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Abstract : In order to investigate the axial compression bearing capacity of 7075-T6 aluminum alloy square tubes, nine
specimens were fabricated and subjected to axial compression tests. The study obtained the ultimate bearing
capacity, failure modes, and load-axial displacement curves of the specimens. Finite element models of the
specimens were established for numerical analysis, and the effectiveness of finite element numerical analysis was
validated by comparison with experimental data. Parametric analysis was conducted using finite element
numerical analysis, proposing a overall stability coefficient-relative slenderness ratio curve suitable for 7075-T6
aluminum alloy square tubes. The paper discussed the influence of local buckling on bearing capacity as the
relative slenderness ratio varied. The results indicate that 7075-T6 aluminum alloy square tubes exhibit certain
ductility. The established finite element models accurately simulate the entire loading process and ultimate
bearing capacity of the specimens. The proposed overall stability coefficient-relative slenderness ratio curve has
better accuracy than the softening curve. For members with the same cross-section but different relative

slenderness ratios, the influence of local initial geometric defect on the ultimate bearing capacity varies.
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Table 1 Specific information of specimens
B BEAK/mm K igﬁi ggﬁi ggiﬁ SRR /mm %R

_AF 1 40X 40X 5 30 39.94 40.01 4.99 493 34.20
A2 40X 40X 5 45 40.01 39.96 5.00 710 49.24
XA 3 40X 40X 5 60 39.98 39.98 4.99 926 64.18
XA 4 60X40X3 30 60.01 40.03 2.99 562 35.24
XA 5 60X40X3 45 60.01 40.01 3.00 729 45.75
XA 6 60X40X3 60 60.02 40.10 2.99 981 61.42
K47 80X 60X 3 30 79.94 59.95 2.96 785 32.51
K8 80X 60X 3 45 80.09 59.88 2.97 1146 47.51
A9 80X 60X 3 60 79.94 59.92 2.97 1509 62.53
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Fig.3 Tensile test setup
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Fig. 4 Constitutive relationship curve of 7075-T6

high-strength aluminum alloy
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Table 2 Material tensile test results MPa
A% E Joa Joz S
T-1 74 360 309.43 322.06 423.77
T-2 76 460 364.63 375.55 462.99
T-3 77 000 472.73 483.79 575.64
T-4 78 840 359.69 372.16 460.48
T-5 79 540 549.03 557.27 607.44
T-6 74710 432.96 443.94 509.84
T-7 73210 463.59 473.82 541.41
T-8 76 310 360.70 371.35 457.47
T-9 73910 350.92 362.33 451.02
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Table 3 Bearing capacity of experimental results and

finite element analysis results

XA G5 P/KN Py /KN #REEX R E/%
A1 271.7 288.5 6.18
A2 223.7 220.8 —1.30
A3 134.6 142.2 5.65
&4 249.6 2298 gz 193
&5 147.9 159.8 3K & w4 8.05
&6 108.8 99.3 A —8.73
AT 239.5 264.6 10.48
X8 185.0 197.9 6.97
A9 138.7 149.8 6.18
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Fig.7 Opverall and local failure mode of specimen
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Fig. 9 Load-strain curves of typical specimen
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Fig. 10 Load-axial displacement curves of all specimens
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Table 4 Ductility coefficient and negative stiffness

K5 A A H # Wl & /(KN-mm )
A1 1.52 —8.63
XA 2 1.24 —7.61
XA 3 1.20 —21.29
A4 1.65 —18.82
XS 1.21 —17.54
XA 6 1.01 —19.94
X7 1.32 —14.43
XA 8 1.19 —18.32
A9 1.10 —12.75
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Comparison of failure modes of all specimens

between test and finite element analysis
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Fig. 12 Comparison of load axial-displacement curve
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Table 5 Section specifications and relative slenderness ratio types

B @A/ mm

a5t K 4m b

40X 40X 3,40X40X4.40X40X5.40X50X3,40X50X4.,40X60X3.40X60X4.40X60X
540X 70X 4,40 X 80X 4,44 X76X3.50X50X3.50X50X4 .50X50X5.,50X70X3.50X

70X5.50X100X4 .50 X100X5.60X60X3.,60X60xX4.60X60xX5,60xX60X6.,60xX80X
3.60X80X4.60X80X5,60X120X4.60X120X5.70X70X4.70X70X5,70X 70X

0.6.0.8.1.0.1.2,1.4.1.6.1.8.2.0.
2.2.24.2.6.2.8.3.0.3.2.3.4

8.80X80X5,80X80X8.80X80x10,80X100xX5,90X90X5,100X
100X<5,100X 100X 6,100X 100X 8,100 X 100X 10
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Fig. 13 Comparison of finite element results,

standard curves and correction curves
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Table 6 Ratio of theoretical value to experimental value

7 B B & 1B 2
0.848 0.960
0.725 0.834
0.798 0.878
0.725 0.826
00/ ¢, 0.964 1.019
0.850 0.942
1.010 1.132
0.938 1.085
0.826 0.913
I 0.854 0.954
A 0.010 0.011
TR A K 0.012 0.012
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Table 7 Group information

A, @ A /mm Pt a3+ ¥ am b
60X 60X 3
a
60X 60X 4
60X 80X 4 0.6,0.8,1.0.1.2.1.4.1.6,
b 1.8.2.0.2.2.2.4.2.6.
60X 80X5 2.8.3.0.3.2.3.4
50X 50X 5
C
50X 50X 5

XF LA L 90 A7 FROTHEERL, Sy 1 25 [ W) 4 =) 3 JL AT
B B S 0 5 A A O R R 2 R 35 — o Jg 0 e o 8 25 A



5 53

7075-T6 i 58 Fh 5 < 05 A8 il 0 52 R R 380 BE J1 BF 58 75

A Uh BB R (E % Walker 283 0 HE
89045 B T A IR {4 1R 28 Ty R /N O B AE, U -

p=— (8)

o 2 XA BROCHRE AR B B i R N R . X

(7] —2H v, AT MR /I R 40 L, A (5] R 8 )R L

M 2 A BROCEE Y TH 5 2 DA IROCHE A o 19 2246, N

W

T=P." O (9)

St o,y T U L e VL8 0 0 08 0, S 1 T 9 R L

B BT (10 0 {1 860 T /N 1T LI W 6 A IR 3 T

i, AH () A A0 L 19 B0 T AS R 481 58 5 He X i K

BITHYFE R, o (RO R K R 2 U ¢ o (E R4S
R 14 R

0.08

0.07 |

0.06

0.05 |

© 0.04 -

0.03 -

0.02
0.01 1

0 0408 12 1.6 2.0 24 2.8 32 36
HEXTC A LE

E14 cEREEXNKELPTHBERE
Fig. 14 Trend of value 7 variation with relative

slenderness ratio

M AT RLAE i A B 5 X P R 2 Y
A PRI RS PO B AR A DR I Y EPUS S
A8 I 3 T 8 JRE L X B R PR AR 28 8 R e A2 )
RIS T ] Ao A TAT, A [ AR A 20 B A3 S 0 4R L AT
o XoF T 1 R R A 38 T B S R A [ £

4 it

SCEE XS 7075-T6 S5k 4R A & 7 & 0 2 R 1R 2
e Sy IO T, S WIAE T 9 AR O B I 0k DL R il 0 7 R
W, AT T R M7 BT BUE 7 5 1 LT 4518

(1) 9HR 7 A A 1 g 5S84 0 3 A e A a1 1Y
FEVE H R T, 7075-T6 i 5 B A 4 O 8 16 50 2 R A 1S
BT HA —E I

(2) 333 47 BR T B 2 B vl LUKS A A5 3058018 19 7R 2%
1, It B B I K 1 PR 2, LT A A A 2 1)
RS Hh e A fb f A — 3,

(3) AT T SH M, I TS 8o P& SR A Lt
AT RS THTITE 7075-T6 @i 4 & &k
SE R oA M EE . S5 R FR W% R PR

(4) Xof F [v] Fofr 465 1T, AN () AR X 40 e At 1, S5 3 4o
U JUAAT S i X6 3l 1A A R 7 2 T s i oA [ . Rl RR 1Y

JELPA s, 6 T AR 2 K A9 A A DR Ry #8400 B L
A 5 568 ol A A1 o B g 0 Jek 2 A A L K A AR

5% 3k

[ 1] MR, /KR, B0 A ST BUREE [ T] 5

45 Ky 2 4%, 2007, 28 (6) : 100-109. DOT: 10.14006/]. jzjgxb.
2007.06.013.
SHEN Zuyan, GUO Xiaonong, LI Yuanqi. State-of-the-arts
of research on aluminum alloy structures [J]. Journal of
Building Structures, 2007, 28(6) : 100-109.DOI: 10.14006/j.
jzjgxb.2007.06.013.(in Chinese)

[ 2] VRAHZ, SR/ X FREE 55 5 B B AR AT ro R e R AT ]

AR AER 2, 2001,22(4) :31-36,48.DO1: 10.14006/7.jzjgxb.
2001.04.006.
SHEN Zuyan, GUO Xiaonong. Stability coefficient of
symmetrical cross-section aluminum alloy extruded profiles for
compression bars[ J].Journal of Building Structures, 2001, 22(4):
31-36,48.DOI1:10.14006/].jzjgxb.2001.04.006.(in Chinese )

[3] Z=W, M, RA%E % LR EE &M AT E R

(3 3 WF 52 [T]. Tk & $E, 2001, 31(1) = 52-54, 60.DOI: 10.
13204/.gyjz2001.01.017.
LI Ming, CHEN Yangji, QIAN Ruojun, et al. Experimental
research on stability parameters for I-section aluminum alloy bars
loaded by axial compressive force[J].Industrial Construction,
2001,31(1) :52-54,60.DOI1:10.13204/}.gyjz2001.01.017.(in
Chinese)

[ 41 DUk, =R, #IH, 55 508G S 4000 AT RE T ET].

I 57 R 24 (R B0 , 2001, 29(4) £ 401-405.DOT: 10.
3321/j.issn:0253-374X.2001.04.005.
LUO Yongfeng,JI Yue, RUI Yuan, et al.Stability analysis of the
aluminum alloy members under axial compressions[J].Journal of
Tongji University (Natural Science) , 2001, 29 (4) : 401-405.
DOI:10.3321/j.issn:0253-374X.2001.04.005. (in Chinese )

[ 5] sk, RARLL, e, 55 FR G 4 B M0 2 i PR RE &
Bk o [ J]. K2 R i CR S S IR E M) , 2004,
21(1):12-14.DOI:10.3321/j.issn : 1673-2049.2004.01.004.
ZHANG Maogong, WU Donghong, XIANG Hua, et al.
Experiment research on stability factor for circular section
aluminum-alloy members under axially compressive load [J].
Journal of Chang'an University ( Architectural and Environmental
Science Edition) ,2004,21(1) :12-14.DOI:10.3321/j.issn: 1673-
2049.2004.01.004.(in Chinese)

[ 6] 0], BeipmB, 804, % RN G S0 ST R E R AL

B g F 5T (). %8 1) 45 44, 2000, 6 (1) : 59-64, 53.DOI: 10.
13849/j.issn.1006-6578.2000.01.010.
LI Ming, CHEN Yangji, QIAN Ruojun, et al. Experimental study
on the stability coefficient of cylindrical aluminum alloy axial
compression bars[ J|.Spatial Structures, 2000, 6(1) :59-64,53.
DOT:10.13849/}.issn.1006-6578.2000.01.010.(in Chinese )

[ 7] Z=0, Bedkp, 1= SCE, 55 97 & 440 2 R & S
Faa ZHCLI]. Tl 5%, 2005, 35 (44 Tl 1) : 357-358, 413.



76

H O R

527 %

(9]

[10]

[11]

[12]

[14]

DOI:10.13204/j.gyjz2005.51.10.

LI Yuan, YIN Jigang, YAN Wenkui, et al. The stability-factor
of axially loaded aluminum-alloy member for folding latticed
frame [ J]. Industrial Construction, 2005, 35 (Suppl. 1) : 357-
358,413.DO1:10.13204/j.gyj22005.51.10.(in Chinese)
FANAC AL R L ZEI05F A A B 0 A2 He A P B R
W WFIT ). @545 1 £ 4z, 2007, 28(6) : 136-146.DOI: 10.
14006/].jzjgxb.2007.06.017.

GUO Xiaonong, SHEN Zuyan, LI Yuanqi, et al. Theoretical
and experimental research on aluminum alloy members under
eccentric compression [J]. Journal of Building Structures,
2007, 28(6) : 136-146.DOI: 10.14006/j. jzjgxb. 2007.06.017.
(in Chinese)

BN AL R L BI04 BE FHA SR OF
Fo [0, 45 M 24 4, 2007, 28(6) 1 129-135, 146.DOI:; 10.
14006/j.jzjgxb.2007.06.016.

GUO Xiaonong , SHEN Zuyan, LI Yuanqi, et al. Theoretical and
experimental research on aluminum alloy beams[J].Journal of
Building Structures, 2007,28(6) : 129-135,146.DOI: 10.14006/
j.j2jgxb.2007.06.016.(in Chinese )

R/ LR 0057, 4 A S0 2 A O e A
e[ T]. #R R F#],2007,28(6) : 118-128.DOI: 10.14006/
i.jzigxb.2007.06.015.

GUO Xiaonong,, SHEN Zuyan, LI Yuanqi, et al. Theoretical and
experimental research on aluminum alloy members under axial
compression[ J |.Journal of Building Structures, 2007,28(6) : 118-
128.D0O1:10.14006/].jzjgxb.2007.06.015.(in Chinese)

rAe N B SRR A B, AR R S B
AR A A A BT LT : GB 50429—2007[S]. b
AU P ETR R 2007

Ministry of Construction of the People’s Republic of China,
General Administration of Quality Supervision, Inspection
and Quarantine of the People's Republic of China. Code for
Design of Aluminum Structures: 50429—2007 [ S]. Beijing:
China Planning Press, 2007.(in Chinese)

UL, EIOW , SOHT, & FRIE 7X X X R R A 6 X
Hetrge it e [T]. s UM 45 # it g, 2021, 23(7) : 1-10.DOI:
10.13969/j.cnki.cn31-1893.2021.07.001.

LI Beibei, WANG Yuanqing,ZHI Xinhang, et al. A review

on the research of the 7XXX series high strength aluminum
alloy as structural material in China [J]. Progress in Steel
Building Structures, 2021, 23(7) : 1-10.DOI1:10.13969/j.cnki.
¢n31-1893.2021.07.001.(in Chinese)
AT ACE, TAT L AF TAO04-T6 57 4 8145 1 M 1 ik
B ARG R BT SE [T]. 454 (R 3E30) , 2019, 34(12) + 35-
39.DOI:10.13206/].gjg201912007.

LI Jinjun, DING Yongjun, WANG Chenxin, et al.Research on
properties test and constitutive model of 7A04-T6 aluminum
alloy tubes[ J].Steel Construction(Chinese &. English) ,2019,
34(12):35-39.DOI:10.13206/].gjg201912007.(in Chinese).
BPRT, TATD R E S TAOLR S & AW R R e
PERFR[T] REREF (A ARRE 5 TRBORIR) , 2020,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

53(10):1036-1044.DOI:10.11784/tdxbz20198037.

LI Zhenyu, WANG Chenxin, LI Jinjun, et al.Stability of 7A04
aluminum alloy circular tubes under axial compression[ J].Journal
of Tianjin University ( Science and Technology),2020,53(10):
1036-1044.DOT:10.11784/1dxbz20198037.(in Chinese)
SO, ROk B, PR T, 45 L [ 701 8R4 A LR il A 1
ARECVEREBT 0 [T, A SO 45 4 30, 2021, 23(11) : 63-71.
DOI1:10.13969/j.cnki.cn31-1893.2021.11.008.

HU Xiaoguang, CHENG Yongfeng, CHEN Xuanyu, et al.
Research on the performance of domestic 701 aluminum alloy L.-
shaped members under axial compression[ J|.Progress in Steel
Building Structures, 2021,23(11) :63-71.DOI: 10.13969/j.cnki.
cn31-1893.2021.11.008.(in Chinese)

TR, T B, R T, 45 IR 703 % 5 B8 4 4 Al R AR 4
F PR [T 18] B 22 22 4 CH SR BE 2 i) , 2020, 48(10)
1442-1451.DOT:10.11908/j.issn.0253-374x.20056.

HU Xiaoguang, CHENG Yongfeng,ZHOU Jindi, et al. Test on
domestic 703 high-strength aluminum alloy angle members in
axial compression [J]. Journal of Tongji University ( Natural
Science) , 2020,48(10) : 1442-1451.DOI: 10.11908/].issn.0253-
374x.20056.(in Chinese)

SR, T L2 DL AE L 7075-T6 & AR A a0 2 A
PR T]. RER 2 (A ARE S TR AR
BT ) ,2022,55(7) :745-753.DO1:10.11784/1dxbz202106026.
ZHI Xinhang, WANG Yuanging, LI Beibei, et al. Experimental
study on local buckling behavior of 7075-T6 high-strength
aluminum alloy stub columns under axial compression[ J].Journal
of Tianjin University(Science and Technology),2022,55(7) :
745-753.D01:10.11784/tdxbz202106026.(in Chinese)

FE KT e PR, B R A R D 2 bR ir
T 585 13043« & iAIR )77 : GB/T 228.1—2021[S]. b3t :
i FE R A R L 2021

State Administration for Market Regulation, National
Standardization Administration. Metallic Materials—Tensile
Testing—Part 1: Method of Test at Room Temperature: GB/T
228.1—2021[S]. Beijing: Standards Press of China, 2021.(in
Chinese)

RAMBERG W, OSGOOD W R.Description of stress-strain
curves by three parameters [ R]. Washington D.C.: NASA,
1943.

STEINHARDT O. Aluminum
engineering[ J].Aluminum,1971,47:131-139.

Whie) 5, 2 SCHE, /N, A6 R 77 % 80 00 B 1k PR 40 6 4 A Y
AR TR ot A R AR B P LT TR B SRR 2 2 4 C R
Bh2£ R , 2022, 38(3) : 401-409.DOT: 10.11717/j.issn: 2095-
1922.2022.03.03.

CHEN Xiangrong, LI Wenbo, LU Xiaosong, et al. Research

on stability bearing capacity of aluminum alloy box section

constructions in  civil

axial compression members based on continuous strength
method [ J].Journal of Shenyang Jianzhu University (Natural
Science) , 2022, 38(3) : 401-409.DOI: 10.11717/j.issn: 2095-
1922.2022.03.03.(in Chinese)



