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Wind tunnel test and numerical simulation on wind load of
a T-shaped long-span closed roof
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Abstract: This manuscript studied the wind load of a T-shaped long-span closed roof based on the wind
tunnel test and CFD numerical simulation. The average wind pressure coefficient of the roof surface and
the distribution of equivalent static wind load were obtained by the wind tunnel test with the scale of 1 :
250. Then the CFD steady-state numerical simulation technology was used to calculate the flow
characteristics around the roof. To verify the reliability of numerical simulation, the average wind pressure
coefficient obtained was compared with the wind tunnel test results, and the formation mechanism of wind
pressure on the T-shaped roof surface was analyzed based on the CFD flow field information. The results
show that due to the symmetry of the T-shaped structure, the wind pressure coefficient on both sides of
the symmetry axis of the T-shaped roof is symmetrically distributed about the wind direction angle where
the symmetry axis is located under different wind angles, and the wind pressure coefficient on the roof
surface gradually decreases along the incoming wind direction. There will also be greater wind suction at

the corner of the two wings and the middle of the T-shaped roof. When the incoming air flows through the
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edge of the roof, the flow separation phenomenon is obvious, resulting in a large wind suction on the edge

of the roof, which should be paid attention to in design.

Key words: T-shaped long-span roof; wind load; wind tunnel test; CFD numerical simulation
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Fig. 1 Overview and zoning diagram of the rigid model

pressure measurement wind tunnel test
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layer mesh for numerical simulation

F1 kRAOBFREE

Table 1 Incoming flow ingress boundary settings
FE AT 34 X I
N LB i A
V(Z):V(, (Z/Z(;)“
T g 2 0.18 Z<5m
v \{ [ =
R 0.1(Z/Zs)—a—0.05 Z=5m
A it 31 g k=(3/2)(v)*
sz
UNERA o =509 L
A it i AR .
L=100 (Z/30) < *%
g3 R

2 ZER 55

T30 v B R TR 1 g 6 S S TOURR g 7
BNZ i IF LA B R 3 s O AR R I
Jy#EAT e Ak, 7 (E ARG L R 45 2R R
TR R 7 2 Bt — 28 3 1M BL B R B AT TR
e, B AT AR HE TR ) ZBUE. R AR T IS Pr
JE 10 m Ab By R U 3% TR 7 GF ¥4 3217 0 i 44
A RIS 257 XU 28 K0 45 5 XU 73 XA Xk DX 4 45 1
SR A RO AR B 4R
P,— P,

:)- — 1
Cr 0. 50V5 B
N
2GS,
=1
Cp = 5 (2)

Ko NERHEE:V, N 10 m = B ALK 7 KGHE ;
Py BRI ERIE ; Cp Rz X KR R BN
S A5 BB Co TR ES 1 AN A KR R B S, #
ARER © AN A AR R T AR5 S 2R X el T L
2.1 BEREEHRNERY

3 oA AU 3 56 T A5 2 5 2 1T 4% X 3 2 KU
FBBE W A AR 2L R B T D R 3 Y
R R0 S S, LR R R Ty 2) A
X FE 10° KL Ia] ff Bf 27 KR R EAT 38 —0. 93, B X 7E
0° X 1] #1  ~F- 337 XU & B ml 3k — 0. 69, C X AE 160°
Kl B SF 24 KR R BT 3K — 1. 1. D X AE 907 ~
110°F0 270°, 280° X [n] ff1 B 7 35 XU & & £ AT 3k
—0. 8. EIXFE 190°,200° X 7] £ B S 2 XU & %4 n]
K —0.89:3) TR 35 450 A xR, IR T 2
X RGN A B X D X E X H KU 2R B 26 1
0°~ 350" KL [i] f1 b 56 T 180° K ) £ 52 22 A5 X ik it



30 = 19

% M # 31 &

—iF

"2 S
F_0.2]
% o)
=X 0.6
i-o.s-
~1.01
-1.2

0 40 80 120 160 200 240 280 320 360
JRa] Fi/(°)

B3 EEFREESXETFEHRIERFEXE AL L
Fig. 3 Variation curves of average wind pressure coeffi-
cient of each area on roof surface with wind

direction

B A KRN C X35 KU 5 8l e 72 0°~350°
JATA] A B OGF 180° KU Ta) 1 A X FR T £k 5 4) 2 3 %
T 5 DX 334 76 A X3 Ak 300 XL ) BsF 3088 K 7 7 AL
JE R,

Sy itt— 25 T il R w2 T 38 KU B 43 A 1
ASCLL 160° KU In] £ A ) 34647 43 07 o i R ) £ T R 5
R A K R KU AL T 4 oA 160° KL 1 A IR 8 56 e
& a R KR R B R E R DB 4D
LR K AR REGEBE B X .C X E X, i
KR IR T3 %5 5y e 350k S6 057 1) S T Al 3 17
ERIFBBEIR; O B 4() T A XA TR il g B
TERRMANE RS A5 — 1.5, A KR K
JERBAB AR T %D Ao BT
J7 2 T % B R KU R B, HE T ik — 1. 9,
W R AT, BIDX 0 R B 2 T XU FR B A AR
SR R KR R BB O B A C X
AR IR R S BT e K AU R L AT

Cpmean: -2 -1.8-1.6-1.4-1.2 -1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

(b) CX T XE R =&

(©) BR PR NERE = E

Cpmean: -2 -1.8-1.6-1.4-1.2 -1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1

(d) DR RE R E = #

Cpmean: -2 -1.8-1.6-1.4-1.2 -1 -0.8-0.6-0.4-0.2_0 0.2 0.4 0.6 0.8 1

() EXPFRINE R H =K

Cpmean: -2 -1.8-1.6-1.4-1.2 -1 -0.8-0.6-0.4-0.2_0_0.2 0.4 0.6 0.8 1

(f) B P RERE =

B4 BEREFEHRERE(KERLE,160°KE )
Fig. 4 Average wind pressure coefficient on roof surface

(wind tunnel test, 160° wind direction)



% 14

B, . kT BRE AN B ZRATE SRR R 5 Fo BALAL D 31

K2, 3, &R, B X R X E £ E0E
A5/ 5) B 4D H D IX R F R BT AR
TUXE BB A AT ik —0. 6, D X3 X% 2 i XU R
FRBORAR R A8, B0 WUEAE T 35 KU AU 2R 8
YN tE; OB 4 EX B A T fAilsg i
KA R B HAE AT 35 — 2. 9., 4 &= 1 e K KR
FEGE XA A Z2 8500 25 O i R I i AR /N B
A A B Sk S 2 XU R B AR R - 22 ]
524 160° K1l /i CFD (B A% 0L 4 J2 36 35 1 AU &R
B = B B 5 BT R 1 XU 3 56 45 R R
CFD BB e K KR REE B IX.C X E
AT —1.8,—2. 1, —2. 7, 5 X% By XU i 56 45
R—1.9.—2.3.—2.9 L, CFD B{E A4 45 J xf
R 300 25 Jay 5 U g A T AR A o JF At DX 88 5 XT3k
B 0 4 RS A — B AR SOR P EGR ; SR L AR
B AR 2 1 2 35 28 1 KU R B0 BO(E K H ) A
PR, 5 R 50 45 SR W G B3 e o AT UE B T AR S
B A0 25 SRR A A,

P

Cpmean: -3 -2.7 -2.4 -2.1 -1.8 -1.5 -1.2 -0.9 -0.6 -0.3 0 0.3

(a) AP RUE R &L 2 18

Cpmean: -3 -2.7 -2.4 -2.1 -1.8 -1.5 -1.2 -0.9 -0.6 -0.3 0 03

(b) CIX I XE R ¥ = &

Cpmean: -3 -2.7 -2.4 2.1 -1.8 -1.5 -1.2 -0.9 -0.6 03 0 0.3

(¢) BFRIRUE R B =

Cpmean:-3 -2.7 -2.4 -2.1 -1.8 -1.5 -1.2 0.9 -0.6 -0.3 0 0.3

(d) DRFH)RUE R = K

Cpmean:-3 -2.7 -2.4 -2.1 -1.8 -1.5 -1.2 -0.9 -0.6 -0.3 0 0.3

(e) EXXCFEI M R & 2 8

Cpmean:-3 -2.7 -2.4 -2.1 -1.8 -1.5 -1.2 0.9 -0.6 -0.3 0 0.3

(f) BT RE R =

Bs5s BEXREEHRNEZRH(CFD,160° X (6 )
Fig. 5 Average wind pressure coefficient on roof surface

(CFD, 160° wind direction)

2.2 BEENXEBNGR K ERE DR EH

AR S 3 BRI A A 7R XTI 36 45 31 ) ok 8h
FIEAE Jy Koes 2k [ 3% AR 3 A A B0 R T
BE MR 20 FI8 L SR T I AL 43 e vk K A 45 74 3l 7 e )i
(1 78 35 7 2% , B Je T 4 RS 8 T 04 O 0k 1 2 B
F1 R . BR T L AR SO R R R 4 & S b
HLIR 3 57 50 B 89 CQC J7 i A FEFE R,
2.2.1 BERE"E

25 BB WL AR 0 XU 43 A7 o = T 45 A4 57 % el 7 LA



32 = 19

& M

% 31 %

W F. A~ E X 45 X E] 25 4 32 44 i i
Aise oy R, b A KR C K45 52 2 X FRE XN
TR BE+ F S5 H , W BE 45K, To 7 34T S 1 iF
58 A DCEEAF XA S 1907~ 230° KU T XU 5E 5
WP 3 56 2 45 — O, fe KA B i Sk 0. 02 ~
0.03 m. D X% A F] K [5] A 60°~130°,230°~300°
AT R 5 S50 e 38 56 i i — B0 e KA %
NiA 0. 02~0. 03 m. B X &R F] R a7 F 330° ~
3501 0°~40° WU m B3k o 7| B Y S5 KA % i i
i 0.2 m. & 6y B X fe KA R Wi 7 X 5345 L 153
Ak R LA A

E6 BRERMUBMEXSFH
Fig. 6 Distribution of the maximum displacement

response area in Zone B

2.2.2 B EF NN

it — 2 R 5T AR AR T 2 55 14 52 W) o B A%
DRI 11 4% DX i R S5 28 0 KA 3 A fET 7 B
7R 3BT e KA 0 AR 8 o A LA AR SR
IRHIR 28 00 o 1 A 25 R0 T IAUAT 480, 5 S e (L I 7
5V X B 2 B O AR 2R DA R 2R AR Tk 3l A
O ZE AR B TCORAE . A T AE 2 A B4 LS A i
A5 A% 10 A5 A5 T A 3T R 2R

w{(.r,yaz):ﬁ;z_\,ﬂﬁwo (3)
_R
Rzﬁi_gO'R (5)

o w, S KU 808 HE A 5 B R XTIk 3R B8 e T RS
BT R, o S T 5 BE R AL R wo S FEAS R
FECRN/m®) 5 ppe o N2 ¢ MR T
or AT B A e R 34 5 AR s RN BT A IR R H A
R O (14 W (L 0 97 5 R 7% %ot 7 A7 8 ) SF- 49 i
7 R 45 KT f R 45 X 38 e K 2 3550 o XU fer
. 7 AT DA IXAE 290° KU Ta] £ T A 7E fie K55
e R ey 2%, H(E T 38 —6. 1 kPa, £ 40°~130° &[]
T 32 oA DAY BELBR - A DA R 7 RUAr 288/

SRS R AT 3/ kPa

150 200 250 300 350
JRUa Fa/ ()

0 50 100

B7 SEREATERENEXAENHNINETH
Fig. 7 The maximum equivalent static wind load for

each region at each wind angle

2)B X AE 10° KU m) £ 47 7 5 K 45 80 AT 28, (B
A 35 —6. 2 kPa, 5 KA 0 1 A Aar 200C T+ 180° XL Ta]
FAXTFR ;30D X AE 100° K] T A7 £ Jie K55 50 )
AR 2%, FAR T 55 — 4. 2 kPa, $5c K25 500 % 7 K7 4%
KT 180 MU MAXS R ;O F B XA D X —Hf—J5
A I AL S B 5 IO T XU AT 278 Ak 3
T EAH .

B X &R I N Sk E KT A KA D X,
P A SC L 107K A R B IX 45 %G 8 1 KA 2% o0 A
I an ] 8 Jir s . R s A5 230w 70 KA 28 Y T 55 45
B B8 R 1) SRR ) KT 2R KA BRAE A5
IR Ta] T 3 XURT 2%, 2 35 2% 3 0k 6 XU B K A%
R S AT — 6. 2 kPa;2) )& 25 25 50 1 KA 4%
SERUINARTIESSIEE P NN BE St N A N S =R a3
U 53 A R — 3L

0 -09 -1.0 -09 g 0.9 -09
-0.9 -0.9 -0.8 -0.8 0.7 .7

8 10°RKEAT B XEMFH N REH 7 (L AL:kPa)
Fig. 8 Distribution of equivalent static wind load in

Zone B at 10° wind angle (Unit: kPa)

2.3 E=RAERZINES T

WG CFD B E AU ES R , M 37 0 Rf E 23 A7 S
Tt 2 ] XU 20 A7 LB, AR SCRL 160° K1) 1 T J i JA
FEl U 37 181 S 91 6 45 2 B, BT 9 B 7R, 1 9 Cad Sl



%14

B, . kT BRE AN B ZRATE SRR R 5 Fo BALAL D 33

SFUARSE TR Xof R T 11 38 3 2 TR L9 (b Dl S SRAE AR X6
TR T A 3 R LA AL T8 9 (o) S 10 mo =5 Ak 8 7K S
T U 2 L ER L 9 Cad AT 1K i AU B Pk L )= 55 I
HAEAET B B X, 5 8UR 36 % 1 3 R R Bk 7R
X5 Hh 9 (b) AT 1= 25 300 XU 2% 5 5 A8 k5 20, XL
K Wil o B G L U KR R B
ERBENGMARE BTG WK /N, BT L%
DX 8 XURE 55/ 5 F B 9 Cod AT 138 38 KUFE LA 160° IR fi)
Fawk ) T 7Y Ja 1A, R U RS2 380 5 i 1 BEL R
AR T SR XA 32 Sl RS B H A 111 1 S S B
LA S 80U AL KU o K, X J2 B IX P 35
Hh S A A A s B A XU R o R IR AL BT Az
2D XAE XABLRE . S8 A XA A KA T
CIX,ixXtfE CRMERFKT A XHJEMK.

ratio of speeds: 02 03 04 05 06 07 0808 1 11 12 13 14

(b) FEFURLALRS Fm i EE LRI (160°)

(c) 10 m BE ALY /K -5 Thi 9 22 &

B9 BEZ=RERHE(160°)
Fig.9 Flow field diagram around the roof (160°)

3 & it

K XU SR 56 A1 CFD BUE AL 7 BE X 3 T #Y
KI5 g i WX AL vl 3 3 e T KU e sk b AT T g, B

TR LI &L

DR % T BB R 2 35 52 2 1 K A
AU KRN 32 GRIE N KU ) L= 35 2 1 R A
AT A )5 i T T 5055 4 14 X BRI L 7E A [ K
R, T AU 35 5 ARl A0 1 XU FR BROG T X AR
BT AE KTy (R SCR 07 180°) R R0 #i » HL & 35 6
A7 A 2R 500 3 O O AU T 3 T /N, % T 78K i
J2 6 7R 5 P XA 2 A AT A R AR R T LA R
{57 3% —6. 2 kPa.

2) IR B A 7 7 20 IR i 119 =2 55 3% ThT s %
32 B A R S35 v 2 36 2 A 78 30 RIS KU T
R HAUXUE BB T3k — 2. 9. BeAh. % T M=
5 9 BRI PP S I 2 A s B K AU

3) B (AR AR 5 S AT 201, SST ke — wo i A5 20 7
T R 5 B Al 590 26 3 10 A 57 29 KU B LA A
R B 45 G T o B AT i RGH R 5 3R T
S ABA A5 IR 7 1 D PR 1 = 26 0 % 1 Bk Ak A XL
A TE R R Y 25 00 i 3 43 B R 42 i I TE %R N
PN A A o 1t 55 R S AU T AR X 3 Y
J2= T AR AS B Bt XU

£ % 3Tk

[1] UEMATSU Y., WATANABE K. SASAKI A, et al.
Wind-induced dynamic response and resultant load esti-
mation of a circular flat roof[J]. Journal of Wind Engi-
nee-ring & Industrial Aerodynamics,1999,83:251-261.

[2] YASUI H, MARUKAWA H, KATAGIRI J, et al.
Study of wind-induced response of long-span structure
[J]. Journal of Wind Engineering &. Industrial Aerody-
namics, 1999, 83. 277-288.

(3] skmufe  FRFESE, 3 5, 55, U B KB Pk = 5 X7 4%

AR 32X 36 0 K (RSB 5 [T ). A S 45 4, 2019, (9D
133-137.
ZHANG Si-hua, ZHENG De-gian, MA Wen-yong, et
al. Wind tunnel test and numerical simulation of wind
loads on U type long-span cantilevered roof[ J]. Building
Structure, 2019, (9): 133-137.

(4] 2RI A S AT e AL RS E IR 55 25 4 i s KU 3

WroELT]. WA ,2017,32(10) ; 25-28.
LI Sheng-bing, YANG Li-guo, HE Lian-hua. Wind
tunnel experimental study of the station with long-span
roof structure [J]. Steel Construction, 2017, 32(10):
25-28.

(5] Pk M, PR 86 SCHA . KI5 B8 T2 5 25 1 1) XU 7T 80 RF AE
(1], #2008, (10) : 90-92.

SHEN Guo-hui, SUN Bing-nan, LOU Wen-juan. Char-

acteristic of wind load on long-span roof [J]. Building



34 - BT ) % 31 &
Structure, 2008, (10): 90-92. nal, 2005,38(1) . 40-44.

L6 Z=PcHE = JEREE. LB A U JE = el IR 45 40 S8 0 1Y Lo TR Az A5 A A, 4. U 40 % A 0 R 3 45 4 T 2R

BE AL 5T [T B K TR % 4k, 2011, 31(3) T B B B AR LT [/ 3% K 2 2 R CA SRR % D
247-254. 2004,32(2): 141-146.
LI Qing-xiang, ZHOU Yun, WANG Da-yang. Three- GU Ming, YANG Wei, FU Qin-hua, et al. Numerical
dimensional numerical study on wind field around L-and simulation of wind loads acting on roof of Shanghai Rail-
U-shaped models[J]. Journal of Disaster Prevention and way Station Building[J]. Journal of Tongji University
Mitigation Engineering, 2011, 31(3): 247-254. (Natural Science), 2004, 32(2): 141-146.

L7 8 300 A8, 58 w2 e SR BB LT . o5 (107 ¥R, A 542 KU b K7 8 B AL D ], I R
B 22 B 2 i CT R AR RO 2 2014,27(1) ¢ 21-26. MR B Tl K2, 2007 ¢ 23.
GE Yi-jiao, FAN Cun-xin. Numerical simulation of XU Wei. Numerical simulation of the airflow in atomo-
wind field on cross-shaped high-rise building [J]. Jour- spheric airflow in atomospheric-boundary-layer wind
nal of Suzhou University of Science and Technology tunnel [D]. Harbin: Harbin Institute of Technology.,
(Engineerng and Technology), 2004, 27(1). 21-26. 2007 23.

(8] Jui ] , 28 MG, JH HE R, 5. db ot B AR AL 3 5 Ml il i XU e [11] #hpelk. 3T CFD Ml PIV AR W K 5 = 55 3% 1 i sh 45

A RS (], £ AR TR 24, 2005,38(1) » 40-44.
GU Ming, HUANG Peng, ZHOU Xuan-yi, et al. A

study on wind loads and responses of Terminal 3 at Bei-

jing Capital Airport [J]. China Civil Engineering Jour-

111111111111 111111111111 -

(E#% 1250

[o7 38 A . WAR 3R 7€ 10 3% Sk 43 7 07 1 [T ).t SR 45 4 2%
2. 1988,9(3):1-14. [14]

DONG Shi-lin. Continuum analogy method for analyzing

latticed spherical shells [J]. Journal of Building Struc-

tures, 1988, 9(3). 1-14

MWFSE D). B 5t AR K%, 2017 43-44.
SUN Hu-yue. Research on the flow structure around
large-span roofs by CFD and PIV techniques[D]. Nan-
jing: Southeast University, 2017. 43-43.

1111111111111 1111 - @ 1@ -1 -

Civil Engineering Journal, 2020, 53(2): 62-71.
DAVALOS J F. Geometrically nonlinear finite element
analysis of a glulam timber dome [D]. Virginia: Vir-
ginia Polytechnic Institute and State University, 1989:
167-192.

(1070 Petts]. M 7eas MM R v [T ] £ K TR 2441, 1999, [15] HOLZER S M, WU C H, TISSAOUI J. Finite ele-
32(6):11-19. ment stability analysis of a Glulam Dome [J]. Interna-
SHEN Shi-zhao. Stability of latticed shells [J]. China tional Journal of Space Structures, 1992, 7 (4):
Civil Engineering Journal, 1999.32(6):11-19. 353-361.

(117 g, e T L RO, 4. K85 B A R 853 R R [16] PAN D H, GIRHAMMAR U A. Influence of geomet-
[J]. 445449 ,2021,51(17) : 43-49. rical parameters on behaviour of reticulated timber
FENG Yuan, LONG Wei-guo, OU Jia-jia, et al. Ex- domes [J]. International Journal of Space Structures,
ploration on design of large-span glulam structures 2003, 18(2) . 105-121.

[J]. Building Structure, 2021, 51(17): 43-49. CL7] (g de o 3 &7 . 9 25 2 WIE X K6 R A W 76

C12] Bt 2R o Blsal 0 o Joe e 2 L 5. R B8 R &5 /g F 5 IR B 6 PERESE M [T, R Fh 4544, 2018, 35(4) :69-80.
BEEORLT]. MNP EFE . 2021, 47(4): 1-26. HE Min-juan, HU Chao, SHU Zhan. Influence of
LU Wei-dong, LU Bin-hui, QU Li-rong, et al. Re- joint semi-rigidity on stability of K6 single-layer timber
search status and key technologies of large span timber reticulated shell with slotted-in joints [J]. Special
structures [ J]. Sichuan Building Science, 2021, 47 Structures,2018, 35(4): 69-80.

(4): 1-26. (18] BR800 BBV W 5t JE. & 28 B 1R R R b g %

(137 /N, 8 LUAE S0 £ IR, 45 Ko A 58 )2 Bk Twl K ) 52 72
R AL (1], EAR TR A4, 2020, 53
(2): 62-71.

SUN Xiao-luan, QU Yi-heng, LIU Wei-ging, et al.
Nonlinear finite element analysis of stability of K6-type

single layer spherical timber latticed shell [J]. China

REY (8 A 400 [T ], 31 5 1 2% % Hie, 2011, 28 (4):
629-634.

CHEN Zhi-yong. ZHU En-chun. PAN Jing-long. Nu-
merical simulation of mechanical behaviour of wood un-
der complex stress [J]. Chinese Journal of Computa-

tional Mechanics, 2011,28(4): 629-634.





