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Unsaturated polyester is a polymer that is widely used as a basic matrix to form 

strong composites for engineering applications such as for cars, ships and 

aeroplanes. The advantages of using this material are owing to have a fairly high 

tensile strength when reinforced with appropriate reinforcing fibers, light and 

easy to shape. However, due to its brittle nature, this material cannot withstand 

shock loads. Therefore, it is necessary to overcome that weakness. Crude Palm 

Oil (CPO) can give benefits as a strengthening agent. However, its proper 

mixture to polyester need to be figured out so that it would help in improving 

crack resistance properties of this polyester. This can be done by determining 

of fracture resistance value of the mixture polymer. A crack resistance testing 

was carried out and crthe itical stress intensity factor was calculated based on 

ASTM D 5005. The composition of the CPO mixture was varied from 100%: 

0%, 10%: 20%, 30%: 40%. From the test results, it can be identified that the 

greatest critical stress intensity factor is 𝐾1𝑐 = 15.787  MPa.m1/2. This is found 

out in composition of 30% CPO. Meanwhile the critical intensity factor of pure 

Unsaturated Polyester (UP) is only 2,023 MPa.m1/2. There is approximately 

700% improvement that can be gained in mixing with CPO. 
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1. INTRODUCTION 

Nowadays, polymer materials are widely used in 

transportation, such as for vehicles, ships, and 

aircraft, to substitute metal materials[1][2]. This is 

owing to have low specific gravity, easy to form, 

and able to be modified by mixing with other 

materials in the form of composites[3][4]. The 

advantage of composites is that their mechanical 

strength can exceed the strength of the polymer 

matrix material depending on the reinforcing 

elements[1][4][5][6]. But besides that, polymers 

have several weaknesses, including low tensile 

strength, easy to crack, and not able to withstand 

high temperatures[7][9]. Efforts to strengthen 

polymers with natural fibers have been carried out, 

for example reinforcing with carbon fiber, nylon 

fiber, hemp fiber, and other fibers[1][10][11]. 

Unsaturated polyester is a polymer produced from 

the process of breaking the carbon and hydrogen 

chains of petroleum. This polymer is a type of 

thermosetting polymer made from synthetic 

materials that have a tightly cross-linked molecular 

structure and are closely related to each other, with 

the mechanical characteristics of this material being 

brittle[12][13][14]. Accordingly, it is necessary to 

make efforts to improve the brittle nature of the 

material so that it is able to withstand crack loads 

within a certain load range[15][16].  

One thing that will be developed in this research is 

to strengthen the crack resistance of un-saturated 
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polyester polymer by mixing with Crude Palm Oil 

(CPO) from palm oil[17][18]. A test will be carried 

out to determine the crack resistance ability of the 

un-saturated polyester material due to the addition 

of a mixture of CPO oil in carrying out crack 

loading [19]. Crack test standards and test sample 

dimensions refer to crack test standards based on 

ASTM D5405.  

 

2. METHODOLOGY 

In this study, testing was carried out on the material 

that was given an initial crack. Afterward, testing 

materials were given a gradually increased tensile 

load until the maximum load that material fails to 

withstand. In this stage, material would experience 

a total crack called fracture toughness. The amount 

of energy is required to make the material withstand 

of the cracks due to called "Fracture Energy." In 

addition, the magnitude of the stress distribution 

that occurs at the crack tip of the material that is 

given the initial defect is called the Stress Intensity 

Factor.  The stress intensity factor of the material is 

indicating ability of the material to sustain a total 

crack called the fracture threshold. The Critical 

Stress Intensity Factor symbolized by (KIc) can 

define the level of material thoughness. 

 

In general, research was performed in several 

stages, including the material supply stage, the 

casting stage of the crack test specimen sample, and 

crack testing by crack loading in the vertical 

direction of two sides of the specimen. 

 

2.1 Materials 

Un-saturated polyester is a polymer that is 

commonly used as a matrix in composite 

manufacturing.   Unsaturated polyester used in the 

study as a polymer matrix was Yukalac 1560 BL-

EX [13][20]. The composition between UP and 

CPO was arranged according to Table 1. 

Furthermore, in order to reduce the viscosity of the 

UP, Methyl methacrylate (MMA) was used to 

improved its mechanical properties. Then, CPO 

used in this study was supplied by PT. Pelita Agung 

Agro Industry. After UP and CPO were mixed up, 

it is required to put a catalyst to accelerate drying 

rate of composite samples. The catalyst used in this 

research was the Mepoxe catalyst produced by PT. 

Justus Kimiaraya that composes 4% of mixture 

composition. 

Tabel 1. Mixture composition variation of UP and 

CPO 
Material UP 

(% wt) 

CPO 

(% wt) 

MMA 

(%wt) 

UP/CPO 100 100 0 10 

UP/CPO 90 90 10 10 

UP/CPO 80 80 20 10 

UP/CPO 70 70 30 10 

UP/CPO 60 60 40 10 

 

The material in the form of mixing un-saturated 

Polyester, CPO oil, Methyl Methacrylate (MMA), 

and a catalyst was prepared according to the 

determination of the mixture ratio. The mixture 

composition was then got casting using a mold that 

has a size referring to ASTM D 5405. There were 

four specimens casted for each mixture composition 

according to several references as shown in Figure 

1. 

 

 

Figure 1. Freezing crack test specimens at room 

temperature 

 

2.2 Testing Equipments 

This study utilized some equipment to help 

achieving the objective as follows; 

1. A crack test mold was used to casting test 

specimens. 

2. Universal Testing Machine COM-TEN testing 

machine 95T series was used for crack testing. 
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The specimen was got drawn in two-way 

vertical movement of the test machine as can be 

seen in Figure 2.  The machine can move as the 

load increases automatically when the material 

resists. 

 

Figure 2. Crack testing machine with brand 

of COM-TEN series 95T 

 

3.   A hot plate typed magnetic stirrer was used to 

stir the mixture composition to make it 

homogeneous. 

 

2.3 Methods 

The crack testing performed by drawing the 

material as can be seen in Figure 3 so that the given 

load will cause an initial crack on the specimen. The 

initial crack will cause cracks propagated until the 

material hold the given load longer. The length of 

the crack propagated was read directly on the 

machine display. This reading magnitude will then 

use to determine mathematical equation as in 

Equation 1. The crack testing refers to the ASTM D 

5045 standard. The ASTM D 5045 standard can be 

seen in the cracks. 

 

Figure 3. Crack testing specimen according to 

ASTM D 5405 standard 

Meanwhile stress intensity factor calculated by 

using Equation 1 and Equation 2.           
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3. RESULTS AND DISCUSSION 

Before the crack test was carried out, each specimen 

dimension was measured and the results is given in 

Table 2.  

 

Tabel 2.  Data of crack test specimen dimension 

CPO  

(%) 
Spesimen a (cm) a/W F(a/W) 

0 

1 1.53 0.42 7.604 

2 1.51 0.41 7.517 

3 1.49 0.41 7.391 

10 

1 1.52 0.42 7.571 

2 1.58 0.44 8.952 

3 1.45 0.39 6.126 

20 

1 1.48 0.40 7.321 

2 1.52 0.42 7.543 

3 1.51 0.41 7.464 

30 

1 1.53 0.43 7.701 

2 1.49 0.41 7.373 

3 1.51 0.41 7.485 

40 

1 1.54 0.42 7.670 

2 1.56 0.43 7.829 

3 1.48 0.41 7.352 

 

Afterward the crack test was performed to obtain 

the value of Tensile Toughness and the 

displacement (strain). The result is depicted in 

Table 3. In Table 3 is also given the calculation 

result of critical stress intensity factor. 

 

 
Figure 4. Effect of CPO addition on energy fracture 
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Data provided in Table 3, further is proceeded to 

quantify the effect of CPO addition on energy 

fracture and the result is given in Figure 4.  

Tabel 3. Fracture toughness of test specimen  

CP

O 

(%) 

Specimen 
Force 

(kN) 
KIc 

(MPa/mm1/2) 

0 

1 0.62 1.990 

2.023 2 0.34 1.083 

3 0.101 2.966 

10 

1 0.226 7.387 

6.620 2 0.194 6.628 

3 0.193 5.845 

20 

1 0.312 9.654 

9.866 2 0.325 10.463 

3 0.301 9.483 

30 

1 0.486 16.015 

15.787 2 0.440 13.820 

3 0.530 17.528 

40 

1 0.120 3.904 

4.201 2 0.138 4.672 

3 0.126 4.029 

 

Energy fracture can be defined as the energy 

necessary to alter one unit of fracture surface area 

from the initial no-load state to the complete 

separation state. From Figure 4, it can be discovered 

that CPO addition would enhance fracture energy of 

the composed material.  

Nevertheless, only addition of 30% of CPO would 

provide the maximum benefit to CPO-UP mixture. 

It implies that CPO is responsible to retain crack 

propagation.  

 
Figure 5. Facture Toughness curve to the 

Percentage of Mixed CPO against UP. 

 

Moreover, if fracture toughness (i.e. critical 

intensity factor magnitude) is taken into account, 

CPO addition would improve fracture toughness as 

CPO is added to the mixture materials.  Fracture 

toughness is a brittle material characteristic in 

resisting defect propagation due to stress loading.  

Similar trend as energy fracture, for fracture 

toughness as shown in Figure 5, the mixture of UP 

and CPO with percentages of 70% and 30% 

respectively, had posed the highest fracture 

toughness. It indicates that the material has high 

fracture toughness would be hard to get crack kept 

growing. So that, a specific percentage of CPO in 

UP would yield a material that can withstand off 

crack.  

 

In addition, Figure 6 shows effect of material 

deflection on load. In Figure 6, it also can be seen 

the maximum force that make material failed to 

withstand at deflection length.  

 

Figure 6. The magnitude of load crack according to 

the level of material deflection of CPO 

and Un-saturated Polyester mixture 

 

4. CONCLUSIONS 

Based on the research that has been done, it had 

identified that CPO addition to UP with particular 

percentage would improve crack resistance of the 

mixture material. In this study, it is found that 

composition of 30% UP and 70% CPO requires 

above 440 N of force on average to get crack. 
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Meanwhile, the Stress Intensity Factor K1c can 

reach to 15.787 MPa.m 1/2. Eventually, there is 

approximately 700% improvement can be attained 

as CPO introduced into UP with maximum 

percentage of 30%. 
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NOMENCLATUR 

a initial crack                                 ,mm 

B           width specimen                           ,mm  

f           Function                                        (-) 

K1c       Stress Intensity Factor                  MPa.m1/2 

P          Loads                                          , N 

(%wt)   weight fraction                             (-) 

W          width                                          ,mm 

x             a/W                                             (-)         

 

 


