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Wind Tunnel Test and Numerical Analysis on Wind Load

Characteristic of Plan T-shaped Low-rise Buildings

NIE Shao-feng', ZHOU Xu-hong®, TAO Ying', ZHOU Tian-hua'
(1. School of Civil Engineering, Chang’an University, Xi'an 710061, Shaanxi, China;

2. School of Civil Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Wind tunnel test on wind load characteristic of complex plan T-shaped low-rise gable
roof buildings was presented. The change laws of wind pressure coefficient of roof and shape
coefficient of each face were obtained. The computational fluid dynamics software FLUENT was
employed to establish the numerical wind tunnel model, and the numerical simulation results
agreed well with that of wind tunnel test. Then the detailed parametric analysis was performed
for wind pressure coefficient and shape coefficient of roof. The parameters included wind attack
angle, roof pitch, eave height, building geometry dimension and roof shape. The results show
that roof pitch and wind attack angle have significantly effects on wind pressure coefficient of
roof. Under the effect of different wind attack angles, high negative pressure will be formed on
eave and ridge of windward roof. The distribution of wind pressure coefficient of roof in the
leeward area is uniform. When the roof pitch is 30°, high negative pressure will be more easily
formed in the leeward area of hip roof, so that the local area is easier to be destroyed.
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Fig. 8 Variations of Shape Coefficients with Roof Pitches
EOSERNFIE
3 R v BT Dy e A I MR A AR B 1 R

3.2

R RH

R K

R RH

AR K

15 20 25 30 35 40 45 50 55 60
JE T A/()
(a) 0°RIKf

FR T A/
(c) 90° I

(d) 135° KRB

40 45 50 55 60
J2TH 3 A/(C°)
(e) 180° I
—a— T[] —e—T,lfi —— T,fi —— T —*— T.ifi
o ATH —o—Bjﬁ '"O“Bzﬁ —n—leﬁ -~~A~--C2ﬁ
—=—D\Jfi ---v--D,lfi —*—EJf

15 20 25 30 35

8 GERYEEEKAMNETN

AR 2 LA 9, Ja P 2 XU R AL 10,

'%D%Em
(a) 0°RILH

6.6
& 1R ¥ /m
(b) 45° RILF

5 F & BE/m

MO/
(d) 180° XX
— T ---- T ---TJf --- T, ——T,Jf

B9 FERYEEOSENEL

Fig.9 Variations of Shape Coefficients with Eave Heights
HITET 9,10 ] 1, 4% J58 174 100 28 ek o T {E . H

L2 o (X AR 118 S5 B i K. 0" IR T
Ty o T T A S5 R KT 2R S80S BRAE S 2 IR L 5 o A
gbo F AR Ts 6960 S AT AR H 5T . 457 KB
N T T 13 X — A F AR KU ZR BRI T
T R A 7 1) 3 38 O T T b KU R B B R 2
fii FERETE T0. Ts B GUE A JE R 2], 90°
DRI 5 A58 TR0 A i R XU 2 kg B 7 XL 2 T
Ty s Ts BRI 10 1118 AL 185 Ak 5 T I 1] 45 3 25
KL 7 1) 3% kD KR T T, T 8 90 s o) A



FZrEE.TaE T MAKE 5 B R AL RCGR R I 5 28 2 47 37

-0.29

-0.44 C&
D’gﬁs JA 7 )

v > 0.15
0.15 .
000~ 0,07 0.07
0.00
| 0.2
-0.29
o
o036
\9

(a) BEERIMI(HE O BE3.3 m),0° KB A

-0.36
n’g -0.36
. _ -0.51
H,\ 036 022 0.40 .o,eﬁ 0.4 Y -0.63 Y .5.78 07
Sor 022 N ll:-o.w_o \ W ma 078 %2
BZZ o 0.53 £0.09 AN 01974 ; 0.93 m 20.63°20.
. 2 -0.40 1.08 "
(o
L

b0

(d) ff;%&”m(vg M 3.3 m),45° KA

-0.66

w
. >
o
N
N
O
=3
a
o
™
N
©

3
£0.78
-0.63
-OASL

() BERIMAGE D % 13.2 m),45° KIF

-0.15,

ﬁf‘:
e

EN
X

1

-0.38

24 °
-0.1 -0.47
o - »O
0
?J/(w -0.4 6 -0.28
! “
0.02

-0.1

. )

SN\

i

o5

A

(g) HEAIMI(ME D & BE3.3 m),90° K BLF

0.07 o2
9014 -0.2 i —————~=
= (&) (> DG
0.43 0.20 0.43 -0.50 0.58
—
-0.50
-0.58
Ny =~ 20.81
-0.43 050/
038 4

(h) HERIM2(HE D & 6.6 m),90° KB

(1) BEEIMAHE D & EE13.2 m),90° K I ff

() MERIMICHE DR 3.3 m),180° KB A

(k) AETEIM2(HE D £6.6 m),180° KU £

(1) HEEIMAHS O B13.2 m),180° K £

10 FREASETFARERH
Fig. 10 Mean Wind Pressure Coefficients Under Different Eave Heights

e BIL) . 135 BT T 1H 5 K i J7 18] 1 2
G 0RUE R B AN = T Y fe K OXUE R AL
HERH—1.92, WXREE T, T, FRERES
e BI5) . 180 NI A N XUZ T T /30 XU = 4
A 0z AL BB R R 2R B i T A R0 XKL
FERBHX N, ERER T, T, T T, BRE
3.3 FEILARSTHMZ N
Py AR AT 1Y 2 187 2 XUE R B 11,
ARV RE B K A B L WA 12, 0° K f T by )=

TR X IR TR T+ T B ML 28 B0 Wi 5070 o (A A
ABAE — 0. 48 ~ — 0. 44 ZJa]. F& A< XM X2 W
Ty Ty VAR R TE T T4 78 2% 80 82 i Aok
A5 I T A B @ X R T, Ty L R
JRim Ts AR RS AN )R T, T,
TR RO R W B B A AR B R OR T i R 2
BRI XA B W/ . 907 MU A T = T M K 32 1
Jis 3+ Bl A R A 38 R 4% o T R 8 2% 4 X L3 i
BB/ > AFLR 2 R O B — i e RE I 2% T AR R AR 4K
Bl 3 AR AR A T .



38 EHAFE IRFR 2016 #

1 —
—

b) BEEMG6,0° B f

-0.22

-U,ISS; _@x -0.86
/—/\/

(c) HEEIMS,45° I F

P

057 0.31
-0.40
< -0.4
0.4 }
Lo 49
6.2\ \N
'ﬁ‘ /-\0.49

(e) HEEIMS,90° R I £

11
Fig. 11

m : -0.67 - 0.3
-0.73 u :0.22 -0.44
-035 /0.60/ 06 -0.10 -0.22 -0,56 /-0.78
0.10 0.86 \\ Y11 -0.33 -0.89. -0.44
1.11

- 20,56 -0'56/\
10y —
033
lo2d
Q 0.78
0.6 08
0.5
0.44 -1.00

(d) BEAEIMG,45° NI FH

-0.25

0 K
-0.33

() HEEIM6,90° R I £

AEERTEHRERHE
Mean Wind Pressure Coefficients Under Different Lengths of Wings

_______

9
B K/m
(b) 45° KIS

12

9
HK/m
(c) 90° K I

— T o LE -=-TH - L =T

B12 HERHEEKNTL
Fig. 12 Variations of Shape Coefficients with Lengths of Wings

9
#HK/m
(a) 0° I
3.4 EEEXKNZMN

PREFIEABLA M3 JF LR i/ o 307, 0K
XU o T o5 Sy 10 39 28 T S ST AR MIT S22 T - 249 XL
FE R ML 13, Dl 2 T FH s A A X 82 A FH 2
TR IR St B R B 33X 2 97 T ) o R
T T7 16 3 7 0k /S

0" M I T M3 BRI KT T, . T, BIRR R
BT M7 BERL M3 BERL T, T, T b A B R 6 A
e R BN — 1. 16, e M7 #ERI AU — 0. 59, 12

P M7 SR Al ) — ] T, T 16 <o B AL 1Y
T T 1A I/ T o M7 BB T L 1
ROKIERG—1. 16 WA T, W5 Ty W, T W
5 Ty WA S R BHR A X AR T T 1
RV R BRIk —0. 81, Pk M7 B8 T, T, T Y
PRRL R K /N T M3 BEA, W XUR T T iR A &
BoAe M3, M7 BRI 25 A R

A5 XLTBCAA T Y I Ja T 4% =2 T ) AU s 2R Ko A
7 B0 55 B0 2 T AR S Al B R M7 TR R Y i R



EOHEF P E T BAE G B RAT B AF R K I 5 28 9 7 39

d) 135° I fh

(e) 180° KT fh

13 M7 EBFEHRERH
Fig. 13 Mean Wind Pressure Coefficients of Model M7

B XU B BUE K T BT 7E 2 T F 2 XUE &R 4 5 3
— 2.0, X BB B A BT SR AR R R
AT BE 22 BIAR K1 R A7 1 A 4R

90° KM~ M3 RLF M7 #ERUAH L, T, . T
Ty Ts RS RBCEAANSE (H M3 BERL T, 1
R ZRBOR T M7 BERL, G 2 oy M7 BRI T, i |
M e K KU R B T T A7 AE T A0/ . 15 K=
1 T Ty Ty E KRR B AR 15

135° I f T M3 AR M7 #58 T,, T, , T
T, T JZ AR RBOEA A S B T, T 1 X
ERBUM AR YA B T Ty T 1 B XU R %L
A FUEEARAL . X M7 B R 3 A X AE AR AL
K RE R B 4390 R T, A T, @i, T, @A Ty
10 LA B T- TFD Ts 100 AH 32 BH 2 A 00 8 i X3, XL
JERE A —1.45,—1.88,—1.02, XfF M3 &
R BCR M5 R R A AE T T i 30 R — ] )=
HHEHER—2.11,

180° KT A1 F » M3 A5 7 il M7 #5570 Ay fk 7 22 %4
FEAME PR KER T, . T, . T, . T, BRER
By AE# ¥4y, M3 BRI XUR 1 TS i kY
FHOUNT M7 R ABPRELRL) T, 1 E KR R
A AL, M7 BRI X R T T. . Ts fEH S
T A EE PR B 5 KA 7R A BRI 7 XUE &
H—1. 26, Hot K+ M3 R A 2 1 fie ok KU
ZH—0.85, T, Ty 1 KU 2 B0 w3 25 2K i 7 1) 1%
TR WA

L5 Lo b . SR TEN A D 307 Y U B R T B SR S
XU J T o A LG » e 52 XU T B Sl AN ) 22 B Jmy
DX I8l 5 5 18 3 UK

4 & iE

(D T RARKE D B A L AL 58 — "I AR & B
R F IR R P A 2% 4% R T T A LT IR
K RNG ke i it 15 5145 2] 4 - 2 KUK 5 EOM K
T 2805 R U8 4 SR B AT ] 4 728 A B (.
W& B

(2) DA R 2 T8 3 A3 Sk 2 Wi J& T R T 2R R0
B EEN AR AR A R XU 23 A1 B XA Y
AR o AEAN TR AT A T XU T s AR
B 5 A PR DA 0 o 2 T P R o 0 5 24 J=2 T
Ab T 1 A SR XU 2R B A B 2

(3) Bifi % o= ThT 35 71 ) 98 Jomn 30 X0 K 75 2% oy
BRI TR 72 7 A2 IEfEL. 79 XU Tl 2 7R 32 1 s
T3 JEUR R R K02 2 T A R R 0 - HLRUE R 0
A 5 Bl AEHE 100 w85 B A0 0 . 4% 2 T MR Y R
ot X {EL 24 5 BB R A A

(4 Y 39 T A LE XU 2 T J AR A % L S T
YAl 30° iR A T XX 5 Y B K B JR

S E 3k

References:

C1] MM ER B 08, 4. 94 4F 17 5 G KO IR M



40

EAMFE TRFR

2016 4

L2]

[4]

L6]

[7]

[8]

B s e MR Ay 9 L) . Wil 30,1995, 12(4) 1 19-23.
SUN Bing-nan, FU Guo-hong, CHEN Ming, et al.
Survey of Building Destroy in Wenzhou Under Ty-
phoon No. 9417 [J]. Zhejiang Construction, 1995, 12
(4):19-23.

CASE P C,ISYUMOV N. Wind Loads on Low Build-
ings with 4 @ 12 Gable Roofs in Open Country and
Suburban Exposures[ ] ]. Journal of Wind Engineering
and Industrial Aerodynamics,1998,77-78.:107-118.
AHMAD S.KUMAR K. Interference Effects on Wind
Loads on Low-rise Hip Roof Buildings[]J]. Engineer-
ing Structures,2001,23(12) :1577-1589.

AHMAD S,KUMAR K. Effect of Geometry on Wind
Pressures on Low-rise Hip Roof Buildings[J]. Journal
of Wind Engineering and Industrial Aerodynamics,
2002,90(7) :755-779.

HOLMES ] D. Wind Pressures on Tropical Housing
[J]. Journal of Wind Engineering and Industrial Aero-
dynamics,1994,53(1/2):105-123.

XU Y L,REARDON G F. Variations of Wind Pres-
sure on Hip Roofs with Roof Pitch[]]. Journal of
Wind Engineering and Industrial Aerodynamics,
1998,73(3) :267-284.

FARZE Was ) FIOE, 55 REE 5 R R F B XUE
1 OB RS0 0 2 0 R XA X 6 L e o [ ). A SR 4%
#.2014,44(10) ;84-88.

WANG Xiang-jun, DAI Yi-min, YAN Xu-guang,
et al. Numerical Simulation, Field Measurements and
Wind Tunnel of Mean Wind Pressures on the Low-
rise Building Surface[ J]. Building Structure, 2014, 44
(10) :84-88.

WL ROHERS . B 3R SELIRZ B R R T 2 XUE

L9]

[10]

[11]

[12]

[13]

B RG] B 6 A0 (B A 8L (T . A8 K8l g 2 2 i, 2010,
28(1):82-87.

GU Ming,ZHAQO Ya-li, HUANG Qiang, et al. Wind
Tunnel Test and Numerical Simulation of Mean Wind
Pressures on Roof of Low-rise Buildings [ ]J]. Acta
Aerodynamica Sinica,2010,28(1) :82-87.

o ¥ MSL 0 B4 LOECSFTE LR B R R |
B XA R R (T . TR 5% DR 2 27 i - B AR B2 i 2011,
39(11):1586-1591.

TAO Ling, HUANG Peng, GU Ming, et al. Wind
Loading Characteristic of Low-rise Buildings Roof
with L-shape Plan[]J]. Journal of Tongji University:
Natural Science,2011,39(11):1586-1591.

JRGG L e /D R R A G5 IR 2 B R T 3T = 4
AE R 0 B R LT ] AR ) 2%, 2010, 27 (3)
19-29.

ZHOU Xu-hong, NIE Shao-feng, ZHOU Tian-hua,
et al. Numerical Simulation of 3D Steady Atmospheric
Flow Around Low-rise Gable Roof Building[ J]. Engi-
neering Mechanics,2010,27(3) :19-29.

BB LAGa. A F. 5% IRZ W R | P E R AT
B KGR T 5 B A LT . iR 5 TR
2013,30(3) :39-49.

NIE Shao-feng,ZHOU Xu-hong,SHI Yu,et al. Wind
Tunnel Test and Numerical Simulation of Wind Loads
on Low-rise Hip Roof Buildings[ ] ]. Journal of Archi-
tecture and Civil Engineering,2013,30(3) :39-49.

GB 50009—2012, £ 55 45 44 fif 2y [ S].

GB 50009—2012, Load Code for the Design of Build-
ing Structures[ S].

Al] 2004, AIJ] Recommendations for Loads on Build-
ing[S].



