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ABSTRACT 

 

In this study, the mechanical behaviors of rubbers reinforced with continuous fibers piled in various forms are 

experimentally investigated under tensile load. In the study, unreinforced and reinforced rubber specimens are 

used in tensile tests. Polyester with various thicknesses and Nylon 6.6 are used as the reinforcement material. 

Also, tensile tests are carried out with Polyester and Nylon 6.6 cord. All reinforced specimens subjected to the 

test are prepared in two layers. A rubber layer is placed between the layers to prevent the fibers from 

contacting each other. The specimens are prepared as standard tensile test specimens. All tests are performed 

at a speed of 0.5 mm/s. The distribution difference of the reinforcement material (fibers piled at the center, 

fibers piled around the edges and fibers distributed uniformly) are investigated when the tensile forces applied 

to the specimens. Their effects on amount of deformation is also investigated. During testing, slippage of 

fibers with respect to the rubber matrix are also discussed. 

Keywords: Reinforced rubber, continuous fiber, nylon 6.6, polyester, tensile test. 

 

 

1. INTRODUCTION 

 

Natural rubber is a commercial material that accounts for %70 of the total use of rubber and 

used as the raw material for many products in the industry [1]. The purpose of using natural 

rubber-based materials is because of their better mechanical properties than others. Natural rubber 

is known as a hard elastomer that can handle large deformations [2]. Besides, commercial usage 

field of natural rubber is greatly improved because it is a recyclable material. However, in many 

products in order to improve the mechanical properties, natural rubber is used in the way that it is 

reinforced by using continuous fibers. Numerous products such as vibration isolation, belts, 

gaskets, tires, pressure hose, and airbags are widely used in many fields, especially in the 

automotive industry [3-4]. In Figure 1, various examples of fiber-reinforced rubbers commonly 

used in the automotive industry are shown. 

Silicon rubber is used in many applications such as automotive industry, electronics, shoes, 

robotic grippers, hand rehabilitation, artificial muscle, medical devices, aviation, toy etc. [5-8]. In 
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this study, silic one rubber is reinforced with various strengthening materials to investigate the 

mechanical properties of the reinforcements in different distribution states.  

 

    
 

Figure 1. Examples of various fiber-reinforced rubbers [9-10] 

 

In the literature, Rey and et al. conducted the effect of temperature on the mechanical 

properties of two silicon rubbers [5]. Li and et al., in order to adhere reinforcement materials to a 

natural/styrene butadiene rubber and develop mechanical properties, continuous basalt fibers were 

immersed in RFL (resorcinol-formaldehyde-latex) system by the action of a connecting silane 

agent and without silane [11]. Herrera-Franco et al. investigated HDPE (high-density 

polyethylene) reinforced with continuous natural fibers. To enhance the fiber-matrix interaction; 

researchers increased the contact area, revealed cellulose microfibrils and improved fiber 

wettability and absorption by intervening fiber exterior properties [12]. Tsai and et al. studied the 

effect of changing the Polyester rubber-fiber layers and their orientations on the mechanical 

properties of chloroprene rubber composites [13]. Zhang and et al., developed a different method 

to create random fiber distribution with high fiber density, in the cross-sectional area of the fiber-

reinforced composites [14]. The damage mechanisms in unilateral fiber-reinforced plastics are 

investigated by Parambil et al. For this purpose, on the micro-scale, the improvement of 3-D 

repeating unit cells with randomly piled fibers are studied [15]. Unfilled silicone rubber is tested 

to determine its mechanical properties by Meunier et al. Finite element simulations of 

experiments are done by the hyperelastic models. Later, researchers compared the experimental 

and numerical results [16]. The mechanical properties of various artificial muscle and modeling 

are investigated and a finite element analysis is carried out by researchers [17-21]. Gong and et al. 

developed a flexible pneumatic artificial muscle (FPAM) using silicone rubber as matrix and 

Kevlar fibers as reinforced materials. They compared their muscle with McKibben artificial 

muscles [22]. Adachi and et al. studied the drop weight test and the results of the theoretical 

analysis of thin-walled cylinder [23]. He and et al. examined the mechanical properties of silicone 

rubber reinforced with various white carbon black [24]. Durante and et al. performed a numerical 

model and experimental validation of a PMA (pneumatic muscle actuator). They numerically 

created and modeled the actuator. The producing model was experimentally verified using a 

prototype [25]. Zhu and et al. investigated a numerical study of random fibers distributions and its 

influence on the mechanical properties of thread in-plane woven carbon fiber-reinforced 

composites. Random distribution of fibers almost has no effect on the axial tensile strength [26]. 

The tensile test results of the reinforced natural rubber composite are shown in Figure 2. 

Figure 3 shows that fibers are aligned along tensile direction. In this case, uniform distances 

between fibers are changed as a result of applied pressure. 
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Figure 2. Tensile test results whe re the fibers are two-layered and uniformly distributed (angle is 

0° between fibers) 

 

  
                               a) Uniformly                                                  b) At the center 

 

 
c) Around the edge 

 

Figure 3. a) Uniformly, b) at the center and c) around the edge distributed fiber-reinforced rubber 

specimen model (angle is 0° between fibers) 

 

Figure 4 shows the technical drawing of the die which is used in the study. 
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Figure 4. The technical drawing of the die 

 

2. MATERIAL AND METHOD 

 

2.1. Preparation of Die and Specimens 

 

Tensile testing of fiber-reinforced rubbers is important because it explains the mechanical 

properties of these materials. Therefore, in this work, the die of composite materials to be used is 

prepared by cutting in the wire erosion machine. In order to obtain die for tensile specimens, four 

different sheets are cut in the wire erosion machine with dimensions of 200x250 mm and 1.1 mm 

in thickness. In addition, 4 mm thickness of two sheets is used as the top and bottom plates of the 

die. Figure 5 shows the die that is used in the study. In this study, all specimens are prepared 

according to DIN53504 S-2 standard. 

 

 
 

Figure 5. Specimen preparation die 
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Figure 6 shows the silicone rubber and fibers. As matrix material, silicone rubber is used and 

as reinforcements, no:20, no:50 Polyester cords and Nylon 6.6 cords are used. No:20 cords are 

generally called as towel threads and no:50 cords are called lace threads. Nylon 6.6 cords are 

usually called as polyamide. The fiber diameters of no:20, no:50 Polyester and Nylon 6.6 are 0.9 

mm, 0.6 mm and 0.7 mm respectively. 

 

 
 

Figure 6. Silicone rubber paste and reinforcing fibers 

 

The fibers are arranged in two layers and five fibers are used in each layer. After the die is 

prepared, fibers are placed on rubber layer in the die and one more rubber layer is covered on top. 

After the rubber layer is fully inserted, the base of the second layer is already finished. In similar 

to the first layer, fibers are placed on the obtained layer. Then, it is compressed by covering one 

more rubber layer on the fibers. Finally, the composite rubber specimen is vulcanized at 150°C 

for 1 hour under pressure and the specimen production process is completed. Figure 7 displays the 

preparation of the specimens and the removal of specimens exposed to vulcanization process from 

the die. 

 

  
 

Figure 7. Preparation of specimen, die and specimens 

 

2.2. Conducted Tests 

 

Before testing the randomly dispersed reinforced rubbers, tensile tests of the reinforcements 

are carried out and then the rubber specimen without reinforcement are subjected to the tensile 

test. In order to test the mechanical properties of the rubbers reinforced with continuous fibers, 

tensile tests are performed on specimens. Unless the fibers in the rubber composite specimens are 

fixed to each other by connecting, it is observed that the fibers are stripped from the specimens. 

All tensile tests are carried out at a speed of 0.5 mm/s and the tested specimens are examined in 

two parts: the fibers are stripped (stripped from the rubber) and the fibers are non-stripped. 
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The test of composite specimens conducted by Shimadzu AG-X Plus (250 kN) and the test of 

unreinforced rubbers and cords carried out by Shimadzu AGS-X (1 kN) are indicated in Figure 8. 

 

    
 

Figure 8. Tensile testing machines where tensile tests are carried out 

 

3. RESULTS AND DISCUSSION 

 

As a result of the tests conducted, the following force-elongation graphs are obtained. Nylon 

6.6 cords by itself carry around 170 N (Figure 11). Normally, ten fibers are used in each 

specimen. So, totally 1700 N force can be carried by a specimen. However, test results show that 

a specimen can only carry 500 N force approximately. Thus, the strength of Nylon 6.6 is 

significantly decreased during the vulcanization process. Compared to Nylon 6.6, the strength of 

Polyester cords is not reduced that much. 

In this study, randomly distributed fibers (piled at the center and piled around the edges) carry 

less load than uniformly distributed fibers, although in the work of Zhu and et al. [26], random 

distributing of fibers has almost no effect on the axial tensile. In tensile tests, fibers broke one by 

one in specimens and this is validated by the work of Zhu et al [26]. 
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     Figure 9. Polyester no:50 cord tensile tests,        Figure 10. Polyester no:20 cord tensile tests, 

                     force-elongation diagram                                          force-elongation diagram 

 

    
 

        Figure 11. Nylon 6.6 cord tensile tests,            Figure 12. Unreinforced rubber tensile tests, 

                        force-elongation diagram                                       force-elongation diagram 
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Figure 13. The force-elongation diagram of the rubber composite with slippage fibers as 

Polyester no:50 in various conditions 

 

 
 

Figure 14. The force-elongation diagram of the rubber composite with slippage fibers as 

Polyester no:20 in various conditions 
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Figure 15. The force-elongation diagram of the rubber composite with slippage fibers as Nylon 

6.6 in various conditions 

 

 
 

Figure 16. The force-elongation diagram of the rubber composite with no-slippage fibers as 

Polyester no:50 in various conditions 
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Figure 17. The force-elongation diagram of the rubber composite with no-slippage fibers as 

Polyester no:20 in various conditions 

 

 
 

Figure 18. The force-elongation diagram of the rubber composite with no-slippage fibers as 

Nylon 6.6 in various conditions 

 

4. CONCLUSION 

 

As a result of the experiments (tensile tests of a single cord, unreinforced rubber specimen, 

and rubbers reinforced with continuous fibers piled in various forms), force-elongation graphs are 

obtained. When the cord tensile tests of Polyester no:50 are examined, a single cord can carry 

about 30 N loads and it is observed that the length of cord increases from %40 to %50. In the cord 
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tensile test of Polyester no:20, the cords can carry 100-110 N and the length of the cord increases 

from %70 to %80. In the same test of Nylon 6.6, the cords can carry 160-180 N whereas the 

length extends from %90 and %140 of its original length. Test results show that strength of Nylon 

6.6 in specimens is significantly decreased during the vulcanization process, and when compared 

to Nylon 6.6, strength of Polyester cords is not reduced significantly. When the tensile tests of an 

unreinforced specimen are examined, rubber can change its shape elastically until 300 N force 

then it breaks. The length of the unreinforced rubber increases 7-8 times of its original length. In 

reinforced rubbers, fibers are arranged in two layers and five fibers are used in each layer. When 

the reinforced rubbers by cotton cords are examined, during the vulcanization process, cotton 

cords cannot resist the high temperature and pressure so that they are partially melted or broken. 

The slippage of fibers of rubber composites is also investigated. Both displacement and force are 

much bigger in specimens that fibers are piled at the center than piled around edges and uniformly 

distributed. No-slippage condition of fibers of rubber composites are examined as well. Both 

displacement and force are much bigger in specimens that fibers are distributed uniformly than 

piled at the center and piled around the edges. If uniaxial load is important in the applications, 

uniformly piled fibers and the usage of center piled can be advantageous. Also, as the distance 

between fibers increases, each fiber is separately broken due to the material differences between 

the fibers. So, load carrying capacity reduces. 
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