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Static and dynamic properties of three-tower suspension bridge and
structural type selection of mid-tower

LIANG Peng', WU Xiang-nan', LI Wan-heng®, XU Yue'
(1. Key Laboratory for Highway Bridge and Tunnel of Shaanxi Province, Chang an University, Xi an 710064,
Shaanxi, China; 2. Research Institute of Highway of Ministry of Transport, Beijing 100088, China)

Abstract: In order to discuss the static and dynamic properties differences between three-tower
and two-tower suspension bridges, and select the rational structure type of mid-tower, based on
the Taizhou Yangize River Bridge, the 3D space finite element models of two-tower suspension
bridge and three-tower suspension bridges with concrete mid-tower and steel mid-tower were set
up by finite displacement theory and the static and seismal effects were analyzed under various
structural parameters. A nalysis result shows that compared with two-tower suspension bridge,
because the mid-tower is lack of effective restraints from side cables, three-tower suspension
bridge has lower total stiffness, lower natural frequency and larger deflection-to-span ratio of
main girder. Under vehicle loads, the anti-slipping safety factor between main cable and saddle,
the forces of mid-tower and the deflection-to-span ratio of main girder are not important for two-
tower suspension bridge, but become controlling indices for three-tower suspension bridge. The
indices are related to the anti-pushing rigidity of mid-tower, but have incompatible demands for
the rigidity. Under vehicle loads, when the steel mid-tower with upside-down Y shape is

selected, the anti-slipping safety factor between main cable and saddle of mid-tower is 2 17, the
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maximum stress of mid-tower is 182 M Pa, the deflection-to-span ratio of main girder is 1/210,
and they meet correlative demands. Obviously, due to the application of steel mid-tower, the
indices are rationally considered, the stiffness optimization of components and cable system is
achieved, so, itis an appropriate structure for mid-tower. 9 tabs, 7 figs, 13 refs.
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structural ty pe selection of mid-tower; finite element analysis; anti-slipping safety factor between
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1
Tab. 1 Displacements of main girders under vehicle loads
( ) ( )
/m 1.449 2.756 3.712 5.099 3.877 5.183
/m 0.562 1. 071 1.228
1. 00 1. 00 2.56 1.85 2.68 1. 88
1. 00 1.91 2.19
( )~ ( ) ,
C ) | ,
2 68.1.88 219 ; 2 [
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s s 5, Fig. 6 Relationships between deflection-to-span ratios

Fig.5 Deformm ations of main girder and main cable under
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live load on single span
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1/250 ~ 1/300”

1/220,

.o

and vertical angles of main girders

0. 02 rad,
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Tab. 2 Forces and displacements of towers

wder vehicle loads

( ) ( )
/m |0.196 |0.188 | 2.105 | 0. 186 | 2.356
/
(MN * m) 237 | 231 | 2460 | 229 |2 848
1.00 | 0.96 [10.74 | 0.95 | 12.02
1.00 | 0.97 [10.38 | 0.97 | 12.02
2 2 2
N 10~ 12
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. Tab. 5 Forces and displacements of main girders under lateral wind
2 ’
, ( )
) )
2.17.
/m 1.208 | 0.677 | 0.792
Tab. 3  Anti-slipping safety factors between main /(MN “ m) 376 285 305
cables and saddles /(MN ° m) 541 593
( ) ( ) 1. 00 0.56 0. 66
1.00 0.76 0. 81
34.47 | 11.80 | 2.15 11. 85 2.17 1. 44 1.58
” H 6 2 2 ( )
) ) 94 %,
. .2 ( 195 .
)3 (I.LA. ) 6 ; \
s [13 2 . ( ,
. s . 176 .
3.2 6
Tab. 6 Forces and displacements of towers under lateral wind
—1
402m-°s , , « ( )|« )
»(JTG/T D60-01—2004) ,
[12 A /m 0.116(0.109]0. 139 (0. 1090. 227
4 /(MN °m)| 131 | 126 | 205 | 126 | 231
2 2 2
( ) R 1.00 | 0.94 [ 1.20 [ 0.94 | 1.95
, 126.130 ; 1.00 |1 0.96 | 1.56 | 0.96 | 1.76
s 14 63 .
4 4
Tab. 4 Displacements of girders and towers under longitudinal wind
2
( ) ( )
, 7
| | 7
/m | 0.247 0.362 0.312 1 7 7 , .
/m 0.016 | 0. 021 | 0.244 | 0. 020 | 0.234
1. 00 1. 47 1.26 (1) 1
1.00 | 1.30 | 1525 | 1.30 | 14. 63 , Q 071 Hz;
5 , , 1 , Q 067 Hz.
, (2) ) 1
2 2
° 2
( ) 1 SN Q 85.
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7
Tab. 7 Natural vibration characteristics of structures
( ) (
/Hz /Hz /Hz
1 0. 071 1 0.063 1 0. 067 1
2 0.079 1 0.071 1 0. 070 1
3 0.118 2 0.087 2 0. 092 1
4 0. 148 1 0.095 1 0. 095 2
5 0. 200 2 0.116 1 0.117 1
6 0.226 1 0.118 3 0. 136 3
0.382 1 0.319 1 0. 286 1
0.327 1 0.329 1 0.330 1
E— e
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Fig. 7 Main first order vibration modes of two-tower suspension bridge and three-tow er suspension bridge with steel mid-tower
Q 31.0 75. 8
( 3) Tab. 8 Horizontal displacements under earthquake
) ( ) (O]
, ( ) , /m 1. 181 1.237 0. 865
. /m 0.074 0.091 0. 135
/m 0. 831 0.713
S 1. 00 1.05 0.73
8.9 3 . 8.9 1. 00 1.23 1.82
, , ( ) . 11.23 9. 64
1. 82.9 64 ( ) o
) 1 23. . )
223 . 2 17,
, ( ) 182 M Pa, 1/210 .
( ) i > ] “ 7 3
70%  85%, .
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Tab. 9 Forces under earthquake [J. , 2009, 26( 4) : 49-53.

( ) ( ) 70 U Ke-guan, WANG Hao, LIANG Shuting. Influences of
central buckles on dynamic behaviors of triple-tower suspen-
sion bridge[ J] . Journal of Architecture and Civil Engineer

/MN 50.8 | 52.0 | 46.1 | 65.3 | 25.1 ing, 2009, 26(4): 49-53. (in Chinese)
/MN 10.5| 10.2 | 13.0 | 14.5 8.6 [ 6] [D].
/(MN°m) | 472 | 435 [1240 | 580 |1 052 »2007.
Lool 1.02 | 0.91 .29 | 0.49 WANG Ping. The study on the static and dynamic perform-
ance of multi-tower continuous suspension bridgd D] .
1.00 | 0.97 | 1.24 | 1.38 | 0.82
Chengdu: Southwest Jiaotong University, 2007. (in Chinese)
1.00 | 0.92 | 2.63 | 1.23 | 2.23 [ 7] , . (. ,
2008(11): 67-71.
6 ZHANG Xin-jun, ZHAO Xiao-ping. A study on wind stahility
of three-tower suspension bridgeq J] . Highway, 2008(11):
( 1) ’ 67-71. (in Chinese)
. : [ 8] S
. 10~12 R [J. ,2008,27(9) : 105-110.

(2) , . . DENG Yulin, PENG Tian-bo, LI Jian-zhong, et al. Study
on dy namic characteristic and aseismic performance of a long-
span triple-tower suspension bridge[ J] . Journal of Vibration

? ? and Shock, 2008, 27(9): 105110. (in Chinese)
; [ 9] .
o [J. ,2008( 1): 37-40.
(3) “ o . YANG Jin, XU Gongyi, HAN Dazhang, et al. Overall
. , . design and structural type selection of three-tower and two-

(4) ;
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