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EFFECTIVE STATIC WIND LOAD FOR THE ROOF OF LIGHT-WEIGHT
STEEL STUCTURE WITH GABLE FRAMES DUE TO VERTICAL WIND

LIANG De-zhi, CHEN Xue-xia

(School of Civil Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China)

Abstract: A portal frame structure is more sensitive to wind loads than the common low-rise buildings, because
of its light weight, great flexibility, and lower damping characters. At present, one of the best methods to analyze
the background effective static load of the common low-rise building is Load-Response-Correlation method (LRC
method). However, it is difficult to be directly applied to engineering practice by the insufficient in its
complicated computation, complex response to location and type. This paper used a simplified LRC method-
Load-Lift-Correlation method (LLC method) to solve the background effective static load of the light-weight steel
structure. Combining with a specific project example, we used the finite element software to establish different
roof span portal frame structure models, selected the junction of the purline and roof as the research node of
reflecting vertical wind-induced vibration response, solved the background effective static load of the light-weight
steel structure in the maximum lift, and contrasted with the load which analyzed by the load code for the design of
building structures. Research shows that, the effect of vertical wind-induced vibration to the portal frame structure
cannot be ignored and should be taken into account in the design.
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Fig.1 Finite element model of gabled frame
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Table 1 Geometric parameters of tapered portal frames
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30m 36m
A 400%x200x6x10 450%230%8x10
B1 900x200%6x10 950x230%x8%10
B2 900x200%6x10 950x230%x8%10
C 600x200%6%8 650x230x6x8
D 600x200x6x8 650x230x6x8

22 SISt

FH ik 2l X s By 263 3fe DL &5 4 b %A1 RO Y
(PR R, A4S 2T R LAT . AR SRR 7K
PRk Bl G B AN = AR ALY Davenport i, B
Iii] Jik ) XL T SR FH 1) 2 Panofsky 15, 454 X 5
W L R o /N W K | WA P B AT R S

=2 2

12

Sy (x,2,m) = 16K, 22—y = 2007 15y

v 2\3 Yio

Z n(l+x7)3

—2

v, x nz
S, (x,z,n)=24Kw> 22—~ x="2 16
VW’( ) z izf Il(l'+ 4zx)2 iﬂo ( )

Horr: KO MLRTHREE R8I K=0.00215; vy A
BEHLIT 10m = BEAL IR P2 X s 2 S ik i g it
TR w, o z @A R v, o z
ARSI G R R

Jik 5y AR PR 2 ) AH 1 R B R 28 O Tk
RN 11 S T AT P e o 5 s O
(K55 AR 2 42 Shiotani 7EIR K (LRSI
S5 P A B AR G R AL v B 5

_ 2 _ 2
coh(Lj,szzeXp{—((xiL;j) +(ZiLff) ]} (19)

Horpre Loy L 23 2875 MU ) R B[] 1) 2% 1)
FAF PR -, O L, =50, L, =60,

H AT AR b #R T Bk 3 KB 1R 2 B2 3T 1 B ¥ B
FUERE, KBRS MEAREI
W A LA, DRI Rk Sl XU 4 452 P
Rk P o T R RN R,
BHESIIELR, MRS ER R AR

oy =y E(X?) =R (0) (20)

T A TR 3 AR A 15 R P A B A 1

IS X A1 5, 1T ELRE 4 5 4 2 il )

SEARE BRI RE AN S 1Y, BRI A A1 T

XU T RO A IR . FT 063 % 1B 3 30(20) . (1)
a2y Lt — 2D A «



178 T T

ho

21)

23 HEER
K AT BRI B s S AR A 1) 2 ) 28 45 4 1
SRR, AT, TR R T TR R 2
() BRI, R A O F, RS AR 2.
=2 SMETEMIRELR BIREHA /s
Table 2 The first five vibration cycles of the structure
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30m 36m
A1 1.002 1.146
A2 0.442 0.504
A3 0.199 0.207
PR 4 0.100 0.114
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I A BRTCRL, X B BEAT ksl AL TR B L
W3, IHGEEFEIRE TR 08, 15204
TRRAE SR T IR O B85 0 AT 2

k7 AU 9 A AN [] 5 65 ) 1R KR AT 0] B
IYHT, W HY R 56 ) R s R x AR BR SR, A
PEN A, AN IE . PRRT ) NI B R oG 45 A B
KIF Ve AR ) Kfar 20 4 fros . R
73 21 1) 8 R 285 Fo e v BT A AT 0 L
Iy M LPE 2 FTE 3, P ER Al LR 5.

Rx3 BRAANTEEMZERNETE /KN

Table 3 Equivalent static wind load in the maximum lift

B N [ JE i 5
30m 36m
-16.5 — 3.117
-15.0 — 3.137
-13.5 3.046 3.157
-12.0 3.065 3.175
-10.5 3.083 3.193
-9.0 3.100 3.206
=75 3.116 3.225
-6.0 3.132 3.241
-4.5 3.146 3.255
=-3.0 3.160 3.269
-1.5 3.173 3.281
0 3.186 3.294
1.5 2.714 2.819
3.0 2.703 2.809
4.5 2.692 2.796
6.0 2.679 2.784
7.5 2.666 2771
9.0 2.652 2.757
10.5 2.637 2.742
12.0 2.621 2.727
13.5 2.605 2711
15.0 — 2.696
16.5 — 2.676
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Fig.2 The equivalent static wind load and the load calculated
by the code of the structure span is 30m

4.5

—— SR ) AT

O e e A,
Z 35¢
=
ﬁ1M*****hHHHﬂ\4+++++FFH
=
= 254 \

20}

15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

-16.5-13.5-10.5-7.5-45 -1.5 1.5 45 7.5 10.5 13.5 16.5
x fhALFR/m
B3 KT 36m B4 I ST 8 S
AT TS T3 X 4%
Fig.3 The equivalent static wind load and the load calculated
by the code of the structure span is 36m
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Table 4 Ratio of equivalent static wind load in maximum lift

and calculated by the code of different span structure

. R L 6 951

30m 36m

-16.5 — 1.138
-15.0 — 1.146
-13.5 1.127 1.155
-12.0 1.136 1.161
-10.5 1.143 1.168
-9.0 1.146 1.174
-7.5 1.154 1.180
-6.0 1.158 1.185
-4.5 1.163 1.189
-3.0 1.174 1.199
-1.5 1.185 1.220
0 1.216 1.245
1.5 1.213 1.236
3.0 1.199 1.231
4.5 1.195 1.226
6.0 1.189 1.219
7.5 1.183 1.215
9.0 1.177 1.212
10.5 1.172 1.203
12.0 1.163 1.196
13.5 1.157 1.189
15.0 - 1.182
16.5 — 1.173

M 1.171 1.193
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Fig. 4 Ratio of equivalent static wind load in maximum lift
and calculated by the code of different span structure
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