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ABSTRACT 
A research was carried out to observe the dynamic properties of 7075 Aluminium Alloy by employing SHPB 

simulation with different velocities of the impacting bar. Cylindrical and square specimens of standard diameter 

were compressed at high rates of strain. It is essential to comprehend how materials behave in dynamic 

circumstances like bullet penetration, vehicle crashworthiness, blasts, and explosions. Although experimental 

techniques like split Hopkinson pressure bar and Taylor impact tests can be used to characterize materials at 

high strain rates, they can be expensive and challenging. Nonetheless, it is feasible to describe materials when 

subjected to dynamic conditions by utilizing the finite element software of split Hopkinson pressure bar test 

during loadings with high strain rates. To examine the effect of velocity at high strain rates, numerical 

simulations of 7075 aluminum alloy were carried out using Abaqus/Explicit 6.14 under different striker bar 

velocities, varying from 20m/s to 100m/s. The study also analyzed the effects of sample aspect ratio underneath 

dynamic conditions. The results showed that the wave properties and flow curve of 7075 aluminum alloy 

depend on striker speeds. A constitutive equation was utilized to explain the dynamic impact deformation 

behavior of 7075 aluminum alloy, taking into consideration the influence of temperature, strain hardening, strain 

rate sensitivity, and thermal softening of the material, which was found to be successful. 
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I. Introduction 
The critical engineering alloy AA7075 has 

become widely used in aerospace and armor 

structures due to its high ratio of strength to density. 

Extensive research has been conducted on its plastic 

flow at various temperatures and low strain rates. 

Nevertheless, there has been limited work on 

understanding the impact of high strain rates on this 

material during dynamic deformation. To gain a 

comprehensive understanding of the deformability 

of AA7075, it's crucial to characterize its dynamic 

performance over a wide range of strain rates, 

including those resulting from dynamic impact 

loading [1]. 

The importance of understanding the 

behavior of aluminum alloy AA7075 under dynamic 

loading conditions remains significant due to its 

widespread use in space manufacturing, mechanical 

resources, and astronomical machinery [2]. In 1872, 

Hopkinson utilized the Hopkinson bar experimental 

method to investigate the impact characteristics of 

iron wires. Later on, several researchers made 

modifications to the Hopkinson bar to obtain 

accurate pressure vs. time graphs, error-free wave 

scattering, and strains. To observe the varying 

heights at which wave’s peak and trough, new 

methods such as the pulse refining system and the 

elongated striker’s technique have been developed. 

Numerical research into the effects of pulse shaping 

techniques is conducted using the SHPB instrument 

[3]. 

Because of its widespread application in 

space manufacturing, mechanical resources, and 

astronomical machinery, research into the behaviour 

of aluminium alloy AA7075 under dynamic loading 

situations has constantly remained significant [4]. In 

1872, Hopkinson utilised the Hopkinson bar 

experimental method to investigate the impact 

features of iron wires. Several researchers later 

made adjustments to the Hopkinson bar to obtain 

accurate pressure vs time graphs, error-free wave 

scattering, and strains. In order to observe the 

varying heights at which waves peak and trough, 

several new methods, including the pulse refining 
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system and the elongated strikers technique, have 

been developed [5]. The SHPB instrument is used 

for numerical research into the effects of pulse 

shaping techniques [6]. Ductile alloys' behaviour in 

SHPB was studied by Chen et al. Lee and Lin [7] in 

their study, Chen et al., Lee, and Lin used the SHPB 

system to investigate the dynamic behavior of two 

different ductile alloys, namely pure copper and an 

aluminum alloy (Al6061-T6), at strain rates ranging 

from 1000 to 5000 s^-1. The researchers aimed to 

cognize how the mechanical properties of these 

materials change with increasing strain rates. The 

outcomes of the study showed that the mechanical 

performance of the two ductile alloys differed 

significantly at high strain rates. The pure copper 

material exhibited higher strain rate sensitivity than 

the aluminum alloy, meaning that its mechanical 

properties were more sensitive to changes in strain 

rate. Additionally, the scholars witnessed that the 

ductility of both materials decreased with growing 

strain rate. Overall, the study by Chen et al., Lee, 

and Lin provides valuable insights into the 

performance of ductile alloys underneath high strain 

rate conditions, which can be useful in the 

development of materials for high-speed impact and 

deformation applications. Kajberg and Sundin [8] 

use a SHPB-equipped heating cradle tomonitor the 

response of steels at elevated temperatures. Using 

finite element analysis, the belongings of radial 

apathy and abrasion on pure aluminium 1100 were 

investigated while subjected to a great strain level. 

Yang et al. [9] examined the characteristics of 

Al/PTFE under high strain rate. The simulation 

shows that with extreme shock pressure, the Teflon 

matrix melts. Atomic diffusion was sped up by 

PTFE melts and breakdown. As a result, rather than 

detonating, the Al/PTFE composites' reactions are 

more akin to combustion. Wen et al. [10] noticed the 

compressive response of porcine muscle using an 

improved SHPB. The outcomes show that the flow 

curves in the two loading axis are delicate to strain 

loading. The stress along the direction of fiber is 

stiffer than the stress to the fiber’s normal direction. 

The strength of the muscle was analyzed at varying 

strain degrees, and a constitutive model that is strain 

proportion dependent was developed and then 

formfitting to the investigational records. The 

outcomes validate the constitutive simulation's 

capability to illustrate the dynamic properties of the 

muscle. By conducting simulation of SHPB for 

concrete samples, Li et al. [11] compared the flow 

behaviour of the two shapes of samples. Numerical 

simulation results were analysed in depth, and it was 

found that, for a given strain rate, the cylindrical 

specimen exhibited greater lateral inertial 

confinement than the cubic specimen. Due to the 

decreased crosswise captivity and appearance of 

tensile stress in the cubic specimen, the corners were 

damaged more severely than in the cylindrical 

specimen. Han et al. [12] observed the cracking 

development and final catastrophe designs of a 

sandwiched cement mortar using SHPB equipped 

with a camera under high strain rates. When 

composite specimens deform, the layer of cement 

mortar might act as a cushion. The digital images 

demonstrate that, independent of the interlayer 

properties, tensile cracks often start at the boundary, 

spread lengthwise the loading track, and ultimately 

lead to tensile catastrophe. Laizhou granite was 

subjected to a high strain loading test by Wang et al. 

[13] utilizing the SHPB method and a high-speed 

3D arithmetical image association approach. Cui et 

al. Cui et al. established a concrete model to analyze 

the outcome of strain loading on concrete under 

restraining forces, taking into account the presence 

of haphazardly dispersed masses. The study found 

that the impact of strain stacking on concrete is less 

pronounced in stress states that are not uniaxial, and 

this effect decreases as the confining pressure 

increases. In other words, the study suggests that the 

consequence of strain loading on concrete depends 

on the stress state of the material, with a smaller 

effect observed when the material is subject to more 

complex stress states. Additionally, the study found 

that as the restraining pressure on the concrete 

increases, the effect of strain loading on the material 

decreases. Overall, the study provides insight into 

the behavior of concrete under different types of 

loading and can help inform the design and 

construction of concrete structures. To learn how 

varying amounts of grease affected the behavior of 

the concrete in SHPB, Kim et al. [14] led 

experiments and finite elements simulations of 

SHPB. The experimental and numerical results 

showed that after an emollient concentration greater 

than or equivalent to 12 milligram per centimeter 

squarewas realistic to the sample in the concrete 

SHPB test, the frictional effect was eliminated. 

Pajak et al. [15] conducted SHPB compression 

testing on three different types of Self-compacting 

concrete (SCC) at strain fluctuating beginning 68 to 

236 s-1. A systematic approach is provided for 

conducting SHPB testing of SCC in a reliable and 

time-saving manner. To characterize the three parts 

of the 3D mesoscale that were built—mortar, the 

Interface transition zone, and arbitrarily created 

collective spheres—the authors employed the 

Johnson-Holmquist material model [16]. Outcomes 

from SHPB testing revealed that the material's 

properties and the indolence impact are the reasons 

of the DIF. The importance of crosswise inertial 

captivity, which is found to be strength-dependent, 

decreases at strain loadings outside 200s-1. You et al. 

[17] used an altered SHPB system to examine the 
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responses and breakage processes of 3D restricted 

fractured rocks exposed to quasi and vigorous strain 

rate. The outcomes exhibited that underneath greater 

axial pressures, the dynamic pressure is extra 

reactive to strain loading, and that together the 

dynamic and whole strengths have noteworthy 

constructive lined connections with strain loading. 

Pająk and Janiszewski [18] studied the influence of 

reinforcement of steel fibers in the cement mortar 

mixture aggregates under high rate of loadings. The 

study showed that the tested mixtures all had a 

significant strain rate influence. It was furthermore 

discovered that the coarse aggregate has a negligible 

effect on the sensitivity of mortar to changes in 

strain rate [19]. Both concrete and mortar benefited 

greatly from the addition of fibers, as their strain 

rate sensitivity was greatly diminished [20]. Ma et 

al. [21] observed the dynamic and constitutive 

behaviour of alumina under dynamic strain range 

and found that on strain degrees beyond an acute 

assessment, the catastrophe strength of alumina was 

initiate, to remain highly reliant on the strain 

loading. The dynamic stress-strain curves showed 

inelastic deformation, indicating that modulus 

degradation does occur [22]. Research on SHPB 

loads has shown that reducing the impact velocity 

can reduce the impact of interfacial friction, 

allowing uniaxial loading to be maintained. Finally, 

since alumina is relatively unaffected by inter-facial 

resistance inside range of the attainable strain 

loading, it is recommended that a characteristic 

proportion of 1.0 be used for the sample [23]. To 

examine the power of sample shape and magnitude 

on concrete compressive strength at varying loading 

rates, Li et al. [24] produced and tested concrete 

examples of varying dimensions, both cubic and 

cylindrical, under varying loads. There was a call 

for empirical relationships to be developed to help 

make sense of the discrepancy between the varying 

loads of concrete samples of altered forms and 

dimensions. Swamy et al. [25] studied the wear 

behavior of a hybrid metal matrix composite coating 

made of Al7075 with the reinforcement of Gr micro 

particles and nano TiO2 particles. Husain et al. [26] 

examined the wear performance of Al-7075 alloys 

that were reinforced with Mica and Kaolinite. 

Wekezer et al. [27] developed a comprehensive 

testing approach for truck tires that involved 

multiple stages, including quasi-static, dynamic, and 

strongly dynamic tests. Krishana et al. [28] 

conducted research on the synthesis of Al7075 and 

Al2O3 powders using high-energy ball milling and 

found that the grain size was refined, resulting in 

better density, Vickers microhardness, and corrosion 

resistance. Yang et al. [29] conducted a study on the 

behavior of Al/PTFE under high strain rate 

conditions, finding that under extreme shock 

pressure, the Teflon matrix melted, which led to 

reactions that were more similar to combustion than 

detonation. Finally, Han et al. [30] studied the 

cracking behavior and failure modes of a 

sandwiched cement mortar under high strain rates 

using an SHPB and camera, discovering that tensile 

cracks generally initiated at the boundary, 

propagated along the loading track, and ultimately 

resulted in tensile failure, irrespective of the 

interlayer properties. Ma et al. [31] examine the 

behavior of alumina under dynamic strain ranges 

and find that the catastrophic strength of alumina is 

highly dependent on the strain loading beyond a 

critical threshold. Li et al. [32] investigate the effect 

of sample shape and size on concrete compressive 

strength under varying loading rates and propose 

empirical relationships to address the differences in 

compressive strength of concrete samples with 

varying shapes and dimensions. Zhang et al. [33] 

study the creep behavior of 7075 under different 

conditions and find that the intensity of the Cu 

texture increases with elevated temperature and 

equivalent stress [34]. The paper presents a 

numerical simulation of AA7075 using SHPB with 

different striker bar configurations to better 

understand the impact of these modifications. The 

impact of the sample's aspect ratio is also being 

examined to understand how the wave fields adapt 

to alterations in the sample dimensions. [35]. 

 

II. Methodology 
In this study, the aim is to explore the 

dynamic behavior of AA7075 aluminum alloy at 

high strain rates by modifying the velocity of the 

striker bar, while keeping the specimen diameter 

constant. To investigate the effects of striker bar 

velocity on the flow curve of AA7075, Abaqus 

software is utilized. Additionally, the research 

examines the effects of strain rate sensitivity and 

aspect ratio by conducting simulations of AA7075 at 

various striker velocities (ranging from 20 to 100 

m/s) and with different specimen shapes, such as 

circular and square. 
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Fig. 1 showing mesh model of SHPB in ABAQUS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 showing the schematic view of SHPB 

 

III. Split Hopkinson pressure bar 
The SHPB (Split Hopkinson Pressure Bar) 

technique is a versatile approach utilized to 

determine the mechanical characteristics of 

materials under high strain rates. By means of the 

SHPB experimental configuration, it is possible to 

carry out tests on samples subjected to tension, 

compression, and shear forces, in order to obtain the 

corresponding stress-strain curves. The SHPB 

equipment consists of three main elements: an 

incident bar, a transmitter bar, and a striker. The 

sample is placed between the incident and 

transmitter bars. Upon releasing a high-velocity 

stream from the compressor, the striker bar acquires 

energy, resulting in the generation of an incident 

stress wave that propagates along the incident bar 
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until it collides with the sample. A portion of the 

incident stress wave is reflected back from the 

interface of the bar and sample as a reflected wave, 

while the remaining part transmits through the 

sample due to the wave impedance mismatch. The 

transmitted wave from the sample travels along the 

transmitter bar until it reaches the end of the bar. 

Strain sensors placed equally on each bar gauge the 

strains generated by the incident wave, reflected 

wave, and transmitted wave as a function of time, 

and the data is saved in an appropriate device such 

as an amplifier and software, which generates the 

final stress-strain curves. As the wave travels 

through the sample, it undergoes plastic deformation 

at a high rate of strain, necessitating multiple 

reflections within the sample to achieve equilibrium 

stress. To evaluate the axial components of stress 

(σ), strain (ε), and strain rate (˙ε) in the sample, 

three time-dependent elastic stress waves (incident, 

reflected, and transmitted) are measured using strain 

sensors attached to pressure bars and recorded using 

a digital oscilloscope. In the event of dynamic 

equilibrium where stress is uniform throughout the 

sample, the equations for strain rate, strain, and 

stress can be expressed as follows: 

𝜀𝑠 ̇ (t) = - 
2𝐶

𝐿𝑠
εR(t)                      (1) 

 

                                                  εs (t) =  - 
2𝐶

𝐿𝑠
∫εR(t)                   

(2) 

                                                    σ(t) =  - 
𝐴𝑏𝐸𝑏

𝐴𝑠
εT(t)                 

(3) 

In these equations, C represents the elastic wave 

velocity, LS is the initial length of the specimen, AB 

and AS denote the cross-sectional areas of the bars 

and the specimen, respectively, and EB is the 

Young’s modulus of the bar material. These 

equations are commonly referred to as the one-

dimensional wave analysis of SHPB. 

 

IV. Finite Element Analysis 
The FE analysis program, specifically 

Abaqus/Explicit 6.14, is utilized for simulating 

finite elements. The simulation involves creating a 

3D model of the SHPB arrangement in ABAQUS to 

obtain the desired results. As depicted in Figure 1, 

each component of the Split Hopkinson Pressure 

Bar is created separately in ABAQUS/Explicit and 

then assembled. The dimensions of both the SHPB 

and specimens are outlined in Table 1. The bar 

material selected has a density of 7800 kg/m3, 

elastic modulus of 200 GPa, and Poisson's ratio of 

0.3. 

 

Factors Sizes (mm) 

Striker bar circular L = 200, D = 20 

Input bar L = 1000, D = 20 

Output bar L = 1000, D = 20 

Specimen Circular 

Square 
L = 10, D = 10 

L = 10, S= 7.07 

Table 1 showing the Geometric properties of SHPB 

 

For the AA7075 sample, the Johnson-Cook Material model is utilized. This model is commonly used to 

characterize specimens under dynamic loadings and is frequently applied in SHPB simulations for modeling 

specimens described by equation 4. 

𝜎 = [ 𝐴 + 𝐵𝜀𝑛][1 + 𝐶 ln 𝜀̇∗][1 − (𝑇∗)𝑚]                          4 

 

The Johnson-Cook Material model consists of three components. The first component addresses strain 

hardening, the second component incorporates strain rate sensitivity, and the third component takes into account 

the temperature dependence of the material. This model is used to demonstrate the response of specimens under 

dynamic loadings and in SHPB simulations to model the material's constitutive behavior. The constitutive 

model constants for AA7075 are presented in Table 2. Furthermore, AA7075 has a density of 2700 kg/m3, an 

elastic modulus of 70 GPa, and a Poisson's ratio of 0.3. 

 

A B n C m 

530 Mpa 480 Mpa .50 .001 1 

Table 2 showing a constitutive model of AA7075 constants 

 

The present study utilized C3D8R elements for meshing the components, with mesh dimensions of 

0.28mm and 0.25mm. As per the Abaqus theory manual, C3D8R elements are eight-node brick elements that 
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are three-dimensional and solid. These elements have an hourglass controller and limited integration. Table 3 

provides a summary of the total nodes and elements used in the simulations, along with their respective criteria. 

 

Factors 

Total number of 

elements 

Total number of 

nodes 

Striker 

Velocity 

20 m/s 49819 60600 

30 m/s   49819 60600 

40 m/s 49819 60600 

50 m/s 49819 60600 

60 m/s 49819 60600 

80 m/s 49819 60600 

100 m/s 49819 60600 

specimen 

Shape 

Circular 49819 60600 

Square 44239 54657 

Table 3 showing Sum of simulated elements and nodes 

 

The 3D models are meshed and the 

boundary conditions for the boundaries between the 

bar to bar and bar to specimen are depicted in Figure 

1 using a general contact algorithm. To achieve 

great strain rates, the striker is attached to the input 

end with velocities ranging from 20 to 100 m/s. The 

extreme end of the output bar is retained stationary 

to measure all forces transmitted through it at the 

termination end. In order to observe the influence of 

the specimen's aspect ratio, the diameter of the 

sample is changed from circular to square while 

maintaining a constant length of 10 mm. 

 

 

V. Validation of FE approach 
The validity of the simulation methodology 

employed in this investigation is demonstrated by 

relating its outcomes with those stated by Afdal et 

al. for Al 6063 under dynamic conditions. To ensure 

the accuracy of the simulation, it was carried out 

using the same environmental parameters as 

described in Afdal et al.'s study. Figure 3 presents 

the results obtained using the current simulation 

approach for the 6063 Al alloy, which are highly 

consistent with Afdal et al.'s findings, despite the 

use of a different approach. This agreement 

confirms the effectiveness of the numerical method 

presented in this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 shows results from the current FE simulation are compared to those obtained by Afdal et al. For Al 

6063 
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VI. Results and discussion 
The aim of this research is to examine how 

the stress-strain behavior and wave propagation of 

AA7075 are affected by variations in striker velocity 

and specimen diameter through numerical 

simulation. To accomplish this, we adjusted the 

velocity of the striker bar within a range of 20 to 

1000 m/s to observe its impact on the SHPB 

components. Moreover, we altered the geometry of 

the specimen from circular to square to explore the 

effect of specimen shape on the flow curve and 

wave dispersion of AA7075 subjected to high strain 

rates. 

Figure 4a shows the wave propagation 

through the striker bar at different speeds. As the 

striker bar speed increases, the waves propagate 

faster and the time interval among the incident and 

reflected waves reduces. Figure 4b shows the flow 

curves for AA7075 at different striker velocities. It 

can be observed that the velocity has a 

substantialinfluence on the shape of the flow curves. 

The ultimate stress is found to be highest at 20 m/s 

and lowest at 50 m/s for the considered striker 

velocities. This specifies that the material response 

is sensitive to the strain rate, which is affected by 

the striker velocity. 

 

 

Fig.4 Shows Impact of striker bar velocity on (a) propagation of 

waves through the input and output bars (b) AA7075's true stress-

strain curves. 

 

Figure 5 displays the wave propagation and 

flow curves of AA7075 at striker velocities 

oscillating from 60 to 100 m/s. As observed in 

Figure 5a, the wave propagation is directly 

proportional to the striker velocity, with 100 m/s 

generating the highest wave propagation and 60 m/s 

generating the lowest. The flow curves in Figure 5b 

demonstrate that the ultimate stress of AA7075 is 

highest at 100 m/s and lowest at 60 m/s for the given 

striker velocities. Hence, at high strain rates, the 

striker velocity not only affects the wave 

propagation but also the flow behavior of AA7075. 

 

 
Fig. 5 shows the waves and real flow curves at different speeds of striker bar 

 



Yasir Majeed Bhat, et. al. International Journal of Engineering Research and Applications 
www.ijera.com 

ISSN: 2248-9622, Vol. 13, Issue 5, May 2023, pp. 155-164 

 

 
www.ijera.com                                   DOI: 10.9790/9622-1305155164                                162 | Page 

               

 

Figure 6 presents the impact of specimen 

shape, with a fixed length of 10mm, on the waves 

and flow curve of AA7075 at an impact velocity of 

60m/s using a circular striker. The square-shaped 

specimen's cross-sectional area is chosen as 

7.07mm, which is the maximum possible area 

inscribed within a circle with a diameter of 10mm. 

The incident wave remains unaffected by the change 

in specimen shape, as shown in Figure 6a. However, 

the reflected wave and the incident wave are 

affected by the change from a circular to a square 

shape. Figure 6b demonstrations the influence of the 

specimen form on the real flow curves, with the 

ultimate compressive strength (UCS) and percentage 

elongation both highest for the circular specimen 

and lowest for the square specimen. 

 

 
Fig 6 shows theimpact of specimen shape on strain rate curves and real flow curves 

 

 

Factors 

True stress strain curve 

% elongation 

Yield stress 

(Mpa)   

Ultimate compressive 

stress (Mpa) 

Striker 

velocity 

20 m/s 275 ± 1 715 ± 1 7.25 ± 0.1 

30 m/s 340 ± 1 915 ± 1 15.21 ± 0.1 

40 m/s 355 ± 1 1025 ± 1 22.07 ± 0.2 

50 m/s 385 ± 1 1205 ± 1 30.62 ± 0.2 

60 m/s  366 ± 1  1501 ± 1 40.21 ± 0.2 

80 m/s 351 ± 1 2357  ± 1 56.15 ± .01 

100 m/s 331 ± 1 4039 ± 1 70.80 ± 0.1 

Specimen 

Shape 

Circular 366 ± 1 1501 ± 1 40.21 ± 0.1 

Square 464 ± 1 1340 ± 1 30.84 ± 0.2 

Table 4 shows the outcomes of various compression tests 

 

Table 4 displays the actual values for yield 

strength, ultimate compressive strength, and percent 

elongation for each simulation run. The results 

indicate that, for a circular specimen struck by a 

round striker, increasing the velocity tips to growth 

in ultimate compressive strength. However, as the 

striker's speed increases from 20 to 100 m/s, the 

yield stress falls. The ductility of AA 7075 is 

highest at a rate of 100 m/s and decreases as the 

loading rate rises from 20 to 100 m/s. The study's 

results suggest that the ultimate compressive 

strength of 7075 is positively influenced by strain 

rate at great loading rates. The findings also indicate 

that changing the sample shape from circular to 

square leads to an increase in yield strength but a 

decrease in compressive strength and ductility. 

 

VII. CONCLUSIONS 

In this work, the dynamic properties of 

AA7075 have been examined through simulations 

of different striker and specimen geometries. The 

influence of strain rate has been examined by 

varying the velocity of the striker bar from 20 to 100 

m/s. Furthermore, the behavior of strain waves 
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propagating through the material has been analyzed 

under these conditions, resulting in the following 

findings: 

1) As the velocity is amplified from 20 to 100 m/s, 

the peak values of the strain waves are found to 

increase and decrease, respectively, with the 

longest and shortest durations being recorded. 

2) The results of the study display that the ultimate 

compressive strength (UCS) and ductility of 

AA7075 are positively influenced by strain rate, 

while the yield strength is negatively affected 

by it. 

3) The incident wave is found to be unaffected by 

the change in specimen shape. 

4) The outcomes of the workreveal that the shape 

of the specimen has a substantialimpact on the 

ductility, yield strength, and ultimate 

compressive strength of AA7075. 

5) The study reveals that the ductility of 7075 

Aluminium alloy rises as the strain rate rises. 
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