugar palm tree in concrete. Sugar palm tree 
grows very well in Bengkulu Province. 
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Material and Methods 
 
Material Used 

The sugar palm fiber was from Curup, Bengkulu and available in the hardware shop in Bengkulu 
city. The palm fiber was cleaned and cut into 2 cm long (Figure 1). The loose bulk density of this fiber is 
0.0057. The fiber added to each mix variation was based on the loose weight of fiber toward volume of 
the cylinder mold (15 cm x 30 cm). Figure 2 shows the ready to use sugar palm fiber into the concrete 
mixture. 

 
Figure 1. Sugar palm fiber (a) cutting process and (b) ready to use. 

 
Aggregate 

The fine aggregate was obtained from Curup Bengkulu, and the coarse aggregate with nominal size of 
10 mm and 20 mm was from North Bengkulu. These materials were also available in the hardware shop in 
Bengkulu city. The physical properties of fine and coarse aggregate are tabulated in Table 1. 

 
Table 1. Physical properties of aggregate 

Properties Fine Aggregate Coarse Aggregate 
Fineness Modulus (FM) 
Specific Gravity 
Bulk Density 

1.76 
2.59 
1.3 

6.73 
2.68 
1.5 

 
Mix Design 

Five mixture proportions were made. Normal concrete was used as the control mix. The water cement 
ratio was kept at 0.5. The slump value was 60–100 mm. The concrete mix design was prepared in accordance 
with SK–SNI T–15–1990–03. The type of cement used in this research is PCC which is also available in the 
hardware store in Bengkulu. It was certain that the cement was in good condition before used in the concrete 
mixture. The mix proportion for concrete is given in Table 2. 

 
Table 1. Concrete mix design proportion 

No. Materials Amount kg/m3 
1 
2 
3 
4 

Cement 
Fine Aggregate 
Coarse Aggregate 
Water 

450 
551.22 
1119.15 
225 

 
The sugar palm fiber were added in 4 different percentages namely 2,5%, 5%, 7,5% and 10% based 

on its loose bulk density. Four specimens were prepared for each variation. The fiber was distributed evenly 
inside the concrete mixer to the dry mixture of cement and fine aggregate before adding coarse aggregate and 
water, so it does not create the weak spot that decrease the strength of the concrete. 

The slump test was performed for every 4 specimens made to ensure the workability was within the 
range of 6–10 cm. The cylinder moulds measuring 150 mm in diameter and 300 mm in height were prepared 
for indirect tensile strength test. The specimens were cast and demoulded after 24 hours. Each specimen was 
named before cured in the curing tank until the day of testing. 
  

(a) (b) 
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Results and Discussion 
 
The test of tensile strength of concrete was conducted in accordance with ASTM C496–90 in concrete 

laboratory, Bengkulu University. The concrete cylinder was tested at the age of 28 days and 4 months. The 
specimen from the curing tank was air dried one day before tested. The tensile strength of normal concrete 
was compared to 4 other types of concrete. 

The test involved centering the sample in the testing machine. The force applied was at the constant 
rate until it reached the maximum force. The splitting test set up with the failure cylinder specimen can be 
seen in Figure 2. 

The formula used to calculate the tensile strength of concrete is: 

dL

P
T

  

2


  

where T is the splitting tensile strength, P is the maximum applied load, l is length and d diameter. 

 
Figure 2. Splitting test set up 

 
Figure 3. shows the result of tensile strength of Normal concrete and 4 variation of concrete at the 

age of 28 and 120 days. The value of the tensile strength plotted in the graph is the average of 4 specimens 
from each variation. The tensile strength of concrete is increasing along with the increasing percentage of 
fiber addition. The 10% fiber addition shows the highest strength both at 28 days and 4 months. 

 

 
Figure 3. Tensile strength test results 

 
The result shows, 10% palm fiber addition increases the tensile strength of concrete up to 24% at the 

age of 28 days, and the increasing rate is getting low at the age of 4 months (7.5%). This graph does not show 
the optimum result yet. The possibility is the tensile strength of this type of concrete will keep increasing 
with some more percentages of fiber addition. The trend shows the increase of tensile strength at later ages is 
not significant even though it is still higher than the tensile strength of normal concrete. The fiber inclusion 
might reduce the compressive strength of concrete as well as increase its ductility. Further research is needed 
to clarify this finding. 
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Conclusions 
 
The tensile strength of concrete with sugar palm fiber addition increase with the adding percentage of 

sugar palm fiber in comparison with normal concrete. The increase of tensile strength test at later ages is not 
significant. Further research is needed to find the optimum fiber addition toward this type of concrete. The 
durability of this type concrete is needed to be investigated as this research involved the natural fiber which 
might react with the alkaline environment. 
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