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Study on constitutive model of 7075 high-strength aluminum
alloy under cyclic loading

CHANG Zhaoqun, PENG Pingze, XING Guohua, LI Jinyuan, HAN Meng, LIU Boquan
(School of Civil Engineering, Chang’ an University, Xi” an 710061, China)

Abstract: To characterize the mechanical properties of 7075 high-strength aluminum alloy, three specimens for the
monotonic tensile test and five specimens for cyclic loading were designed and fabricated. Based on the Ramberg-
Osgood model, numerical fitting was carried out separately for the monotonic tensile stress-strain curves and cyclic
loading skeleton curves of aluminum alloy bars. A comparative analysis was conducted on the tensile mechanical
properties and hysteresis mechanical properties of 7075 high-strength aluminum alloy. The combined hardening
parameters for high-strength aluminum alloy were calibrated, and a combined hardening hysteresis constitutive
model was established. Using the software ABAQUS, a numerical analysis model of high-strength aluminum alloy
was created, and the simulation results were compared with and validated against experimental results. The results
indicate that 7075 high-strength aluminum alloy exhibits excellent hysteresis performance, and the Ramberg-Osgood
model shows good applicability to the monotonic mechanical properties of high-strength aluminum alloy. The finite
element simulation results based on the combined hardening model are in good agreement with the test results. The
calibrated combined hardening model can be used for the seismic behavior analysis of structures reinforced with
high-strength aluminum alloy.
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Table 1 Loading protocols of 7075 high-strength aluminum alloy
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Table 2 Test results of monotonic tensile

NG % U ISR BE £,/ MPa JE BRIEE &,/ % PR E/GPa WEAE N 7] f,/MPa WIRNAE &,/ %

AAlL 602.8 1.04 72.1 658.3 9.13
AA2 601.5 1.01 73.9 663.6 8.99
AA3 603.9 1.04 71.8 655.8 8.96

A 602.7 1.03 72.6 659.2 9.03
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Fig.3 Failure mode of monotonic tensile specimens Fig.4 Comparison of the test curve and the R-O model
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Fig.7 Monotonic tensile stress-strain curves of the specimen after cyclic loading
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curves and monotonic loading curve
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Table 4 Parameter calibration of combined hardening model of 7075 high-strength aluminum alloy

bk Cy/MPa 7

7075 A4

oly/MPa Q. /MPa b C,/MPa Y C,/MPa Ya

534.0 56.0 6.2 8437.4 489.9 15094.5 2077.4 5895.2 74.6
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Table 5 Comparison of energy dissipation

between simulation and experimental results
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R AT IO 3, 4 1) [a) 1 s A S 43 70 A L B P Al 204.20 209.76 2.65
T % E Cyclic Hardening Z80715 LS, #oc2k A2 179.73 185.86 3.30
RIPeE = Y SR B TC C3DSR, FEALUAR [) in 28 1 2 fY i A3 196.04 196.98 0.48
Ji R Ad 151.04 149.36 112
AS 79.97 80.35 0.47
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