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ABSTRACT 

In this paper, comparative stress evaluation of ABS plastic and PVC plastic for high pressure applications using finite 

element simulation approach was successfully investigated. Two Plastic slab models of 16mm by 16mm wide with 

thickness of 2mm were created  using Autodesk Inventor with an assigned material for each being ABS and PVC 

plastics respectively. Each of the plastic model was imported to Finite Element Analysis software where stresses were 

evaluated, using fixed constraints under a load of 10N. Results showed that the Von Mises stress for Polyvinyl Chloride 

(PVC) and that of Acrylonitrile Butandiene Styrene (ABS) Plastic Slabs was found to be 1.11MPa for both under the 

stated simulation conditions. It suggested that failure of the two plastics due yielding would have equal chances and 

more noticeable in Acrylonitrile Butandiene Styrene Plastic due to its lower yield strength. Furthermore, 1st and 3rd 

principal stresses were found to be 1.505 MPa and 0.735MPa respectively, which indicated that the Polyvinyl 

Chloride and Acrylonitrile Butandiene Styrene Plastics would fail due to tensile stress rather than compressive stress 

under high pressure applications. Tensile strength improvers should be added during manufacturing of both plastics 

to ensure safety and reliability of usage. Study showed that the maximum stress induced was found to be 0.8511MPa, 

for both plastics. Since the ultimate tensile strengths for Polyvinyl Chloride and Acrylonitrile Butandiene Styrene 

Plastics were not exceeded, it suggested that the plastic model design was not over stressed and therefore, safe. This 

result also indicated that the two plastics have equal application areas or could be used interchangeably. Maximum 

displacement of 0.005443mm for both plastic slabs, suggested that the two plastics might be used in high pressure 

areas where rigidity is of paramount. 
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INTRODUCTION 

Polyvinyl Chloride (PVC) plastic has a wider application in all kinds of pipes and tiles, especially in plumbing pipes, 

and is mostly recyclable. This kind of plastic should not come in contact with food items when ingested as it can be 

harmful. According to Kamweld (1958) polyvinyl chloride (PVC) is hard, rigid when not plasticized, good chemical 

resistance, long term stability, good weathering ability and low gas permeability. 

In accordance with Society of Plastic Industry, Acrylonitrile Butandiene Styrene (ABS) is considered under 

miscellaneous types of plastic not defined by the other six codes. Polycarbonate and Polylactide are included in this 

category. ABS is a polymer plastic that has wide range of uses in engineering sector.  This type of plastic is difficult 

to recycle. ABS is used in baby bottles, compact discs, and medical storage containers. 
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The applications of both Acrylonitrile Butandiene Styrene and Polyvinyl chloride in engineering sectors, especially 

in fluid and food processing machineries; has prompted researchers to investigate stress response behaviors of these 

types of plastics. It is on this note, researchers aimed to study comparative stress evaluation of ABS plastic and PVC 

plastic for high pressure applications using finite element simulation approach. 

 

According to Adebisi et al., (2011) as cited in  Ibrahim and Sanni (2023) maintained that  the use of plastic in  

packaging has become more prevalent for soft beverages and table water, taking the role of the biodegradable materials 

that were once commonly used in Nigeria to wrap a variety of meals.  

Onyenobi et al., (2022) contributed that finite element simulation approach of plastic involves the use of simulation 

to predict and understand stress, deformation and displacement of plastic under load or pressure applications with 

fixed constraints. Finite element simulation uses finite element method, which is a numerical technique that cuts the 

structure of the plastic into several elements and then reconnects the elements at point called nodes. 

 

 METHODOLOGY 

The researchers created plastic slab models of 16mm by 16mm wide with thickness of 2mm using Autodesk Inventor 

with an assigned material for each being ABS and PVC plastics respectively. Each of the plastic model was imported 

to Finite Element Analysis software where stresses were evaluated, using fixed constraints under a load of 10N. 

Results were recorded and reported as shown below. 

 

MESHING  

Meshing was used to divide the plastic slab into section with nodes of 2060 and elements of 1153. Increasing the 

number of elements, means more computations and more mathematical formula for the element. Hence, the more 

precise the results would be. Mesh settings used is shown below. See Fig 3.0. 

 

Table 1: General objective and settings: 

Design Objective Single Point 

Study Type Static Analysis 

Last Modification Date 6/1/2024, 2:08 PM 

Detect and Eliminate Rigid Body Modes No 

 

Table 2: Mesh settings: 

Avg. Element Size (fraction of model diameter) 0.1 

Min. Element Size (fraction of avg. size) 0.2 

Grading Factor 1.5 

Max. Turn Angle 60 deg 

Create Curved Mesh Elements Yes 

 

Table 3:  Mechanical Properties of Material for PVC Plastic 

Name PVC Plastic  

General 

Mass Density 1.29 g/cm^3 

Yield Strength 40 MPa 

Ultimate Tensile Strength 40 MPa 

Stress 

Young's Modulus 0.709 GPa 

Poisson's Ratio 0.41 ul 

Shear Modulus 0.251418 GPa 

Part Name(s) Part1 



Vol-10 Issue-3 2024  IJARIIE-ISSN(O)-2395-4396 

24294 www.ijariie.com 5681 

 

Table 4: Physical Properties of Material for ABS Plastic 

Name ABS Plastic 

General 

Mass Density 1.06 g/cm^3 

Yield Strength 20 MPa 

Ultimate Tensile Strength 29.6 MPa 

Stress 

Young's Modulus 2.24 GPa 

Poisson's Ratio 0.38 ul 

Shear Modulus 0.811594 GPa 

Part Name(s) Part1 

Operating Conditions 

Table 5 : Force 

Load Type Force 

Magnitude 10.000 N 

Vector X -10.000 N 

Vector Y 0.000 N 

Vector Z 0.000 N 

 

 

Fig 1.0(a): Polyvinyl Chloride Plastic Slab with Constraints and Force 

 

file:///C:/Users/user/Documents/Inventor/RESEARCH%20SHAFT/Images/PVC%20PLASTIC%20FEA/0/Load_0_1.png
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Fig 1.0(b): Acrylonitrile Butandiene Styrene Plastic Slab with Constraints and Force 

EQUATIONS 

The stress components in an element are given as below. 

 

(𝜎𝑥)𝑛 =
𝐸

(1+𝑣)(1−2𝑣)
[(1 − 𝑣)𝑎𝑛 + 𝑣𝑒𝑛] … . . (1) (Onyenobi et al., 2022) 

 

(𝜎𝑦)𝑛 =
𝐸

(1 + 𝑣)(1 − 2𝑣)
[𝑣𝑎𝑛 + (1 − 𝑣)𝑒𝑛] … . . (2) 

 

(𝜏𝑥𝑦)𝑛 =
𝐸

2(1 + 𝑣)
(𝑏𝑛 + 𝑑𝑛) … . . (3) 

𝑣 = 𝑃𝑜𝑖𝑠𝑠𝑜𝑛′𝑠 𝑟𝑎𝑡𝑖𝑜, 𝐸 = 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 

 

The displacement field is shown below. 

 

𝑎𝑛 =  
𝜕𝑢𝑛

𝜕𝑥
  … (4) 

𝑒𝑛 =  
𝜕𝑣𝑛

𝜕𝑦
  … (5) 

 

𝑏𝑛 + 𝑑𝑛 =  
𝜕𝑢𝑛

𝜕𝑦
 +

𝜕𝑣𝑛

𝜕𝑥
… . (6)  

file:///C:/Users/user/Documents/Inventor/RESEARCH%20SHAFT/Images/PLASTIC%20FEA/0/Load_0_1.png
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𝑣 𝑎𝑛𝑑 𝑢 𝑎𝑟𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝑜𝑓 𝑥 𝑎𝑛𝑑 𝑦 

 

 

Von Mises Stress can be given as below. 

 

𝑉𝑜𝑛 − 𝑚𝑖𝑠𝑒𝑠 𝑠𝑡𝑟𝑒𝑠𝑠 =  √𝜎𝑥
2 − 𝜎𝑥𝜎𝑦 + 𝜎𝑦

2…. (7) 

 

Total bending moment acting on the slab due to loading from fixed constraints is given as below 

𝑀 = (−𝑃𝑥1 − 𝑃𝑥2) kN-mm …. (8) 

RESULTS 

The following results were gotten when simulation was run in finite element software. 

Table 6: Reaction Force and Moment on Constraints 

Constraint Name 
Reaction Force Reaction Moment 

Magnitude Component (X,Y,Z) Magnitude Component (X,Y,Z) 

Fixed Constraint:1 10 N 

10 N 

0 N m 

0 N m 

0 N 0 N m 

0 N 0 N m 

 

file:///C:/Users/user/Documents/Inventor/RESEARCH%20SHAFT/Images/PLASTIC%20FEA/0/Result_0_1.png
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Fig 2: Von Mises Stress for Acrylonitrile Butandiene Styrene Plastic Slab 

 

 

Fig 3: Von Mises Stress for Polyvinyl Chloride Plastic Slab  
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Fig 4:  1st Principal Stress Same for both  Polyvinyl Chloride and Acrylonitrile Butandiene Styrene  Plastic Slab  
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Fig 5:  3rd Principal Stress Same for both Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastic Slab  
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Fig 6:  Maximum Displacement Same for both Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastic Slab  

file:///C:/Users/user/Documents/Inventor/RESEARCH%20SHAFT/Images/PLASTIC%20FEA/0/Result_0_2.png
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Fig 7:  Maximum Stress Same for both Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastic Slab  

DISCUSSION 

Comparative stress evaluation of ABS plastic and PVC plastic for high pressure applications using finite element 

simulation approach was successfully achieved.   

 Plastic slab models of 16mm by 16mm wide with thickness of 2mm was created using Autodesk Inventor with an 

assigned material being ABS and PVC plastics; according to Fig 1 to Fig 2. Each of the plastic models was imported 

to Finite Element Analysis software for simulation and stresses were evaluated, using fixed constraints under a load 

of 10N.  

 

According to Fig 2 and Fig 3, result showed that the Von Mises stress for Polyvinyl Chloride was found to be 1.11MPa 

and that of Acrylonitrile Butandiene Styrene Plastic Slab was also 1.11MPa. Since, yield strength of the assigned 

materials were 40MPa and 20MPa respectively, it suggested that failure of the two plastics due yielding would have 

equal chances and more noticeable in Acrylonitrile Butandiene Styrene Plastic. 

 

According to Fig 4 and Fig 5, the 1st and 3rd principal stresses were found to be  

1.505 MPa and 0.735MPa respectively. These results indicated that induced stress due to tensile loading is higher and 

more noticeable at the loaded points. Therefore, the Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastics 

would fail due to tensile stress rather than compressive stress under high pressure applications. Tensile strength 

improvers should be added during manufacturing of both plastics to ensure safety and reliability of usage. 

 

It was observed that the maximum stress induced was found to be 0.8511MPa, for both plastics. Since the ultimate 

tensile strength for Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastics were 40MPa and 29.6MPa 
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respectively, the design was not over stressed and therefore, safe. This result also suggested that the two plastics have 

equal application areas or could be used interchangeably, according to Fig 7. 

 

Fig 6 showed that the maximum displacement was observed to be 0.005443mm for both plastics respectively. This 

result suggested that the two plastics showed lower displacement, hence might be used when rigidity is of paramount. 

 

CONCLUSION 

The results from the study showed that Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastics showed 

similar stress behavior properties and could be used for high pressure applications where tensile loading is less 

predominant. In addition, the two plastics could be answerable to areas where rigidity property is important.  

 

RECOMMENDATIONS 

The following recommendations are suggested based on the study: 

1) For high pressure applications of Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastics, tensile 

strength improvers should be added during plastic manufacturing to improve reliability. 

2) Polyvinyl Chloride and Acrylonitrile Butandiene Styrene Plastics should be used in areas where rigidity 

property plastic is important.  

3) This research could also be done in future using different plastic geometric sections and other advanced 

software for generalization. 
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