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3D wind field measurement and simulation of a long-span
cable-stayed rail-cum-road bridge

XU Man, GUO Weiwei, XIA He, ZHANG Nan
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In order to obtain the wind velocity histories of Hutong rail-cum-road Yangtze River Bridge, an in-situ
wind field test of the cable-stayed bridge was carried out. The wind field characteristics were analyzed, and the
wind velocity spectra parameters of the experiment were compared with those of the specification. By means of
harmonic synthesis method, this paper simplified the 3D turbulence wind field into multi 1D turbulence wind filed,
and simulated the turbulence wind velocity histories of two towers, the girders on roadway and on railway deck
separately. Results showed that the 3D turbulence wind velocities obtained based on in-situ test records fitted well
with the target value, and exhibited differences with the specification values. It indicates that the application of
specification spectra values is limited when used in different regions, especially in regions with complex climate
conditions. The wind velocity histories of the long-span cable-stayed bridge obtained can be used in bridge
aerodynamic analysis, which is pragmatic for engineering purposes.
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Fig.5 Mean daily 10-minute-averaged wind directions
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Fig.6  Fluctuating wind velocity histories with averaged wind
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Fig.7 Power spectra density (PSD) curves of records, curve

fitting results, and the specification values

2 T 55 R 8 Fk o X R

FLF - B st (8] BE P 11 ik 20y IR A A SO 3. S
Xo(t), Tt Fourier A5 1k BAR L Ff 40, Aa 38 i —
AR R BE AL B, A5 B AR A R s AR e 4
X(t) ,"EKRN

X0 = o [ 0@ explilor +6(@) + o) | do

(3)
A X, (w) N X,(t) W) Fourier ZF#, & (w) R
Xo(o) WARRLA () HFEPLIFE.
B &(w) + o(w) i o BATREL 2 (3) AT LA
5h

X(1) =ifc | Xo(@) |cos[wt + &(w) + D] dw, (4)

X @ R FlHLAS

ﬁW{F@ﬁTﬁﬂ%ifﬂUﬁ%*%*?ﬂjmﬁjﬁ
12 m/s B FFEAERE  ARAE I 10 min B9 k2 )G I
T SEATASTAOL, 25 2 (R RS FOUECE (4 I PR ) B i 2 2
Bl 8 [T , S4Bk 20y R T e i 285 1 5 S0 T e 4 iy
LR X L UntE 9 .

SREE TN, K] 8 A AU G A i | P 2 KLk
5 RS R — 80, Ik AR ARTE 6 m/s Z N, 5
SN2 SR AR — 2 [ 9 PRI S R

14 Dy SR L R R A, AR A 3 OB I 8
Hr W) B (R R TN SR i) B e ik
PRl gt 2D AR S A Bl , U P T B — AL A KU A
I, TGI8 [R] R B2 A G2 = 4 KU A,

6 L L 1 1 L L ]
0 100 200 300 400 500 600
t/s

8 RRIUAKBN XA 72 i

Fig.8 The simulated wind velocity history curves

10°

- = -
S—E Y

YR/ (m*-s7 - Hz ')

l1|0’2 ‘ B Hll()’1 . B ll‘1 0°
fIHz
B9 STilFnal oh 2k i 24

Fig.9 PSD curves of comparison between records and simulation

results

3 P A = 4 RO R

HRAE SR 15 ] 32 1 A9 2T 5K Cholesky 73-fiff Y
PR  BOE MR T T 7K 7 R S s AR, o
7 DXL PR S VA7 T AN AR, AT A QIR XU A
Z B PYEE B ARSE, DUARZEEE j A5 SO BT 1] K-
MR ) T 1 A3 IR w,(0) 1 o, (2) PTRARIR

u(t) = mz 2 WG (w,,)cos(w,,t +

m=1 k=1

QDmk), (5>

w(1)= 20 i 2\1 JS,(w,,) G, (@,,)cos(w,,t +
P ) (6)

A Aw JiBLRIE BRI ; NV R

857 i B @%Uﬂﬁ;ﬁ ;S F1S, 433K FEL
ﬂﬁﬁiﬂ}?m,w o M0, 2] HEE A B BEHLAS

56 (w) AN XU 22 [ (4 A 2 2R 50

R 7 30 AT 19 25 4 4 i, K L XU T A 6
AT — A 2 AR AL, 43500 R 3 RN B
TR ATR 1) % B 1), 0 R4k AT T RSATR 1) S AT 11
i1 *ééfffrm%nfffri’i 2 1)

FRAE =GR B 25 P s, DA — AT 2R 15 18] BT
KB BALSRE , FE22 R ]dE L 14 m R[] B,



53

TS, A RS E A BRI HIRHF = 4k X 7 500 5 A 4L, - 111 -

FE 6 B A0 BEATR T 591 S5 (1 BE 43 A 165 4RI,
b AN IS5 G~ G165, 4k B% A 1 4 5
R1~R165 5. M4 EIE8E &, R 35 D) 30 m &
RIEIEE, AR R AERIEE A 11 AL e 3
1 %50 T1~T11, 35 2 45k T12~T22. PE40%% 5
e 10 R, B SRR g 3R 59 R A
B 7 5 3R I E OB

T22 T11

Gl /\\4 G8 / G165

R1 R44/T13 Re4  R83  RI103 RIOIT2 RI65
T12 Tl

B 10 SPEAHSERGEMNETE
Fig.10  Arrangement of simulation points of 3D wind field of
Hutong Bridge
3.1 ERXEERAEHL
3.1 REEMrIm

WHEE 10 s, EZEHE A, DL 14 m S E]EE
WEE 165 AT, X T2k M 1T, AU 2 5
R1~ R165. 40 & i R 48 — >R FH 4 B% A7 1w g )
60 m , MRIGBEITVERE, BRIE X 10 m & B Ak A5 1R
HICH 38 m/s MR B AR 1 024, FEASHT [H] 7]
B4 0.1 s, RAE SR 100 s.

R 2R BRI AL, SR FH A5 31 ) 5 T 5K
ECHE DR IELA S8 /1 5 T Rk ik
i AL s (L/2) Kb KPR 1w 1 1) 1 X
HBUZE R, B 12 P T PRI I L2 B
(R83) . L/4 % (R44) M 3L/4 #5 (R103) = S Hy3h &
T2 B RS B AR RO L. B 13 R T
X A G R B £k

WLER R 11 B, Y 3 A O 35 XU
47.8 m/ st R ) ik 20 RGE B) BR AE R B 25 m/s 22
P sl , B AT [ Bk sl R AE 8 m/s Z NIl & 12
T, SR RE I S B AR E Y A R R AR
K13 25 ARG R B £, v LA B ALl 2
[ R 25 P 48 K, A DG R B L2 0/ N, B4 22 ]
R A DG PR R AT
3.1.2 RSP

IR 10 FrR , 5 8K AT I S AR B AR TR, 2
PRI S S RS — = BE N 76 m, g5 A R
G1~G165. 2\ P 1A AL B AL ASTADIRE A7 1) S e AT
[ KU R AR 25 SR AN 8] 14 . AR HE a3 KUk 1%
T, GRS B T (R BE AL SE- 2 RE R 49.1 m/s B,
TR 1] ok sl XU o R AE R 25 /s (A5 PR M D
AT 1] fik 5 KUHAE 8 m/s B BRI N Iz 3. 45
S BEATRTED AR A2 2R 5 R B AT T A B (L. L) 3R

L RSN 7 AT AR A A

Y0} I N TSP VR RV U T S S
0 10 20 30 40 50 60 70 80 90 100
tls

(a) B

Wksh X/ (m-s™)

S 10 ) " I (NN NNNPUN (MU NPU MU PR N |
0 10 20 30 40 50 60 70 80 90 100

tls
(b) A1
B 11 FREREESE L/2 B iR il = B A XU B 72 2k
Fig.11

Fluctuating wind velocity histories of mid-span point on

railwaydeck
71 - - - LA
T B cath lade, . e LR
oo BN VU e LA
‘= 10
R( 0
2 10
E'H
R
-HR 1072 1) 111
10"
f/Hz
(a) HMFI
=10 -———- LA
U S L1215
o 10PF B 89 Lap 0 e
v 3L/4 ks
= It
=
&
in

10° 10"
f/Hz

(b) 4[]
B 12 FRHKBEFEEE 3 AR S TR E R h &

Fig.12  PSD curves of three points on railway deck

ISE_n@sp  ——L2, 3LAB HHIR

-1 000 -500 0 500 1 000
t/s

B 13 ERERERME RUAHREIE X R A

Fig.13  Correlation coefficient curves on railway deck



c112 - oK OE T

51 %

20 £ B s 0 6 0 ¢ B P it g
0 10 20 30 40 50 60 70 80 90 100

t/s

(a) B

Jik X/ (m-s)

F Y)Y S P S TR RPN EAPR SN B PR
0 10 20 30 40 50 60 70 80 90 100

tls
(b) "M m
14 ERNEEHE L/2 B bR B I XU i 72 2%
Fig.14  Fluctuating wind velocity histories of mid-span point on
roadway deck

3.2 EFEREREEH
HRAE & 10 P, A )88 335 b [ R b s e e e
2930 m B 11 ASBELLA, 45 2000 T1~ T11 (3%
1), T12~T22 (3% 2) . AR S B 14 2 i 8 1
ZECAARE, F8 EE A AR B AR AL
L B RG] 28 TR P XU B
_z = tell. = e, l_jl()‘ (5)

1g10 - 1gZ,

AP H OB R T TE R e, Z, O i THLURE JE i

Uy 410 m 855 A T2 Uk | s+ 00kt B o
X 10 m B5EEAL OB KUK 38 m/s. 491554 it
B BR S A 5 AR,

S P 2R T AL S PRV 31 3 T 5
TIBCR 2R SR T 15~ 17 4 T KT
R 161 4 SR M

Jik B X (m-s™)

0 ) AU U PR RN RPN IRV TR R SR S
0 10 20 30 40 50 60 70 80 90 100
tls

B 15 EHE IR IUE IR () 5 A XUk B 72 i 2
Fig.15 Fluctuating wind velocity histories of tower-top point
WL IR 15 AT, 24 3 B B T AL - 2 XL 33
57.2 m/sIf AT 1) Jik sl KU i B AR IR B 30 m/s 2
WS, ARIEIE 16, 35 TR & AL BB i D)3 3%
25 HAREY) A BB . B 17 HoULER n] i il 2 A
L 2 1] S AR A8 A, A S 2R B (L2 i ).

10° g~

— — TR
BT H bRil

W 10°
T
% 10"
E/ lon
bl
107
Hm

3 10
R

10° 10" 10° 10
fIlHz

B 16 EHXIAHEN E R T) %5 2 o #ah 2

Fig.16 PSD curves of three points of the tower

5[~ - - T
Te--- BT RS

g 1.0 P=-— SR DL ERE LR

h& &

) 051 U

= 0 ez, e L8N o

N aiiab e S 2
0.5 N 1 ’ 1 N 1 " 1

-1000 -500 0 500 1000

t/s
B 17 EERIFEEXRB ML

Fig.17  Correlation coefficient curves of the tower

4 % #

1) X Pl AR AT 1 B0 37 X S S5 AR
P SL B R 25 2R, X M Ik DX 5 P R AT T 20
SRR SR 5 2 1 A AR A, BIE
S XL R R AR B A R

2) A3 TSI BK BRI R B 405 S8 RS
WS HL, R EET 20 Al B8 B O R 8 R
A5 04 =2 ok s KU 37 BT 1 D 224 SR B —ZE ik sl X
S, S xd PR SRR 2 AT D BR BER I AT T
KB AU AR 4 B (B, O X 45 R AT T b 4
SR R SN B KU 35 2 B0nT LAAS BI04 R0 R
1755 JEE O SR ABS(ELRE UL — 4R Jik s 37, JLAE 2R S e 25
WG — DR A —E W 22 4k, TRorh T
FHTANIa] s IXC s 1) Jey BR A

3)AFE] T T DRI I B 9l R AT AR
(ERELL X A PP 51, I Py 51 R 68 T v 3t S 7 A7
HEX A RIE B, S Ji S0 e B AR 2 A 4 14 1 0t
FEHERH.

5% Xk

(1] BR, 5k, ZR5, A6 ZEA R B PR AR [ M) ALst . Bl iR
i, 2014.19
XIA He, ZHANG Nan, GUO Weiwei, et al. Coupling vibrations of
train-bridge system [ M]. Beijing: Science Press, 2014:19

(2] s, 2R, R, 55 5T S0 XU (T 47 B R B bk IX =
HEWK ST 1] AR R 2241, 2009,39(6) :1206
WANG Hao, LI Aiqun, HUANG Ruixin, et al. Digital simulation of



5 3 10 e, A5 RESEEAERPTFHRHIAT =4 XU 3 S 55 40 - 113 -

3-dimensional turbulence wind field of Runyang Suspension Bridge
based on measured wind spectra [ J]. Journal of Southeast Universi-
ty, 2009, 39(6) :1206. DOI; 10.3969/ j.issn. 1001-0505.2009.
06.023

(314K R, il o v RS BE RS = Nk sh XU )]
AT AE%H4R,2003,36( 10) :60
LI Yongle, ZHOU Shuhua, QIANG Shizhong. Simulation of three-
dimensional fluctuating wind field for large span cable-stayed bridge
[J]. China Civil Engineering Journal, 2003, 36(10) ;60. DOI;10.
3321/j.issn: 1000~ 131X.2003.10.012

(41T 5, BR3E2E T, It AT B 2 (] k3 X373 g T AL
[J]. J1#ZE], 2006, 27(2) ;184
DI Quanshun, CHEN Airong, XIANG Haifan. Simulation of spa-
tialfluctuating wind field on long span bridges [ J]. Chinese Quarter-
ly of Mechanics, 2006, 27(2) :184. DOI. 10.3969/ j.issn.0254~
0053.2006.02.002

(5] Chihk, XA, S 77K T BOHEIEEA BUE I 15 B A K
GBI 1], AN R4 (TR , 2008, 29(1) :56
MA Lin, LIU Jianxin, HAN Wanshui. Wind field simulation of
Hangzhou Bay Bridge based on the improved WAWS [ J]. Journal of
Zhengzhou University ( Engineering Science) , 2008, 29(1) .56

[6]XU Youlin, ZHU Ledong, WONG K Y, et al. Field measurement re-
sult of Tsing Ma suspension bridge during Typhoon Victor [ J].
Structural Engineering and Mechanics, 2000, 10(6) :454

[71XU Youlin, ZHU Ledong. Buffeting response of long-span cable-sup-
ported bridges under skew winds. Part 2 case study [J]. Journal of
Sound and Vibration, 2005, 281(3) ;675

[8]ZEAFF 2Rl , E0, A5 B TR NI Bcdie i 38 KA AR bk X
WERFPERTSE ()] AR 3h 5 vhiti, 2010, 29(10) ;82
LI Xingping, LI Aiqun, WANG Hao, et al. Wind characteristics of
Sutong bridge based on long-term monitored data [ J]. Journal of Vi-
bration and Shock, 2010, 29(10) :82.DOI. 10.3969/].issn.1000—
3835.2010.10.016

(9] WRIBUH , BRI , (50— , 558 31 ]2 ) R 130 2R XU R 91 v By XL 3 2
BT GERE S TR, 2004(1) .52

CHEN Zhengqing, LIU Chengyin, NI Yiqing, et al. Wind parame-
ters in wind-rain induced stay cable vibration on Dongting Lake
Bridge [J]. Journal of Railway Science and Engineering, 2004 (1) :
52. DOI: 10.3969/].issn. 1672-7029. 2004. 01.009

(10T WAMR, RREHE. HEJCEE B R AR i 107 14 R 47 S 5 B3 X 1L
SHELI]. IR i, 2013, 32(11) ;149
HU Jun, OU Jinping. Comparison between field measurement and
theoretical analysis results for a long-span suspension bridge’ s wind-
induced vibration responses [ J]. Journal of Vibration & Shock,
2013, 32(11) :149. DOI; 10.3969/j.issn.1000-3835.2013.11.030

CIVTHAMR, RS, e T 0T e I B H0s oy B R AR 57 S Ak K75
P ML) PR R ( AR | 2013, 44 (7) :2989
HU Jun, OU Jinping. Wind field characteristics analysis at a long-
span suspension bridge based on a long-term monitoring data [ J].
Journal of Central South University ( Science and Technology ),
2013, 44(7) :2989

[12] #E K. W S7RrRMAR AL AR LU DU SIS (D] . VP R 28l
K224, 2016, 51(2) ;349
HUANG Guoging. Field measurement study on wind characteristics
at Puli Great Bridge site in mountainous area[ J]. Journal of South-
west Jiaotong University, 2016, 51(2) :349. DOI; 10.3969/j.issn.
0258-2724.2016.02.014

[ 13]XU Man, GUO Weiwei, XIA He, et al. Wind-field measurement of
a long-span bridge near Yangtze River estuary [ C]//Proceedings of
the Twenty-Seventh International Ocean and Polar Engineering Con-
ference. San Francisco:ISOPE, 20171093

[14] i AR [ 22 388 4. o B 20 B 7 3 B LB RIS JTG/T
D60-01—2004[ S]. dbxt. NRAZE ikttt , 2004
The Ministry of Communications of PRC. Wind-resistent design spec-
ification for highway bridge: JTG/T D60-01—2004 [ S]. Beijing:
China Communication Press, 2004

[15] CAO Yinghong, XIANG Haifan, ZHOU Ying. Simulation of sto-
chastic wind velocity field on long-span bridges [ J]. Canadian
Metallurgical Quarterly, 2000, 126(1) : 1

(i A4L)



