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Initial Equilibrium State Analysis of Cable Members for Preliminary
Analysis of Multi-span Suspension Bridge under Dead Load

ABSTRACT

This paper proposes a method to determine the initial equilibrium state of cable members for preliminary analysis of multi-span
suspension bridge under dead load. The proposed method is simpler and more practical than the previous methods used in other studies.
The proposed method can be applied to three-span or multi-span suspension bridges. To verify the proposed method, an three-span
model as well as four-span models such as New Millenium Bridge in Korea and Yingwuzhou Bridge in China are analyzed. In the
verification results, the initial coordinates and tensions of the members calculated by the proposed method are good agreement with
those in the previous study for the three-span model and those in the design data of New Millenium Bridge. In addition, the proposed
method gives the initial values to keep the initial configuration of Yingwuzhou Bridge.
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Fig. 1. Principle of Initial Equilibrium State Analysis
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Table 1. Model Properties for 3 Spans (Kim and Kim, 2010)

Member E(GPa) | A Im" | v (KN/m)
Main cable 196.20 0.0836 - 6.780
Hanger 127.53 0.0836 - 0.162
Girder 206.01 0.2204 0.1316 41.539

Table 2. Ordinate Results of the Main Cables

Node Number Ordinate(m) Difference
This study | Kim and Kim (2010) (%)
1(Starting) 0.0000 0.0000 -
2 2.6416 2.6192 0.000
3 5.5505 5.5365 0.847
4 8.7273 8.7134 0.253
5 12.1721 12.1606 0.159
6 15.8856 15.8758 0.095
7 19.8682 19.8603 0.062
8 24.1204 24.1144 0.040
9 28.6427 28.6386 0.025
10 33.4357 33.4334 0.014
11(Top) 38.5000 38.5000 0.007
12 34.4580 34.4583 0.000
13 30.6791 30.6793 0.001
14 27.1630 27.1631 0.000
15 23.9090 23.9092 0.000
16 20.9170 20.9171 0.001
17 18.1863 18.1864 0.001
18 15.7168 15.7169 0.000
19 13.5080 13.5081 0.000
20 11.5598 11.5599 0.000
21 9.8719 9.8719 0.000
2 8.4439 8.4440 0.000
23 7.2759 7.2760 0.001
24 6.3676 6.3676 0.001
25 5.7189 5.7189 0.000
26 5.3297 5.3297 0.001
27(sag point) 5.2000 5.2000 0.000

Table 3. Horizontal Force of the Main Cables (Unit : MN)

This study

Kim and Kim (2010)

Difference (%)

29.717

29.725

0.027

660 m

8@l16m = 128 m 32@12.625m = 404 m

8@16m =128 m

e

Y

Fig. 6. Example Model for 3 Spans (Kim and Kim, 2010)
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Table 4. Unstrained Length of the Main Cables (Unit : m)

This stud Kim and Kim Relative difference
Y (2010) %)
Side span | 133.6163 133.6177 0.001
Mainspan | 410.448 410.4479 0.000
- Hﬂp\ﬁ‘rw‘ il J e

40 - This study 1.0 <
E30 ‘o Kim and Kim (2010) 08
z Q
§ 20 — Difference gi §
817 P 022
0 ! 1 L 2l 0 2
0 128 330 532 660
Distance (m)
Fig. 7. Ordinates of The Main Cables for 3-Span Model
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Table 5. Model Properties for New Millenium Bridge (ENVICO,

2009)
Member E(GPa) | A(m) Im") | ~(&N/m)
Main cable 200 0.1160 - 8.9320
Hanger 140 0.0062 - 0.5146
Girder 210 0.5966 | 0.4879 | 46.5348
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Fig. 8. New Millenium Bridge (ENVICO, 2009)

pcail TWWTWWWWTW WHP [ i — WWW\TD\;

Main cable

- This study
-o- Design value

— Difference

R T 1 T B0
0 225 550 875 1200 1525 1750
Distance (m)
§68 r - This study — Difference 104 ~
S 64 -o- Design value 0.3 %
z 02 §
»8 60 b3 g 0-1 &,._).
E 56 1 i 1 Sy 1 0 a
0 225 550 875 1200 1525 1750
Distance (m)
Z 241 - This study — Difference 704 =
é 20k -o- Design value —0.3 S
S 8
=16 025
£ S
Z12F Xﬁ( @ Ho1 &
S 3 | ! 0 [}
0 225 550 875 1200 1525 1750

Distance (m)

Fig. 9. Ordinates, Tensions of the Main Cables and Tensions of The Hangers for New Millenium Bridge
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Table 6. Model Properties for Yingwuzhou Bridge (Chen et al.,

2013)

Member E(GPa) | A Im" | v (KN/m)
Main cable 200 2.1020 - 161.8540
Hanger 140 0.0200 - 1.6600

Girder 210 1.5630 2.091 121.9140
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Fig. 12. Deflections of the Main Cable and The Girder for Yingwuzhou
Bridge
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