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1. Introduction 

Aluminium alloy 6061 is a standard grade aluminium alloy that comes in various shapes and sizes and can be utilised 

in various applications. 6061 aluminium tooling plate, 6061 aluminium plate and 6061 aluminium extrusions or bars are 

all examples of this. It is frequently the alloy of choice for applications including furniture, yachts, and general 

engineering. The reason is that it can blend with different alloying metals to acquire wanted qualities and may be made 

in a variety of methods. Aluminium alloy 6061 is broadly utilised in the field of engineering. For example, to build 

structures and various engineering designs [1]. Aluminium alloy 6061, also known as Al6061 is generally utilised in the 

construction industry, and body pieces, suspension parts, and power-train castings are examples of automobile 

components [2]. Each of the materials that go through the fracture process has its behaviour of fracture. Fracture 

behaviour is commonly associated with micro-mechanics fractures and, in terms of stability, the fracture process. The 

fracture characteristic of a material is labelled as either brittle or ductile [3]. Due to its behaviour, pure Aluminium often 

cracks in a ductile way [4]. 

Plastic deformation on the crack tip of the fractured body varies in its dimensions and is commonly referred to as the 

formation of a shear lip. The shear lip creation is crucial to understanding this fracture behaviour. Slant fracture is 

reflected by a plastic region or shear lip generated on the surface of the fracture at the specimen's side. According to a 

previous study, the shear lip small region with even not more than 10% is equal to brittle fracture and quick crack 

propagation [5]. Furthermore, the shear lips ratio is also influenced by loading rates and specimen thickness. According 

Abstract: Aluminium alloy 6061 is known for its superior mechanical characteristics, which include lighter weight 

properties, high specific strength, and simple fabrication. Hence, they are widely used to reduce the weight of 

vehicles as structural parts. Aluminium alloy 6061 is subjected to high velocity and various forces in the course of 

an accident. Hence, understanding the impact properties of aluminium alloys is critical. The impact of side groove 

shapes on the shear lip development of aluminium alloy 6061 was examined in this work. The shapes of the side 

groove in this study are V-shape, U-shape, and square-shape. By simulation using Abaqus software, the Charpy 

impact test was conducted to determine the shear lips ratio, energy absorbed, displacement and force. It was found 

that the V-shape side groove shape has the lowest absorb energy as compared to the U-shape and square-shape. The 

low absorbed energy indicates that the behaviour of the sample test is in a fast-moving brittle fracture. Furthermore, 

it can be observed that the shear lips for V-shape and square-shape have the lowest ratio of shear lips compared to 

the U-shape of the side groove. The lower a material's shear lips ratio, the more likely it is to become brittle. In 

conclusion, when the shear lips ratio is low, it will tend to be low ductility of aluminium alloy 6061, the energy 

absorbed is low, and the impact of the force is also low. 
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to certain studies, adding a side groove to a notch or cracked front can increase the fraction of the notch or cracked front 

that displays plane strain characteristics [6]. The fractured condition of an aluminium alloy is crucial for determining its 

ductility and the extent of the plastic distortion or shear lip. Furthermore, brittle fracture is defined as minor or no plastic 

distortion near the fracture tip [7]. 

Simulation can be done in any relevant software, one of them is Abaqus software. It may also be used to execute the 

Charpy impact test. It must be done correctly to produce the same results as the experiment. The test model's three 

essential components are the striker, anvils, and specimen [8]. The mesh may separate into two types which are coarse 

mesh and fine mesh in the notch region in the remainder of the specimen [8]. Furthermore, shear lip development during 

a fracture would be estimated using Abaqus software. According to studies, shear damage is greatest in a slant plane, 

resulting in shear lip development. The Abaqus programme can calculate the fracture energy and the maximum Von 

Misses stress, maximum displacement, and absorbed energy by impact [9].  

Numerous research has examined how side grooves affect deformation conditions for grooved side samples as well 

as fracture behaviour, crack initiation, stress, and strain [10-12]. Nevertheless, the impact of different side-groove shapes 

received just small attention in published studies in this area. The side groove specimen test methodology is a significant 

and appropriate test method, especially when high loading rates are involved. Therefore, more study on the influence of 

side groove shapes on the fracture behaviour of the aluminium alloy is critical. In this work, the FEM of the Charpy 

impact test will be used in conjunction with the FEA software, which is Abaqus, to analyse the fracture behaviour of 

aluminium alloy 6061. 

 

2. Materials and Methods 

2.1 The Parameter and The Material Used for The Specimen  

In this study, aluminium alloy 6061 (Al6061) is used to make the specimen model, whereas stainless steel is used to 

make the striker model. According to ASTM E23's requirements, the chosen material is stainless steel [13]. The material 

characteristics of stainless steel and Al6061 are displayed in Table 1. The Abaqus software was used to simulate the 

Charpy impact test, with the striker model's beginning velocity set to 2500 mm/s. Fig. 1 depicts the model developed for 

the Charpy impact test. The model was designed in a rectangular shape with a V-notch. The specimen's dimensions were 

fixed at 55 mm x 10 mm x 10 mm for length, width, and depth, respectively. The samples were fabricated following 

ASTM A370. The V-notch height applied to the model was set to 2 mm, the length to 1.66 mm, and the angle to 45°. 

Next, the radius of the striker model was fixed to 0.8 mm at one end and 20 mm across its length, with a 1.5 mm gap 

between the specimen and the striker model. The model's centre, where it was placed over the notch, was where the side 

groove was carved. On the specimen model, the side groove was depicted as having various side groove shapes with a 

fix of side groove depth of 1 mm. Moreover, the front and back of the model also had a double side groove. To examine 

the formation of shear lips, energy absorption, and force needed for each various side groove shape. Different side groove 

shapes are V-shaped, U-shaped, and Square-shaped. This part should include a description of the specifications and 

attributes of the tools, supplies, and other resources used in the current investigation. 

 

Table 1 - Al6061 and stainless-steel material properties 

Parameter Specimen Model Striker Model Unit or Dimension 

Young’s Modulus, E 70.0 193.0 GPa 

Poisson’s Ratio, ѵ 0.33 0.31 - 

Density, ρ 2600 7750 kg/𝑚3 

 

 
Fig. 1 - The Charpy impact test full assembly with their dimensions 
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2.2 Process Flow for Finite Element Modelling  

The process flow must be well understood by conducting a simulation test using the software. Every action must be 

taken with caution. If not, it will affect the outcome in the end. Fig. 2 depicts the process flow that was employed in this 

study. Because of its ability to predict failures in a wide range of engineering materials, for this project, the Johnson-

Cook model was applied to describe fracture in Al6061 [14]. For the specimen model, the Johnson-Cook material model 

was employed in line with the parameter for Al6061 acquired from the other study experiment, as shown in Tables 2 and 

3 [15]. 

Fig. 3 depicts the surface-to-surface contact connection made between the specimen and striker model. It has two 

main surfaces that can gather information on absorbing force and energy and analyse fracture behaviour. Fig. 4 depicts 

the Charpy impact test meshing. Since meshing represented an element, it was necessary, and the meshing criterion 

affected how long it took to solve a problem. In one study, a sweep technique was used to make a hexagonal shape that 

was then applied with a notch to the centre of a specimen model. Other investigations, on the other hand, employed a 

structured approach to make a hexagonal mesh shape. 

 
Fig. 2 - The full flow of the process for the simulation by using Abaqus software 

 

Table 2 - Aluminium alloy 6061 Johnson-Cook material model [15] 

Parameter Value Unit or Dimension 

A  324 MPa 

B 114 MPa 

n 0.42 - 

m 1.34 - 

c 0.002 - 

 

Table 3 - Johnson-Cook aluminium alloy 6061 damage model [15] 

Parameter Value 

d1 0.77 

d2 1.45 

d3 0.47 

d4 0 

d5 1.6 

 

 

Fig. 3 - The specimen model's and striker model's 

surface-to-surface contact 

 

Fig. 4 - The Charpy impact test model has fully 

meshed 
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3. Results and Discussion 

Based on some studies, the PEEQ technique, which in Abaqus means for plastic strain contours, is demonstrated for 

each instance of side groove at the crack's cross-sectional face to calculate and estimate the shear lip ratio [16]. This shear 

lip ratio is then used to see if the grooves are prone to ductile or brittle fractures. The specimen will experience and act 

as brittle material if the shear lip ratio is less than 10% [17]. In addition, according to the side groove shapes, Fig. 5 shows 

the fracture surface with shear lips. The ASTM E23 table was used to compute the shear lips ratio, and the graph in Fig. 

6 shows the shear lips ratio value in this study. Shear lip growth is characterised by a facial crack with a green colour on 

both sides. Shear lips ratios greater than 10% were reported in all side groove shapes. This demonstrates that ductile 

fracture, as opposed to brittle fracture, occurred in all the specimens. As seen in Fig. 6, the shear lips ratio for the V-

shaped side groove is the lowest. Shear lips ratio declines, making ductile fractures more brittle. This is because the brittle 

fracture was more likely to occur the smaller the shear lips ratio. 

  
(a) (b) 

 
(c) 

Fig. 5 - Specimen surface that contains the formation of the shear lip for various shape grooves, (a) V-shaped; 

(b) Square-shape; (c) U-shaped 

 

Fig. 6 - Relationship of side groove shapes toward the shear lips formation ratio 

 

      Table 4 compares the study's estimations for the shear lips ratio, maximum absorption energy, maximum 

displacement, and maximum force for various side groove forms. For maximum absorption energy, data was collected 

using Abaqus features via ODB history output. Absorption energy played a significant role in the Charpy impact test. 

Following the completion of the time increment up to 0.002 seconds, the data were gathered. According to the graph in 

Fig. 7, the maximum absorption energy for the V-shape side groove is the lowest, demonstrating that as absorption energy 
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drops, the specimen would display brittle fracture behaviour. The data's pattern aligns with earlier research's conclusions 

[18]. Fig. 8 depicts the total absorption energy related to the time increment for each scenario. When compared to other 

experimental research, the results show that different side groove shapes display distinct brittle behaviour. When the 

Charpy impact test was performed, the specimen with the lowest shear lips development resulted in the lowest absorption 

energy. As a result, the lower absorption energy during fracture will result in rapid crack propagation or brittle fracture. 

Table 4 - The fracture characteristics of Al6061 at various side groove shapes 

Side Groove 

Shapes 

Shear Lips 

Ratio (%) 

Maximum 

Absorb Energy 

(J) 

Maximum 

displacement (mm) 

Maximum 

Force (N) 

V-Shaped 39 677.994 3.53825 2388.51 

Square-Shaped 43 1581.49 3.36876 3200.17 

U-Shaped 51 1719.66 3.18830 3355.493 

 

 

Fig. 7 - The bar chart represents the maximum energy absorbed against the different types of side groove 

shapes  

 

 

Fig. 8 - Absorb energy versus time graph of aluminium alloy 6061 with various side groove shapes 

 
      Fig. 9 then shows the fracture displacement data for the specimen model for numerous side groove shapes. The 

outcome, which took 0.002 seconds to complete, demonstrated how much damage was done to the specimen model by 

the crack or fracture. Furthermore, the displacement axis is altered numerous times to attain the maximum value, and the 

first half of Fig. 9 may be viewed as a parallel line to the time axis. This parallel line represents the incubation period. 

This suggests that the Al6061 does not fracture during this time but begins to crack following the incubation period [19]. 



Mohd Al-Hatta et al., J. of Adv. Mechanical Engineering Applications, Vol. 3, No. 2 (2022) p. 29-36 

 34 

The displacement versus time charts reveal that the V-shaped side groove has a higher displacement. The most 

displacement is found in the V-shaped side groove. It tends to fracture easier because it has sharp edges V-shaped. 

 

 

Fig. 9 - The displacement versus time graph for various side groove shapes 

 

      For Charpy impact test experiment testing, force is one thing that is important to discuss the maximum force needed 

to fracture the specimen with the presence of side grooves in different shapes. Based on the graph that has been plotted 

in Fig. 10 shows the value for the maximum force for each side groove shape. A set of forces data in Fig. 10 represented 

the Impact Force after 0.002 seconds of incrementation time. The maximum forces indicate the required forces for the 

specimen model to fracture into two pieces. It can be observed that the trend for the graph is when at a certain 

displacement, it reaches a higher value of force. After that, the force will decrease because the specimen starts to fracture 

into two pieces. J. Fang et al. research shows that the maximum force obtained can be defined as the crack initiation 

nominal start [20]. The trend of the graph supports the findings of Fang et al., who show that force-displacement 

behaviour terminates when shear lips form. In addition, the total work done during the collision can be expressed from 

the graph between force against displacement by calculating the area under the graph. Besides, the fewer maximum forces 

for each side groove shape, the more brittle the specimen model will be and the easier the specimen to fracture and break 

into two pieces. 

 

Fig. 10 - The force versus displacement graph for each of the side groove forms 

4. Conclusion 

A Charpy impact test was performed using the finite element method (FEM) in Abaqus software for aluminium alloy 

6061 applications under a range of side groove forms. Plastic strain contours demonstrated a reduction in shear lips for 

side groove forms such as V, square, and U. As can be seen, the shear lips ratio is greater than 10%. The smallest value 

is 39%, which indicates the shear lips ratio for V-shape. This may be expected since the Al6061 is still ductile and will 

undergo plastic deformation before it is broken. Less absorb energy is required on the specimen model when the V-
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shaped side groove is employed, as less absorb energy leads to brittle fracture. Furthermore, when the energy absorbed 

is minimal, as, in the V-shaped side groove, the force required to fracture the specimen is reduced. It takes less force to 

shatter the specimen model until it is entirely fractured. To summarise, it can be concluded that the data obtained 

throughout the test in simulation in Abaqus software is relevant compared to research to validate this study as the V-

shape side groove has the highest brittle fracture, low absorb energy and a low force of impact. 
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