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Study on the form and mechanism of continuous wind uplift

of large-span terminal roof under typhoon
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Abstract: The wind uncovering effect of the roof of a large-span terminal building is one of the important factors affecting its struc-
tural safety. Existing studies only consider the benign wind climate and static wind load effects, which are difficult to explain the re-
al wind uncovering pattern and occurrence mechanism of the roof structure under the strong typhoon dynamic load. Based on
WRF, CFD and LS/DYNA, this paper carries out the numerical simulation of continuous wind damage of a large-span terminal
building under the action of typhoon. The wind field simulation of typhoon "Hegeby" was carried out firstly. The continuous wind
uncovering process of the terminal roof under the typhoon was simulated by taking an international airport terminal building as an
example, and the wind damage pattern and wind damage rate of the roof cover under different wind angles were compared and ana-
lyzed to reveal the wind damage mechanism of the large-span terminal building under the typhoon. The results show that the ex-
treme wind pressure at the windward edge of the terminal roof is higher, and the effect of upward and downward pressure is obvi-
ous, and the maximum pressure difference coefficient is 12.41. When the critical wind speed is reached, the windward edge of the
roof is partially lifted by the wind, and then the "chain effect" triggers the continuous wind damage of the roof, and the tearing direc-
tion of the roof is consistent with the incoming flow direction. The energy failure index K is given based on the law of internal ener-
gy change before and after the failure of roof units, which can be used to guide the design of large-span terminal building roofs

against wind uncovering.
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under different wind direction angles
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BT AR 2> 2 A B B, 55 R T 1) i B XA
G ok AR AR

K21 g5 i 7 TO0 T = 8 KE IR 2 25
3 Ml R i XA R T R SR IR 4 T
i AR B TS AR . Sl A B
BORE, 4n 075 1807 KU fil A1 T, J&= 3 A A= Jmj 3 e 3R
IER I VEE SNTTR VAR AR 27 NN ) i =g U AN TR A )
Wek/) R i AR SR RSB IR IS, A RS /N S TR XL 48 T
IR, B 0 O 20 X0 2 7 AR R I R A, S L
FEAR TR UK R 2 X, T W2 B BUBOR

53.0s
(d) 150°

B 21 B Rm A AR T 2 25 7 2 KU B A TE 25 18]

Fig.21 Continuous wind damage pattern diagram of roof

53.6s
(c) 120°

cover under partial wind direction angles
3.4 RKUIBEIFHE

ARFE G AR T ool B =2 i 328 2 XU B R AL
B AR b3 R A R AT R A TR R R R 07 30T
DLHEAT 3T o BT R AGE R T4 S An e 22 i, 3
T T 1Y 5L R BRI T T AR 2K 280 i R O 5K
T8 T B SCHER ST , A DR R T Ay 44 SCFE 5045 Bl



3 Xl 45 B XS F VR TR K B M ol % =2 5 34 2 XU T 285 I MLBRATT 5% 547
i i i i 3.010° f——peama93 (i)  WEME
. O ;- N .| —beam498 B
g 2.5%10° F ——beam492
; .| ——beam497(%30)
. Zz 20x10°F
< i
1.5x10°F A AA
% /
: : : . 1B 1.0x10°
| b | &
THRICFBR AT RES TR IR MG RS 5.0x10°F
(2) TEY AT SR .

(a) T-support damage

BERARATEIS EEAE S
(b) R
(b) Roof panel damage

K22 JBaPITRBET 5B
Fig. 22 Deformation diagram before and after failure of the

roof cover unit

Ja T XA 238 K, T RS HE IR BB R0 BE R AU , AR
P R o TR AR A9 HE A S FE e SR M =R AR T 32 47
R s T M O AR TR T AR AR LR T N
Ho A, B PR TN BB O, R AR E SR
Pl 23 45 H 2 T 0 e A N RE AR AR X LE AT ] 24

346
345
344
343
342

i 333

B

T 31 =
330

I8 359
320
319
318 L =
317 7
316 i

0 2.0x10° 4.0x10° 6.0x10° 8.0x10° 1.0x10° 1.2x10°
R FITARE/
(a) 0" 0L T R TH 344 IR R 5
(a) Before and after damage to roof 344 under 0° working condition
391
390
389

388
387

8.0x10° 1.2x10° 1.6x10°
EHETTARE/]
(b) 30° 4L T R 389N B 5
(b) Before and after damage to roof 389 under 30° working condition
23 R ERITRALHT 5 N REAE AL

Fig. 23 Internal energy change before and after roof unit failure

0 4.0x10°

0 5 10 15 20 25
fffa] /s
(a) 0" F 5RE 34440 I TR 6
(a) T-support connected to roof 344 in 0° working condition

3.010°' F——beams32(k%) WElE_ |
_ .| —beams33 P
g 25%10° F ——beamS537(%:%%)
£ | —beam338(%5%) I
2 2.0%10 Il T
Z sl U e l“ ,“
R 1.5x10 M VW |
E 1.0x10° F t‘v,;l“w ‘i | ‘
= 5.0%10" by, 4 ‘,{,ﬂ"‘”‘ ‘
e,
0 5 10 15 20 25
HE] /s

(b) 30" T8 F 5 R Hi388HHE Y THI X HE
(b) T-support connected to roof 388 in 30° working condition

Pl 24 SR I AR 1% 19 T BYSCHG 0 07 g I A2 it 2k
Fig. 24  Stress time-history curves of the T-support connected

to the tearing roof

Sy T SRR AR HE A T R SCFE Y N B AR it
o BEEAEWRIE S ZAHER T RISCHEN )] 28
RN ER DN =R IS ETEASS SN NS b1
TE XA 2 B PE R 7= A2 2 MR S T PR oT s etk
BG83 fr 28 ) T A S G0 ) S R Ok, 3k
FIPTHLR R AW RN . TR HE R S 82
T2 SR /)N, 2 T 21 R H P AR R4 K, T2 T B XU
2, 1 | Ak ] PR HC = T PN e A HG OK S BOE 22 KU
BRI A

Bl 25450 7o R m N se it BRIl 2k . 2
FEUG W46 2= T N REBE S KUK I [A] 2 AR 2R, Y =
A TC R R RO I, J2 D PN RE T B R I N e Y
hn, T B SCHE RN IS R N R 2RI, Atk i gk
A8 B IR

I T 45 R 805 48 B0 & o Y (DM based
rule) , DL J2 18 B 50 2R BCHT L JE 9 N RE AR AL R FE A, $
05 KUV TR K5 B2 A 5 0 KU e s v 0 . o X
fig i XU 48 b K o 5= T SRt e it E,,. 5 1% )% TR
Tia] AF 08 2= THT ERLIC WY PN BE E o 2 L, 2 g i XU
Fehn Kl 2 0F N e L [ KB, J2 T & A R
W RIRA R

E roof

[K]= (7)

!
roof

K=[K] (8)



%38 %

548 B 3 T
4x10°F
——386
= [
2 3x10°F ——389 ‘
= 390 I
T !
IR 2x10°
iy
= .
L 1x10° _i
0 5 10 15 20
Hf 8] / s
(2) O° T
(a) 0° working condition
4x10°
——342
=34
T 3x10°F ——345
fein) 346
8
IR 2x10°
Fity
=
I 1x10°
0 5
(b) 30° working condition

P25 Ff oy T 2R AR L PN BE IR Il £
Fig. 25 Internal energy time-history curves before and after

partial roof failure

T3 T O AN KU 2 T BT 2R 1S K
SN BE Eoo A TR B 2] T 88 ) AH 40 A U3 2 T 0T
WRE E Lo A VFRE i LU [ K], 0 44 J5 BCE T 0 A5
PIRE A 2.0 < 10" T, A i) AH 48 A XU H J== 18T 5 ¢ P9 g
1X10°T, W 7= PR & L [ K1=2, & KUK K 85 13 i o
4 X HE B 2 0
K=[K]=2 (9)

*3 EEFIFEEL(K]
Tab.3 Roofing allowable energy ratio [ K]

G5 E. /] Elo/J [K]
387 1.79x10° 8.42X10° 2.13
388 2.30X 10" 1.18x10° 1.95
389 1.80<10° 7.50%10° 2.40
343 1.93%X10° 9.66 % 10° 2.01
344 2.28 X 10° 1.23X10° 1.85
345 2.08 X 10° 9.10X10° 2.29
4 # &

AT WRF .CFD M1 LS/DYNA HE T &
DAAE FH T R 185 B i onks %8 322 S5 IR 488 Tl TR 4 3k e 3 {E A
P, I DL [ B AL 3 M sl 4% o0 ) 1 AT T R e 8
Wa BN, EEERWT

(1) R H WREF #3X 0] DLA 84080 5 XU b T

W, AR ILT B L B KU B 4 B B B SR A
IR T, SR FH B/ — 3 A 1 287 XU T 4 5
0.086,

(2) AR IR RUBE J7 125 W] A RO AL I 288 R 1%
JEE sl B 5 R Y = 4k 5 UK, R ) Y
J& 3 30 XURT 2% A A2 SR AU 80 4 B, WG R AR
iR

(3) IXUHts M IR 3 28 ph 300 Uit 25 )22 55 J 30 52 P ik
NG, BV KU M (B 5 K X 8k 5 )28 55 SR 3 XU s 5 | ke
& 3T DX SN g e SR g | K S ok G Ty AT 1 %
SR XA B IR

(4) J2 i K4 3R = 24045 T B SRR A =
AT 2 35505 b 2R 0% 2, B AS R XL T) £ R 07 L1571
307, e F- XU Ry 40 m/s, Hoax KU /T i 5 R0 X
8] & 45~65 m/s.

(4) T J= T 0T 2R BRI R N RE S L L, 45
B SR A 8 O OCHE I, 2 5 KUVE TR R B
AU sty B XU 2 R D, Y X4 RE & 48 A K=2 1, fii
uli #48  AE UAE EIAS ©

(5) J& 18RI b T 2 0 XUE R 22 E AL 16 T
Jry B 2 T AR KA L AR 5| R S A I 4 . w] LLE
Job A Ja T 2 A DX B /N T 7 S A R] B 5 )=
AT A A et i R 46 vk i i J T Al P XU B g

2% Ak

[1] KASPERSKI M. Design wind loads for low-rise build-
ings: a critical review of wind load specifications for in-
dustrial buildings[J]. Journal of Wind Engineering and
Industrial Aerodynamics, 1996, 61(2-3): 169-179.

[2] DAVENPORT A G. Wind effects on civil engineering
structures[ J]. Canadian Journal of Civil Engineering,
1984,11(4):1025-1026.

(3] MBI, MR, BRNG, 45 . 9448 17 %5 & KU M R
P WK R A [T ], Wi A 5T, 1995(4) : 19-23.

(4] Jescak . 32 &8 Byt MO0 H R EEGT E# L T3
i ol B TR AN B DU O PR KU (T ). b A B 4 )R
Z5H, 2013(15) : 62-68.

(5] XU, s, a0 . By Bt 4 8 & w4yt XU 48

PEREDE S BUR S B[], f A 24, 2018, 34(5) .
118-124.
LIU Junjin, CUI Zhongqian, LI Jianhui. Research sta-
tus and prospect of the performance of standing seam
metal roof under wind uplift load [J]. Building Science,
2018, 34(5): 118-124.

[6] HABTE F, ASGHARI MOONEGHI M, GAN
CHOWDHURY A, et al. Full-scale testing to evaluate
the performance of standing seam metal roofs under sim-
ulated wind loading [J]. Engineering Structures, 2015,
105: 231-248.



34 X W 45 . 5 KB IR TR KB BE A

i B R i 3 2 XL TP 2 ML BT 5 549

RAMSEYER C, SHADRAVAN S. Bending capacity
of cold-formed Z-purlins supporting a standing seam
roof system with torsional bracing[J]. Journal of Struc-
tural Integrity and Maintenance, 2016, 1(4): 177-188.
TR, EiERE, R, A O R HOT e R R
B RUH A2 003 BF 7 [T ). S SR A9 25 1 i i, 2015,
17(6): 9-15.

WANG lJingfeng, WANG Haitao, LU Jianwei, et al.
Experimental studies on wind resistance of large-span
open metal roofing panels[J]. Progress in Steel Build-
ing Structures, 2015, 17(6): 9-15.

EZR, T, REE, S B A B ARUR
RN oy (], Tk # 51, 2018, 48(9) -
176-180.

WANG Hongbin, JIA Zhankun, FENG Shaopan, et
al. Experimental research on the wind uplift capacity of
alumin-magnesium-manganese alloy with standing seam
[T]. Industrial Construction, 2018, 48(9): 176-180.

R PR . 4 )8 R T AR 4 B XUIE I 9 3 25 I #0751 B 5T
[D]. W /R MR Dol R, 2021,

CHEN Yang. Research on dynamic loading sequence of
the wind resistance test of metal roof system disaster
[D]. Harbin: Harbin Institute of Technology, 2021.
ViR, TTE, XIEIL . B 7 5% 4 Jm R I 5 Bt XU
AE TR PR BT (7). TR Jy 24, 2020, 37(7): 17-26.
XU Qiuhua, WAN Tian, LIU Kai. Optimal design of
strengthening wind exposure resistance of vertical whip-
stitch mental roofing board[J]. Engineering Mechanics,
2020, 37(7): 17-26.

e, v, IR . B B R R g0 K38 R 42 i
BT SE [T]. EREEH A, 2022, 43(12): 41-48.
SUN Ying, WU Tao, WU Yue. Experimental study
on wind uplift failure process of standing seam roof sys-
tem[J]. Journal of Building Structures, 2022, 43(12):
41-48.

XZEHE, L, A, BB LB SRR
T B0 K48 M e e B oY 5 R A B (0], S A
iz, 2021, 42(5): 19-31.

LIU Junjin, CUI Zhongqian, LI Jianhui, et al. Experi-
mental study and theoretical analysis on performance of
aluminum-magnesium-manganese standing seam metal
roof under uplift wind load[J]. Journal of Building Struc-
tures, 2021, 42(5): 19-31.

FIER, 0, £ AT ORI B 7 BiLE R I R S
D4R AT 5 BE S A [T ]. M R U Tolk R E 2E 4, 2022, 54
(10):75-83.

LI Zhengliang, WANG Cheng, WANG Tao. Reliability
analysis of wind-uplifted resistance of standing seam roof
system with anti-wind clips[J]. Journal of Harbin Insti-
tute of Technology, 2022, 54(10): 75-83.

BRES, 0, XI5, 4% . WRE 8 =C7E XA 37 R i
HR R [T]. BBOR S22 4R (TS ), 2012, 45(1)
103-106.

CHEN Ling, LAI Xu, LIU Xiao, et al. Application of

WRF model to wind speed forecasting in wind power
farms[J]. Engineering Journal of Wuhan University,
2012, 45(1): 103-106.

IR, R, WA, A ORES R AR F AR
B R B [T]. R TR 224, 2011, 44(1) -
1-10.

LU Chunling, LI Qiusheng, HUANG Shenghong, et
al. Simulation of large eddy of wind load on a long-span
complex roof structure[ J]. China Civil Engineering Jour-
nal, 2011, 44(1): 1-10.

RO, WA R, IR, SR A RUCORAR LR R
T O K R (7). SR M 2741, 2010, 31(4)
54-61.

LI Qiusheng, DAI Yimin, LI Zhengnong, et al. Surface
layer wind field characteristics during a severe typhoon
‘Hagupit’ landfalling[ J]. Journal of Building Structures,
2010, 31(4): 54-61.

WY, B, RRERL, LS AL 35 Ak R
Ao R S AT (7). R TR SE AR, 2005, 38(1) -
40-44.

GU Ming, HUANG Peng, ZHOU Xuanyi, et al. A
study on wind loads and responses of terminal 3 at Bei-
jing capital airport[J]. China Civil Engineering Journal,
2005, 38(1): 40-44.

KAREEM A, ZHAO J. Analysis of non-Gaussian
surge response of tension leg platforms under wind loads
[J]. Journal of Offshore Mechanics and Arctic Engineer-
ing, 1994, 116(3): 137-144.

XU P T 1 S B 4 I R T 2R 8 R e
FEID . MR W R Lol k%, 2018,

LIU Wei. Wind resistant performance of standing seam
metal roof system with anti wind clip[ D ]. Harbin: Har-
bin Institute of Technology, 2018.

FARFR, SO T, 2R, % KRB R B 450 5 B
A 0 S50 D AT R [T]. 127524, 2007, 39(6) -
781-787.

FU Jiyang, XIE Zhuangning, LI Qiusheng, et al.
Equivalent static wind loads on long-span roof struc-
tures with modal response correlations[J]. Chinese Jour-
nal of Theoretical and Applied Mechanics, 2007, 39
(6): 781-787.

FRR, AT, R, AR KR OB R AL A
B 8 1 % R0 ) g sl A vy A LT R 2 TR A
2021, 34(4): 739-747.

WANG Feitian, KE Shitang, WANG Xiaohai, et al.
Structural failure criterion and robustness analysis of su-
per-large cooling towers subjected to strong winds [J].
Journal of Vibration Engineering, 2021, 34 (4) :
739-747.

E—EF XL IE(1998—) B Wil 1.

E-mail: liulf_nuaa@163.com

WAEVEE A4 (1982—) , B 1+, #¥2 .

E-mail: keshitang@163.com



