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Abstract 

Composite pipes must comply to avoid the risks of degradation (mechanical, and physico-chemical). To verify the 

mechanical resistance of these pipes, we prepared standardized specimens in longitudinal, transverse directions and CT and 

DCB types. In order to perform tensile tests on the MTS 810 tensile (or fatigue) machine, flat specimens are widely used, 

but transversely cut specimens and CT and DCB types are not widely used. The main objective of this scientific paper is the 

innovation of two steel grips A and B, which will allow to fix specimens inside the jaws of tensile (or fatigue) machines in 

order to obtain reproducible tests. This docking and alignment device transform the non-limiting tensile (or fatigue) 

machine, with the rapid adaptation of the tensile machine jaws capable of clamping specimens of complex geometric 

shapes. 
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1. Introduction 

The sewerage system is designed to evacuate the liquid 

waste, which ensures protection against sanitary diseases 

and flooding risks. The pipes are made of different 

materials, namely: Reinforced concrete [6], PVC (polyvinyl 

chloride)11, GRP (glass fiber reinforced polyester) [7], 

HDPE (high density polyethylene) .... These pipes must 

meet quality standards to ensure sustainable use. The 

composite is a heterogeneous and anisotropic material, to 

test it mechanically it is necessary to investigate the 

mechanical properties in both directions of the pipes [1-2]. 

We may point to some literature evaluation  

that examined the mechanical behavior of polymer 

samples under tensile effects. 

Hong Zhang conducted a study of the effect of 

specimen geometry on the performance of tensile tests by 

individually changing the specimen width and gauge 

length. They showed that the compliance of the system is 

only related to the specimen width, but is not sensitive to 

the gauge length and polymer film thickness. 12] 

Sary A.Malak proposed models to predict the stress-strain 

relationship including modulus of elasticity, toughness, 

stress and strain in proportional, ultimate and failure states 

of a recyclable polyvinyl chloride/calcium carbonate 

(PVC/CaCO3) thermoformable composite mineral board. 

The developed models are essential to establish the 

requirements and design criteria for structural elements 

equipped with this type of composite. 13] 

    These tests will be carried out on a uni-axial servo-

hydraulic machine, connected to a data acquisition chain 

allowing the recording of the displacement and the load as 

a function of time. The information will be stored and 

processed by a computer using the TESTWORKS 

software [3]. 

    Tensile tests are performed on specimens in the 

form of flat, transverse samples (Figure 1), or CT and 

DCB sections in cylindrical tubes. 

    The flat specimens are easily attached to the original 

jaws of the MTS 810 machine (Figure 3), but the other 

specimens (cross-sections, DCB and CT) cannot be 

attached (due to their 20 mm width exceeding the jaw 

opening) [4]. 

The objective of this work is the creation of two devices 

(A: for cross-cut specimens, and B: for CT and DCB 

specimens) to perform tensile and fatigue tests on 

specimens of different types. These two specimen grippers 

form the mechanical link between the specimen and the 

testing machine. 
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Then a numerical simulation was performed, using the 

finite element method with ANSYS software, in order to 

know the performance of these devices.G,H 

For future work, experimental testing of these grips is 

recommended to ensure that the specimens are fixed in 

the jaws of the tensile machine, Several research groups 

have applied this approach to polymer materials  

[16],[17],[18],[19] 

  
 

 

 

 

 

 

 

 

 

 

Figure 1. Types of standardized specimens which are 

cut according to two directions of the pipelines               

(A: Longitudinal, B: Transverse) [9] 

2. Method 

2.1. Design of the device 

The mooring and alignment devices A and B are 

composed of five parts (a, b, c, d, e) (figure 4 

corresponding to device A) (figure 6 corresponding to 

device B), their dimensions and geometries are given by 

the computer aided design software (CATIA V5) [5]. 

2.2. Material 

The material chosen for the manufacture of the device 

is ordinary steel XC 10. The tables below show its 

mechanical properties and chemical composition. 

 

Table1: Mechanical properties of the material 

 

Table2: Chemical composition of the material 

 

2.3. Fabrication 

The making of devices is carried out within the 

workshop of mechanical manufacture by various machines 

with tools of machining (Numerical control milling 

machine, Turning, Drilling, Manual surface grinding 

machine). These are presented in the following figure 

(figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Different steps of realization 

 

After machining, the assembly of these device parts is 

carried out in order to adapt to different types of 

specimens with complex geometrical shapes (figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Jaws of the MTS 810 machine 

 

 

 

 

 

 

Diameter R Re A 
KCU à 
+20°C 

mm MPa MPa % J/cm2 

40 < d ≤ 100 320-420 ≥ 205 ≥ 29 ≥ 100 

C Si Mn P S 

0.07-0.13 ≤ 0,40 0.30-0.60 ≤ 0,035 ≤ 0,035 
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Figure 4. Different parts of the device A that are drawn 

with CATIA V5 software 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Realized device A (grips) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Different parts of the device B that are drawn 

with CATIA V5 software. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Realized device B (grips). 

3. Results and discussions 

We carried out a numerical simulation, using the finite 

elements method by the software ANSYS, on the devices 

in order to identify: the total deformation, the equivalent 

elastic stress and the equivalent stress of Von Mises [6-7, 

10]. 

3.1. Mesh and boundary conditions 

In order to have precise results of the analysis, we used 

a mesh by volume elements of type SOLID 185 and of 

order 1mm, (figures 8 and 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure8. Mesh of the studied structure by volumetric 

elements of type SOLID 185 (ANSYS) of the device A 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Mesh of the studied structure by volumetric 

elements of type SOLID 185 (ANSYS) of the device B. 

 

Regarding the modeling of forces on device A, they 

were made by an embedded link at point B, and a tensile 

force applied at point A. For the modeling of the forces on 

device B, they were made by a link embedded at point A, 

and a tensile force applied at point B. 

We used four different forces: F1 = 2000N, F2 = 3000N, 

F3 = 4000N, F4 = 5000 N, in order to study the behavior of 

both devices A and B. 

Through the simulation of our devices, we sought to 

highlight the stress field developed from the loads applied 

(Force F) on devices A and B, these simulations are 

performed using ANSYS software. 
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Figure 10. Geometric modeling and assembly     

boundary conditions of the device A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Geometric modeling and assembly boundary 

conditions of the device B. 

   
Figure 12. Total deformation 

for device A (F1=2000N) 

Figure 14. Equivalent elastic 

strain for device A (F1=2000N) 

Figure 16. Equivalent (von-Mises) 

Stress for device A (F1=2000N) 

   
Figure 13. Total deformation 

for device B (F1=2000N) 

Figure 15. Equivalent elastic 

strain for device B (F1=2000N) 

Figure 17. Equivalent (von-Mises) 

Stress for device B (F1=2000N) 

   
Figure 18. Total deformation 

for device A (F2=3000N) 

Figure 20. Equivalent elastic 

strain for device A (F2=3000N) 

Figure 22. Equivalent (von-Mises) 

Stress for device A (F2=3000N) 



Concept and realization of a specimen grips A and B for tensile tests ...                 JNTM (2022)                 I. Mouallif et al. 

58 
 

   
Figure 19. Total deformation 

for device B (F2=3000N) 

Figure 21. Equivalent elastic 

strain for device B (F2=3000N) 

Figure 23. Equivalent (von-Mises) 

Stress for device B (F2=3000N) 

   
Figure 24. Total deformation 

for device A (F3=4000N) 

Figure 26. Equivalent elastic 

strain for device A (F3=4000N) 

Figure 28. Equivalent (von-Mises) 

Stress for device A (F3=4000N) 

   
Figure 25. Total deformation 

for device B (F3=4000N) 

Figure 27. Equivalent elastic 

strain for device B (F3=4000N) 

Figure 29. Equivalent (von-Mises) 

Stress for device B (F3=4000N) 

   
Figure 30. Total deformation 

for device A (F4=5000N) 

Figure 32. Equivalent elastic 

strain for device A (F4=5000N) 

Figure 34. Equivalent (von-Mises) 

Stress for device A (F4=5000N) 
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Figure 31. Total deformation 

for device B (F4=5000N) 

Figure 33. Equivalent elastic 

strain for device B (F4=5000N) 

Figure 35. Equivalent (von-Mises) 

Stress for device B (F4=5000N) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36. Representation of total deformation of 

devices A and B as a function of the forces exerted by the 

traction machine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37. Representation of equivalent elastic strain of 

devices A and B as a function of the forces exerted by the 

traction machine 

Device A: 

Figures (12, 18, 24 and 30) show the values of the total 

deformation for each point of the device A. We notice 

that the maximum value recorded is (0.14465%) at the 

point of application of the force F =5000N. On the other 

hand, the value recorded at the application of the force 

(2000N) is (0.057858%). We can conclude that the 

deformation varies proportionally to the force. It is also 

noteworthy that the deformation becomes zero at point B 

(fixed point).  

Figures (14, 20, 26, and 32) show the values of the 

equivalent elastic deformation for each point of device A. 

We notice that the maximum value recorded is (0.016713 

at the point of application of the force 5000N. 

Furthermore, the value recorded at the application of the 

force (2000N) is (0.0006685). It is also worth mentioning 

that the minimum value of the equivalent elastic 

deformation is (1.528e-10) related to the force (5000N) 

and (6.1121e-11) at the application of the force (2000N). 

Figures (16, 22, 28, and 34) show the equivalent Von-

Mises stresses that define the elasticity for device A. It 

brought to our attention that the maximum value recorded 

is (163.35 from the force F=5000N. At the application of 

the force (2000N), the recorded value is (65.342). This 

maximum value is displayed at the most stressed points of 

the device.  

On the other hand, the minimum value of the 

equivalent elastic deformation is (1.528e-10) related to the 

force (5000N) and (6.1121e-11) when applying a 2000N 

force. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 38. Representation of equivalent (Von Mises) 

stress of devices A and B as a function of the forces 

exerted by the traction machine 

Device B: 

Figures (13, 19, 25 and 31) show the values of the total 

deformation for each point of the device B. We note that 
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the maximum value recorded is (0.014791%). This 

deformation is recorded at the point of application of the 

force F=5000N. When applying the force (200N), the 

value recorded is (0.005916%). The total deformation 

value becomes zero at the fixed-point A of the device. 

    Figures (15, 21, 27 and 33) show the values of the 

equivalent elastic deformation for each point of device B. 

We note that the maximum value recorded is 

(0.00047007) at the point of application of the force 

F=5000N. Moreover, when applying the force (2000N), 

the value recorded is (0.00018803). We should mention 

that the minimum value of the equivalent elastic 

deformation is (9.8926e-10) related to the force (5000N) 

and (3.9571e-10) at the application of the force (2000N). 

Figures (17, 23, 29 and 35) show the equivalent Von-

Mises stresses that define the elasticity for device B. We 

note that the maximum value recorded is (88.138) when 

applying the force F=5000N, and (35.255) when applying 

the force F=2000N. This maximum value is displayed at 

the most stressed points of the device.  

On the other hand, the minimum value of the 

equivalent elastic deformation is (0.00017938) for (5000N) 

and (7.1752e-5) for (2000N) at point A (point of force 

application). 

According to the graphical presentations in figures (36, 

37 and 38), we see that the different values of total strain, 

equivalent Von-Mises stress and equivalent elastic strain 

vary proportionally with the studied forces. 

4. Conclusion 

The realization of the docking and alignment device 

facilitated the fixation of the transversally cut specimens, 

and of the CT and DCB types to the jaws of the traction 

(or fatigue) machines. The CATIA V5 software was used 

to design these devices. 

The stresses applied on these devices were simulated by 

the ANSYS software, in order to know their mechanical 

behavior. For this purpose, the different criteria obtained 

during the simulation are: the total deformation, the 

equivalent elastic deformation and the equivalent Von 

Mises stress. 

The results obtained for device A show that the total 

strain has a maximum value of 0.14465%, the maximum 

value of the equivalent elastic strain is 0.016713mm/mm 

and the equivalent Von Mises stress is 163.35 MPa.  

The results obtained with device B show that the total 

strain has a maximum value of 0.014791%, the maximum 

value of the equivalent elastic strain is 0.00047007mm/mm 

and the equivalent Von Mises stress is 88.138 MPa. 

Based on these results, we can conclude that the device 

will be able to withstand the various tests performed by the 

tensile machine since they do not exceed the value of the 

elastic limit of the material. 
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