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Field Measurement of Wind-induced Vibration Responses of a Large

Cable-stayed Bridge during Construction Stages in Mountainous Terrain
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Abstract;: Field measurement and analysis of wind characteristics and wind-induced vibration responses
of Chishi Bridge during construction stages were carried out, where Chishi Bridge is a large-span cable-
stayed bridge located in Chenzhou, Hunan, China. The wind characteristic parameters at deck level and
pylon top during observation period were analyzed, including the mean wind speeds, wind directions, wind
attack angles and turbulence intensities. The wind-induced vibration responses of the bridge were also ex-
amined. The results showed that the wind attack angles changed within a rather wide range when the wind
blew from the north, while the wind attack angles varied within a narrow range when the wind came from
the south. The bridge with double cantilevers during construction stages mainly vibrated in the lateral ben-
ding and vertical pendulum modes under strong winds. The measured values of the natural frequencies of
the bridge under construction stage agreed well with the analysis results by FEM.
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Fig. 1 Elevation of Chishi bridge(Unit:m)
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Tab.1 Layout and sample frequencies of the anemometers
of Chishi bridge during construction
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Fig. 5 Time histories of wind speeds and
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and directions during gale(2014-10-05)

Ry HE— 20 43 B W D v A IR T AT il 4 T 1
SIARTESL. L6 £ 3 6-1 £l A h S %, o hlit A
2014 4E 7 3 AN 10 J3 5 H KRB BOAF 1A & B Ab
M 6-3%.7-12,7-34 M K5 6-1 2 ) & XU H 2,
wE 8 pron. W 8 Hnf IFH: 2014 45 7 A 3 H



20 IR K 2240 A BR2E D

2017 4F

R RS B CRg XD T8 g B A0 AN R A5 6-1 % ) A
K ZA N —2.0~2.0 m/s;2014 4£ 10 A 5 H K
SR B (A6 RO T80 3 B Ak XU 5 6-1 4 3000 it XL 3 22
A1k —2.5~1.0 m/s.

WO 6-1 2 0 s AT AR AR R L T 7-1 4 30 a5 A
AR H R BN, 33 J % D I B )R KUK AR 10
min i B 33 JRGEE RTEA 45 R R R 3 nl A, 2
DA B A W i R T AR A B R A 0 — 5. 4~

) e 25 0% T A B RS (L 2 —
% 2 NS 4o A~ 6. 4° 5 KRR SR THT 65 BE AL 6-1 i A 15 7-1
g PHES oy N N N
g (1) 0 R R B AR LA — B AE XU A AR A LT3
§~1 {BLSF AR AE — 8 1Y 22 57 2 BT L X 3t TR XoF A% T oy J3E Ak
g LS 177 7E B,

-4 x3 ARXRSFEREXNEMREALCS

6:40 7:00 7:2?’1) 9 ()ng)% 03 8:00 8:20 Tab.3 Summary of wind speeds and attack

4 : angles at deck level during gale

——6-3#(2d
~ 3r “c.m7-1z((3d; W5 BH 2014-05-14/15  2014-07-03  2014-10-05
E ?— o T-38(2d)
g frp SRR Vo 1.7 10.9 10.7
= /(mes 1)
g:; W 8/ 308. 9 155.9 317.9
B 5l ) R o/ 14.6 —2.9 4.2

-4 WA o/ 9.4~25.0 —4.4~1.3 0.9~9.3

17:00 17:20 17:40 18:00 18:20 18:40 19:00 ; ; /o = _

(b) 2014-10-05 fﬁmﬁ“ rrrrrrrrrrrr L e S
B8 KM BFEAH @ G A&k ar mi\mﬁx‘:“" 15.1 10.9 10.2
5 6-1% a5 Rk £ fmes
Fig. 8 Wind speed difference between monitoring points W iy g/ 342.4 141.2 307.9
and 6-1# point on deck level during gale RIfh o/ —1.7 3.1 1.7
YA o /0 —5.4~0.5 0~6.4 14, ~2.4
2.2 XA BBl o/ ~2.6 3.0 1.8

IV H 2014 4F 10 A 5 H #f 1 & BE AL 10 min
(T ER e DT N L =< S (1 3 IO 1 N N 3 I AT
PIFE W 2014 4 10 H 5 H A 1H 5 8 Ak K XA B (b

30 12
o— RIS |
e o LA SRR
€10 : E 3
& 9 v %
X E
=-10r &
-20 L
—3079 7 8 12 16 20 24
I [a] ¢/h
(a)6-12 W 5
< g
3 =
RN
= Sy
B
0 4 8 12 16 20 24
I fa) ¢/h

(b)7-1 £ U i3
B9 #@ A 10min F 3 K ik f= KL A (2014-10-05)
Fig.9 Wind speeds and attack angles at
deck level (2014-10-05)

2.3 WiRE

10 irn 2k 2014 4F 10 A 5 H 5 1 = BE AL 10
min B P2 XU R i U R il 2. 3R 4 45 T
H9 ) SR AR AR R B BB i A8 Ak 3 TR e ¥ (. e
Bl 10 Fe g 4 mJ 1, ANl R KUK AR RUES B 6-1 £ 3
ST SR ] i O 5 85 S AL 24 R 0. 15 ~0. 23, B JRL Ji)
T T 5 B ST A 2R 0. 13~0. 17, U8 [ I U7k o8 5 7
BIE L)y 0. 13~0. 19, %F I it Ui B - 35 (B 1) LU (B
120,79 ¢ 0. 84, XL ] 55 7K S8 AU ] 79 i 9 568 5 L
330 THIEHE LA 1+ 0. 88, 11 JI JR\ ] 5 1 [i] i
Uit R JRE 0% LU A DU) G RE S HE AR 1 ¢ 0.5 KL AN [R] R K
RARIAE B 7-1 £ 0 85 05 X [6] Jiti 378 568 32 1 24 {6 24
R 0. 17~0. 32,48 XU Jif 8 58 P-4 29 Oy 0. 14~
0. 21, "8 [a] Jif 3L 58 B “F- Y9 {H 249 Ry 0. 08 ~0. 12, Xf if
i U S A A LU 1 0,71 = 0,41, 838 T
JEHEFEE 15 0.88 2 0. 5.

3 RURMm A SE 45 R

A3 VBRI R RS, 5 AN REAR EA T XU 1 1
A B 2014 48 3 H 20 H 10:30-11:30,12:15-13:15,



R AR SCAF < 1 DR B AR A7 it 300 XU o oz 552 00 21

SEHRIE Vi(mes™)
[=} N S [=)} [

B /h
(a)6-1 2l 15

—_ =
SN

SR Vi(mes™)

S N A &

ifla] ¢/ h
(B)7-1 A5
B 10 #r@ & A 10min P 3 Rk fo i 7 (2014-10-05)
Fig. 10  Wind speeds and turbulence intensity
at deck level(2014-10-05)

R4 ARKRSHES ELRERNRKRELS
Tab.4 Summary of wind speeds and turbulence
intensity at deck level during gale

KIH
W 28
2014-05-14/15  2014-07-03 2014-10-05
E—
/?iknﬂf) 1.7 10.9 10.7
me*s
I bz 0.09—0. 83 0.14~0. 33 0.11~0. 19
R 0.23 0.22 0.15
612 I JEE 0.06~0.60 0.08~0.26 0.11~0.16
Soficy 0.16 0.17 0.13
WE 0.11~0.53 0.09~0. 20 0.09~0.17
Ly "
{8 0.19 0.15 0.13
N B
f‘kn’j) 15.1 10.9 10.2
me*s
| WHE o 0.09~0,64 0.10~0. 28 0.13~0.26
BT} 0.32 0.17 0.19
-1 I JEE 0.08~0.47 0.06~0.21 0.13~0.21
Sl 0.21 0.14 0.16
| WA 0.03~0.23 0.09~0.16 0.06~0. 11

W 0.12 0.12 0.08
T = L SR R 3 08 2 o T A 88 1 K Bl R 5 L A9 58 i K B0 DR i 3 1

18:45-19:45 F1 5 A 15 H 1:00-2:00,2:00-3:00, i3 L}
BN R B A AU ) R HL 3R AR 3 5T A . {45
2014 4£ 5 A 15 H#E & 2:00-3:00 B} 6 # 325 %6 1 45 42
OIS PR ] SIS 3 B G SR S T B R 2 IR B B 6
£ XA il 150 12 S R B GE 1/4 25 8%
AT 03 A B A B SR M s A M i .

SR RS i A7 157 9 D0 Sk S5 0 5 4 4 90 Ak B A 5
o B A5 2 o U 5L R 5 B R AR AT S R AT SR A

AN S T A SR R i A T U CRE AR
= 50) 0 BF s HEAT S BR. 18] 11 it 7 53 53] g A B B T
IGUASE 1) AR ATR ) 00 = SRR AR 1) 3% i sk B Mg 7 g
b 2K SR 5 R AT 53k X Jon sk J3E w7 S5 00 8 Al AT
W 73 BT . AE 73 A IR SRR AS 23 5 T B B B
P BN 8 192 A AHAR M BLE B 4 096 A AL JH AR
Sy PR 10/8 192 =0. 001 2 Hazs [ 1 0 4k
By 5 PR BT 3 AR 5 i SR ey ]
PR HET R BT 9 S M MATLAB #2 )5 #E17
3 J3E W) S A5 3 23

PR TR e
0.02 T T
@ 0.01 11 J . i It ‘ Il L _____
g .y [
= 0
i ! e
1 -0.01 : i ‘
5 T [
0'020 10 20 30 40 50 60
5 [a] / min
BTG 1)
0.010
a
= 0.005 '
@ 0
i
#-0.005
=
_0'0100 10 20 30 40 50 60
fif B8] / min
Ca) B H& 3 TOORE 1) 5 DU 1)
FERER
1.0
A |
2 05 bl .
g sl
NG MW“\}\‘\‘\ L
i Wl L \\HW thw
g—o.s RIS
-1.0 | f
0 10 20 30 40 50 60
fif 6] / min
FERRN

0 10 20 30 40 50 60

i ] /min
(b) 5 32 4 37 A7F B b B AR 1) 5 16 1)
B 11 6#BBMAFEFEL T E ik F

ey B A2 W 2% (2014-05-15(2:00~3:00)
Fig. 11 Time history of wind-induced acceleration responses
at deck and pylon top (2:00~3:00, May 15,2014)

12 JJT7R 2y 3 5% B M B ToUJon ek B oy g 4 3%
Mgk, & 12 AT %0, B 85 AT () 4 2 5L B0 A R
0.150 2 Hz, ®F m P oh 8R4 0. 251 5 Hz; £
o 1R 1) i By i R 5L R 8 0. 150 2 Hz, 18 7] 4 3
R Z K 0. 241 7 Ha.

AT HG A R 6 & 55X P Bt 42 it 58 12
& BT B ) Rt AT A R IT At T RIS 4



22 IR K 2240 A BR2E D

2017 4F

>R Fi1 23 8] 52 B ST AR DL R R SR T 23 [ AT S TR
AR SRt T Ao 28 % A e A oA 2 SR P DR BT AT R
. A ARG B S TR 6 b [ 2 0
GEZ IR 25, 32 5 B 9 it AR B S 3 71
FEtE o s . i 3% 5 a0 IR S R A H — B
PRIEERIR Ty 0. 138 9 Hz, B B 2 45 % 3y 0. 250 3
Hz, 3 BB R BHE IR 0 0. 353 3 Hz.

x 10° x 10°
1.5 3
L0 freq1=0.15015Hz 9 freq1=0.25146Hz
g 5
g0.5 =1 !
% 0.5 Lo % 0.5 10
s @ T 1) (b) TR
x 10
L5 0.2
Lo Teat=0.15015Hz freq1=0.2417Hz
g ' go.l
0.5 \
ol : 0t
0 0.5 1.0 0 0.5 1.0
$i% Hz P /Hz
(0) R (d) T4k

B 12 Rk E 2 F %6008 50 i &
Fig. 12 Frequency-amplitude curves of acceleration
power spectrum of deck and pylon top

RS CHEWNEHRZEREIR RERFNAFEINER
Tab.5 Dynamic features of the bridge with pylon No. 6 after
casting of No. 12 # segment deck

5 Tk R A W%/ Ha
1 N3 0.1389
2 R 0.250 3
3 AR 0.353 3
1 TR B RO R 0.477 1
5 ER—BX R 0.736 3
6 LR RNE 0.993 1

HIE] 12 53 5 "L 6 = B0 AR Rt T 5¢ 12 #
BB AR R A I T2 22 5% 1) IR 3l i 7 o A R 5
AR DO 170 4% 1 i S 7 B8R 24 2 0. 150 2 He,
FOIZOR AW R A B R B 25 R K 8. 1005
TR iR Bl L O R 0 0. 241 7 Hz, 35 TOURK 1] 4R 3y o2
HUFAN 0. 251 5 Haz, S5 ATFEE R 1) 0 25 00 5 45 2R
BONHEIT. S ZE SRR -6 £ Biil T.5¢ 12 % BREO 78
RIRAE T 75 SR A5 A AR Mg 7 2 B A B AR 257 LA e
R AR R 2l s AR G B It U 45 R Bl e S
{H5 A RO Hras 3w & Bt

4 & it
AAE 2 (9 5 A B 0 ARAE . JF R T 1L XU IE

SR 5 it S 87 XU P L5 XS 8l i o 52 3
WS A AT EEE5E

1) SZ 2% 1 DX 3t T 7% T o JEE Ak DXL XL ) 945 A7 il
LT A7 AE — RE I AN 3 B34 5 RO 025 XU AL
W o XA A8 A 55K 5 T =5 AU g Wi s XL A
AL,

2) Bt T AE R AR T 75 B 45 4 JRUHIR i
EE RPN BRI R R 2.

3R it T 25 A R R S5 A PR
JLOr BT AR W) A

2% Uk

[1] WOOD N. Wind flow over complex terrain; A historical perspective
and the prospect for large-eddy modeling[ ] ]. Boundary-Layer Meteor-
ology, 2000,96:11—32.

[2] MOUZAKIS F, MORFIADAKIS E, DELLAPORTAS P. Fatigue
loading parameter identification of a wind turbine operation in complex
terrain[J ]. Journal of Wind Engineering and Industrial Aerodynam-
ics,1999,82(1/3) :69—88.

(3] RENAT REOP Z2 MG 55, 52 ALt i 2 5 KRR 23 A 0. <%

24 ,2009,67(3) :452—460.
SONG Lili, WU Zhanping, QIN Peng, et al. An analysis of the
characteristics of strong winds in the surface layer over a complex ter-
rain[J]. Acta Meteorologica Sinica,2009,67(3) ;452 —460. (In Chi-
nese)

CAT DRk AR A MRAR %, 0 I V] e 25 KA A9 A7 JXU 198 s A4 52 U

AABELI . A E A B2EAR . 2010,23(3) (42— 47,
PANG Jiabin, SONG Jinzhong, LIN Zhixing. Field measurement a-
nalysis of wind turbulence characteristics of Sidu River Valley Bridge
site[ J]. China Journal of Highway and Transport , 2010,23(3):42—
47. (In Chinese)

(5] ZUKAR . B R ZR5E 5 A6 IR DIWEAT IX K BE AR 09 52 5 XU A 11

(], VY 1 5838 K 241, 2010,45(2) : 167 —173.
LI Yongle, TANG Kang, CAI Xiantang, et al. Integrated wind
speed standard for long-span bridges over deep-cutting gorge[ ] ].
Journal of Southwest Jiaotong University, 2010,45(2): 167 —173.
(In Chinese)

[6] BIETRY J, DELAUNAY D, CONTI E. Comparison of full-scale
measurement and computation of wind effects on a cable-stayed bridge
[J]. Journal of Wind Engineering and Industrial Aerodynamics,
1995,57(2/3) :225—235.

[7] LAROSE G L, ZASSO A, MELELLI S, et al. Field measurements
of the wind-induced response of a 254mhigh free-standing bridge py-
lon[J]. Journal of Wind Engineering and Industrial Aerodynamics,
1998, 74(2):891—902.

[8] FRANDSEN ] B. Simultaneous pressures and accelerations measured
full-scale on Great Belt East suspension bridge[ J]. Journal of Wind
Engineering and Industrial Aerodynamics, 2001,89(1):95—129.

[9] MACDONALD J H G. Evaluation of buffeting predictions of a cable-
stayed bridge from full-scale measurements[J]. Journal of Wind En-
gineering and Industrial Aerodynamics, 2003, 91 (12/15); 1465 —
1483.

[10] BB, 22 Wi K. K5 i M G2 it 1 B B e XU g B 4 552 0 F 5

[C1/ /551 a4 E 250 KL AR 2 R 2 B8 SR, dE s, 2009575
—579.
LIAO Haili, LI Mingshui. Field measurement research of wind re-
sistance of large-span bridges during construction stages [ C]//The
Proceeding of 14th National Conference on Structural Wind Engineer-
ing. Beijing, 2009:575—579. (In Chinese)

[11] SIRINGORINGO D M, FUJINO Y. Observed along-wind vibration
on structural engineering and construction[J]. Procedia Engineering.,
2011,14:2358—2365.

[12] SIRINGORINGO D M, FUJINO Y. Observed along-wind vibration
of a suspension bridge tower[ ] ]. Journal of Wind Engineering and In-
dustrial Aerodynamics, 2012,103(1):107—121.

[13] BEMEG. 52 2% 11 DX g 1 2 3 M AT 1o KU A % 4 5l e iz 5 0

(D] K Vb W g K 2 AR TR 2B . 2015:41—58.
JTA Yaguang. Field measurements of wind characteristics in complex
terrain and wind-induced response of multi-pylon cable-stayed bridge
[D]. Changsha: College of Civil Engineering, Hunan University,
2015:41—58. (In Chinese)



