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Sensitivity Analysis of Parameters of Cable-Stayed Bridges with Full Floating Spatial Frame

LIU Anging',YAN Tengfei',ZHENG Pengju',GU Yanlin' LI Jie’; WANG Qiang'

(1. China Construction Seventh Engineering Division Corp., Ltd., Zhengzhou, Henan 450000, China; 2. School of Civil Engineering,

Zhengzhou University, Zhengzhou, Henan 450001, China)

Abstract: In order to clarify the influence of design parameters on the mechanical behavior of a cable-stayed

bridge of a floating system, a finite element model of the bridge was established by using the finite element

analysis software MIDAS/Civil based on a single-tower double-cable plane steel-concrete composite beam

cable-stayed bridge with full floating spatial frame. The sensitivity of parameters such as temperature effect,

secondary dead load, and support system in the completed bridge state was analyzed and compared with the

semi-floating system of the bridge. The results show that temperature and secondary dead load have a

significant impact on the deflection and stress of the main beam. Overall, the sensitivity of the deformation and

stress of the main beam of the full floating system to various parameters is lower than that of the semi-floating

system. After the structural system is converted from full floating to semi-floating, the first-order natural

frequency increases from 0.38 Hz to 1.09 Hz, and the overall stiffness of the structure is significantly

improved. Under seismic excitation, the overall displacement of the full floating system is greater than that of

the semi-floating system, but the bending moment of the tower root structure decreases.
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Figure 1 Main Bridge Elevation(unit:cm)
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Figure 3 Deflection and stress of main beam of full floating system

or
—“1F
£
=
R 37
1=
= ,4 L
*x
4 5F
= ARFH IR C
o0 =10
7L —e—2(
——3()
-8 | | | | | | |
0 20 40 60 80 100 120 140 160 180

1 % i 5 B /m

(b) EGH AN

B4 FRFEREIRREMMA

Figure 4 Deflection and stress of main beam of semi-floating system

251
201
:
@ 151
_\X.Hg‘
s 10
H
5r HARTHR/C
—=— 10 —-20 =30
0 1 1 1 1 1 1 1 1 "
0 20 40 60 80 100 120 140 160 180
T 3= 5% i i PR 29 /m
(a) BEJE
tar AR THC
L —=—1(
12 e 20
e 10+ 30
E
B8
xR
8 or
']'H 4+
2
0 L L L L L L L L 3
0 20 40 60 80 100 120 140 160 180
T 3= 5% 0 o R 29 /m
(a) HefE
H 1l 3 7]

(1) BARTHEAE T, 0K Ebe. BN R
RV B2 3G 0, 32 SR 8 R I KN, 8 B e R R A
AT TR 1/3 85 WAL, TR e R S I R R A AR R A
LR

(2) =B Iy bt 35 B A T i 96, D9 A B A =

RBARTHIR , BRI K, 52 1% H S0 29 AR
AT, 32 5 1 45 52 B — s BRI, 51k 2 22 R A3,
R BE 5 B G S e A B AT 5 g B R
L3NS

XF LGP 3 A AT A

(1) &FEFARRE D REZ R TR EIFRE,H



% 64

X R AR R ) AR RIS A AR A R AT 171

IR AR 0 1/4 B T AR T I A AT, 5 il
HETEAR BB I AT A AT ERZ .
(2) P ELIF IR AR 85 rp 32 BN S AR BN B AR 2
e 1/3 BT, P S R R B N o T AR R R A
S ERAIL AN Sy BRI ATT 5, R EF R R &
RARW B2, B 1 o0 A I AR T 3R
(3) 2 PEPF R AR 00 T 32 R 5 /) o 3

—=— T HE I 1%
—e— U AE A I 3%
—a— E B N 5%

£ /mm

A

EXL);

0 20 40 60 80 100 120 140 160 180
7 3 L 3 e L G /m

(a) B

TR, FEGERTREFERRERARE L, HY)
T UL B AR A AR B BRI T o A EVRAR R R
JE 2R R K TR IR TR R R
32 Z“HAEHHE

T B g N 1% 3% 5%, 4 BT —
1 1E AR A 25 RS e . R O A R R R R
M BEAR R F R DL R 5.6

—=— T HE RN 1%
—e— I E 2R N 3%
—a— T HE N 5%

J1/MPa

.];j

TR %

80720 40 60 80 100 120 140 160 180

I 2 % i a8 /m
(b) ¥ /1

5 £RFHRREREENEN

Figure 5 Deflection and stress of main beam of full floating system
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Figure 6 Deflection and stress of main beam of semi-floating system
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Table 1 Natural vibration characteristics of cable-stayed bridge
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X-direction with time under Taft-X seismic wave excitation
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Figure 9 Variation of displacement of tower top in

Y-direction with time under Taft-Y seismic wave excitation
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Figure 10 Variation of displacement of main beam midspan

in X-direction with time under Taft- X seismic wave excitation
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Figure 11 Variation of displacement of main beam midspan in

Y -direction with time under Taft-Y seismic wave excitation
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Figure 12 Variation of bending moment of tower foot with

time under Taft-X seismic wave excitation

60 000

— PR R
40 000} RIS
= PEFIRR
T 20000}
Z 0
20000+
#

—40 000}

—60 000 s

0 10 20 30 40 50
i 8] /s

Bl 13 Taft-Y bR iR FTERNETERE
Figure 13 Variation of bending moment of tower foot with

time under Taft-Y seismic wave excitation

0.67 — R R
0.4} TR R
.E 0.2
2 bl N AN A LA
) LAY VAL B ARV AR Y ARV
¥ o021
Sil
% —0.4}
-0.6 : : : : ‘
0 10 20 30 40 50
s} 1] /s
El 14 Taft-XME R TERE P TIERE
Figure 14 Variation of bending moment of main beam

midspan with time under Taft-X seismic wave excitation



174 ¥ 4k

A S 2024 5

03 — REFAR
0.2 o M R

Z5HE/(KN «m)

5 [ /s

B 15 Taft-YIiEHHRM T ERERTERE
Figure 15 Variation of bending moment of main beam

midspan with time under Taft-Y seismic wave excitation

Hy & 12~15 A) 1 .

(1) DA 1) bR B T, B VR4 2R 35 I K 2
FR 25 S W AR 43 991 R 33 990 kN + m . 0.143 kN « m, 2} {2
TR R G I K 0 32 5 v A DA (B 43 314 53 320 kN e m
0.608 kN « m, 24 V537 1A 22 55 ik R 32 3 125 v 25 2 U {1
A3 50 B A4S T R AR £ 56.87 % .325.17 % . B 5 1] Hh
VR T AR S R A R B AR S R b A AR G L
TR [ AT 1) Ml 72 80 L PR 1 0 R, R PR

(2) [7) 55 Hbu 5% PSRl T, 2 3 TR 1A 2R 5 0 R 5= 22
B2 IR R R R Z R, v eI R E
PIENFERERUR B F AR T ST 25 T
KPR AR .

(3) XF LU 2 35 F0 32 R A8 G 1] R A A7 1) b 72 08
Jil R AR LA, R AR R, R R ARIIEA
= G 3E S A T 1 S B REBE L B B 32 J) AR JE AR
XFEE /NG U, Hb R A T 32 % A X A

4 %k

(1) B By 2B R TR, E R B Wi, &
QAR A 1/3 15 B % ik B2 o O SR, R e JEE 7 i
L 7 A R A B ARV AN OG5 0 1 SR N ) Bl R
AT L T 45 A, FG e 3 2 S R B b T % 0
SRR 5 8t 2 A AL A TN ) AR AT, A
IR R 2 R A B0 - G2, IV T3 o3 A S L A
F T F R, A TR R A FE 08 N ) 52 1 B R W /)
THEFERR X EEME TE2EFRRERAR

(2) PR R ERAI RN N B BEHE — e
ACHE T M0, T2 B R R N, g 72 R e K ) Kk
AAE 1/3 05 BRI s 4B 20T 2 B R R £ R A K
PN 1 MR B A S

(3) MKHC T 7 1 B B2 P 2 g F2 R + 8 A
RERNEB R, BRI Z ERIER W, R
P L A ) 2l 5 25 4 B0 0.38 Haz, SE A 1 R
JAH R 2.65 s, GARRIGE RPN 20T s 5 £
T2 95 4 3T 1 TR R 2R 5 H R AR AL L AR B 1 R A
B/, 2 B T 25 (R AE 4 28 395 1 R (] HE 4% 9
HBE B/, RKOWR B 4R = TR R R A NI R
EPE

(4) &IETFAR R AR R G A 4R AR 3 1Y
fn, 35 3] 1.09 Hz, 25 46 B R W B2 w5 T 2 TR &R 5 45
PR RIAR AL 35, 1 B R R R BN £ IR R+
F B 1 5, 2 R R R

(5) YANF 1) 1 RR Sl 2 TR AR RIS A B I
32 G i R YA 1) 0 B WA /N T A VR AR R B AT 1)
Mo RO T, b U R R R R M I B TR RS W (E R T
SRR TR R BP0 R N T
UEETEIR R L TRAR RIS T K R LB R R
KB , i1 T 4 5T 1R 2R 45 4 O 2 1 |, 45 A4 1 5%
N AR IR 2%, REA RUAE AL RE BE , U AR U s & T
TR R 0 R 5 9\ ) 43 Bh AR B R AIK T M AR B e R
(0 45 P A5, A R o T IR R R PR ERE
U, 4B R R AR PR P RE A T2 B IR R R A
58 B AN (] S AR AR 2R 06 235 ) b 728 i 7 552 i 6 4 5

S Lk :

References:

[1] ke 09 A5k, 50 5% 26, 25 . K 5 A 4 22 At A7 it T 301 45 g
SRR S BT (0], TP A2 #,2020,40(5): 70-75.
ZHANG Yahai,ZHU Bin, GUO Baosheng, et al. Structural
parametric sensitivity analysis of long-span cable-stayed
bridge with steel box-girders during construction[J].
Journal of China & Foreign Highway,2020,40(5): 70-75.

2] HHL B RLE VTIEEE R 451 S5

HURAE ST AT IFGT[I]. 2 16,2023,68(1): 187-193.
XIAO Chunming, LIAO Shengrong,ZHAO Chenguang, et
al. Sensitivity analysis of structural parameters of V-
shaped low-pylon cable-stayed bridge[J].Highway,2023,68
(1): 187-193.

[B] s W-IREELIRA R =8RSS BB
SIHT[I]. A B 5 7502 ,2022(4): 86-88,138.

GUO Huangxi. structural

Sensitivity  analysis  of

parameters of steel-concrete mixed beam three-tower



# X B AR R A AR B2 B A A M A RO M A

175

(4]

(5]

(6]

(7]

(8]

cable-stayed  bridge[J]. Highways &  Automotive
Applications,2022(4): 86-88,138.

AR, BRI s ok R B S 5 TR AR 32 B Al 4 R
ZEALRE T HT[I]. PO BE,2023,43(5) 1 148-155.

YANG Rugang, CHEN Bo, HAN Bing. Analysis of error
propagation in construction control of main beams of
large-span composite beam cable-stayed bridges[J].
Journal of China & Foreign Highway,2023,43(5):148-155.
ROGIE, A AR R B R IR 4 5 SR AR L 4 T A
T 2 B0 M AR 25 32 5 32 07 SRR 43 BT (D). TP A A B
2022,42(1):108-114.

TU Guangya, SHI Yang, ZOU Lei. Sensitivity analysis of
section parameters of steel main girder of long-span cable-
stayed bridge with steel-concrete composite girder on
mechanical behavior of main girder in completion state[J].
Journal of China & Foreign Highway, 2022, 42(1):
108-114..

KA IR B AL R A R R R RS S
BN BT 0], 28 B 5 TR,2021,37(2): 91-97.
ZHANG Feng, YAN Donghuang, CHEN Changsong.
Parameter sensitivity analysis of the long-span composite
girder cable-stayed bridge in the fini shed bridge state[J].
Journal of Transport Science and Engineering,2021,37(2):
91-97.

B IGE '  Fh AL T, AR BT OBV HE B BRI AT 2 SOOI S
Br[J]. 28 1#6.,2016,61(9): 143-148.

WU Xiaoguang, DU Shizhao, KANG Chunxia. Parameters
sensitiveness analysis of special shaped cable stayed
bridge with steel arch tower[J]. Highway, 2016, 61(9):
143-148.

JE TR SR T 5 T O TR 2 A B AR TR S B U
A3 [I]. 4 AR 42,2016,44(5): 57-61.

TANG Qi. Sensitivity analysis of construction control
parameters of steel-concrete composite girder of
Quanzhou Bay Sea-Crossing Bridge[J]. World Bridges,
2016,44(5): 57-61.

Pk BBTR XI/NAT 45 AT AL RHLAT A BE I T
KBTS EOEWBEFE (1], P AMA I, 2022,42(4) :47-52.
TONG Zhifeng, XIONG Lei, LIU Xiaoqi, et al. Study on
key design parameters of the constructional safety of the

leaning single-tower cable-stayed bridges[J]. Journal of

(10]

[11]

[12]

[13]

[14]

[15]

China & Foreign Highway,2022,42(4):47-52.

X R FA R K % 5E LRI R B R AR S U
ST, H AN A #5,2020,40(5): 76-80.

LIU Zengwu, XIN Jingzhou, ZHOU Shuixing, et al.
Analysis of parametric sensitivity of cable-stayed bridge
with shaped single tower[J]. Journal of China & Foreign
Highway,2020,40(5): 76-80.

Wi B R ER R IR G B R S BUEUR
Mo BT[] BHFH R 5 T#2,2022,22(28): 12642-12650.
YANG Mao,MIAO Changqing, WANG Xudong.Parameter
sensitivity analysis of the inclined curved single tower
hybrid girder cable-stayed bridge[J]. Science Technology
and Engineering,2022,22(28): 12642-12650.

AR K SRR S U 55 IR AR B R A 45 A
B 153 BT [J]. 83 2 $7,2020,60(7): 6-9.

ZHAO Tibo, ZHANG Wusheng, RONG Qiao, et al. Static
and dynamic analysis on extradosed cable-stayed bridge
structure  with  corrugated steel web[J].
Engineering,2020,60(7): 6-9.

SEARP B AR B S5 B A 8 IX e i) PN A B B b 5| K 2R
B9 07 ST [J]. ST B A 5 B 7 ,2016(7): 140-143,17.
Al Fuping, XU Jun, LIAO Chongqing. Scheme design of

Railway

ring road crossing north water diversion canal bridge
within Longhu of Zhengdong new district[J].Urban Roads
Bridges & Flood Control,2016(7): 140-143,17.

K SCAE R AL SCR AR BT N % I AR O RHRLAR
FE AL TE S [I]. P R R e (AR B 1), 2018,49
(7): 1793-1798.

ZHANG Wenxue, CHEN Ying, KOU Wengqi, et al.
Simplified criterion for low gravity center cable-stayed
bridge based on response spectrum[J]. Journal of Central
South University (Science and Technology), 2018, 49(7):
1793-1798.

1 B 8 BRAF A i e 55 R BE IR T A ARHRL AT 45 4 1l
T S A3 AT (7). P4 22 A SURE B K 27 2 4R (A AR B2 i),
2000,32(4): 329-333.

BAI Guoliang, SHI Qingxuan, YANG Yinghua, et al.
Analyses on seismic response of the main bridge structure
over the Weihe River in Xianyang[J]. Journal of Xi’ an
University of Architecture & Technology, 2000, 32(4):
329-333.



