FE3HEFOMHM  Vol.31No.9 T pi 71 ¥
20144 9 H Sep. 2014 ENGINEERING MECHANICS 174

XEHS: 1000-4750(2014)09-0174-08
REFEARGUELSEAREE
ABNHEREMR

AT A2, Fgust

(1. FBFRFESNTIER, ¥ 200092; 2. B8 TAE¥RE RSB TSR, L9, BE 330099)

. BT REEAX VA L v EE MY AN A U R TR T At 1 R AR S S A HEAT T HE S T, 5 SR SR AR S i 2
Koo WAAR R ) LA KRR e RO R AN @i 5HBRAVEIATI LT, RS R m AR i R o R
LA A o (R P RS (A PR o /Bt b, T T VA 2 R TR0 5 0 A TR 268 T 0 4 M0 S A e 5 A A
J i RS R AR S E AT, I0E T IZSCER VA A EE RIS F M, AT E AT (A
L RE RN S5 K B BETE ) AR 65 T A B 1 T SR A I A g e i R AR % A R T AT R R R AR E R
B.

KPR ALEET: HA MR seEE: mEdh: REEd fRor 23

hESHES. TU392.1; TU3IS.1  XEIFER: A doi: 10.6052/j.issn.1000-4750.2013.04.0308

DISTORTIONAL BUCKLING STRENGTH OF COLD-FORMED
THIN-WALLED STEEL MEMBERS WITH LIPPED CHANNEL SECTION
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Abstract: The half-wave length, the elastic buckling stress of the distortional-buckling of cold-formed
thin-walled steel members with lipped channel sections and the corresponding stability coefficient of partially
stiffened elements are developed, based on the energy method. With the comparison among the calculated results
of elastic buckling stress using the proposed method and the finite strip method, the suitability and good precision
of the developed method are illuminated. Then, a uniform formula for the stability coefficient of partially stiffened
elements considering both local and distortional buckling effects is established. Finally, with examples’ analysis,
it is shown that the proposed uniform formula has higher precision to calculate the stability coefficient of partially
stiffened elements and the ultimate load-carrying capacity of cold-formed thin-walled steel members with lipped
channel sections, comparing that of the current method provided by the technical code of cold-formed thin-walled
steel structures (GB50018-2002).
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Fig.1 Members with lipped channel section
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Fig.2 Analytical model for distortional buckling for partially

stiffened plate of lipped channel section
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Table 1 Comparison on distortional buckling stress between the proposed method and the Finite Strip Method
h a=0 a=3 a=6 a=9 a=12 a=15 a=18 a=21 a=24
60 34.84 45.48 75.50 107.77 138.92 168.06 195.03 219.90 242.85
90 3249 40.65 64.76 90.78 115.95 139.53 161.37 181.52 200.12
120 31.08 37.77 58.35 80.65 102.26 122.52 141.30 158.64 174.65
150 30.13 35.80 53.98 73.74 92.92 110.92 127.61 143.03 157.27
AL 180 29.42 34.35 50.75 68.64 86.02 102.35 117.50 131.50 144.44
210 28.87 33.22 48.24 64.67 80.66 95.69 109.64 122.54 134.46
240 28.43 3231 46.22 61.48 76.34 90.32 103.31 115.32 126.43
270 28.06 31.56 44.54 58.83 72.76 85.87 98.06 109.34 119.77
300 27.75 30.92 43.13 56.59 69.73 82.11 93.62 104.28 114.14
60 32.16 42.72 72.50 106.42 139.71 171.31 200.81 228.04 252.94
90 30.64 38.64 62.75 90.46 117.57 143.29 167.28 189.38 209.59
120 29.72 36.17 56.87 80.80 104.21 126.41 147.09 166.16 183.57
150 29.11 3448 52.81 74.14 95.02 114.81 133.24 150.23 165.75
AR 180 28.64 33.22 49.80 69.21 88.20 106.20 122.98 138.43 152.55
210 28.29 32.24 47.44 65.35 82.88 99.49 114.98 129.25 142.22
240 28.01 3145 45.53 62.23 78.58 94.08 108.53 121.84 133.98
270 27.76 30.79 43.96 59.64 75.01 89.59 103.17 115.68 127.10
300 27.57 30.24 42.62 57.45 71.99 85.78 98.63 110.47 121.29
60 1.08 1.06 1.04 1.01 0.99 0.98 0.97 0.96 0.96
90 1.06 1.05 1.03 1.00 0.99 0.97 0.96 0.96 0.95
120 1.05 1.04 1.03 1.00 0.98 0.97 0.96 0.95 0.95
150 1.04 1.04 1.02 0.99 0.98 0.97 0.96 0.95 0.95
AR 180 1.03 1.03 1.02 0.99 0.98 0.96 0.96 0.95 0.95
210 1.02 1.03 1.02 0.99 0.97 0.96 0.95 0.95 0.95
240 1.02 1.03 1.02 0.99 0.97 0.96 0.95 0.95 0.94
270 1.01 1.02 1.01 0.99 0.97 0.96 0.95 0.95 0.94
300 1.01 1.02 1.01 0.99 0.97 0.96 0.95 0.94 0.94
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Table 2 Comparison on load-carrying capacities of axially-compressed members with sections in the appendix of Chinese code

L/mm  h/mm b/mm a/mm #mm _ P,/kN Po/kN Peri/kN Pero/kN Pa/kN Pe.i/Pa Pey/Pa Per1/Pa Pl Py
400 80 40 15 2 103.02 103.64 108.24 108.88 111.32 0.93 0.93 0.97 0.98
500 100 50 15 2.5 155.67 155.66 163.10 163.77 168.40 0.92 0.92 0.97 0.97
600 120 50 20 2.5 163.48 166.76 172.41 174.36 177.92 0.92 0.94 0.97 0.98
600 120 60 20 3 227.61 228.18 242.06 239.91 247.60 0.92 0.92 0.98 0.97
700 140 50 20 2 115.40 121.56 124.72 133.55 132.23 0.87 0.92 0.94 1.01
700 140 50 20 22 133.71 140.04 142.98 150.27 149.66 0.89 0.94 0.96 1.00
700 140 50 20 2.5 162.75 168.27 171.71 175.17 176.73 0.92 0.95 0.97 0.99
700 140 60 20 3 228.85 231.58 240.86 242.54 248.80 0.92 0.93 0.97 0.97
800 160 60 20 2 118.34 126.01 132.70 140.70 145.20 0.82 0.87 0.91 0.97
800 160 60 20 22 141.25 147.23 153.30 164.04 165.71 0.85 0.89 0.93 0.99
800 160 60 20 2.5 172.14 179.43 184.45 195.89 195.58 0.88 0.92 0.94 1.00
800 160 70 20 3 241.07 245.14 256.29 267.67 270.11 0.89 091 0.95 0.99
900 180 70 20 2 118.51 129.31 134.34 146.67 141.72 0.84 0.91 0.95 1.03
900 180 70 20 22 142.40 151.77 161.17 171.00 165.53 0.86 0.92 0.97 1.03
900 180 70 20 2.5 180.97 187.32 195.78 210.36 203.75 0.89 0.92 0.96 1.03
1000 200 70 20 2 114.84 127.70 130.22 143.62 140.44 0.82 0.91 0.93 1.02
1000 200 70 20 22 137.99 149.63 156.27 167.49 164.85 0.84 091 0.95 1.02
1000 200 70 20 2.5 176.54 184.71 195.05 206.09 202.22 0.87 091 0.96 1.02
1100 220 75 20 2 113.60 127.25 128.80 145.13 141.69 0.80 0.90 0.91 1.02
1100 220 75 20 22 136.51 150.90 154.60 169.26 162.53 0.84 0.93 0.95 1.04
1100 220 75 20 2.5 174.69 186.29 197.51 208.28 204.28 0.86 091 0.97 1.02
800 80 40 15 2 94.00 94.01 98.20 97.28 97.72 0.96 0.96 1.00 1.00
1000 100 50 15 2.5 140.66 140.66 147.39 145.56 146.78 0.96 0.96 1.00 0.99
1200 120 50 20 2.5 142.96 144.88 149.80 148.36 147.96 0.97 0.98 1.01 1.00
1200 120 60 20 3 206.58 206.58 219.17 213.78 216.46 0.95 0.95 1.01 0.99
1400 140 50 20 2 95.43 99.60 101.75 106.09 103.17 0.92 0.97 0.99 1.03
1400 140 50 20 22 110.27 113.99 116.40 118.68 116.60 0.95 0.98 1.00 1.02
1400 140 50 20 2.5 132.72 136.53 139.33 137.94 137.26 0.97 0.99 1.02 1.00
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L/mm h/mm b/mm a/mm #mm Py/kN  Po/kN P /kN Peo/kN PA/KN P.1/Pa Peo/Pa Pei/Ps Puo/Pa
1400 140 60 20 3 199.71  201.77 209.88 206.87 207.31 0.96 0.97 1.01 1.00
1600 160 60 20 2 102.41 106.99 110.95 119.23 116.04 0.88 0.92 0.96 1.03
1600 160 60 20 22 118.51 123.62 127.17 135.32 131.16 0.90 0.94 0.97 1.03
1600 160 60 20 2.5 143.97  148.45 152.62 157.33 154.55 0.93 0.96 0.99 1.02
1600 160 70 20 3 21227  214.40 224.17 228.97 227.80 0.93 0.94 0.98 1.01
1800 180 70 20 2 10495  111.32 118.12 125.47 124.68 0.84 0.89 0.95 1.01
1800 180 70 20 22 125.68  130.09 136.42 146.27 143.92 0.87 0.90 0.95 1.02
1800 180 70 20 2.5 153.11 158.66 164.05 175.68 170.66 0.90 0.93 0.96 1.03
2000 200 70 20 2 97.46 104.05 110.42 116.42 119.11 0.82 0.87 0.93 0.98
2000 200 70 20 22 116.93  121.54 127.79 135.67 134.89 0.87 0.90 0.95 1.01
2000 200 70 20 2.5 143.68  149.69 153.51 163.29 159.16 0.90 0.94 0.96 1.03
2200 220 75 20 2 94.54 102.35 107.10 114.72 117.05 0.81 0.87 0.91 0.98
2200 220 75 20 22 113.44  119.58 127.44 133.70 134.92 0.84 0.89 0.94 0.99
2200 220 75 20 2.5 143.05  147.47 153.22 163.14 161.12 0.89 0.92 0.95 1.01
1200 80 40 15 2 77.47 77.46 78.49 77.83 78.50 0.99 0.99 1.00 0.99
1500 100 50 15 2.5 114.05  114.05 114.68 114.15 116.10 0.98 0.98 0.99 0.98
1800 120 50 20 2.5 103.39  102.44 105.04 102.44 108.56 0.95 0.94 0.97 0.94
1800 120 60 20 3 168.80  168.80 170.37 169.25 172.26 0.98 0.98 0.99 0.98
2100 140 50 20 2 62.76 64.53 65.93 64.57 68.33 0.92 0.94 0.96 0.95
2100 140 50 20 22 71.62 72.12 7523 72.12 76.91 0.93 0.94 0.98 0.94
2100 140 50 20 2.5 85.41 83.61 86.42 83.61 89.81 0.95 0.93 0.96 0.93
2100 140 60 20 3 14525  143.63 146.39 143.63 152.53 0.95 0.94 0.96 0.94
2400 160 60 20 2 69.76 71.72 73.81 75.43 78.90 0.88 0.91 0.94 0.96
2400 160 60 20 22 80.08 82.04 84.40 84.28 89.00 0.90 0.92 0.95 0.95
2400 160 60 20 2.5 95.79 97.78 100.93 97.78 104.40 0.92 0.94 0.97 0.94
2400 160 70 20 3 156.41 157.54 164.73 160.11 169.10 0.92 0.93 0.97 0.95
2700 180 70 20 2 75.30 77.87 80.60 85.72 88.59 0.85 0.88 0.91 0.97
2700 180 70 20 22 86.95 89.22 92.31 95.79 100.00 0.87 0.89 0.92 0.96
2700 180 70 20 2.5 10479 107.00 110.65 111.16 117.53 0.89 0.91 0.94 0.95
3000 200 70 20 2 66.05 68.43 70.25 73.39 75.03 0.88 0.91 0.94 0.98
3000 200 70 20 22 76.07 78.41 80.47 82.10 84.75 0.90 0.93 0.95 0.97
3000 200 70 20 2.5 91.22 94.05 96.46 95.41 99.71 0.91 0.94 0.97 0.96
3300 220 75 20 2 64.76 67.27 69.01 72.85 73.46 0.88 0.92 0.94 0.99
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Table 3 Comparison on load-carrying capacities of bending
members with sections in the appendix of Chinese code

Mo/My Mo/My, M /My M/ My

¥IME 0.9443 0.9386 0.9945 0.9940
g 0.0312 0.0174 0.0102 0.0103
A 2 A 0.0331 0.0186 0.0102 0.0104
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Table 4 Comparison on load-carrying capacities of
eccentrically -compressed members with sections in the
appendix of Chinese code

P.1/Pa P.o/Pa Poi/Pa Poo/Pa
BME 1.0816 1.1661 1.0188 1.1094
Ji % 0.0591 0.0502 0.0389 0.0526

A5 RAL 0.0547 0.0431 0.0382 0.0474
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Table 5 Comparison on load-carrying capacities of axially-

compressed members between the tested and calculated results

Poi/Py Po/Py Peni/Py Pero/ Py PalPy

WE 1.1416 1.0739 1.0877 1.0257 0.9751
ik 0.1963  0.1907  0.1084  0.0987  0.1100
LR 0.1719  0.1776  0.0997  0.0962  0.1128

xo ZTEAMRHEARSAHNTTERIIXILL
Table 6 Comparison on load-carrying capacities of bending

members between the tested and calculated results

Me/M, Mo/My — Mn/My  Moo/My Ma/M;
¥iE 1.0500  1.0487  1.0040  0.9856  1.0037
I % 0.1291 0.1318  0.1124  0.1182  0.0974

A5 RAL 0.1230  0.1256  0.1119  0.1200  0.0970

F=7 RERFREERSEB NSRRI
Table 7 Comparison on load-carrying capacities of
eccentrically -compressed members between the tested and
calculated results

P/P, Po/P.  PulPi  PlP, PA/P,
¥iE 1.1934  1.1184  1.1139  1.0547  1.1370
I % 02342 02067  0.2001 0.1823  0.1720

A5 R AL 0.1963  0.1848  0.1797  0.1729  0.1513
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