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Finite element analysis of second-order effect of aluminum alloy frame structure
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(1. Fujian-Taiwan Cooperative Institute of Civil Engineering Technology in Universities of Fujian Province, Fujian University of

Technology, Fuzhou 350118, China; 2. School of Civil Engineering, Fujian University of Technology, Fuzhou 350108, China)

Abstract; Based on geometric nonlinearity and material nonlinearity, first-order elastic analysis, second-order
elastic analysis and second-order elastoplastic analysis were carried out for the aluminum alloy frame structures
of weak-hardening alloy and strong-hardening alloy. The results were compared with those calculated according
to the frame design method specified by the current Code for Structural Design of Aluminum Alloy ( GB 50429
—=2007) . Results show that the actual stress of the aluminum alloy frame structure can’t be truly reflected when on-
ly the geometric nonlinearity is considered ; the plastic effect caused by material nonlinearity can’t be ignored; sec-
ond order elastoplastic analysis should be carried out in the design of aluminum alloy frame structure.
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Fig.1 Comparison of stress-strain relationship between

aluminum alloy and steel
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Tab.1 Load arrangement of each calculation example

KM E Bt T M A S, E, - MR PZNE HENE
An]
Steinhardt'' 78 1971 442 H T —Fb n (H A9 LRI 6 T4 T6 T4 T6 T4
Bin = f,,/10(f,, ALK MPa) , 1%:0H K¥H, Ho 18 6 10 10 25 12
A AR 2 A e LR 2R o A5 335 (N, R kN H / / 6 5 18 6
*ﬁ'—?ﬁﬂ*ﬁﬁ@ﬂﬁﬂj/}f%% ttiﬁﬁm@ 1 F)f%o ﬁzﬁﬁﬁa/ P] 200 65 100 71 ]03 42
[ kEE IR £ E a3
 BEOFRTRERIERE I SRR RS o) p w0 o w0
SRR A NI % 1, VR oy 280 g J2 A UK -
A RS G2 XA EE ) far Ak, HE 2R R 1A DL
*F2 HEHME
Tab.2 Section properties
AT R AT TR/ TR/ B 2/
S i ) : ; -
HXB Xt xt cm cm cm’
H 400x400x13x21 215 65 361.6 3 268.1
T6 AL AL
Pl 440x300x11x18 152 54 156.3 2 461.6
PR FE 300%300x 10x 15 117 19932.8 1328.9
T4
W L 7 440x300x11x18 152 54 156.3 2 461.6
H 300x300x10x15 117 19 932.8 1328.9
T6 W2 s
7 400%200x10x15 97 26 466.1 1323.3
6 F 350x350x12x15 143 32 755.6 1871.7
WZPiis
T4 7 400x250%10x 15 112 32 027.3 1601.4

I R ST, H AT S (mm) 5B R S (mm) ¢, ABEARURE (mm) ;¢ AFRZERE (mm)
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Fig.2 Calculation diagram of aluminum alloy frame ( unit: mm)
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Tab.3 Related parameters

} \ T Wi i 2

SH AeKE REME — -
B2 B2 B2 BZE
SN Au T6 0.12 0.17 0.28 0.17 0.07
NH-h T4 0.12 0.14 0.07 0.10 0.05
T6 1.14 1.20 1.39 1.20 1.08
Qy;

’ T4 1.14 1.17 1.08 1.08 1.02
Y T6 7.20 16.30 8.88 11.99 5.24
" T4 2.16 4.28 1.73 4.72 1.97

MR 3 FTLLRIL, YA I KES & )2
FETR R IR S AR J1 H,, XTHESRMNES 1) 52 e 25
IR, bifi 5 HESR 2 E8 2 i 23080/ ) 5 (S B0 £
(BN R E g ) ek H,, B 52,
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Tab.4 Typical calculation example of 6061-T6 aluminum alloy frame

— Bk 51 G S 1 725 S i [ (M, -M,) (My, -M,) (M, -M,) (M', -M,)

L

i’; B My M,/ M/ M/ M, M, M, M,

(KN-m) (kN+-m) (kKN-m) (kN-m)  x100%  x100%  x100% x100%

M, 2350 240.2 265.5 218.3 2.2 13.0 10.5 9.1

MM, -5479  -540.1 ~6062  -535.9 1.4 10.6 12.2 0.8

%;’g My 6068 608.2 668.5 618.8 0.2 10.2 9.9 1.7

B M,  -3172  -333.6  -3689  -333.9 5.2 16.3 10.6 0.1

u, /mm 12.40 13.01 15.02 / 4.9 21.1 15.4 /

M, =359 -30.6 -29.8 -32.1 148 -17.0 2.6 4.6

M, 119.6 106.0 110.8 117.8 114 7.4 45 10.0

My, 1588 157.2 160.7 161.8 -1.0 1.2 22 2.8

g Mso 908 ~99.4  -104.4 -95.1 9.5 15.0 5.0 45

g My 2392 2400 2440 2333 0.3 2.0 1.7 2.9

WM, 2517 252.6 251.9 244.0 0.4 0.1 0.3 -3.5
=

M,  -2525  -256.1 2589  -250.6 1.4 2.5 1.1 1.3

M, 27338 279.7 282.5 281.5 22 3.2 1.0 0.6

w /mm 1272 16.51 19.49 / 29.8 53.2 18.0 /

w/mm 17.77 20.77 25.07 / 16.9 41.1 20.7 /

M,  -427 ~34.9 -36.4 327 -18.3 148 43 6.4

M, 1368 126.6 130.4 129.0 75 4.7 3.0 1.9

M, 705 77.4 75.9 79.1 9.8 7.7 -1.9 2.2

My  -60.8 ~70.4 -70.1 711 15.8 15.3 y 1.1

My 1825 184.9 190.6 188.6 1.3 4.4 3.1 2.0

5 Me o cU69 -ise 1293 ~125.9 7.4 10.6 2.9 0.2

g M, 2296 2326 2447 -2294 13 6.6 5.2 1.4

WM, 247 225.0 241.5 223.6 0.1 7.5 73 0.6
=

My =565 -59.8 -59.6 -56.6 5.8 5.5 0.3 5.4

My 614 65.2 69.3 62.0 6.2 12.9 6.3 4.8

My  -2153 -217.7 280  -214.0 1.1 5.9 47 1.7

My 2263 229.8 244.9 225.9 1.5 8.2 6.6 1.7

w /mm 16.33 19.13 19.58 / 17.1 19.9 2.4 /

W /mm 6.25 8.33 8.16 / 33.3 30.6 -2.0 /

e u, A—RIRENRS s, 7 JRZ R
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Tab.5 Typical calculation example of 6061-T4 aluminum alloy frame

4%%%‘[#3 :m@ﬁ :F)/l\?ﬁf@ﬁ J‘E{U\:m (Mu - M[) (Mul - Ml) (Mlll - Mu) (M,u - Mu)

g i )
*@ E Ml/ Ml[/ Ml[]/ M ]I/ Ml MI Mll MII
(kN*m) (kN+:m) (kN:m) (kN :m) x100% x100% x100% x100%
M, -97.3 -95.3 -121.8 -107.6 -2.1 25.2 27.8 12.9
oM, 43.7 45.1 53.1 55.5 3.2 21.5 17.7 23.0
%
$ M, 121.3 120.4 137.4 109.8 -0.7 13.3 14.1 -8.8
B M, -66.7 -69.2 -84.5 -54.2 3.7 26.7 22.1 -21.7
w,/mm  12.18 12.62 23.63 / 3.6 94.0 87.2 /
M, -26.3 -24.7 -12.1 -21.1 -6.1 -54.0 -51.0 -14.7
M,, 79.4 74.7 78.7 74.9 -5.9 -0.9 5.4 0.3
M, 119.3 120.4 115.3 123.2 0.9 -3.4 -42 2.3
M M, -74.0 -78.6 -89.7 -78.8 6.2 21.2 14.1 0.3
g Mo -125.4 -126.0 -130.1 -124.7 0.5 3.7 3.3 -1.0
Mooy, 115.7 115.8 110.2 114.7 0.1 -4.8 4.8 -0.9
E
My, ~137.4 -139.0 ~143.0 -137.5 1.2 4.1 2.9 -1.1
M, 132.8 134.4 132.6 133.1 1.2 -0.2 -1.3 -1.0
w, /mm  14.91 16.66 35.3 / 11.7 136.8 111.9 /
1, /mm 6.2 6.97 17.5 / 12.4 182.3 151.1 /
M, -13.9 -12.1 -14.9 -10.2 -12.9 7.2 23.1 -15.7
M,, 48.4 45.9 54.1 38.3 -5.2 11.8 17.9 -16.7
M., 27.4 29.2 28.8 40.0 6.6 5.1 -1.4 37.0
M, -24.4 -26.7 -27.4 -40.6 9.4 12.3 2.6 52.0
My, 70.3 71.1 78.0 80.9 1.1 11.0 9.7 13.8
" M, -46.1 -48.3 -53.4 -61.5 4.8 15.8 10.6 27.3
M,, -84.1 -84.6 -93.3 -86.2 0.6 10.9 10.3 1.9
s
[ 7 80.0 80.0 83.7 78.5 0.0 4.6 4.6 -1.9
Z
M., -18.8 -19.6 -19.6 -18.4 43 4.3 0.0 -6.1
M, 20.1 20.9 22.9 22.2 4.0 13.9 9.6 6.1
My, -79.1 -79.5 -85.9 -76.4 0.5 8.6 8.1 -3.9
M, 81.3 82.0 86.1 82.0 0.9 5.9 5.0 0.0
w, /mm  10.81 11.95 13.35 / 10.5 23.5 11.7 /
u, /mm  3.82 4.46 4.79 / 16.8 25.4 7.4 /

E:w, N—RERNE;  w, AZJZZEEME,
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