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Experimental Study on Local Buckling Behavior of 7075-T6
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Abstract: To study the local buckling behavior of high-strength aluminum alloy beams in structural engineering and
promote the actual applications of high-strength aluminum alloy, local buckling tests were carried out on seven 7075-
T6 aluminum alloy H-section beams, including four specimens with mid-span stiffeners and three specimens without
mid-span stiffeners. The material and mechanical properties of 7075-T6 aluminum alloy and the initial local geometric
imperfections of specimens were measured, and the failure modes, ultimate loads, critical local buckling loads and
load-vertical displacement curves for specimens at mid-span were analyzed in detail. Test results indicated that the

average nominal yield strength of 7075-T6 aluminum alloy reached approximately 497 MPa, and the mean values of
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initial local geometric imperfection amplitude ratios of flanges and webs were 0.40% and 0.10%, respectively. The

four specimens with mid-span stiffeners failed by shear buckling, and a tension field was formed. In comparison, the

three specimens without mid-span stiffeners failed by web crippling, and the web of them bulged. The critical local

buckling loads were determined using a strain reversal method, and it was found that both the ratio of section utiliza-

tion and the stress level during buckling decreased with an increase in the ratio of width-to-thickness of the web. The

layout of mid-span stiffeners can greatly improve the ultimate loads and ductility of members. In addition, test results

were utilized to compare the ultimate loads of bending members calculated by design methods proposed in the existing
European standard (EN 1999-1-1: 2007 Eurocode 9) , American standard (Aluminum Design Manual 2020) and Chinese

standard (GB 50429—2007). The mean values of ratios of results calculated using the three standards to test results

were 0.717, 0.682 and 0.498, respectively, indicating that the three standards offer conservative predictions while

the European standard provides the most accurate prediction.

Keywords: high-strength aluminum alloy; beam; local buckling behavior; experimental study
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Fig.1 Schematic of cross-section of test specimen
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Fig.2 Schematic of stiffener connection
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Tab.l1 Measured dimensions of specimens

R4S | L/mm | B/mm | t/mm | hy/mm | t/mm | bty | hy/ty
MG-3.0-5.0 | 620.3 | 110.5 | 5.02 | 140.2 | 2.70 [10.7| 51.9
MG-3.5-6.0 | 620.2 | 111.2 | 6.11 | 137.9 | 3.39 8.8140.7
MG-4.0-6.0 | 620.7 | 109.9 | 6.01 | 138.2 | 3.65 8.81379
MG-4.5-8.0 | 620.4 | 110.0 | 7.98 | 1342 | 4.05 6.6 33.1
PL-3.0-5.0 | 620.4 | 110.2 | 4.95 | 140.1 2.76 |10.9]50.8
PL-3.5-6.0 | 620.2 | 111.1 | 6.05 | 137.9 | 3.38 8.9140.8
PL-4.0-6.0 | 620.6 | 111.5 | 6.19 | 137.6 | 3.90 8.7]353
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Fig.3 Dimensions of tensile coupons (unit: mm)
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Fig.5 Test setup for tensile coupons
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Fig.6 Failure modes of tensile coupons
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Tab.2 Summary of test results of tensile coupons

zé};fni E/GPa | fyi/MPa | foo/MPa | fi/MPa | Js0/%

3.0 68.8 431.7 4457 530.5 11.1
35 66.6 481.1 491.5 567.0 103
4.0 67.5 494.5 506.2 585.7 10.7
45 68.4 4423 454.0 541.4 93
5.0 68.4 493.8 508.9 598.8 10.0
6.0 66.9 525.7 535.7 606.9 11.1
8.0 69.1 529.4 535.1 602.6 11.0

FHEIE 68.0 485.5 496.7 576.1 10.5

BERE | 0.014 0.077 0.072 0.053 | 0.064
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Fig.7 Schematic of 3D scanning measurement method
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Tab.3 Measurement results of initial local geometric im-
perfections measured by 3D scanning

Ve A v/mm (vby) 1% vomm | (w/hy) /%
MG-3.0-5.0 0.16 0.30 0.12 0.09
MG-3.5-6.0 0.22 0.41 0.13 0.09
MG-4.0-6.0 0.28 0.53 0.20 0.14
MG-4.5-8.0 0.20 0.38 0.12 0.09
PL-3.0-5.0 0.20 0.37 0.12 0.09
PL-3.5-6.0 0.18 0.33 0.06 0.04
PL-4.0-6.0 0.26 0.48 0.18 0.13
KA — 0.53 — 0.14
FEME — 0.40 — 0.10
e — 0.08 — 0.03
T 0.2
o g 0.1 e
X N ____ E 0 = 2 AN
WA || 701 F e
-0.2 -
— A
7 — B
— #iic
HiiB 3
2 i
N 0.3
g 02 : /
g 0.1 =
E | "
1 - = \ﬁg;«:f
2 e -0.1
. -0.2 0 0.2
v,/mm

(a) BIVLIAL E (BEA : mm) (b) BRBE5
8 M4 PL-3.5-6.0 M5 /AR LR AR E
Fig.8 Schematic of initial local geometric imperfections
for specimen PL-3.5-6.0
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Fig.12 Failure patterns of test specimens
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Tab.4 Ultimate loads of test specimens

s bilty hylty | Fr/kN FJ/KN | Fy/F,
MG-3.0-5.0 10.7 51.9 187.5 7333 | 0.26
MG-3.5-6.0 8.8 40.7 231.7 9572 | 0.24
MG-4.0-6.0 8.8 37.9 298.6 962.5 | 0.31
MG-4.5-8.0 6.6 33.1 — 1133.5 —
PL-3.0-5.0 10.9 50.8 85.1 7276 | 0.12
PL-3.5-6.0 8.9 40.8 147.3 948.7 | 0.16
PL-4.0-6.0 8.7 353 168.0 10106 | 0.17

2.3 TIH-BHhRBEMBML

RS AR R R R T 3 D
SERANBRIAE RN RS (BAIFETT 1A 2 BUE RT3
{H) 15 21, e 2R IR ARAT 1 25 3 14 14 i 280- 1255 v 188 [ o7
B anE 13 Fin, Hih o s R8s LA
TRIE, P R RN, XAk, TR PR
% MG-4.5-8.0, TR T4 AR
Rl 3 BB, AREIRAE s R AR B T
Rif B B A 7 o, TR B & A AR A A 22 AT 5 X F
I MG-4.5-8.0, H T 76 0 285 W1 40 4 2% 1k 2|

400
300
z
f ______
&
"
15 B2 8] {3 % @ /mm
(a) TETma:
200
160
£ 120f
2
= 80 |
— PL-3.0-5.0
40 --- PL-3.5-6.0
y PL-4.0-6.0
0 / 1 1
0 2 4 6 8

{25 H 1 i 7% 0/mm

(b) JRilA R
B 13 FiXGRE-Eh R air s
Fig.13 Load-vertical displacement curves at mid-span for
all specimens
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Fig.14 Load-stain curves of specimen MG-3.5-6.0
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Tab.5 Critical local buckling loads of test specimens

VAR R Ful/kN Fr/kN FulFr hylty
MG-3.0-5.0 134.9 187.5 0.72 51.94
MG-3.5-6.0 169.8 2317 0.73 40.66
MG-4.0-6.0 228.8 298.6 0.77 37.91
MG-4.5-8.0 263.7 — — 33.10
PL-3.0-5.0 28.1 85.1 0.33 50.76
PL-3.5-6.0 81.1 147.3 0.55 40.79
PL-4.0-6.0 97.9 168.0 0.58 35.28

2.5 WRAZNAELERSESISEHXTE D
X 22 2R AR it i, HErESR
EC 9™H1 ADMP Mol g —F et Irik B
255 . EC PR A BURE B v, i ADMP i id Jr
A R it B L2 1 Ry S e it SR AN A s e rp
x6

AT (A S WRITME) (GB 50429 —
2007) P FEEA TS S EC O, FRER A
SR, 3l BTk 3z P DX M A4 JEE BE LA 2% 1 Jmy 3
HH P19 52 ).

= 6 XTH Tk As 2 i R AR R
3 MEVE BT ORGSR, o Fieg ik
A BR R ZR T, Frco . Fapm F1 Fop 3 A ZRER
I EE P E 3 REES ST T ik
PITTHREZE IR, 25 R 3R 0,  ERTE A 2 AR PR 2K
WA REONIRT, ARSI 2 k45, 1 EC 92
SRR (=B AW sk S 1 S o1 0 | DA E R SR
B [RIA, X B2 B i 2 il A A 3 A R R R B
TSR, FTLUREE 3 PSRl Ak He il 14 i Al
Jets AR T TR _E I TR

IR R PR A N EHIE T E S RAxt

Tab.6 Comparison of ultimate loads of test specimens between test results and results calculated by codified design methods

——_— kN EC 924 ADMP! GB 50429—20072¢!
Frco/kN FecolFiest Faom/kN Fpom/Fiest Fp/kN Fep/Fiest
MG-3.0-5.0 187.5 123.73 0.660 94.4 0.503 91.0 0.485
MG-3.5-6.0 231.7 203.04 0.876 196.6 0.849 123.4 0.533
MG-4.0-6.0 298.6 229.20 0.768 235.8 0.790 129.0 0.432
MG-4.5-8.0 316.5 274.61 0.868 266.9 0.843 157.2 0.497
PL-3.0-5.0 85.1 51.80 0.609 49.8 0.585 48.4 0.569
PL-3.5-6.0 147.3 83.70 0.568 80.5 0.547 69.2 0.470
PL-4.0-6.0 168.0 112.10 0.667 110.0 0.655 84.4 0.502
SEFE — — 0.717 — 0.682 — 0.498
BIRRE — — 0.123 — 0.145 — 0.044
B AR A AT E A D B B , I b A A
3 & it FIVE YIS .
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