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Abstract: In the automotive industry, aluminium alloy has been widely used for its 

own qualities which suits the industry. This study is to investigate the fracture 

properties of aluminium alloy 6061 with the presence of v-shaped side groove which 

is rarely investigated. Side groove can be characterised as a deep line cut on a 

specimen surface which is believed can reduce ductile behaviour during impact on 

the material. Ductile behaviour during impact is crucial as ductile behaviour 

undergoes plastic deformation before crack compared to brittle behaviour. The major 

goal of this research is to identify whether will side groove influences the fracture 

behaviour of Al6061 as shear lip formation will be observed as the main objective of 

this research. A simulation of Charpy Impact Test with various side groove was 

conducted utilising ABAQUS 6.18 to identify the shear lip ratio, the absorb energy 

of the specimen and the displacement of the fracture. 3 different variation of v-shaped 

side groove depths of 0.5, 1.5 and 2.5 mm has been used as the variable of this 

research. Based on the research, the shear lip ratio decreased when the side groove 

depths ratio increased. Besides, it was found that absorb energy decreased when the 

side groove depths ratio increased. In conclusion, increasing side groove depths ratio 

will tend to less ductility of Al6061 due to the less shear lip ratio and less absorb 

energy. 

 

Keywords: Shear Lip Ratio, Side Groove Depths, Ductile Fracture, Al6061, Finite 

Element Method. 

 

 

1. Introduction 

The composition of the aluminium alloy with other material with aluminium as its dominant 

material can be categorised as non-ferrous metal. In engineering, for instance, construction structure or 

any design of the engineering industry, aluminium metal is often used since it is extremely desirable to 

combine characteristics with the ease to make them in numerous ways [1]. The grade of aluminium 

alloy is classified. The key material in this research is class 6061. Aluminum alloy 6061 or Al6061 is 



Muhammad Syabil M. S. S. et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 2 No. 2 (2021) p. 869-876 

870 
 

frequently utilised for the building industry, as are the car components, powertrain casting and 

suspension components [2]. All materials undergoing a fracture process have their own behaviour as a 

fracture. The behaviour of the fracture was frequently linked to the micromechanical fracture and the 

fracture process in the area of stabilisation. The behaviour of this material fracture is commonly known 

to be ductile or brittle [3]. Because of its characteristics, fractures of pure aluminium frequently suffer 

a ductile fracture [4]. 

The side groove is the one that can be defined as a deep line cut on a specimen surface. The presence 

of side groove may trigger plane strain fracture in thin sections that are normally ductile according to 

study carried out by J.P. Hess [5]. Thus, it is particularly crucial to utilise side groove for the small 

specimen and when the experiment is conducted it might raise the percentage of the notch or fracture 

front [6]. The shear lip is a crucial feature in fracture mechanics, particularly in order to highlight the 

ductile fracture. Before the fracture strikes the surface, the order can be abruptly switched from 

transverse to around 45° where it occurs the most. This fracturing surface is referred to as slant fracture 

or shear lip and is the form of the cone and cup for the key component of the tensile fracture. Moreover, 

this shape of the lip can be either in single or double form on the surface of the material, when there is 

a stress state in the plane [7]. The small region of the lip of the shear is equal to the fracture and fast 

crack development, based on the previous study [8]. 

Charpy impact test also can be done by using simulation through any related software such as 

ABAQUS software. The model of this test can be divided into three major parts which are the striker, 

the anvils and the specimen. Besides. the rigid bodies or elastic body were used for the model of striker 

and anvils while for the specimen considered as deformable. The type of mesh can be divided into two 

types which is fine mesh at the notch region and coarse mesh at the remaining part of the specimen. 

The effect of side groove depths ratio on shear lip formation for Al6061 alloy through simulation of 

Charpy impact test that conducted on ABAQUS 6.14 version. 

2. Materials and Methods 

2.1 Size specimen and materials used 

For this research, the selected materials are aluminium alloy 6061 for specimen model and 

stainless steel for striker model. 

Table 1: Properties of material of aluminium alloy 6061 and stainless steel 

Item Parameter Specimen Model Striker Model Unit 

1 Young’s Modulus 70.0 193 GPa 

2 Poisson’s Ratio, ѵ 0.33 0.31 - 

3 Density, ρ 2600 7750 kg/m3 

 

For the specimen model, the model was design with length of 50 mm, depth of 10 mm and width 

of 10 mm. For the notch, it was set for 2 mm of depth and 1.66 mm for the length. For the striker model, 

it was design with 20 mm length, 10 mm width and a 0.8 radius at the tip of the striker model. 3 different 

side groove depth were choosen as the variable for this test which are  0.5, 1.5 and 2.5 mm. Figure 1 

and Figure 2 shows the 2D model of specimen model and striker model respectively. 
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Figure 1: Specimen model 

 

 

Figure 2: 2D striker model 

 

2.2 Finite element analysis 

In ABAQUS the process flow that had been conducted in this study as Figure 3. All step needs to 

be clearly done before move to analysis the result.  

 
Figure 3: Process flow of simulation using ABAQUS 

Next, this study uses Johnson-Cook material model for the simulation of fracture for aluminium 

alloy 6061. The use of the material model is to predict the failure that has been used in many engineering 

materials. The material model was applied to the specimen model according to the parameter for 

aluminium alloy as shown in Table 2 and Table 3. 

Table 2: Johnson-Cook material model for aluminium alloy 6061 

 

PARTS PROPERTY ASSEMBLY STEP INTERACTION LOAD MESH JOB
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Table 3: Johnson-Cook damage model for aluminium alloy 6061 

 

Surface contact is needed to develop between the specimen model and the striker to give interaction 

among surface contact. Striker model will be chosen as master surface while the specimen model will 

be chosen as the slave surface as shown in Figure 4. The friction coefficient will be set as 0.25. Last but 

not least, in Figure 5 can be seen as the complete of meshing of Charpy impact test. Meshing was 

important as it was representing an element while the time required to solve depend on this meshing 

criteria. In this research, it was set as a hexagonal shape with the sweep technique that been apply to 

the middle of the specimen model that contain notch while others been apply as a hexagonal mesh shape 

by structured technique. 

 

     Figure 4: Surface contact                               Figure 5: Final meshing of full model 

 

3. Results and Discussion 

3.1 The effect of side groove depth on shear lip ratio  

So as to compute and examine the shear lip ratio, PEEQ which stands for plastic strain contours in 

Abaqus is the method which is plotted for respective instance of groove depth at the cross-sectional 

crack face [9]. The shear lip ratio obtained from this process is then in turn used to determine if the 

grooves incline to cause brittle or ductile fracture. If the value of shear lip ratio is a lesser amount than 

10% the specimen will experience and act as a brittle object [9]. By using what is shown in the Figure 

6 that is plotted in accordance to PEEQ contours we can demonstrate the formation of shear lip for each 

of the case of different groove depths. The distance is calculated by means of tools drop down menu 

and selecting the query option. Different parameters pop up with distance being amongst them, selecting 

distance will prompt you to select the nodes between which the distance needs to be measured. After 

the distance is attained cross match A and B and find the common value of shear lip ratio between them 

with the table provided by ASTM E23 [10]. That value is the value of shear lip ratio for that particular 

specimen. From the graph in Figure 7, it can be concluded when side groove depths ratio increases, the 

shear lip ratio decreases. Thus, the deeper the depth will tend the shear lip ratio to decrease where the 

ductile fracture tends to become brittle fracture. It is because the smaller the shear lips ratio, the 

tendency to reach brittle fracture is high. 
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                         (a)                                                           (b)                                                          (c) 

 

Figure 6: Face crack contain shear lip formation on various side groove depths ratio,  

(a) 0.1, (b) 0.3, and (c) 0.5. 

 

Figure 7: The effect of side groove depths ratio on shear lip ratio 

 

3.2 The effect of side groove depth ratio on the absorb energy 

A data and graph as shown in Table 4 showing the trend of total absorbed energy with respect to 

side groove depth ratio. From the Figure 8, it can be perceived that the maximum absorbed energy 

decreases with increase in side groove depth meaning lower the absorbed energy more brittle will be 

the specimen. Therefore, increasing the groove depth would decrease the absorbed energy while 

carrying out the Charpy impact test. Low absorbed energy would show a fast moving brittle fracture. 

The trend of result was same as the theory from other research where it indicates when the absorb energy 

tends to decreases, the specimen will undergo brittle behaviour [11]. Other than that, compare to some 

research that been conducted by experiment, the result indicates as the deeper side groove will undergo 

the brittle behaviour [11].  

Table 4: Maximum energy absorbed with different groove depth ratio 

Item Side groove depth ratio Maximum absorb energy (J) 

1 0.1 1392.82 

2 0.3 961.297 

3 0.5 652.166 
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Figure 8: The absorb energy versus time graph of Al6061 for varying side groove depth ratio. 

3.3 The effect of side groove depth ratio on displacement 

A graph was plotted for displacement versus time for different values of side groove depths and is 

shown in Figure 9. The higher the side groove depth higher will be the displacement with much steeper 

curve on the graph. After careful consideration of the displacement time graph data, it is determined 

that an increase in groove depth will cause failure at a greater rate. At initial stages the lines are parallel 

to each other and on the x-axis meaning there is no displacement at the initial stages which represents 

the ductility of the material. A sudden increase in displacement is observed after that which signifies 

initiation and spread of a crack leading to complete fracture. Values for maximum displacements are 

shown in Table 5. 

Table 5: The maximum displacement for different side groove depth ratio. 

Item Side Groove Depth Ratio Maximum Displacement 

1 0.1 0.525929 

2 0.3 2.37961 

3 0.5 0.852494 

 

 

Figure 9: Graph of displacement against time for varying side groove depths. 
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Figure 10 shows the relationship between absorbed energy and displacement for different groove 

depths. From this graph it is concluded that higher values of displacement and lower values of absorbed 

energy will result in deeper grooves. Which in turn means that greater values of displacement and lower 

values of absorbed energy produce a brittle fracture. Therefore, increasing the groove depths will 

increase the chances of brittle fracture as the energy that is absorbed is a lot lower with larger values of 

displacement. Besides, the trend of the graph in Figure 10 shows a good agreement with other research 

where it shows similar trend as the absorb energy start to increases, the displacement of the crack will 

be higher [12]. 

 

Figure 10: Graph of absorb energy versus displacement for varying side groove depths 

  

4. Conclusion  

In conclusion, shear lip ratio of Aluminium Alloy 6061 crucially depends on side groove depths 

ratio. Besides, other results such as absorb energy and displacement had relationship with the side 

groove depths ratio. It can be seen that as side groove depths ratio increases, the shear lip ratio decreases, 

but the shear lip ratio in this study doesn’t reach below that 10 % instead of only 20 %. This can be 

summarized that as the aluminium alloy 6061 still on ductile fracture behaviour and undergoes plastic 

deformation before it fully fractured. Besides, it can be concluded that less absorb energy needed when 

the deeper side groove applied on the specimen model where less absorb energy will contribute to brittle 

fracture.  
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