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ABSTRACT 

Sometimes students and/or researchers are faced with a limited sample and data issue and need 
to choose carefully which approaches to be used, especially in performing analysis with 
numerical analysis. As there are a lot of numerical analysis approaches that are having similar 
purposes and the approaches can be used depending on the analysis cases and objectives. For 
example, Johnson Cook’s plasticity model and isotropic plasticity hardening model are the 
common approaches available and used in ABAQUS software to determine the metal and metal 
alloy plasticity or inelastic mechanical properties. Therefore, in this paper, two approaches – 
Johnson Cook’s plasticity with damage model and isotropic plasticity hardening with ductile 
damage model which is used to define the metal and metal alloy mechanical properties and 
performance are studied using ABAQUS Computer Aided Engineering (CAE) software and 
compared accordingly.  In this study, the experimental result of the tensile test was used to 
determine the mechanical properties of the Aluminium alloy 2024 T3 sheet with 0.29mm 
thickness. Then the experiment test data are used to correlate the finite element method (FEM) 
model and the experimental test result by using Johnson Cook’s plasticity hardening with damage 
model approach and the isotropic hardening plasticity with ductile damage model approach. 
Based on the comparison with the experiment failure sample mode, both FEM model failure mode 
is closely identical to the experiment failure sample. From the mechanical properties comparison, 
Johnson Cook’s model shows a bigger deviation compared to the isotropic plasticity with ductile 
damage model in comparison to the experiment value. From this paper, it can be concluded that 
the ductile damage model is more appropriate to be used when the sample and data are limited. 

Keywords:   Johnson Cook’s hardening plasticity, Johnson Cook’s damage model, Isotropic 
hardening plasticity, Ductile damage model, tensile experiment. 
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1.0 INTRODUCTION 
 
In determining the material performances and properties, experimental methods are often used but 
with a high cost. As stated by Ahmad S.A et all [1], numerical analysis or finite element analysis 
can be implemented as it is a more cost-efficient investigation method [1]. Sometimes, we as 
students and researchers are faced with a limited sample and data issue and need to choose carefully 
which numerical analysis approaches to be used. As there are a lot of numerical analysis approaches 
that are having similar purposes and the approaches can be used depending on the analysis cases 
and objectives. For example, Johnson Cook’s plasticity model, and isotropic plasticity hardening 
model are the common approaches available and used in ABAQUS software to determine the metal 
and alloy plasticity or inelastic mechanical properties. Ahmad S.A, et al. [1], Shuaishuai Y. et. al., 
[2], Zhang D. N. et al., [3], Sachin G., et. al [4], Tan J. Q., et. al [5], Sohail A., et. al. [6], Li S.Y., 
et. al. [7], Corona, et.al [8], Rasaee S. et. al. [9], Kay, G. [10], Shen W. J. et. al [11], Wang, C. et. 
al. [12], Bal B. et al. [13], Sonika S., et. al, [14], Meng X.X., et.al. [15] and a lot of more are using 
Johnson Cook’s model to define and modelling the Aluminium alloy properties. Meanwhile, Børvik 
T. et. al [16], Ivaylo N.V. et. al [17], Asle J.T., et. al [18], Fribourg G., et.al.[19], Ole R. M., et. al 
[20], Abir B. et. al [21] and a few more are using isotropic plastic hardening in modeling and 
defining the Aluminium and Aluminium alloy properties. 

Therefore, in this paper, two approaches Johnson Cook’s plasticity with damage model and 
isotropic plasticity hardening with ductile damage model which is used to define the metal and alloy 
mechanical properties and performance are studied using ABAQUS Computer Aided Engineering 
(CAE) software and compared accordingly. The experimental result of the tensile test is used to 
determine the mechanical properties of the Aluminium alloy 2024 T3 sheet with 0.29mm thickness 
together with Johnson Cook model properties, isotropic plastic hardening properties and ductile 
damage properties. Then the mechanical properties data are used to correlate the finite element 
method (FEM) model and the experimental test result by using Johnson Cook’s plasticity hardening 
with damage model approach and the isotropic hardening plasticity with ductile damage model 
approach. FEM results from the two models were compared with experimental results to determine 
which FEM model is appropriate to be used when the experiment sample and data are limited. 

 
 
2.0 METHODOLOGY 
 
2.1 Understanding the plasticity and failure/damage model 
 
2.1.1 Johnson Cook’s plasticity and failure/damage model  
Johnson-Cook plasticity model is a particular type of Mises plasticity model with analytical forms 
of the hardening law and rate dependence. It is a particular type of isotropic hardening where the 
static yield stress, σ0, is assumed to be of the form in Equation 1 [22], 

 
𝜎𝜎0 = �𝐴𝐴 + 𝐵𝐵�𝜀𝜀 ̅𝑝𝑝𝑝𝑝�

𝑛𝑛
��1− 𝜃𝜃�𝑚𝑚�                         (1)  

 
where 𝜀𝜀  ̅𝑝𝑝𝑝𝑝 is the equivalent plastic strain and A (Yield stress), B (Strain hardening modulus), n 
(Strain hardening exponent) and m (temperature factor exponent) are material parameters measured 
at or below the transition temperature, θ transition. θ is the non-dimensional temperature defined in 
Equation 2 [22]. 
 

θ� ≡ �
        0                                                         𝑓𝑓𝑓𝑓𝑓𝑓  𝜃𝜃 < 𝜃𝜃𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛    

(𝜃𝜃 − 𝜃𝜃𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛)/(𝜃𝜃𝑚𝑚𝑚𝑚𝑝𝑝𝑡𝑡 − 𝜃𝜃𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛)      𝑓𝑓𝑓𝑓𝑓𝑓 𝜃𝜃𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛 ≤ 𝜃𝜃 ≤ 𝜃𝜃𝑚𝑚𝑚𝑚𝑝𝑝𝑡𝑡
1                                                  𝑓𝑓𝑓𝑓𝑓𝑓 𝜃𝜃 > 𝜃𝜃𝑚𝑚𝑚𝑚𝑝𝑝𝑡𝑡

      (2) 

 
By taking the strain rate dependence assumption the stress, 𝜎𝜎�  and plastic strain, 𝜀𝜀̅̇𝑝𝑝𝑝𝑝  can 

be defined in Equation 3 and Equation 4, respectively [22].  

 

DOI: https://doi.org/10.11113/jm.v46.494



G. Henry, S.A. Ahmad, A. Murni et al. 
Jurnal Mekanikal, December 2023, 46: 102-113 

 

104 
 

      
      𝜎𝜎� = 𝜎𝜎0�𝜀𝜀 ̅𝑝𝑝𝑝𝑝 ,𝜃𝜃�𝑅𝑅�𝜀𝜀̅̇𝑝𝑝𝑝𝑝�                 (3) 

 𝜀𝜀̅̇𝑝𝑝𝑝𝑝 =  𝜀𝜀0̇ exp �1
𝐶𝐶

(𝑅𝑅 − 1)�    𝑓𝑓𝑓𝑓𝑓𝑓  𝜎𝜎 � ≥  𝜎𝜎0             (4) 
 
The relationship can be defined as shown in Equation 5 [22] 
 

𝜎𝜎� =  �𝐴𝐴 + 𝐵𝐵 �𝜀𝜀 ̅𝑝𝑝𝑝𝑝�
𝑛𝑛
� �1 + 𝐶𝐶 ln �𝜀𝜀�̇

𝑝𝑝𝑝𝑝

�̇�𝜀0
�� (1− 𝜃𝜃�𝑚𝑚)           (5)  

 
whereby C and 𝜀𝜀̇0 are the material parameters that can be defined based on Johnson-Cook rate 
dependencies. 

Johnson Cook’s damage model or referred to as the “Johnson-Cook dynamic failure model” 
is suitable only for high-strain-rate deformation of metals and alloys. The Johnson-Cook dynamic 
failure model is based on the value of the equivalent plastic strain at element integration points; 
failure is assumed to occur when the damage parameter exceeds 1. The damage parameter, ω, is 
defined in Equation 6 [22]. 

 

𝜔𝜔 = ∑�∆𝜀𝜀�
𝑝𝑝𝑝𝑝

𝜀𝜀�𝑓𝑓
𝑝𝑝𝑝𝑝 �                 (6)    

 
where Δ 𝜀𝜀  ̅𝑝𝑝𝑝𝑝 is an increment of the equivalent plastic strain, 𝜀𝜀�̅�𝑓

𝑝𝑝𝑝𝑝 is the strain at failure. The strain at 
failure, 𝜀𝜀�̅�𝑓

𝑝𝑝𝑝𝑝 can be defined as shown in Equation 7 [22]. 
 

𝜀𝜀�̅�𝑓
𝑝𝑝𝑝𝑝 = �𝑑𝑑1 + 𝑑𝑑2 exp �𝑑𝑑3

𝑝𝑝
𝑞𝑞
�� �1 + 𝑑𝑑4 ln �𝜀𝜀�̇

𝑝𝑝𝑝𝑝

�̇�𝜀0
�� �1 + 𝑑𝑑5 𝜃𝜃��           (7)   

 
where d1  (initial failure strain), d2  (exponential factor), d3 (triaxiality factor), d4(strain rate factor), 
and d5 (temperature factor)  are failure parameters measured at or below the transition temperature, 
θ transition, 𝜀𝜀0̇ is the reference strain rate, p is the pressure stress and q is the Mises stress [22]. 

 
2.1.2 Isotropic hardening plasticity model 
Isotropic hardening is generally considered to be a suitable model for problems in which the plastic 
straining goes well beyond the incipient yield state. Isotropic hardening plasticity is written in 
Equation 8 [22]. 
 

  𝑓𝑓(𝜎𝜎) = 𝜎𝜎0�𝜀𝜀𝑝𝑝𝑝𝑝 ,𝜃𝜃�                 (8)  
 
where θ is temperature, σ0 is the equivalent (uniaxial) stress, 𝜀𝜀𝑝𝑝𝑝𝑝 is the work equivalent plastic strain, 
defined by Equation 9 [22]. 
 

  𝜎𝜎0𝜀𝜀̇𝑝𝑝𝑝𝑝 =  𝜎𝜎: 𝜀𝜀̇𝑝𝑝𝑝𝑝                      (9) 
 

2.1.3 Ductile damage model and damage evolutions 
The ductile damage model is a phenomenological model for predicting the onset of damage due to 
nucleation, growth, and coalescence of voids. The model assumes that the equivalent plastic strain 
at the onset of damage, 𝜀𝜀̅�̇�𝐷

𝑝𝑝𝑝𝑝  is a function of stress triaxiality and strain rate in Equation 10 [22]. 
 

 𝜀𝜀�̅�𝐷 
𝑝𝑝𝑝𝑝�𝜂𝜂, 𝜀𝜀̅̇𝑝𝑝𝑝𝑝�                  (10)  

 
where η = p/q is the stress triaxiality, p is the pressure stress, q is the Mises equivalent stress, and 
𝜀𝜀̅̇𝑝𝑝𝑝𝑝 is the equivalent plastic strain rate. The damage model initiation is met when the following 
condition in Equation 11 is satisfied [22]. 
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  𝜔𝜔𝐷𝐷 = ∫ 𝑑𝑑𝜀𝜀�𝑝𝑝𝑝𝑝

𝜀𝜀�𝐷𝐷 
𝑝𝑝𝑝𝑝(𝜂𝜂,𝜀𝜀�̇𝑝𝑝𝑝𝑝)

= 1                  (11)   

 
where 𝜔𝜔𝐷𝐷  is a state variable that increases monotonically with plastic deformation as shown in 
Figure 1. 

                                                                                                                    
Figure 1: Ductile damage model on the typical strain-stress graph [22] 

 
The equivalent plastic strain at the damage initiation, 𝜀𝜀0

𝑝𝑝𝑝𝑝  is determined by offsetting the 
plastic strain at the ultimate strength strain ductile damage. This will be the value of the fracture 
strain [22]. The stress triaxiality can be defined as per Equation 12 below based on Table 1; 

 

𝜂𝜂 = −  𝑝𝑝
𝑞𝑞

 =  
1
3.𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑚𝑚 (𝑇𝑇)

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
 =  

1
3 (𝜎𝜎𝑥𝑥𝑥𝑥+𝜎𝜎𝑦𝑦𝑦𝑦+𝜎𝜎𝑧𝑧𝑧𝑧)

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
                  (12) 

 
 

Table 1: Von Mises yield criterion [23] 

 
 

Damage evolutions define the damage progression after the damage is initiated. It can be 
determined by energy and displacement damage. By using an energy damage evolution, the fracture 
energy, Gf is defined as shown in Equation 13 [22],                                       
  

𝐺𝐺𝑓𝑓 = ∫ 𝐿𝐿𝜎𝜎𝑦𝑦𝑑𝑑𝜀𝜀�̅�𝑝𝑝𝑝 = ∫ 𝜎𝜎𝑦𝑦𝑑𝑑𝑢𝑢�𝑝𝑝𝑝𝑝
𝑢𝑢�𝑓𝑓
𝑝𝑝𝑝𝑝

0
𝜀𝜀�𝑓𝑓
𝑝𝑝𝑝𝑝

𝜀𝜀�0
𝑝𝑝𝑝𝑝              (13)           

 
where L is the characteristic length.  By using displacement as a damage evolution, the displacement 
at failure, 𝑢𝑢�𝑓𝑓

𝑝𝑝𝑝𝑝 can be defined in Equation 14 [22]. 
 

     𝑢𝑢�𝑓𝑓
𝑝𝑝𝑝𝑝 =

2𝐺𝐺𝑓𝑓
𝜎𝜎𝑦𝑦0

                       (14) 
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2.2 Experimental setup and testing. 
 
Specimen with 250mm (length) x 25mm (width) x 0.29 mm (thickness) of Aluminium Alloy 2024 
T3 sheet is prepared for the tensile experiment. The tensile test is performed using Universal Test 
Machine (UTM) as shown in Figure 2. The tensile test is run with 8mm/minute pulling rate. 
 
 

  
 

Figure 2: Tensile experiment setup using Universal Test Machine. 
   

2.3 FEM modeling 
 
2.3.1 Modeling in ABAQUS CAE 
 
Aluminium 2024 T3 is modeled as a C3D8R solid element with a mesh size of 0.5mm with 0.29mm 
thickness. Figure 3 shows the boundary condition of the FEM model, similar to the tensile 
experimental setup whereby the bottom grip which is used to hold the specimen defined as a fixed 
boundary condition and the pulling force acted on the top grip is defined as a displacement boundary 
condition with 8mm per minute pulling rate.  
 

 
Figure 3: ABAQUS CAE model and boundary conditions. 

 
During the initial modeling, the FEM tensile test is performed without applying the damage 

properties, and the Aluminium 2024 T3 properties are used based on the literature review from 
Table 2 and Table 3 with a density value of 2.78g/cm3 and Young’s Modulus value of 73.1GPa 
[24]. 

 
Table 2: Johnson Cook’s plasticity model [25] 

Parameter Yield Stress, 
A (MPa) 

Strain hardening 
modulus, B (MPa) 

Strain hardening 
exponent, n 

Temperature factor 
exponent, m 

Strain rate 
effect, C 

Value 265 426 0.34 1 0.018 
 

Table 3: Isotropic hardening plasticity model [24] 
True Stress, σ (MPa) 345.00 386.12 441.31 482.00 

Plastic strain, �̇�𝜺𝒑𝒑𝒑𝒑 0.0 0.051 0.128 0.171 
 

The result of the FEM tensile test initial run shows the Aluminium 2024 T3 stress-strain 
graph using Johnson Cook’s model and the isotropic plasticity model are well-fitted with the other 
literature review data presented in Figure 4. 
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Figure 4: Johnson Cook’s FEM model and Isotropic hardening plastic FEM model stress-strain graph using 
the literature review properties model and comparison with other literature review data [26] 
 
2.3.2 Correlation data between experimental result and FEM modeling 
 
2.3.2.1 Yield stress and ultimate tensile strength determination 
 
Based on the experiment stress-strain graph as shown in Figure 5, Young’s Modulus value is only 
36.513GPa and it is considered very low for a typical Aluminium 2024 T4 which is 73.1GPa. It is 
suspected that at the start of the tensile test, there is a slip causing a low value of Young’s Modulus. 
 
 

 
Figure 5: Engineering stress-strain and true stress-strain graph experiment result with 8mm/minute pulling 
rate. 

   
Therefore, an adjustment had been made at the start of the experiment to accommodate the 

slip and to meet the typical Aluminium 2024 T3 Young’s Modulus value at 73.1GPa as shown in 
Figure 6. By using the y-value of the experiment data and fit it into the equation, y=73100x at the 
elastic area, the new adjusted data is created as shown in Figure 7.   

 

 
Figure 6: Data adjustment at the start of the experiment to accommodate the slip  
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Figure 7: True stress-strain graph before and after data was adjusted to accommodate the slip  

 
Based on Figure 6 and Figure 7 which show the true stress-strain graph before and after the 

data had been adjusted to accommodate the slip, the yield stress value is 154.8 MPa (0.2% offset of 
the strain). The ultimate tensile strength is 251.18MPa at 12.97% strain (true stress value at 
maximum engineering stress, 220.625MPa) determined in Figure 5. 

 
2.3.2.2 Johnson Cook plasticity and damage model parameter determinations 
 
By taking the first portion of Equation 5, the plastic hardening properties without strain rate 
dependencies can be defined by using Equation 16 with the experiment data. 
 

𝜎𝜎� =  �𝐴𝐴 + 𝐵𝐵 �𝜀𝜀 ̅𝑝𝑝𝑝𝑝�
𝑛𝑛
�        (15),      ln�𝜎𝜎𝑦𝑦 − 𝐴𝐴� = 𝑛𝑛. ln(𝜀𝜀) + ln(𝐵𝐵)         (16)     

 
By using Equation 16 and experiment result data (true stress, σy, yield stress, A and true strain, ε),  
ln�𝜎𝜎𝑦𝑦 − 𝐴𝐴� versus ln (ε) is plotted as shown in Figure 8. By taking the significantly straight graph 
as highlighted in Figure 8, the value of B (strain hardening modulus) and n (strain hardening 
exponent) can be derived from the linear trend line equations as shown in Figure 8. 
 

 

 
Figure 8: Determination of B and n values from the experiment data 

 
From the linear trend line in Figure 8, the B value is e5.51 = 247.15 MPa and n = 0.47. Since 

experiment test data is unavailable for different strain rates and specimen tests, the literature review 
Johnson Cook’s damage model values are interpolated and estimated as shown in table 4. Data 
interpolation and estimation are used for modeling purposes only. 

 
Table 4: Johnson Cook’s damage model [25] and the interpolated and estimated damage model values used 
for modeling purposes only 

Parameter d1 d2 d3 d4 d5 
Johnson Cook’s literature damage value 0.13 0.13 -1.5 0.011 0 
Johnson Cook’s interpolated and estimated damage value 0.06 0.06 -1.0 0.011 0 

  
2.3.2.3 Isotropic plasticity hardening determination 
 
By using the experimental data, the plastic strain was determined based on equation 9 and the results 
as shown in Table 5. 
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Table 5: Isotropic hardening plasticity model based on experimental data 
True Stress, σ (MPa) 154.80 177.71 199.84 218.79 230.7 239.09 246.55 251.19 

Plastic strain, �̇�𝜺𝒑𝒑𝒑𝒑 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.126 
 
2.3.2.4 Ductile damage model parameter determination 
 

By zooming the true stress-strain graph in Figure 7 at the damaged area (from the ultimate strength 
point to the fracture point), and offsetting the plastic strain at the ultimate strength strain ductile 
damage point (251.18MPa at 12.97% strain) by using offsetting line slope value at 73.1GPa 
(Aluminium 2024 T3 Young Modulus), the fracture strain can be determined as shown in Figure 9. 
The offset plastic strain value is 0.1263 and this value is the fracture strain or the equivalent plastic 
strain at the damage initiation, 𝜀𝜀0

𝑝𝑝𝑝𝑝 . 
 

 
Figure 9: Determination of the fracture strain, 𝜀𝜀0

𝑝𝑝𝑝𝑝   
 

The stress triaxiality, η and the strain rate are assumed to be 0 as no other experiments were 
performed at different strain rates. 

 
2.3.2.2 Damage evolutions calculation 

 
The first step to define the damage evolutions is to convert the true stress-strain graph to the true 
strain-plastic displacement graph as presented in Figure 10.  
 

 
Figure 10: True stress-plastic displacement graph 

 
From Figure 1, the damage, D can be simplified as shown in Equation 17, 
 
𝜎𝜎 = (1− 𝐷𝐷).𝜎𝜎�                    𝐷𝐷 = −1(𝜎𝜎

𝜎𝜎�
− 1)                                                         (17)   

 
where σ is the actual stress at the damage condition and 𝜎𝜎� is the stress value at the perfect plastic 
behavior after the ultimate strength point in reference to actual stress. Next, the true stress-plastic 
displacement graph is simplified at the damaged area (from the ultimate strength point to the 
fracture point) by referring to Figure 1 and using Equation 17 as shown in Figure 11 to define the 
values of the plastic displacement at failure, 𝑢𝑢�𝑓𝑓

𝑝𝑝𝑝𝑝  and the damage, D.  
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Figure 11: Plastic displacement at failure,  𝑢𝑢�𝑓𝑓

𝑝𝑝𝑝𝑝   and the damage, D from simplified true stress-plastic 
displacement graph 

 
By using the damage, D at the respective displacement at failure, 𝑢𝑢�𝑓𝑓

𝑝𝑝𝑝𝑝values as shown in 
Figure 11, the FEM result is still far deviated to the experiment result. Therefore, the plastic 
displacement at failure is further tweaked by using a damage reference point at 1% or D=0.01 
instead of D=0 for a smaller plastic displacement to further improve the deviation to the experiment 
result. The new plastic displacement at failure and damage are shown in Figure 12. 

 

 
Figure 12: Tweaked plastic displacement at failure, 𝑢𝑢�𝑓𝑓

𝑝𝑝𝑝𝑝   and the damage, D 
 

With the characteristic length at 0.29mm, by using Equation 14, the fracture energy can be 
defined using a displacement at failure (linear) at 0.415mm and the value is 52.12 N.mm.  

 
 

3.0 RESULTS AND DISCUSSION 
 
Based on the comparison with the experiment sample failure mode, both FEM model failure mode 
is closely identical to the experiment sample failure mode as shown in Figure 13. The comparison 
of the tensile test stress-strain graph between experiment results, Johnson Cook’s FEM model and 
isotropic plastic with ductile damage FEM model are shown in Figure 14. By looking at the 
mechanical properties comparison between FEM models with the experiment result presented in 
Table 6, Johnson Cook’s FEM model shows a bigger deviation, which is up to 10.5% deviation 
compared to the isotropic plastic with ductile damage FEM model, which is only up to 3.3% 
deviation. Based on the stress analysis comparison of both FEM models presented in Table 6 and 
Figure 15, the ultimate tensile strength difference is only 0.1% but the yield stress shows higher 
differences which is 6.9%. 
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Figure 13. Comparison between the experimental sample and FEM models failure mode 

 
 

 
Figure 14: Tensile test true stress-strain comparison between the experiment, Johnson Cook’s FEM model 
and Isotropic plastic with ductile damage FEM model 

 
 

Table 6: Mechanical properties comparison between experiment, Johnson Cook’s FEM model and Isotropic 
plastic with ductile damage FEM model 

Parameter Experiment 
value 

Johnson 
Cook’s 
FEM 
model 

Deviation 
to 

experiment 
results 

Isotropic plastic 
with ductile 

damage FEM 
model 

Deviation 
to 

experiment 
results 

FEM 
models 

comparison 

Yield Stress 154.80 MPa 171.0 MPa 10.5% 160.0 MPa 3.3 % 6.9% 
Ultimate 
tensile strength 251.18 MPa 252.68 MPa 0.6 % 252.37 MPa 0.5 % 0.1% 

Ultimate strain 12.97 % 14.32% 10.4 % 13.1 % 0.6 % 9.3% 
 
 

 
Figure 15: Stress analysis comparison between Johnson Cook’s FEM model and isotropic plastic with ductile 
damage FEM model 

 
 
The deviation of the yield stress for Johnson Cook’s FEM model is relatively high (more 

than 5%) compared to the experiment result and isotropic plastic FEM model as presented in Table 
6. With this, the strain hardening modulus, B and strain hardening exponent, n obviously needs 
further tweaks and optimization study and it requires more effort and simulation runs. From a single 
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experimental stress-strain graph as representative of limited sample data, ductile damage 
parameters (equivalent fracture strain, stress triaxiality and strain rate) can be defined and calculated. 
Obviously, a single experiment stress-strain graph cannot be used to define Johnson Cook’s damage 
parameters (initial failure strain, exponential factor, triaxiality factor, strain rate factor and 
temperature factor). More experiments with different strain rates are required to define Johnson 
Cook’s damage parameters. However, a single experiment might be low in accuracy, therefore more 
experiments are required for the isotropic hardening plasticity to improve the data accuracy. This 
is to have the experimental data with different strain rates so that more stress-strain data at different 
strain rates. 
 
 
4.0  CONCLUSION 
 
With the limited sample and data, the isotropic plastic hardening with ductile damage FEM model 
is more appropriate to be used compared to Johnson Cook’s FEM model based on the 2 important 
findings based on this study as below; 

i. Johnson Cook’s plastic hardening FEM model requires more effort to tweak and optimize 
the strain hardening modulus and strain hardening exponent to match the experiment result.  

ii. From a single experimental stress-strain graph, the ductile damage parameters can be 
defined and calculated but it cannot be used to define Johnson Cook’s model damage 
parameters. Johnson Cook’s damage parameters determination requires more experiments 
with different strain rates. 
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