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Abstract
Analysis of the mechanical properties of Polymer Composite 
Materials (PCM) fiberglass-reinforced is important for fiberboat 
manufacturing. Mechanical properties can be determined by 
carrying out mechanical testing. The mechanical properties of 
this research using the Impact test have been completed. In this 
research each test was carried out on variations in the amount 
of fiberglass lamination CSM 300, CSM 450 and WR 600 and 
the variation in weight percentages of 99.5% -0.5%, 99% -1%, 
98.5% -1 , 5%, 98% -2% and 97.5% -2.5% have been used. The 
result show that the more the amount of laminate the greater 
impact strength, which is equal to 413,712 MPa, and the more the 
percentage hardener the greater the impact strength 2.0 wt .-%, 
which is equal to 416,487 MPa.
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Introduction
Mechanical property is one that represents the 
ability to accept loads/forces/energy. The mechanical 
properties of materials reflect the relationship 
between the load/force/energy received, and the 
reaction has given or the deformation that will occur. 
Therefore, the mechanical properties of materials 
are very important known because it will affect the 
quality of materials in accepting the force. Mechanical 
properties material consists of strength, hardness, 
elasticity, rigidity, plasticity, toughness, fatigue, 
and crawling. The composite material is a material  

that has a multi-phase system composed of 
reinforcing materials and matrix materials, as 
shown in Figure 1. Because composite materials 
have advantages in various ways, such as low 
density, high mechanical properties, performance 
comparable to metals, resistance to corrosion, and 
easy to fabricate.1 There are two types of composite 
materials, natural and synthetic matrices.2-10 And 
the Matrix divided into, including polymer, ceramic, 
and metal. Inside the composite material also has 
reinforcement in the form of fiber, sheet, particle 
reinforced.1,11
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Polymer Composite Materials (PCM) Fiberglass-
reinforced has proven advantages when applied 
in the marine environment. The benefits including 
lightweight, strong, easy to print, and cheap. Then, 
when compared to steel and aluminum materials, 
polymer composite materials (PCM) fiberglass-
reinforced have a modulus of elasticity and low 
fatigue strength.12,13 Polymeric materials divided 
into two types; thermosets and thermoplastics.14,15 

In the marine industry, the application of polymer 
composite materials (PCM) fiberglass-reinforced 
has been carried out by16-18 and in shipbuilding / 
even submarine.13,19-21

In marine, applications generally a low-cost 
and high-performance material choice required. 
Different when using materials such as carbon and 
aramid. Glass fiber material was chosen because 
it has low production costs with high performance. 
The material has been used in a variety of forms 
including, unidirectional tows, woven and stitched 
fabrics, and chopped random mats. Meanwhile, 
Polymer Composite Materials (PCM) Fiberglass-
reinforced widely used as a substitute for carbon 

fiber and aramid. To improve the quality of the 
boat or even submarines made from fiberglass 
composite materials, researchers conducted 
studies on the variation of reinforcement and 
matrix to obtain the best mechanical, physical, 
and chemical properties.13,17-19,22-24 The results of 
fiberglass composite material proved to be able to 
replace carbon fiber and aramid when applied in 
the marine field.

Unsaturated polyester is one of the most widely 
used resin types in the marine industry, especially 
in Indonesia. The main advantage of this material, 
besides having low production costs, the material 
has unique chemical properties when applied in 
the marine industry. Coupled with the resin itself 
has a long shelf life. For this reason, polyesters 
are widely produced. Among the various types of 
polyester resins, the isophthalic variety offers the 
most attractive combination of mechanical strength 
and resistance to the marine environment. However, 
from a cost viewpoint, the orthophthalic variety holds 
attractions for the small boat industry.21

Table 1: Properties of unsaturated Polyester Resins YUKALAC-157® BQTN-EX:

Item Score Unit Note

Spesific Grafity  1.21±0.02 g⁄cm2  250C
Hardness 40 - Barcol/GYZJ 934-1
Water Absorption (250C) 0.188 % 24 Hours
Water Absorption (250C) 0.466 % 7 Days
Flexural Strength 9.4 kg⁄mm2

Flexural Modulus 300 kg⁄mm2  
Range Power 5.5 kg⁄mm2  
Modulus Young 1.18 GPa 
Store Life At 250C Less than 6 Months

Fig.1: Analogy of composite materials

In this research, Hardener type MEPOXE (Methyl 
Ethyl Ketone Peroxide) and Poliester Yukalac-157® 

BTQN-EX as a matrix were used each materials are 
produced by PT KAWAGUCHI KIMIA INDONESIA 
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and PT JUSTUS SAKTI RAYA respectively. 
Poliester Yukalac-157® BQTN-EX chose because 
it is specifically a manufacturing process of Fiber 
Reinforced Polymer systems (FRPs) with hand 
lay-up and spray molding. In general, this resin 
commonly used in the manufacture of fishing 
boats, bathtubs, building materials, and other FRP 
products. The material properties present in this resin 
are as shown in Table 1.

The composite material used most frequently in 
Indonesia has been E-glass type in a matrix of 
polyester or epoxy resin. This type less strong and 
slightly less stiff than the other commonly available 
glass but is markedly cheaper, as shown in Table 2. 
In recent years, several other fibers have become 
available like carbon and aramid, but have been 
generally too expensive to apply in Indonesia.

Table 2: Properties of some commonly used reinforcing fibers 

Fiber Density Tensile Strength Young’s Modulus Failure Strain(%) Relative Cost
 (g⁄cm3) (GPa) (GPa)
  
E-glass 2.6 3.1-3.8 75-78 4.5-4.9 Low
S-glass 2.4 4.6-4.8 88-96 5.4-5.8 Medium
Aramid 1.4 3.6 41-186 2.9-8.7 Medium-High
Carbon 1.78 4.2-6.1 230-300 1.8-2.0 Medium-High
Structural steel 7.8 0.45-0.65  2 at yield  High
  (0.35 yield) 1.8 at ultimate  25 at failure

In this research, used three types of E-glass; CSM 
300 (Chopper Strand Mat 300), CSM 400 (Chopper 
Strand Mat 400), and WR 600 (Woven Roving 600) 

each produced by TAIWAN GLASS IND.CORP. with 
distributors PT JUSTUS KIMIARAYA as shown in 
Figure 2.

Fig. 2: Common forms of glass fibers a) CSM 300, b) CSM 450, and c) WR 600

Table 3: Properties of Fiberglass

               Item Spesification

 Weight (g⁄cm2) Weidth (cm) Long (cm)

Chopper Strand Mat 300 300 104 960
Chopper Strand Mat 400  400 104 640
Woven Roving 600 600 100 -
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In general, this Fiber type commonly used in the 
manufacture of traditional boats, bathtubs, building 
materials, and other FRP products. The material 
properties present in this Fiber type are as shown 
in Table 3.

Furthermore, for Polymer Composite Materials 
(PCM) Fiberglass-reinforced have the strength 
following the needs in boat/ship manufacturing,  
The impact test is the kinetic energy needed to 

break the material. In boat/ship manufacturing, it is 
necessary to know the impact resistance.17 

In Indonesia, the number of reinforcing layers used is 
six layers with a percentage composition of hardener 
weight 0.5 wt .-% for fiberboard building. In this study, 
the researcher wanted to determine the effect of 
adding and reducing layers and the percentage of 
reinforcement on the impact strength of Polymer 
Composite Materials (PCM) Fiberglass-reinforced. 

Table 4: Experimental design polymer composite materials (PCM) fiberglass-
reinforced reinforcement variations with variations of the sample matrix B1

                          Lamination Arrangement 

No. Description                                      Sample

  A1 A2 A3 A4 A5

1. Order of layers:     
 1 CSM 300 CSM 300 CSM 300 CSM 300 CSM 300
 2 WR 600 CSM 450 CSM 450 CSM 450 CSM 450
 3 CSM 450 WR 600 WR 600 WR 600 WR 600
 4 CSM 450 CSM 450 CSM 450 CSM 450 CSM 450
 5  CSM 450 WR 600 WR 600 WR 600
 6   CSM 450 CSM 300 CSM 300
 7    CSM 450 WR 600
 8     CSM 450

Materials and Methods
Materials
The first research procedure was weighing and 
stirring the resin/epoxy material with a hardener. 
Furthermore, for polymer composite materials 

(PCM) fiberglass-reinforced variations, the amount 
of lamination used starts from layered layers to layers 
with CSM 300, CSM 450, and WR 600 compositions 
as calculated by Table 4 and variations in the use 
of epoxy resin plates and hardeners respectively. 

Table 5: Experimental designs polymer composite materials (PCM) 
fiberglass-reinforced matrix variation with variation reinforcement A3

            Weight Percentage [wt.-%]
 
No. Description                        Sample
  
  B1 B2 B3 B4 B5

1. Lamination Order:     
 Epoxy Resins 99.5 99 98.5 98 97.5
 Hardener 0.5 1 1.5 2 2.5
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99.5% -0.5% each. Then for other polymers 
composite materials (PCM) fiberglass-reinforced, 
five weight variations of the Epoxy Resins and 
Hardener matrix are used, as shown in Table 5 with 
the amount of reinforcement lamination used A3.

Methods
The impact tests were carried out on each specimen 
that has been synthesized by repeat the test three 
times. The impact strength of the material can be 

seen from the resistance of the material to the force 
applied suddenly. From the impact test, it can be 
obtained the impact strength of polymer composite 
materials (PCM) fiberglass-reinforced specimens 
made refer to ASTM D6110, as shown in Figure 3. 
Impact strength can result in using (1);

 ...(1)

Where W is Work required to break the test object (kg 
m), λ is The length of the swinging arm (m), cos α is 
The initial angle of the pendulum, cos β is The final 

angle of the pendulum and A is The cross-sectional 
area below the notch (m2).

Fig. 3: Impact test specimens (ASTM D6110)

Table 6: Impact test results on variations in reinforcing 
polymer composite materials (PCM) fiberglass-reinforced

Sample Impact Strength [MPa]

A1 366.297
A2 379.859
A3 396.756
A4 405.392
A5 413.712

Results and Discussion
Impact testing is divided into two types of tests, 
namely Izod and Charpy. in this study using the 
Charpy method. The impact test specimens use 
a predetermined standard that is ASTM D6110, 

as shown in Figure 3. The results of the impact 
tests have been carried out on polymer composite 
materials (PCM) fiberglass-reinforced reinforcement 
variations, as shown in Table 6.
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Based on Table 6 the impact strength values 
obtained on polymer composite materials (PCM) 
fiberglass-reinforcedare equal to A1 = 366,297 MPa, 
A2 = 379,859 MPa, A3 = 396,756 MPa, A4 = 405,392 
MPa and A5 = 413,712 MPa. These results indicate 
that, polymer composite materials (PCM) fiberglass-
reinforced varies with reinforcement resulting in 
an impact value that increases with the addition of 
reinforcement to the material.

Based on Table 6 also, the impact strength value 
produced for each sample A1 to A5 has differences, 
ranging from 8 MPa to 16 MPa. The difference is 
influenced by differences in the type of amplifier 
added. For sample A1 and A2, the addition of CSM 
450 amplifier type has a difference in impact strength 
of 13.562 MPa. Then for sample A2 and A3, it has 
the addition of the WR 600 type amplifier. So it has 
a difference in impact strength of 16.897 MPa. After 
that, for sample A3 and A4 have the addition of 
CSM 300 amplifier type. The results obtained from 

the addition of the amplifier type have an impact 
strength difference of 8.636 MPa. Finally, the sample 
A4 and A5 samples have WR 600 amplifier type 
addition. The results obtained from the addition of 
the amplifier type difference in impact strength value 
obtained is 8.320 MPa.

Then the impact test results of polymer composite 
materials (PCM) fiberglass-reinforced reinforcement 
variations, as shown in Figure 4. That figure appears 
that samples A1 to A5 have the same fracture 
characteristics while the fracture location is slightly 
different. The form of fracture in question is that 
there are residual fibers in the test sample. Because 
the polymer composite materials (PCM) fiberglass-
reinforced has an inherent inhomogeneous and 
anisotropic structure coupled with the hardening 
process in the material because of by many factors. 
While the shape of the resulting fracture shows that 
the material is classified Brittle or Ductile.

Fig. 4: Impact test results on polymer composite (PCM) fiberglass-reinforced reinforcement 
variations: A1) 4 Layers, A2) 5 Layers, A3) 6 Layers, A4) 7 Layers and A5) 8 Layers
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After knowing the results of the impact test on 
polymer composite materials (PCM) fiberglass-
reinforced reinforcement variations, then for the 
results obtained from the impact test varies matrix 
on polymer composite materials (PCM) fiberglass-
reinforced, as shown in Table 7.

Based on Table 7 the impact strength values 
obtained on fiberglass-reinforced polymer composite 
material (PCM) are equal to B1 = 396.865 MPa, B2 

= 400.890 MPa, B3 = 412.374 MPa, B4 = 416.487 
MPa and B5 = 410.247 MPa. These results indicate 
that the polymer composite material (PCM) with 
a variety of fiberglass reinforced matrix produces 
an impact value that increases with the addition of 
the percentage of the weight of the matrix on the 
material. However, some samples produce a small 
impact strength when compared to the previous 
sample type.

Table 7: Impact test results on variations in the matrix of 
polymer composite materials (PCM) fiberglass reinforced

Sample Impact Strength [MPa]

B1 396.865
B2 400.890
B3 412.374
B4 416.487
B5 410.247

Fig. 5: Impact test results on polymer composite (PCM) fiberglass-reinforced matrix variations: 
B1) 99.5%-0.5%, B2) 99%-1.0%, B3) 98.5%-1.5%, B4) 98%-2.0% and B5) 97.5%-2.5%
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Based on Table 7 also, the impact strength value 
produced for each sample B1 to B5 has differences, 
ranging from 4 MPa to 11 MPa. The smallest impact 
strength value is found in the sample B1 396.865 
MPa. The results obtained because it has matrix 
weight of 0.5%. The greatest impact strength value 
is found in sample B4 416.487 MPa. The results 
obtained because it has a matrix weight of 2.0%. 
When viewed from the percentage of the given, B5 
has the largest percentage of matrix weights. But the 
results obtained for B5 samples are smaller than B4 
and B3 410,247 MPa.

Then the impact test results of polymer composite 
materials (PCM) fiberglass-reinforced reinforcement 
variations, as shown in Figure 5. That figure appears 
that samples B1 to B5 have the same fracture 
characteristics while the fracture location is slightly 
different. The form of fracture in question is that there 
are residual fibers in the sample. That is because 
the polymer composite materials (PCM) fiberglass-
reinforced has an inherent inhomogeneous and 
anisotropic structure coupled with the hardening 
process in the material. The shape of the resulting 
fracture shows that the material is classified as 
Brittle or Ductile.

Conclusions
The results of impact testing of fiberglass reinforced 
polymer composite materials (PCM) with each 

reviewing the effect of reinforcement variations 
and matrix variations as fiberglass boat building 
materials, a conclusion is obtained that the variation 
of reinforcement and matrix variations affect the 
impact strength. The best value is obtained from 
the variation of polymer composite materials (PCM) 
fiberglass-reinforced on impact strength, namely 
the reinforcement of eight layers, with an impact 
strength 413,712 MPa. Then the best value of the 
variation of the polymer composite materials (PCM) 
fiberglass-reinforced strength on impact strength is 
the matrix content 2.0 wt .-%, with an impact strength 
416,487 MPa. 
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