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Effects of Flexural Rigidity of Center Tower in Four-Span
Suspension Bridges

ABSTRACT

For simple and accurate analysis for behaviors of multi-span suspension bridges which are expected to be frequently constructed as
strait-crossing bridges, the deflection theory as the peculiar theory of a suspension bridge can be applied. This paper performs a
structural analysis for four-span suspension bridges using the deflection theory. Simply-supported beams with tension are used for
girders and the deflections of the beams due to the vertical loads and moments at supports are calculated. The calculation is performed
iteratively until the deflections satisfy the compatibility equations of cables. The results of the deflection theory analysis considering
tower rigidity are compared with those of the finite element analysis for verification. Importance of the tower rigidity for four-span
suspension bridges is confirmed using various compatibility equations of the cable due to variation of the constraint conditions between
main cable and top of towers. In addition, the simple parametric analysis for variation of the center tower rigidity is performed.

Key words : Four-span suspension bridge, Deflection theory, Compatibility equation of cable, Flexural rigidity of tower, Slip safety of cable

X2

NGY mepo 24 gk E7hE A el Bzt Aol vak A eshuAE Aok s|Ajsl) slete], Aol v
] 490121 AFI0lE AP E AT 5 Ik £ AT Ae) & WHS ol 88 47T Vo] TSNS sk AT
£ 549 W den e nelsdn, JA9Y o 0 ARy mlEe] o5 thle] SIS ek, o] W7} AolEe] A3
e WET A RSN S St akadkalale) Astel lmste] WE e B wefshs Aol 2 s4e] dntE 4%
SaL, 7o)} g 7he] izl vislel] ne TR Aol AU AL ol g3le], 457 Armel o] Fo e Fa S Bl
Soirh. m 2R B4 wste] WhE ke WSl Salstel o] Whe AS shetsiain

N
>
N
E%:
k£l
v}
i)
¥
30,
v
:<)I=A
hined)
=]
o
m
rlo
i
fu)
=]
i
>
ol
>
w
oM,
&
=
oflt
L
Lo
a
Bl
il
re
J»‘
59
N
rir
-
N
)
k
o
£

* Q39 SgFStal AL T

A5 Aoid AR 3, 8k} (hoonyoo@hdec.co.kr)
x5 - AR AL ekl A8 slel wige, F-hakAl (Corresponding Author - Hanyang University - samga@hanyang.ac.kr)
Received July 2, 2013/ revised July 30, 2013/ accepted September 10, 2013

(=9

Copyright © 2014 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




437 BN FAFE DAY 9

2t Gimsing, 1998). wbx], ZFUlex=
et AlEE7] ARtk At
Aol gk A7t o sl

58kS 2R, Yoshida et al.
(2004)2 4737t AFaLe] FAO1E e Aek 21& FEdkal
A8k, dals, %ﬁ}% ol st H]—g—%’ &, AH, LA
A F vk R 1 5 = e A
Nogami et al. (2006)1— 737t A EHTS‘]"’% T2 ZAAA
HEtEE of83le] S5 9 SUTHe] HH HME AR
v} 2101, Nogami et al. (20102 4747 dg=nle] ek A%53
FIE 5A3E Pl = 58 ARSEhS 9 S35t
A% W3lE 228tk 3k Choi et al. (2013)2 H33te
AFelEs olg3te] 4741t @-’Fﬂ"ﬂ ofgk oJ3d aklE 'ﬁfﬂﬂoﬂ
T, Choi et al. (2014)& 477+ B=mo] g Wol2 FeHoe
R & Qe RS Zﬂ"& }‘ii‘:]'-
AA Hze] F742r 1km F oEzE dgalEa], 20124
=o] EfFtiule] gk
teket A7 X18E o] gkt Song et al. (2012)2 BiFia
o] v ¥ B4 e =Yd 2d 9 84t 23R
zgQ] 2ol HwEXE gt F AFE A=A
2151993, Wang et al. (2012)2 923 2 CFD sj2<
ste] eiFtiale] FYTReIA WE S skl
hang et al. (2012)& F3ka 2sfalS o]&3le] Arig}t
Az FEFHEAA] FAClE SRS,
%‘f«] Hd WSl nX= S BT
F e chete] AE7hAle] G iR e
EL-JH G ]“3‘3@4 FPEle] gar, o)2AR1 ARPIEE o8t
A7E Aok BA @ Aolth LEal o]of tigk AA %
ARBARIE BA] oA, AAIE SleixlE fekadsls] Z2a9)
< o83k WiEsM o =Y 7} FAM ThHS AAgstoiol sl s
e A7k =3o] @ FEItkFeng et al., 2012). £3], a7k
oM FOAEE TR B8S sk e o

r&
o Tf
mlo
%4
13
)
0
O

g
=
of
i)
(8]
N
uﬂ
[\9]
o
r:i
G
£l
(o
O{N

|

=i

XN o o o |
_un:?l_EL

e

4>¢L

E
Lot
g

b i
PPt ifitqiqqgd
He+Hq EAs o Ha+Hq
‘LE9|9 L

(a) Suspended Girder

M5 B2 wHEsiAe] 8 Et(Zhu et al,, 2012). wepd, SiHS
o ko wx AgAL S7HE AR oPdEs okt A
ol thet 755 A2s] sitfslar, E53F 4| HloelE Bt -golst

7 SHHL TEAE Hut IEhar e gets] s
- }sl% o] Bsitt ofE fiste], dgralel] iRk AlR-2
o] =9l xqmo];g )\}_g:?ﬂ- =1

4;

4l LA Selol, TS FIFEL P T
52 e, SN S 9 A =] Sl e
SASNE L], o] Wslr} Aolie] Hhey
w7 Tl o] SHRe Sgaibe] wEsae sl

el fekadshe] el ularste] Azl shHe Hne
AZIaL, TN W be) oz wislo] nhe it
Aol AP olgstel 43 Bl 35 Ju
58] Z95E B9 209 A nTo R, FUF
o B0 wislo] me wishae Saste] o) whE ABS
sfefalgict

vy
>
o

=3}
=

2. Y1ul0] KFOIE

2.1 Il
18881 Melanol] ofafl 3l Fg=ul 317-2] dfjdjel el #15o]
22 Moisseiff/} whsiekze] AAjd)] o]83) olg)] QE5IA] &4
we) ApEAE 3 SAPPHOE ) ALgsle] gk
Ardot2e] bRl 7PgAREe: vt Zr(Wollmann, 2001).
a) st A A7l A #53L 24 AolE FAjel
ofaiA A=k
b) GslS dejelrle] FAlolE Fde EEAelth

¢) Wolo|Re 5 Wl viste] gk 2 HjH|Elo] glo.
W, 3 ol wajA) eperh

d) oAl IE-e 27)o) 420, 5120 Ak ol 4ok
) AR Aelole] Aris Solw, 1 7o) WA
A dAsck

Ciia
Hq x 8f/L2
O

Ha+Hq ~ " Eqlg “Ha+Ha

| |
\ \
L
(b) Equivalent Simply-Supported Beam

Fig. 1. Suspended Girder And its Equivalent Beam
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Table 1. Responses of a Beam Under Axial Tension (Petersen, 1993; Rubin and Vogel, 1982)
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Fig. 5. Loads on the Top of the Center Tower
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Table 2. Model Properties for Four-Span Suspension Bridge
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Fig. 7. Six Live Load Cases (38.1 kN/m)
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L Elastic modulus 5
22 E. 2x10° MP:
Span L4 5m (Main cable) x10 a
length L, Elastic modulus s
L, 650 m (Girder) E, 2.1x10° MPa
fi Area 2
Sag of i 650 m (Main cable) A 01132 m
main cable f, 2nd moment of area 4
f 225 m (Girder) I 0.4880 m
Height of Lt 150 m . Edy 2.5x10” kN-m”
tower L % m Flexural rigidity Elo 8.4x10° kN-m2
(Tower)
Dead load d 88 KkN/m Eds 2.5x10” KN-m®
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Fig. 12. Live Loads on Three and Four Span Bridges
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