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Study on Flexural-Torsional Behavior of Aluminum Alloy Members
under Eccentric Compression at Elevated Temperatures

GUO Xiaonong, GAO Shuyu, ZHU Shaojun, TAO Lei
(College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Experiments on 12 H-shaped eccentrically compressed specimens under various tempera-
tures were performed to explore the flexural-torsional stability of the aluminum alloy members, and all
the specimens failed with flexural-torsional buckling. The specimens were simulated using ANSYS.
The finite element (FE) and experimental results agreed well on the failure modes and load-displace-
ment curves. Parametric study was carried out using the established FE model considering variation of
aluminum alloy brands, slenderness, section types and specifications, through which 532 interaction
curves were obtained. Finally, on the basis of the test and FE results, a formula for capacity calcula-
tion on flexural-torsional stability of aluminum alloy eccentrically compressed members under elevated
temperatures was proposed, which provided a foundation for fire design of aluminum alloy members
under eccentric compression.
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Table 1 Information of aluminum alloy member speci-

mens
SRS R rfn/l e ;:ﬂ
H1-10A/B  HI100X50X4X5 860 81.59 20 10
H1-30A/B HI100X50xX4X5 860 81.59 20 30
H2-10A/B  HI100X50X4X5 860 81.59 200 10
H2-30A/B HI100X50X4X5 860 81.59 200 30
H3-10A/B  HI100X50X4X5 860 81.59 300 10
H3-30A/B HI100X50X4X5 860 81.59 300 30
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Fig.1 Specimens before test
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Fig.2 Dimensions of aluminum alloy specimen
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Table 2 Mechanical properties of the material

W E/MPa  f,,/MPa  f,,/MPa  f./MPa
MP1 65209 150.65 184.22 217.63
MP2 61 649 153.54 177.74 227.64
MP3 68 498 119.75 171.82 213.47
MP4 66 102 120.28 175.84 195.58
I ME 65 364 136.06 177.40 206.80
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Fig.4 Details of the end plate
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Fig.3 Test set-up
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Fig.12 Comparison on load-displacement curves
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Table 3 Bearing capacity summary

R e/mm T/C PJ/kN P/kN #2:/%
HI1-10A 10 20 60.17  60.39 —0.36
H1-10B 10 20  61.82 61.86 —0.07
H1-30A 30 20 47.70  46.70 2.10
H1-30B 30 20 46.92  46.69 0.50
H2-10A 10 200 46.09  46.18 —0.19
H2-10B 10 200 43.13  42.90 0.53
H2-30A 30 200 3571  35.22 1.37
H2-30B 30 200 34.09  33.61 1.41
H3-10B 10 300 2271 23.54 —3.64
H3-10C 10 300 21.93  20.09 8.38
H3-30B 30 300 17.86  16.78 6.03
H3-30C 30 300  18.19  17.56 3.47
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Table 4 Selection of section and slenderness

T 2 A RS T/C T LA A
1200% 150X 10X 12 0.25.0.5.0.75.1.00,1.25.1.75.2.25.2.75
1300 150X 10X 12 1.00.1.25.1.75.2.25.2.75
il i 6061-T6 100 1400 150X 10 12 1.00,1.25,1.75.2.25.2.75
H AT 6063-T5 288 1200 150X 10X 16 0.25.0.5.0.75.1.00,1.25,1.75,2.252.75
1200 150 X 10X 20 0.25.0.5.0.75.1.00,1.25.1.75.2.25.2.75
T102 X 66X 6 X 6 0.25.0.5.0.75.1.00,1.25.1.75.2.25.2.75
o T100X 60X 8% 10 1.00.1.25.1.50,1.75.2.00,2.25 .2.50,2.75
TR 282?; 200 T150X 60X 8 10 1.50.1.70.1.90,2.10,2.30,2.50 ,2.70,2.75
300
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1.00,1.25.1.50,1.75,2.00,2.25,2.50,2.75

025 L2r
—-0.50 1.0t —+1.00
—100 —l25 @ 175
~125 & 175 S 0fr 2.25
175 o 225 & 04l 2.75
2.25 2.75
275 02r
2.0 1.5 2.0 00.0 0.5 1.0 1.5 2.0
M,/ (p,M,) M,/ (p,M;) M,/ (p,M,)
(a) H200x150x10x12 (b) H300x150x10x12 (c) H400x150x10x12
121
=W —025 i
Lor ~-0.50 -
= 0.8F 075 i
t& —--1.00 3
= o06f DI
A’ - o L
041 1.75 |
02l 225 |
2.75
0 . . 1 ) 0 , 0 .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0 0.0 0.5
M,/ (p,M,) M,/ (p,M) M,/ (p,M,)
(d) H200x150%10%16 (e) T100x60x8x10 (f) T150x60x8x10
B 13 100 “CF #4318 1T AR X 2%
Fig.13 Interaction curves of sections under 100 °C
5 PRy SRR TR AG O IR BB R ) P=AS, A
4 SETEEHERSDITESE AR L M B8 e 00 4% SRR TR 38 5 M,
2 25 A 1 e T e AR N B 2SR ML =2, Z R
4.1 BRABHAHEFE

I FH 0 i T R 25 2R AR G 3B A 2 U2
HAMK A, KRBT
P M

@Py gDhMP

A, PR M 53 550 D Ay 1 1) Bl s 0 RS- TN e R

=1 (3)

186

T B 2 R DT AR o @, 23301 g Bl R A 32 2
o E AL

£ L0 AE T 58 IR R R R R T A 4 i
Tt 2 AR 3 i R 22 R AR F (3B IE i A D6 24 =X
WH. K ECY " RAMRIER , GB50429 ' 1 £
FKHHELENX . 5ECOM L, GB50429 i B £k A 56



NFRIE R B, TR B Ry g
42 BERFHIHEFZE

B 5 L I M E s R, K (3)
P4 EARE RN @ F132 S AT E BB o fE R T
Bios kA o R, 7E SR T O R A 1 2SR
R LA AKX T RIER

P M
SDTPyT §0bTMpT =1 (4)

A, Py it BEAR b 4 1 S R IS ) B T
Pr=Afozr, foor J T B0 A A 09 24 SCJE IR 5 JEE
M 2 e il T 254 4 A T i I i B 25 M=
Zfoors oo M@y 23 01 8 5 R Bl R A 2 R E R

B

ARG BB A5 R, R e 4R T U (4) B A
KR AEml T RS E. K144 0 7 AR
R T A e BT B AR AR B i T AT S £, AR
broh & S5 R 13 A o H oI 60 il 26 O BT
ih 2, 2 il 2k Dy i 2 (3) 2 i Y AR Gl £k
F P 14 R R A% R A i R A 1 L G AR AR AT O
i AR, BN G HAR HER. T8
TH R B 52 k4 PR 1 40 LL A T 2 B R A OC it
2 2 A B ML JF AR W], fE 2% 3l B2 AT B 2 RO
R MAEEELM LAz L BT HEAM
S SR BRI T, ISR B i T A 17 oo 1L 25 LK
B AR (L) AT

14F 1.6
12k 14F
10 _ 12F
% 08 % (l)g_
o 06 < 06}
= 04 = oal
0.2 0.2
%0 05 1.0 Is %0 05 1.0 Ls b0 05 1.0 15 20
M,/ (p,M) M,/ (p,M) M,/ (p,M,)
(a) 100 C (b)200 'C (c)300 C
P14 2%l B R i R A G it £ 8
Fig.14 Summary of the interaction curves under various temperatures
1.2
43 RBEEREMEBIGTE R ENTEE — X
10 N ---- BCY
H 16 45 2R 43 00 SR AR SCFTECO v e g 38 038 x HERE0T)
e N b M . . L = A B R(200 C)
*H?é/L\ itﬁ171‘|‘§r,l+;§rén%ﬁ5[]15jﬂ Sumﬂ] §0.6- o R 5 (300 C)
sum’, #X AT - < oal
P M.y
sum = (5) 02}
§0'1‘Py'1‘ (Zh%y Mp'r
0'0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

(6)

0.8
Sum,_( Py ) L My

orPyr Qi Myr

P15 F1 3R 5 45 T AR 3C 58 i 1 B s B HE
GB50429 Fil ECO & 1 Y M He AH 3¢ 28 X 9 X L 1
BLo P15 R WY, A ik 0 e X R A AR G
ARZ Lo RSN, BT B A S A K
ZE e N - N R C T A 1 I L SR el ol o N 1
DRI, 7 4 A T R O 2 AT L A o i b 1 5340
A 4 TR K 2 AE 300 “C LA T M 4 i R S HL B R
B

M/ (puy)
15 IR 45 M,/ (oM, 5 HLTEXT 1

Fig.15 Comparison on test results and the codes

5 & it

(1) FE R T 14 AR H BT 554 6 i o0 32 Al F
e, A B 3 12 A U . BT A IR R
Az LA AR TE g 3 00 R R R

(2) % ANSYS #5717 81 4 i TR AL 1R 09 A

187



x5 RRERNHERE
Table 5 Validation of the test results

20°C  200°C  300°C  AxEBifE

FHE S 1.054 1109 1.025 1.063

sum KM 1.066  1.206  1.041 1.206
B/ME S 1.044 1.066  1.011 1.011
SEEE 1131 1185 1.101 1.139

sum’  HKfH 0 1147 1.288  1.113 1.288
f&/ME 1126 1.136  1.091 1.091
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