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Compressive Deformation Behaviors of Aluminum Alloy in a SHPB Test
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Abstract: Structures are often subjected to various types of loading such as static, dynamic, or impact loading.
Therefore, experimental and numerical methods have been employed to find adequate material properties according to
the conditions. The Split-Hopkinson pressure bar (SHPB) test has frequently been used to test engineering materials,
particularly those used under high strain rates. In this study, the compressive deformation behaviors of aluminum alloy
under impact conditions have been investigated by means of the SHPB test. The experimental results were then
compared with those of finite element analyses. It was shown that reasonably good agreement with the true stress-strain
curves was obtained at strain rates ranging from 1000 s to 2000 s”'. When the strain rate increased by 30%, the peak
stress in particular increased by 17%, and the strain also increased by 20%.
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Table 1 Material properties of maraging

) G o o
Material L (g/em3) E 1% Y v
(GPa) (GPa) (MPa) (MPa)
Maraging Steel 8.00 183.0 70.0 03 2620.0 2693.0
Aluminum 5083 2.66 70.0 26.5 0.33 190.0 300.0
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2. SHPB &Z4AIH
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Table 2 Dynamic material properties of aluminum 5083
No. Diameter PreSS}lre Impact Vel. g e Oy Op
(mm) (psi) (m/s) (/s) (MPa) (MPa)
1 15.28 1379.1 0.18998 328 628
2 30 15.58 1388.55 0.19916 343 631.15
3 15.48 1399.78 0.198 349 633.34
4 20.13 1823.64 0.267 299 765.578
5 8 50 20.09 1803.99 0.262 307 755.3
6 19.53 1802.6 0.262 298 748.204
7 23.85 2202.16 0.3124 337 877.41
8 70 23.8 2192.925 0.3075 292 872.94
9 23.58 2182.844 0.3109 262 872.558
Table 3 Comparison between numerical and experimental results
Flow stress at £€=0.1 Flow stress at e=0.2 Flow stress at ¢=0.3 Peak stress
Strain rate (MPa) (MPa) (MPa) (MPa)
No. (S_l)
FEA Exp. FEA Exp. FEA Exp. FEA Exp.
1 1388.55 475 500.51 - - - - 629 631.15
2 1803.99 478 485.709 649 641.283 - - 756 755.3
3 2202.16 481 504.73 656 652.689 879 863.142 879 877.41
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Table 4 Comparison of specimen length

Initial Deformation Change
strain Length Length Sha[())e Size
No. rate (mm) (mm) (%)
Cp)

FEA | Exp. | FEA | Exp. | FEA | Exp.
1 1388.55 8 796 | 6.45 5.6 -19.4 | -29.6
2 1803.99 8 798 | 5.63 | 447 | -29.6 | -44.0
3 2202.16 8 797 | 5.15 | 3.74 | -35.6 | -53.1
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Fig.4 True stress-strain curve of aluminum 5083 obtained
from SHPB tests
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Fig. 5 Comparison of true stress-strain curves between
experimental and simulation: (a) 1388.55 s™, (b)
1803.99 s™', and (c) 2202.16 5!

Fig. 6 Deformatlon shapes by finite element analyses:
(a) initial, (b) at 1388.55 s, (c) at 1803.99 s,
(d) at 2202.16 5™
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Fig. 7 Strain rate sensitivity at the peak stress
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