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Abstract 

The strength of fiber-reinforced composites is greatly influenced 

by the bonding at the fiber-matrix interface. Experimental 

methods to study this interface are often challenging, making 

numerical approaches essential for evaluating the interfacial 

behavior in fiber-reinforced composites. This study investigates 

the stress and strain distribution in the fiber, matrix, and fiber-

matrix interface regions of natural fiber-reinforced single-fiber 

composites under tensile loading using the finite element method. 

Interface conditions were modeled using cohesive elements, with 

the composites represented in two dimensions through ABAQUS 

6.14 software. The tie constrains contact model was employed to 

define binding interactions between the cohesive element, the 

fiber, and the matrix. The maximum stress value resulting from 

the simulation process is 202 MPa and a strain of 0.0449 mm. 

The stress is effectively distributed to the fiber, demonstrating 

that the cohesive element used in composite analysis under tensile 

loading serves as a reliable link between the fiber and the matrix. 

The simulation results revealed a maximum stress value of 202 

MPa and a corresponding strain of 0.0449 mm. The stress 

distribution effectively transferred to the fiber, demonstrating the 

capability of cohesive elements to represent the interfacial bond 

in composites under tensile loading. These findings confirm that 

cohesive element modeling is reliable method for analyzing fiber-

matrix interactions in natural fiber reinforced composites, 

providing insights for optimizing composite performance. 
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1 Introduction 

In recent years, synthetic fiber-reinforced polymer composites 

have become an effective alternative to conventional construction 

materials due to several factors: higher strength, higher fatigue 

strength, good impact energy absorption, corrosion resistance, and 

longer life [1]. However, due to the non-degradable nature of 

synthetic fibers, many studies currently want to develop natural 

fibers as reinforcement for composite materials [2][3][4]. Some 

natural fibers researched as composite reinforcement include palm 

fiber, bagasse fiber, ramie, and banana fiber [5][6][7][8]. One of 

the natural fibers that also has the potential to be used as a 

composite reinforcement is Typha spp. fiber [9].   

Several factors affect composite strength, including fiber, 

matrix, and the strength of the interface between fiber and matrix. 

Fiber serves as a reinforcement that has less ductile properties but 

is more rigid or not easily changed. The matrix has more ductile 

properties but has lower strength. The strength of the interface 

between the fiber and the matrix plays a major role in determining 

the mechanical characteristics of the composite [10]. Good 

interface strength criteria must be able to transfer load efficiently 

to the fiber and maintain the interface condition between the fiber 

and matrix to remain bonded [11]. 

In the process of analyzing fiber composites, several problems 

are often experienced by researchers, namely the strength of the 

fiber-matrix interface, which is difficult to identify 

experimentally, so numerical simulation research using the finite 

element method has been used to simplify the investigation of the 

bonding characteristics at the interface between the fiber and 

matrix [12]. 

 Previously, research has been carried out on the characteristics 

of single fiber, and matrix interfaces in jute fiber reinforced single 

fiber composites using the finite element method and experiments. 

The results of his research show that the results of the 

fragmentation test pattern carried out experimentally are close to 

the results in simulation with the finite element method [13]. In 

addition, research has also been conducted on non-linear 

mechanical behavior and bio-composite modeling of palm 

mesocarp fibers. In modeling this palm mesocarp, the study was 

carried out using ABAQUS software with two types of contact: 

frictional contact for treated fibers and tie constraints for untreated 

fibers [14]. 

Several composite simulations have been carried out under 

tensile loading. Prasad et al. analyzed the tensile strength 

simulation of a natural FRP hybrid composite of jute and banana 

by FEA using the SolidWorks and Analysis System (ANSYS) 

software package. Boundary conditions and material parameters 

were set for tensile test conditions [15]. Finite element analysis 

using the RVE method was applied to observe the random 

orientation and volume fraction of fibers in carbon/glass FRP 

hybrid composites. The randomly arranged fibers did not depict a 

significant impact on their tensile strength [16]. Numerical 

simulations based on the tensile properties of FRP hybrid 

composites consider the assumption of regular distribution of fiber 

reinforcement in the matrix. This method involves the use of RVE. 

The matrix properties were set as isotropic and elastic/plastic to 

simulate the tensile characteristics of FRP hybrid composites. 

Using ANSYS software, finite element simulations were also 

performed at various mass fractions of fiber reinforcement. From 

the results obtained, the finite element data around the elastic area 

is similar to the experimental results, unlike inside the plastic 

region. It was observed that at high strains, the finite element 

model could not fully predict the tensile characteristics [17]. 

Perfect bonding, frictional contact, and cohesive elements have 

been applied in Finite Element (FE) simulations to model the 

mechanical behaviour of the fiber/matrix interface. However, 

perfect bonding is often too idealistic and may not align 

consistently with experimental results [18]. Frictional contact is 

effective and accurate for simulating the influence of interfacial 

properties on Natural Fiber-Reinforced Composite (NFRC) 

damage but presents challenges in establishing a direct 

relationship between contact properties and interfacial behaviour. 

The cohesive element method, on the other hand, offers a more 

efficient and practical approach to analyzing the influence of 

interface properties on mechanical behaviour. By adjusting 

stiffness parameters and damage criteria, this method is easily 

implemented in FE software [19], [20]. This study employs the 

cohesive element method to model the mechanical behavior of 

Typha spp. fiber-reinforced single-fiber composites. Unlike 
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previous works that primarily relied on perfect bonding or 

frictional contact, this research focuses on using cohesive 

elements to evaluate stress and strain distribution in the fiber, 

matrix, and fiber-matrix interface regions under tensile loading. 

This approach provides a more realistic and detailed 

understanding of the interfacial behavior, which has been 

minimally explored for Typha spp. fibers. The cohesive element 

method can effectively model the mechanical behavior of the 

fiber/matrix interface in Typha spp. fiber-reinforced composites 

under tensile loading. Specifically, it is hypothesized that the 

cohesive element approach provides a more realistic 

representation of the interfacial stress and strain distribution 

compared to traditional perfect bonding or frictional contact 

methods. The main objective of this research is to analyze the 

stress and strain distribution in the Typha spp. fiber-reinforced 

single-fiber composite under tensile loading using the finite 

element method. The study aims to contribute to a deeper 

understanding of the interfacial behavior of natural fiber 

composites, offering insights into optimizing composite 

performance through advanced simulation techniques. 

2 Materials and Methods 

The research process, including pre-processing, simulation, 

and post-processing stages, is depicted in the flow chart shown in 

Fig. 1. The dimensions of the tensile test specimens used in this 

study refer to the standard (ASTM D638-02a). The shape and 

dimensions of the model are shown in Fig. 2. The database model 

used is the standard/explicit model or static general analysis using 

the 2D planar deformable model. The specimen drawing process is 

divided into 5 parts: upper matrix, lower matrix, fiber, upper 

cohesive, and lower cohesive. Furthermore, the five parts are 

assembled to combine all the parts that have been drawn. 

  

 
Fig. 1. The research flowchart. 

 
Fig. 2. Tensile test specimen geometry. 

 

Table 1. Mechanical properties data of Typha spp. fiber and epoxy 

resin 

Properties Typha spp. [21], [22] Epoxy [23] 

Young’s modulus (MPa) 11565 5000 

Tensile strength (MPa) 202 73 

Density (g/cm3)  1.25 1.16 

Poison ratio 0.35 0.4 

 

The interply interface is simulated with a cohesive zone model, 

whose constitutive response is defined in a bi-linear traction 

separation law that relates the separation displacement between 

the upper and lower surfaces of the element to the traction vector 

acting on it [24]. There are several types of contact available in 

ABAQUS, but in this study, the type of contact that will be used is 

tie constrain. In this process, ABAQUS provides two choices of 

regions, namely the master surface, which is the critical part while 

the slave surface is the bound part. In this case, the m-surface is 

the matrix surface and fiber surface, while the s-surface is the 

cohesive surface that interacts with the matrix and fiber. The 

cohesive properties nominal stress is 10 MPa maximum damage 

for normal-only mode, first direction, and the second direction. 

Damage evolution traction 0.1 displacement at failure, and the 

cohesive thickness is 100 GPa. 

 

 
Fig. 3. 2D geometry of single fiber composite specimen. 

 

Boundary conditions are applied so that the movement of the 

tensile test specimen does not move freely and the movement is as 
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desired. The boundary condition used is the ENCASTRE type 

(U1= U2 = U3 = UR1 = UR2 = UR3 = 0) given to the part of the 

specimen that does not move and the initial displacement on the 

part to be pulled. The type of load given in the simulation process 

is the displacement with a movement of 3 mm/minute. Boundary 

conditions and loading are shown in Fig. 4. The matrix mesh size 

is 1.5 mm, and the fiber mesh size is 1 mm. The type of mesh used 

is hexahedron mesh. The shape and size of the mesh used are 

shown in Fig. 5. 
 

 
Fig. 4. Boundary conditions and loads. 

 

 
Fig. 5. Fiber and matrix meshing results in ABAQUS. 

3 Results and Discussion 

The results of stress simulations on single-fiber composites 

reinforced with Typha spp. Fibers using the finite element method 

can be seen in Fig. 6. The stress simulations performed using the 

finite element method show that the maximum stress value occurs 

in the fiber. This phenomenon can be observed in Fig. 6 by the red 

contour that occurs at the fiber. As can be seen, the stress is 

properly transferred from the transition zone to the fiber and 

embedded cell matrix. This explains where the reinforcing 

material is the stronger component, intended to carry the load 

received. Research by Lei Yang et al. [24] also obtained similar 

results, where stress was properly transferred from the transition 

zone to the fibers and matrix. The fibers are all tensile, with the 

axial stress increasing from top to bottom. However, the 

maximum axial stress of the fiber is still much lower than the 

longitudinal tensile strength of the fiber, so fiber breakage will not 

be induced. Thus, based on the results of simulations run using the 

finite element method on single fiber composites reinforced with 

Typha spp. Fibers have an excellent ability to withstand and 

continue the load received by the composite. 

 The difference in stress values experienced by the matrix and 

fibers can be observed in Fig. 7, which shows the maximum stress 

values experienced by the fiber and matrix. In the von mises stress 

graph for fiber and matrix, it can be seen that the maximum stress 

peak experienced by the fiber and matrix occurs in the middle of 

the specimen. In the matrix, the maximum stress value occurs 

along a distance of 50 mm to 130 mm with a stress value of 73 

MPa. 

In comparison, in the fiber, the maximum stress value occurs 

along a distance of 60 mm to 120 mm with a stress value of 202 

MPa, which is the length of the narrow section of the tensile test 

specimen. For the matrix, the maximum stress value of 73 MPa is 

observed over a distance of 50 mm to 130 mm, reflecting the 

region where the matrix bears the load transferred from the fiber. 

The relatively lower stress in the matrix compared to the fiber can 

be attributed to its lower stiffness and strength, which causes it to 

deform more under the same applied load. In contrast, the fiber 

experiences significantly higher stress, with a maximum value of 

202 MPa occurring along a distance of 60 mm to 120 mm. This is 

consistent with the fiber's role as the primary load-bearing 

component in the composite. 

 

 
Fig. 6. Stress distribution in composite. 

 

 
 

 

Fig. 7. (a) Von mises stress in the matrix (b) Von mises stress in 

the fiber. 

 

The von Mises stress distribution in the top and bottom 

cohesive layers, as shown in Fig. 8, exhibits a fluctuating pattern 

with stress peaks and troughs along the length of the cohesive 

interface. The maximum von Mises stress observed is 

approximately 22 MPa, while the minimum stress is 0 MPa. Stress 

peaks occur at distances of 30 mm, 60 mm, 120 mm, 150 mm, and 

180 mm, indicating regions of higher interfacial strain 

concentration potentially caused by local geometric or material 

non-uniformities. The cohesive interface plays a critical role as the 

primary zone for stress transfer between the fiber and matrix, and 

these peaks may represent locations where damage initiation or 

failure is likely to occur under tensile loading. In the case of single 

fiber composite analysis with tensile loading, the cohesive is the 

thinnest component that aims to predict the damage at the 
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interface of fiber and matrix [25]. Slight differences between the 

top and bottom cohesive layers suggest minor asymmetry in stress 

transfer, which may result from numerical approximations or local 

variations in material behavior. 

 

 
Fig. 8. Maximum stress along the cohesive. 

 

The simulation results of strain on Typha spp. fiber-reinforced 

single-fiber composites are shown in Fig. 9. The figure shows that 

the maximum strain occurs in the center of the composite 

specimen with a maximum strain value of 0.04494. Mechanically, 

the tensile force received by the composite specimen rod will be 

evenly distributed throughout the rod’s cross-section. The other 

side will perform the same reaction so that the additional length 

will occur in the middle of the specimen. The comparison of 

values in the matrix and fiber looks similar, as shown in Fig. 10. 

The figure shows that the maximum strain value on the fiber and 

matrix occurs at a distance of 90 mm right in the middle of the 

specimen. 

  

 
Fig. 9. Strain distribution along the specimen. 

 

The strains that occur in the cohesive can be seen in Fig. 10. 

The strain graph on the cohesive shows the maximum value 

difference between the upper and lower cohesive. The upper 

cohesive shows that the maximum strain value occurs at the right 

end at a distance of 160 mm from the support with a strain of 

0.021. In comparison, for the lower cohesive the maximum strain 

occurs on the left side of the cohesive at a distance of 30 mm from 

the support with a strain of 0.025 (Fig. 11). 
 

 
 

 

Fig. 10. (a) Strain values along the matrix, (b) Strain values along 

the fiber. 
 

 
Fig. 11. Strain values along the cohesive. 

 

The graph of the relationship between stress and strain of 

Typha spp. fiber-reinforced single-fiber composites based on 

simulation results can be seen in Fig. 12. Based on the chart, the 

elastic region is expressed by the straight part of the relationship, 

and the gradient is defined as the elastic modulus. In the 

mechanical testing of materials, the desired thing from the 

material is to have a significant material ductility because the 

greater the flexibility, it will be safer against the possibility of 

fracture. In addition, the material’s ductility also states the energy 

distributed by the material to the maximum value of the material. 
  

 
Fig. 12. Stress vs. strain diagram. 

 

The stress-strain relationship graph in the case of Typha spp. 

fiber-reinforced single-fiber composite testing shows that the 
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material’s ductility occurs up to the maximum point of the 

material with a strain value of up to 0.0174. After reaching the 

elastic limit point, there is no significant increase in stress, so the 

finite element method considers the single fiber composite to have 

a maximum stress value of 202 MPa with a strain of 0.0174. 

Shear stress can occur when the force is deformed parallel to 

the surface, while in the case of the tensile test; the deformation 

force is applied perpendicular to the surface. The shear stress 

distribution contour that occurs in the case of tensile testing can be 

observed in Fig. 13. This figure shows that the part of the 

composite that experiences the most extensive shear stress 

distribution occurs in the matrix part of the composite. There is a 

difference in the direction of the shear force received by the 

specimen, where for the blue contour, the shear force is negative, 

while for the red contour, the force direction is positive. 

 

 
Fig. 13. Shear stress distribution along the specimen. 

 

A graph of the shear stress experienced by the Typha spp. 

fiber-reinforced composite matrix is shown in Fig. 14. The 

strength of the fiber and matrix interface can be seen through the 

critical length of the fiber. To evaluate the critical length of the 

fiber, it is necessary to consider the load transfer process to the 

fiber through the matrix. The shear strength of the matrix and the 

fiber-matrix interface is required to carry the load due to friction 

by the fiber and matrix to obtain the interface strength. Shear 

stress transfers the load passed by the matrix to the fiber so the 

fiber can do its job as reinforcement in the composite. 

  

 
Fig. 14. Shear stress along the matrix. 

In Fig. 15, it can be observed that the shear stress occurring in 

the upper matrix has shifted to the negative direction with a stress 

value of -8.19 MPa at a distance of 30 mm from the support and a 

distance of 80 mm from the support there is a shift to the positive 

direction with a stress value of 6.39 MPa, and at a distance of 150 

mm from the support the shear stress increases to 7.42 MPa in the 

positive direction. Another case occurs in the lower matrix, where 

the shear stress acting at 30 mm from the support shifts to a 

positive direction with a stress value of 7.38 MPa; at a distance of 

80 mm from the support, the stress shifts to a negative direction 

with a stress value of -4.53 MPa and at a distance of 150 mm from 

the support the shift value moves to a negative trend with a stress 

value of -8.08 MPa. In Fig. 14, the shear stress acting on the fiber 

can be observed, where two shear stresses are acting at 20-30 mm 

and 150-160 mm from the support.   

 

 
Fig. 15. Shear stress along the fiber. 

 

In the case of fiber composites, it can be seen that the shear 

stress that occurs is a double shear stress where more than one 

plane shear occurs, namely between the fiber plane and the matrix 

plane. In the case of single fiber composites, when a load is 

applied, a highly irregular stress occurs at the fiber interface and 

matrix interface. The average nominal intensity of these stresses is 

obtained by dividing the force received by the cohesive projected 

area of the specimen. The shear stress that occurs at the interface 

(cohesive) between the fiber and matrix can be seen in Fig. 16. 

 

 
Fig. 16. Shear stress values along cohesive. 

4 Conclusion 

In conclusion, there must be no reference. The simulation of 

Typha spp. fiber-reinforced single-fiber composites using the 

finite element method have been successfully conducted. The 

maximum von mises stress distribution received in the Typha spp. 

The fiber-reinforced single-fiber composite specimen is 202 MPa, 

and the maximum strain received by the composite model is 

0.04494 mm/mm. It can be concluded that the use of cohesive 

elements be used to analyze the interface condition of the fiber 

and matrix of the composite. 
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