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Wind-resistance Performance Analysis of LLong Span Cable

Stayed Bridge Using High Performance Materials

ZHANG Zhitian", WU Tao, FANG Zhi
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to investigate the applicability of reactive powder concrete (RPC) and carbon fiber reinforced
polymer (CFRP) in long span cable-stayed bridges, two cable-stayed bridges with the same span-length, 1100m,
are designed for comparison. One is composed of steel stay cables, steel main girder, and ordinary concrete tower,
while the other is composed of CFRP cable, RPC main girder and RPC tower. Dynamic properties and wind-resist-
ant performances of the two schemes are analyzed and compared by using the finite element method. The results
show that the two schemes show insignificant differences in fundamental natural frequencies, but the flutter stabili-
ties for the RPC girder of the bridge with CFRP cable, RPC main girder and RPC tower is improved. The buffe-
ting response displacement can be much reduced when the RPC girder and CFRP stay cables are employed. Natural
frequencies of CFRP cables reach as high as 2 times of those of the steel cables. Compared with the steel cable, the
vortex-induced vibrating amplitude of CFRP cables increases. However, the amplitudes of both schemes are very

small, and hence they could have no effects on the structural safety. Rain-wind vibration amplitudes of CFRP ca-
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bles can be as low as half of those of the steel cables. Moreover, critical wind speeds of the former are higher than

the latter. In general, as far as the wind-resistant performance is concerned, RPC and CFRP can have an advantage

over the traditional 3409 steel material in applications to long span cable-stayed bridges. In view of this point, it is

feasible to apply high-performance materials, RPC and CFRP, to long span cable-stayed bridges.
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Fig. 1 General layout of the cable-stayed bridge (unit: m)
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Fig.2  The section of steel girder (unit: mm)
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Fig.3  The section of RPC girder (unit; mm)
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Fig. 4 Cable tensions of the bridge in operation
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Tab.2 Characteristics of the girder and cables
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Tab. 4 Stress of the main structure of CRR scheme
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Tab. 6 Critical flutter wind speeds

41| SSN J7 % CRR /%
2SS N 0.7 0.8
U0 R HR . 0.8 0.8
Sty 55 SN B I 20. 04 26. 89
F R /m 11.49 11.54
PrE 58 % B/m 38.4 38.4
W 2E A7 58 0/m 19.2 19.2
F X AR SR S/ He 0.533 0.548
AR BRI RGE U/ (m s s— 1) 177.2 211.5
BRBRIGE R RE Uee/(m e s 1) 99.2 135.4

22915, SSN Jr % 5 CRR 7 % 32 22 (10 B4R i
FIGE U 43518 99. 2 m/s.135. 4 m/s, 35 K
FHPER I K E 81. 8 m/s. CRR F L% SSN F %
= T 11 B i R K i
3.2 BHRMER 5

K5 AT BRI i S 40 BT AT 43 S L 3 A4S 3R
W MG R B RS R BN T 3R GR L B e N T
HRAE DA K 5 42 AL AR B e 38043 B 25 00 L AR IR
JRSONE AT 2R IR o =8 32 1 41 3l 5 i A K A
IR EERNYG.

3.2.1 HRERRGaGE D

AR Bk JT 76 b BE AR K U = 38,9 m/s, HF I
AR RGH 29 Ol 50 m/s. R AR UE MR RS
1R TR U0 A BT DL K Bl XL e . XU A R
Deodatis' " HE H 93 R k. &% B E A AR
BT R B ) » 2K MR i) Cal B 2 15)) A9 H bR
Jok 2l A 3 2 F Kaimal 3% (WL (3)) % ) H A5 ik
Bl R % E ] Panofsky % (WL (4)) , AN 2% &K1
18 AL Ta] AT S N 1)) ok sl DR A 24 . ik 3l IR

Al
nS,(n) _ 200 f (3)
(w')?  (1+50/H% "
nS,(n) 6f )

(wH)? (A +4pH%"
2 O Wk st G 43 8 08286 5 0™ SRy s R 8h B )
WBE; f=nZ/UCZ) UCZ) R BE Z Kb - 34 XU

ik sl RUERC A 0 2 B0 e L3 7.

®7 BIHRBEENSRIEE
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Tab.9 First three order natural frequencies and modal
damping ratios of the Z34 cable
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3 0.616 3. 867 0.000 8 1.481 9.303 0.002 1

WX 12) B3] SSN J7 22 F1 CRR J5 %11 7234
SRR b X RLR R = B R SRS AR BRI R
AU SR P W 55 X A D6 R AN & 9 BRoR. 234 54
BT =B IR EEZS . SSN R AERGEZ N 12.7 m/s
e 2 A 2 Sk B S 1 XU TR B4R » CRR 7 8 78 XL
2k 14 m/s WA TF b K A B 0 KU iR, TR —
B 4R 2 4 25, A ) XU s CRR O 48 97 2% XU 38
PRPR IR B SSN 7 R KR AR 7l & RA G &R 1/4
~1/2. il R 3 O L IR R A b T 92 L HL s B A
AR AL A B AR LS 2%, 7] — B A2 CRR Jr
ZHE SSN J5 R AR e AL A 2 1%

30

01 0 ll2 1 4 1I6 1I8 2I0 2I2 2I4 2|6 2I8 30
K/ (me s 1)
B9 734 FEEZN gk KEEL RNk X A

Fig. 9  Relationship between wind induced vibration
amplitude and wind speed of Z34 cable
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