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Summary

The dynamic earthquake analysis of plane cable-stayed bridge structures was formulated
and implemented into a computer program which analyzes plane cable-stayed bridge structu-
res subjected to initial cable tensions, member dead and live loads and seismic loads.

Cable-stayed bridges were modelled as multi-degrees of freedom systems with lumped-
mass. Various earthquake responses such as dynamic deflection, bending moment, shear
force and cable tension were investigated by the dynamic analyses in the form of the time
history analysis.

The time history analysis was based on the mode superposition method.

The study revealed that Fan-1 type cable-syayed: bridges is generally superior to other
types for the earthquake proof even though aspects of deflection and section force of each
type presents respective advantages and disadvantages

The study provided a method to design the sections of cable-stayed bridges under seismic
loads with various design parameters related to structural types.

The study is expected to be useful for effective design of cable-stayed bridges with conside-
ration of earthquake.
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—107—



BEBTEEI $£36% F15 19944 37

1.0 2.0 30 4.0 5.0 sec

Fig. 3. Accelerogram from El Centro earth-
quake, May 18, 1940(NS component)
[ X0.63m/sec?]

o Apgae] Z4zhel o gk YT AL

2c A @ Duhamel B0l 93 EE Z‘:‘l
rtEE AL, Jo aag A4k, 4 A9
Plotting2] Wl7kA2 F#3t4ch. El Centro Hl
oleh= e sdz T dHsATh

Read structure data
{Support joint, El Centro data)

Lumped Mass matrix

[ Influence lines of deflection }

13

Eigenvalue,
Natura) cxrcu)ar freguency,
Aatural period
Natura! frequency,
Eigenvector

T

R?sgonse absolute acceleration
8siS courdmale system by
integration

I

absolute acceleration
of general coordmale system

¥
Read structure data
Joint coordinates, Elasncny coefficient,
Cross section, Joint number of wmass point

[N
K.
| 1 T
Inf. lines of Inf, lines of| [Inf.lines of inf, llnes of
cable tension shear force| |bending moment deflec

o8
a

P

Tme—hlslorlesJ Tune his or:esJ Time-histories Tme-hxstorles

cable tension shear force ||bending moment deflection
I I
Max i m Iax Maxipum Max i mum
cable lension shear force bending moment defiection
diagram, diagram, diagranm, diagr:
1 1 I 1
Plotting | [ Plotting | [ Plotting | Plotting |
L I 1

Fig. 4. Flow chart for dynamic earthquake
analysis

2. UEH AT

Fig. 5 Z2age4 5de] 4% #rg
RESERCY

Joint coordinates,

Elasticity coefficient, Mass,
—— Cross section Joint support
® jin s, jdm
El centro data
Inf. deflection *¢lc
< ®_jid
s jdd
{Time histories of abso-
Inf, bending moment 7 lute acceleraticn », tav
S = jin —
3, jup

Duhagel integtaticn
of acceleration #,y2d

Inf. shear force
— *_ jis

%, jss | Eigenvector of mass-
points s eig

Inf. cable tension

— * jit F4 Maximum response abs-
= jtt solute acceler. 2 myz
— Eigenvalue, mode shape

]' l %, eut

Time histories Maximum section
of deflection, bending! |force * max
moment, shear force,
cable tension

Fig. 5. Entity Relationships Diagram

3. EAENY BE2c

Goll M o) XA Alte] o3 Ao
7}zre] ®¥e) g LRHIFFIE ANE,

145718 7€ & Aok ®£@ w44 3,

DHREZF TN, 23 AHY FLE 1A
A 2324 o THF7IY AHEETE PR
th. Fig. 4 2479 AP 2 g 4
Z#71% JehlH, Radiating-13-2 FH 104
1.063seco] 3L Radiating-2%-2 1.497sec, Fan-1%
< 1.289sec, Fan2 ¥ 16095eci"1 Fan-2
o) nf{FAE M ZA Jdehhd, LA
r91 A3 89 A+ Fan-1% o] 0.2915eci/\1 7V
At 31H43%4(Natural frequency) ¥ Radia-
ting-182 A3 234 37.85hz, Radiating-2%
& 36.02hz, Fan-13 < 31.26hz, Fan-28-2 31.03

~108—



#HEES MERTE A3 BN 2% HR

hzS & Radiating-13°] 78 =4 vebud,
22 glo] BojA RE Ho| EA ek

4zt REPAL FxY A wt 1 ¥
< gasin, diraoez Aoy A 3
FRTo 9%g Wi, gee aae AgR
=9 982 Wi Aoz Jeh} AMgae A
49 AFREE 183l MAskE o] vt
ZA st Al HA

(sec)

1.64=

e T,\\ —#— Raciating-1 type |
8 .\? — | — Raciating-2 type

1.2 '\-_‘-,)\ —X— Fan-1 type ]
1 .\Kﬁ —{3— Fan-2 type —

5

08 RZ

061X

04 B

02 \‘\%._.___t

0 - :
123456 78 910111213141516171819 20 212223(th)

Fig. 6. Natural period of the structural types
[sec]

4, BE REIMERE

&2 2F YA e $HEUE
=9 34 Ao|t}, Radiating-18-& Aol 9
24 894 2.187m/sec’(2.80sec). Ra-
diating-28 & 1.939m/sec*(4.97sec), Fan-13<
1.165m/sec’(2.54sec), Fan-28-& 8.022e-01m/
sec?(2.79sec) .2 JElgt). 28} Fan-1 8¢
8.022e-01m/sec?(2.79sec) 0.2 VEMGT), 1En}

F%9

0.03 .
0.02 NO. point 10.

001
0.0
-0.01
-0.02

-0.03
(m)
Maximum -1.780e-02(4.45 sec).

1.0 20 30 4.0 5.0 sec

Fan-1 38 Aojrl9 FEANA (A3 1,15) 199
m/sec’(2.69sec) ©] T, Fan-2¥L  2.140m/sec’
(2.69sec) 24, Fan-1, 282 AolgjolH = AH
guch A 115914 o =k, Radiating-18&
AA 115904 1.786m/sec?(4.37sec), Radiating-
282 AR 11594 1.829m/sec’(3.24sec) A
AH sk HA ey,

B e B 29U AH 17, 2194
Radiating-1%8, Radiating-2%, Fan-2¥<& 3A
Yeh}al, Fan-1l 32 B9 S oleidl 24
1694 Fgr} ZA JEHT

gebs Aojuish ebslel Al @ Fuhrhs
=& 74zt 397470A Radiating-13 ] 743
AA verstr.

V. &X BEH ¥ BE-BE iR
1. #WERXR &X BE My

Fig. 7, 8, 9, 10& A-XAY THFHE
Jelz Uth. Raditing- 138 Aoty &4
oA 1,780cm(4.45sec), Radiating-28%= o]
9] Yol A 1.282cm(4.98sec) 24 71 A
veldth, 28y Fan-13S Aoty YR
the F A7 No. 2, 1894 0.872cm(2.69sec)
24, FUolA 2 0.812cm(2.54sec) R}k AA
vebdtl, Fan-23 % No. 2, 18914 1.064cm(3.5
sec)ZA %9 0.709cm(2.56sec) RHr} A
Uehd,

E} 9]l A& Radiating-18-& No. 24, 29°4
0.423cm(4.90sec), Radiating-28-2 No. 22, 27

882 NO. point 24.
0.01
0.0 ™ P P
-0.01
-0.02
-0.03
(m)

Maximum 4.233e-03(4.90 sec).

1.0 2.0 3.0 4.0 5.0 sec

Fig. 7. Time histories of response deflection on the Radiating-1 typelm]

—109—



WEE TR H36% F15 19944 3A

o A 0.369cm(4.22sec), Fan-13& No. 22, 27
o) A 0.320cm(2.55sec), Fan-2%-& No. 22, 27
oA 0.370cm(3.08sec) 2A] Ut o2 €}
He B9 F9oA Zzhe Fox HAA7t
w3, Radiating-138-2 B} 9] Eeox HA
9] HY 7t Jebdh elg)olA Fan-18°] A
e A7t 73 FA Jebd

0.03

0.02 NO. point 10.
0.01
00 /\V/\ Aon N
-001 N/ V V'V V\
-0.02
-0.03
(m)
Maximum -1.282e-02(4.98 sec).
10 20 3.0 4.0 5.0 sec
0.03 A
0.02 NO. point 22.
0.01
0.0 e S A A AR A A A
-0.01
-0.02
-0.03
(m) .
Maximum -3.693e-03(4.22 sec).

1.0 20 3.0 40 5.0 sec

Fig. 8. Time histories of response deflection
on the Radiating-2 type[m]

0.03

0.02 NO. point 2.

0.01

00 A ANAAL—
-0.01

-0.02

-0.03

(m)

Maximum 8.724e-03(2.69 sec).

1.0 2.0 3.0 4.0 5.0 sec

0.03
0.02
0.01

NO. point 22.

-0.01
~0.02
-0.03

(m)
Maximum -3.199e-03(2.55 sec).

1.0 20 3.0 4.0 5.0sec

Fig. 9. Time histories of response deflection
on the Fan-1 type[m]

001 0. point 2.
0.01 .
-0.01
-0.02
-0.03
(m)

Maximum 1.064e-02(3.50 sec).

10 2.0 30 4.0 5.0 sec

%3 | No. point 22.
0.01
0.0 e
-0.01
-0.02
-0.03
(m)

Maximum 3,699e-03(3.08 sec).

1.0 2.0 3.0 4.0 5.0 sec

Fig. 10. Time histories of response deflec-
tion on the Fan-2 type[m]

gaty el o9 9 Ae) Agole
Fan-180] Atish BslolN wlash & o F
zHo 2 wFsta Az

2. BEBRAR &KX BE EzUE

Fig. 11, 12, 13, 14 APgn 9] 7t 32 § 49|
N3 A-FRRES $9 FAS Yehli
et

Radiating-182 Aot FdolA 3388t
m(2.80sec), Radiating-2 @x= Aol Fel
A 4362t - m(4.97sec) 24 7V ZA) Jehdt),
Iy Fan-13& Aod 9 FdrEvde & 4
7t9]. No. 2, 18914 2742t - m(2.69sec) 2 A,
Zo}ol Al e] 237.0t - m(253sec) Br} A vhe}
dt}, Fan-23 % No. 2, 18914 393.2t - m(3.50
sec) A 299 167.4t - m(2.53sec) Bt ZA
YEpdh,

E}Jol A& Radiating-138-2 No. 22, 25941
127.6t - m(4.22sec), Radiating-28-2 No. 20,
259 4] 123.3t - m(4.22sec) 2 EYH, Fan-1
3.2 No. 20, 2594 109.5t - m(2.56sec), Fan-
28 % No. 20, 25914 115.6t - m(3.08sec) Z A1
AA Jebdtr, g0l A Radiating-13 ] €]

—110—



RIRES] WRRETE AT BN #8 R

400 | NO. point 10. 400 | NO. point 2.
300 300
200 200
100 100
0 0
-100 -100
-200 -200
-300 -300
-400 -400 .
(tm)| Maximum 3.388e+02(2.80 sec). (tm) | Maximum 2742 e+02(2.69 sec).
1.0 20 3.0 40 5.0 sec 1.0 20 3.0 4.0 5.0 sec
400| NO. point 20. 400 | NO. point 20.
300 300
200 200
100 100
0 0 P\ /\\ A.VJ“\ v L'V\\
-100 -100 VALY W
-200 -200
-300 -300
-400 -400
(tm)| Maximum 1276e+02(4.22 sec). (tm){ Maximum 1.095e+02 (256 sec).
1.0 2.0 30 4.0 5.0 sec 10 2.0 3.0 40 5.0 sec
Fig. 11. Time histories of response bending Fig. 13. Time histories of response bending
moment on the Radiating-1 type moment on the Fan-1 typelt.m]
type [t.m]
400} NO. point 2.
: 300
400
NO. point 10. 200

200 100

Y B /\/\f\v/\l\.\ 10
STVUTI Y E

-300 -400
(tm)| Maximum 3.932¢+02(3.50sec)

-400
(tm) | Maximum -4.362e+02(4.97 sec). 1.0 20 30 40 5.0 sec

10 2.0 3.0 4.0 5.0 sec 400

NO. point 20.
300
400 | NO. point 10. 200
300 100

200 0 o A Aﬂ‘s‘sl:nl\

100 -100
0 ——J%AV-AWAVAVDVBVAVAV%DV&I\— -200

=100 -300

-200

-400
4338 (tm)| Maximum -1.156e+02(3.08 sec).
(tm)| Maximumc 1.233e+02(4.22 sec). 1.0 2.0 3.0 4.0 5.0 sec
1.0 2.0 3.0 4.0 50sec Fig. 14. Time histories of response bending

Fig. 12. Time histories of response bending moment on the Fan-2 typeltm]

moment on the Radiating-2 type

type [tm] mebd Qo] g 7 YRAES 9
3

£ Fan-130°] Aoltist gsjol4 2zt
AYANA 74 =2A et Fan1¥e) Ho  GlEs # 9 F2I02 wygFstdn AR
A7k g Ao, .

tlo

—111—



BEETB e #36% F155 19944 35

3. BEMRY BA BE NCH Radiating-18-& ﬂoir:isﬂ 2} ol A 7.65t(2.80
Fig. 15, 16, 17, 188 Algse . sec), Radiating-2 B2 #ojt| 9] Sl A 6.79t
=%
. P B REG g ea g, 29 % duee
Aol h3 A|-AeHE ] S/ F4E Yehlx L s
- Radiating- 182 No. 1914 19.31t(4.90sec) ©|
) ), Radiating-28-2 No. 9ol 20.72t(4.98sec)
- ©] NO. point 1. gg NO. point 1.
30 20
20 o

i’ e Na o p 8 e APA A
1 NAAAVARVARY 0

E
~ -40
40 (t) | Maximum 1.073e+01(3.54 sec).

® Maximum -1.931e+01(4.90 sec).

1.0 2.0 30 4.0 5.0 sec

1.0 20 30 4.0 5.0 sec

40 | NO. point 20. gg NO. point 24.

30

20 20

10 10

0

0 AN AR AP AR AR — O A A A
-10 10
-20 -20
- -30

30
-40 -40 .
) | Maximum -7.261e+00(4.22 sec). (0 | Maximum -8.18le+00(2.95 sec).

10 20 3.0 4.0 50 sec 1.0 2.0 30 40 5.0 sec

Fig. 17. Time histories of response shear fo-

Fig. 15. Time histories of response shear fo-
rce on the Fan-1 type[t]

rce on the Radiating-1 typelt]
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Fig. 18. Time histories of response shear fo-

Fig. 16. Time histories of response shear fo-
rce on the Fan-2 type[t]

rce on the Radiating-2 type[t]
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Fig. 19. Time histories of response cable te-
nsion on the Radiating-1 typelt]
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Fig. 20. Time histories of response cable te-
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Fig. 21. Time histories of response cable te-
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Fig. 22. Time histories of response cable te-
nsion on the Fan-2 typelt]
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