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Abstract 
This paper presents tensile behaviour of 
ABS polymer. Tensile deformation 
behaviour of Acrylonitrile Butadine Styrene 
(ABS) was experimentally investigated, 
following a practice guideline by ASTM. 
Tests were performed for various strain 
rates. Test specimen was prepossessed using 
CAE software Hypermesh. Results obtained 
by experimentation were validated using 
analysis software Abaqus and Ls-Dyna. 
After ultimate stress, tested Stress – Strain 
curve had negative slope. During 
preparation of material card it was a 
problem. As solver doesn’t allow negative 
slope. Curve was smoothening by 
establishing a procedure. There was 
problem with Young’s modulus from Stress 
vs. Strain curve of test results. Some 
assumptions were made for Young’s 
modulus from test results. It was seen that, 
specimen thickness contract at higher rate 
than its width. As strain rate for tensile test 
increases, its yield stress also increases. 
Tensile strain rate was maximum in necking 
region.  

Keywords: Tensile test, CAE correlation, 
Hypermesh,  Abaqus, Ls-Dyna. 

1. Introduction 
Engineering plastics are used in instrument 
panels, interior trim, fuel tanks and other 
vehicle applications. Due to their viscoelastic 
nature, plastics exhibit important rate 
dependence in their stress–strain responses. 
The strain rate dependent stress–strain curves 
of these materials are mandatory input in 
dynamic finite element (FE) analysis for 
crashworthiness prediction [9].  

The experimental technique to create data at 
these strain rates is a research topic of practical 
importance [9]. Modelling and predicting the 
behaviour of these structures made of polymers 
require the knowledge of mechanical response 
of the materials [1].  

To obtain valid stress–strain data in a material 
test, the specimen should be in a state of stress 
equilibrium, and undergo homogeneous 
deformation in the gage section. Usually, 
necking in the polymeric specimen arises at 
relatively small strain, which results in the 
inhomogeneous deformation of polymers [1].  

2. Material and Specimen 
Polymeric material used in this study was 

Acrylonitrile Butadine Styrene (ABS).  
Material was specified according to ASTM 
D638, Type I [14]. It has variation in thickness 
from 3.2 mm to 3.8 mm across the length. The 
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specimen has dumbbell shape. The straight 
gauge section has length of 50mm and width of 
13mm [14]. The test dumbbells were injection 
moulded by the material supplier. The nominal 
thickness of the specimens was 3.2 mm. Figure 
1 shows the geometric dimensions of the test 
specimen as per ASTM D638 standards [14].  

 

Fig. 1 Geometry and Dimensions of 
specimen[14]. 

Table 1. Dimensions for specimen as per 
ASTM D638 [14]. 

 

3. Experimentation 
ABS dumbbells were tested with UTM 

machine. Test was conducted according to 
ASTM D638 test guidelines, which is standard 
for tensile test of Plastics [14]. Dumbbells were 
tested with variable strain rate of 10mm/min, 
and 100mm/min. For each strain rate three 
specimens were tested. Results obtained are 
Load (N) and Deflection (mm) for each 
specimen. From results found calculation 
performed for Engineering Stress, Engineering 
Strain, True Stress, and True Strain. 
Experimentation gives load (N) and Deflection 
(mm) only. This curve is then converted in to 
Engg. Stress vs. Engg. Strain and True Stress 
vs. True Strain curve. Once Young’s modulus 
was finalized, True stress vs. Plastic strain 
curve was obtained. 

 

 

A. Calculations 
 

.݃݃݊ܧ ሻݏሺݏݏ݁ݎݐܵ ൌ
ሺܰሻ݀ܽ݋ܮ

ݏݏ݋ݎܥ ݈ܽ݊݋݅ݐܿ݁ܵ .ݍሺܵܽ݁ݎܣ ݉݉ሻ
 Equation 1 

 
.݃݃݊ܧ ሺ݁ሻ݊݅ܽݎݐܵ ൌ

݄݁݃݊ܽܥ ݅݊ ݄ݐ݈݃݊݁
݈ܽ݊݅݃݅ݎܱ ݄ݐ݃݊݁ܮ

 Equation 2 
 

݁ݑݎܶ ሻߪሺݏݏݎݐܵ ൌ .݃݃݊ܧ ሻሾ1ݏሺݏݏ݁ݎݐܵ ൅ .݃݃݊ܧ  ሺ݁ሻሿ Equation 3݊݅ܽݎݐܵ
 

݁ݑݎܶ ሻߝሺ݊݅ܽݎݐܵ ൌ lnሾ1 ൅ .݃݃݊ܧ  ሺ݁ሻሿ Equation 4݊݅ܽݎݐܵ
 

ܿ݅ݐݏ݈ܽܲ ݊݅ݎܽݐܵ ൌ ݁ݑݎܶ ݊݅ܽݎݐܵ െ
݁ݑݎܶ ݏݏ݁ݎݐܵ
ݏ′݃݊ݑ݋ܻ .݀݋ܯ

 Equation 5 
 

  
For calculation of engineering stress cross 

sectional area of each specimen after break was 
used. Then calculated Stress for each specimen 
and averaged it. Curves were plotted with 
average engineering stress values obtained by 
calculation.  

B. Material Card Preparation 
In material card of Hypermesh with profile 
Abaqus, material type is MATERIAL and card 
image is ABAQUS_MATERIAL [13]. 

 

Fig. 2.Material card used in Hypermesh 
(Abaqus). 

In properties of Hypermesh with profile 
Abaqus, card image used is SOLIDSECTION. 
Property type is SOLID SECTION [13].   

 

Fig. 3. Property card used in Hypermesh 
(Abaqus). 

In material card of Hypermesh with profile Ls-
Dyna Keyword 971, material type is 
ELASTIC-PLASTIC and card image is 
MATL24 [12]. 
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Fig. 4. Material card used in Hypermesh (Ls-
Dyna). 

In material card of Hypermesh with profile Ls-
Dyna Keyword 971, material type is VOLUME 
and card image is SectSld [12]. 

 

Fig. 5. Property card used in Hypermesh (Ls-
Dyna). 

For simulation result calculations solver 
demands plastic strain and True Stress values 
as input [13, 12]. If given curve have negative 
slope, its error during performing calculation 
for Abaqus and Ls-Dyna[12,13]. To exclude 
this error procedure was established. After 
ultimate stress where curve starts negative 
slope those stresses were eliminated 
performing trial and error to establish smooth 
curve with positive slope. 

Density of ABS is 1.05×10-09 tonns/mm3, 
Poisson's ratio (Nu) is 0.35 for ABS plastic. 
There was problem with Young’s modulus 
from experimental data. Initially tried young’s 
modules from test results, simulation results 
obtained with this young’s modulus were not 
as accurate as required. So assumption was 
made to use value of young’s modules for 
simulation, by performing procedure and made 
trial and errors on it. A line was drawn at 0.2% 
strain which is parallel to elastic limit of Stress 
vs. Strain curve. This procedure gives value of 
Young’s Modulus as 3777.456 MPa.  

4. Results 
Test results obtained are Load(N) and 

Deflection(mm). Curves for test results are as: 

 

Fig. 6: Load vs. Deflection (Test Results). 

From test data of Plastic material, as 
strain rate is increased ten times Yield value 
and its elastic limit increases. But total 
displacement of plastic at break is about half 
than earlier strain rate. 

Data obtained from test were then calculated 
and converted into Engg. Stress, Engg. Strain, 
True stress, True strain, and Plastic strain. 
Curve plotted are with average of all specimen 
tested for each strain rate. 

 

Fig. 7: Engg. Stress vs. Engg. Strain. 

 

Fig. 8: True stress vs. True strain. 

In the True stress vs. True strain curve, curve 
shows negative slope after ultimate stress 
value. As negative slope values are  not 
required by solver for calculations,  values of 
Engg. Stress vs. Engg. Strain and True Stress 
vs. True Strain curves are not considered and 
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also not plotted in above graphs (Fig.7 and 
Fig.8). Abaqus solver needs True stress and 
Plastic strain values as input. True stress vs.  
Plastic strain curve also shows negative slope. 
This was crucial problem during simulation. To 
resolve this issue, technique was developed. 
From the observation of curve, it is clear that 
curve shows negative slope after ultimate stress 
value. In actual testing, its region where 
necking formation starts in the test specimen. 
For the analysis purpose this was very 
important region of True stress vs. Plastic 
strain curve. 

From the observation of curve, it is clear that 
curve starts bending after yield stress. 
Specimen enters in plastic phase from elastic 
phase. This bending of curve is still 
considerable, because it shows still positive 
curve. 

Based on trial and error technique, trials were 
made with region of curve from ultimate stress 
to breaking point. Trials were made such that 
curve shows constant slope/positive slope and 
it will not affect formation of necking region in 
simulation. 

 

Fig. 9: True Stress vs. Plastic Strain. 

Engg. Stress vs. Engg. Strain, True stress vs. 
True strain and True Stress vs. Plastic Strain 
curves shows that as strain rate is increasing, 
its failure value i.e. yield value is also 
increasing.  

A. Correlation of Test and CAE results 
 

Test specimen was first meshed in 
preprocessor Hypermesh, with profile Abaqus 
(Standerd3D) and for Ls  - dyna with profile 
keyword971. Specimen was meshed with solid 
mesh (Hexa elements) with element size 0.5,1 
and 1.5mm. After it, counted number of nodes 
and elements for each type of mesh. From the 

simulation results noted values of max. stress, 
strain and displacement for each type of mesh. 
Results showed that, it is optimum to use 1mm 
mesh size. Mesh size of 0.5 mm gives better 
results but it is time consuming for calculation. 

One side of dumbbell was constrained with 
zero degree of freedom and at another side 
tensile load was applied with only one degree 
of freedom, allowing specimen to move in only 
X – direction. Constraints were applied up to 
25 mm from both ends as per ASTM D638 
standards. 

 

Fig. 10: 1mm element size mesh of dumbbell 
specimen. 

Specimen was simulated in Abaus and Ls-
dyna. CAE results in Abaqus shows failure of 
specimen as actual test specimens. 

 

Fig. 11: CAE and Test failure of specimen at 
1mm/min strain rate. 

  

Fig. 12: CAE and Test failure of specimen at 
10mm/min strain rate. 

From above (Fig.11 and Fig.12) failure 
figures, it’s clearly seen that as test specimen 
fails, CAE failure is also in the same region of 
specimen. CAE failure at each strain rate 
shows that tensile strain rate is maximum in 
necking region. As in above (Fig.11 and 
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Fig.12) failure correlation is matched, 
specimens were simulated in Abaqus and Ls-
dyna. In both solver failure is analysed and 
plotted results were also matched. 

  

Fig. 13 Correlation of CAE and Test results of 
specimen at 10mm/min strain rate. 

 

Fig. 14 Correlation of CAE and Test results of 
specimen at 100mm/min strain rate. 

Above graphs ( Fig. 13 and Fig.14) shows 
simulation results obtained in Abaqus and Ls-
dyna and Test results obtained are correlated 
up to Yield point in both cases. From CAE 
simulation and experimental test it was 
observed that specimen thickness contract at 
higher rate than its width.  
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