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Analysis of Single-plane Cable-stayed Bridges
Subjected to Out-of-plane Deformation

MEMR BEREX> B OB OWELEY
1. BEwic :

WE. BeDBEHICED, RRBUBOL > SHBRGOBNW LI AL OREATHERED TH 2#RIE2E
BBTALO>BHMINIZ LS5, REMB LI RAHREERBLL ST 2L & BRIENOER
EERBEDTBHUEROTFATHECIRAOBNRMELBLTIS S LHNEETHD . Hic. =@
BOERXKCEAR—HE R HXOBBREENERICHT 2RENEN 20 KEBIELPT . ERBRIT
itk MR BLEERON S, FMATIR. HAEHEROFRSAT 2L L > TR N GREE
AZRBTHIBAERNRIC. BREBICECIBHERFTIHRROMBZ BT EEHEL. EERENR
EEHBEET>EERERE TS,

CHB)HREIEAEE T IBAORTE—FEAOMEL LTRIFLE > Thif@z ORENES
2HOLHRORIN, —HARIBANBEICIREDLSEEFMET S Lk & 2MABIRZ W, EEL.
BUEAKPHACS M E > TRBEIATWAI—HORYFIL Y2~ (EEEERL @IIZRLE)
EX—=TNAAOBRICEFMMELT LR BELR S, ECTARATIE. COLI3BRYFAY 28
BEFERL. FELMBELDEALTWAIHERHOBRARERENERITY X7 L4 12 lHR B, FE
HEHNBHLUARBTEBICEMED OEGERT ABEOyr -7, 2, 5, BRBXUXYFLY
2—OBENERDEOEREGL L EMEERICELIRXGHENET 5, 3 Hic. 198NV DY
CEBRINATOXHEENRE L T, SMNFRSATILI> THREEIDDEET 2 B0 L REO S
HBBEET, ERRICBT 3EMEERICECAHENZ 6 FICRRBH L EBOTS A TROMEE R
HT3,

2. BWiHik
FHRTOMTRAESC 22122603, —DRERZBOMEBERITTH 2. SITR—EBD #HIEE

EREREMEE LTEFHULL AV FLY 2 - 2R EMEBRICITHBY I RARRHEOTCLIHAS
EHEOEREOREREMA L THIMITETS. LT, CORBCREANTG L L ToEBRRSE

EhBEW, bI—OREMEBROB IR TE 2, 2HUMERFTTERERRICARONEREART S

ORM¥L., CTTREABTE R b OBBHE L LTRIEENT .

(1) WEMFTE

SlcBR<EED, UROMBLZEIFICLD —HRDVEREOTAERFEEMHET I LEZRIC. BR
26 REREMEE LTETFAAL. BFCREFZFLMXLUAMLD FRAL TW 3G R ORM IR R
WyAFLMEHWS, FHELCBWTR AL RAEEHFOTCIHACHHEDOBEROBREREA N

DEMIRAETEE - T8, OF - B - TW, OF - BF - 119,
DEMIRLFLEER - L REXE T158 HHASEERITH2BHLS

479



BTSSR SBAMNE S HOY A
WAk B2/ 3ETN)

THED. RMBITOBRBTREEOCZ D 2 ONAKEE L TORERESEE A2, 22To NESRH
HREHFOT TR HAE " r—7NVBROM[TCIWED OBEZEMN YO TEL) REERL. 2D
HAOBRE, IGACHBEE TR IMAIBHEBIZRAZLETT.,

HASWBETHEAMMECETIET 2201, BEMEAKRTHFEICS 2E58E > TREI A3 —-HD
RYFUNYa—27r—TVEAROERICTETVETIZLNRBTH A LidKicbiR~xAE, 22T, R
BROBFLIZBEINTRYFAY 22— LTEHOBRREMBR T A LTS, FHATHUTOLS
ERYFAY 2 —BROBEEBMEGTHEERT S, 3. EFTIS YV IUVBHREREELRZVHO
CLEELTRYFAY 2 —BREORMATMN (B MBI 580 R1,208408) tBLDORUFLYya2—DF
WOFEM (M1 izE i 5HMa,b,c,dOBN) LOMBEBREDLT, Kz, BrORUF Y2 —220WT
REROBEREZAML, TOEREILEEORYPAY 2 —BROBARTULBI2ORYFAY 2 ~D
RHOEMLOMBEEA LTRYFAY a—BRLLIOMASLBANOREERD 3, ERE@ 21
TLE, BEL, BSHERRABIURBEAERTRIEELIENRBULTWA, RUFL Y2 —-BRORBE
i, EAMTHECHTARIERNWT. L EORYFAY 2 ~OMEO 2225, BAOHITHIEICK

Y
MAIN GIRDER EAEI, Ely.GJ } 9 «
RIGID PLATES g of & 1 | NODE i }/9

Y

> o X Y > 91’ W\z;

{noDAL z Y

I N
PIER
(a) NUFINLYa—HEEE (b) NIFAYI—ETN (0) NYFLY2—BROWRIENL
M1 NYFLYa1-—ER?2
> (li%}z e o o A2EL o - 24EL o o JA2EL ¢ s
v o 34Ei. o - 12BLs o o o - 14E1 o - 12Ela 0 o v
a8 28] gL 1aBis
z ° 0 2EA ° 0 ° 0 o - 2EA ° ° o

A 7 e

™M 0o - 1281« ° 8B (. ° 0 0 1281 0 4E | 0 ° & w

Mo 1281, 0 0 o 2h'EA GEL, o 12Bls ° ° ° _2%-13‘4_%&0 o
Mo _ ° ° o 0 0 26 ° o ° o o - W e
X, = 24E1, ° ° o - l3Ely ° 24E 1, o ° ° 1281, ° u
Y ° _24?}- ° IQ?.I- 0 0 0 24E1. ° 127.| 0 ° v

Z. 0 o - 2EA ° ° [ 0 0 —’%—"— 0 ° ° W
MM 0 . 12E1 0 4B, ° ° 0 12€1a ° BE 1. ° ° &
M 12E1, ° ° 0 ~ZREALABL, o _ 12E1 ° ° o FMEAGEL o P
\M.:J L o 0 0 ° 0 284 o o o o 0 26450 o

column ,
s "
S T [Ko] 12 M- 1 AOBRHETH
. e ST AR »
2 s+ A [}‘h Yi, Mui, Yi, Ma=0 : SR GE

2 NYFNY1-—BEROBEAERY

480



BRITFIZ 0 3BEMEE Y o9 A
R ML 2B A6 3ET )

3
2.40__ 16€10 80=122.80 36.00 3600 4. 40 p——

] xsez.zo-ns.v]
u i
‘— _l i
¢ [ oM T 1 o

300 QUL 2,47 Wm“ - g
P ‘ R, lip. llpg llp Jwﬁl—
! mz.mJ J __ s0m 'gl.lz‘o | sPso lme.;ao 7 ""I

Po. Py
Fﬂiﬁ

Fa Pa

‘ F3() FHAFHEHEETCTIL (EXLSRED
LTIk, F—TNErOERYFAY 2 —3TORLESEL .

O:hinge

EMORMED ) OEIIZH L TR Ty 2 -2 8O TER
TELIBMARRYMMENBZ LIz 2B,

HREERSTAEROBWTERI (DQIZRLE, ZOKRE 1 —
FHAHMEL LTXOXEETMET 5L, Efiv MmO
ADKEZED ERERL LTHRDEZThERZ S ZWEDIC,

EFHiOR &R ENS, LAEXNST. S TIREMHEY—T
WBELUCEREARTFAY 2 —FhFhOMiIzEROKFICH

. P3 P
YT S HEMNOICIERICHICBERES X 5,
(2 BhmbiFE —:£i- i I
PO~2 , PS~7 o

BRmE TR, B8E (X =70, £, 5, Bl <> cable anchorage
Fhya—) OWEIEI2WT. BRABHORET 2 BHERC

HU. EhoDONRICEIIHEBNBLURAMBHEG AT

3, oz, BEMIFIY ~ZoBHORXIEFETHE T

3. RUMATRENEERLAROBER L LTHE- 2O LR LT, BHANREORBTCREREEIZD ©
BREAVIEY, SCTOBNHEINERERORRAZEHE AT I ~ZL (BBERS) 252
122 %, ELT RUYFNY 2 —-ORNBEEIZRETMLIZRIELEFEE2L S, T2bb  RYFAYa
—EROBREMARORYTFAY 2~ ARBOBMEBLORIFNAY a—ZoWTHEL, TOEHMII—-B
ERERORBBEAHNERT I LIZL o THLADRYTFNY a—BMROBEANERDZ, SDESICLT

F3(c) HRRHSIUBHHRRY

481



BRTFICBY SHAMIE s 2oy s

R M12B(VMWG63IFETNA)
@ X (Efcwent 36)
x10{tonf); A : X% (Element 66)
O: &1 (Element 65)
WY FY a—~ {Element 82)
3.0 {0 y— T (Elewent 177)
"
n
0 12.5 2.0 .5 50.0
TEATR [en/37a]
B4 BHLFSATROMIE
x10*{tonf} J
t.,
6.0 Va
3 4
% 4.0 ,/
" ® : L Hi (Elenent 17)
2.0 i A 5 (Elenent 69)
O: 1M (Elenent 65)
R FAY 2~ (Elenent 82)
0 12.5 5.0 37.5 50.0

THATH (cu/370)

4 (c) MAHAWHEFFATRBOME

x10*{tonf-u]

® : X7 (Eleaent 17)
A : XI5 (Element 66)
O: 1M (Element 65) ad
8.0 7l
Ry FALa— 2
F {Element §2) ol
s /
¥ ”
z 4.0 4
| 7
X 4
v Va
b 2.0 4 4
+ + + 4
0 12.5 5.0 ns 50.0

THATR [en/37n]

4(e) WHMTE—AY PEFFRATROMER

«t0(ton{}
1.5 ®: K (Elenent 18) I/
A ES (Elewent 66) /
!
O : KW (Elesenl 84) /
& 1.0
A
%
A
i
h
0.5
0 12.5 25.0 3.5 50.0

THATR (cn/37a]

B4 TBALAED ETEAT ROMNIE

X 10*(Lonf -n}

® : L (Elenent 16)
A ¥IG (Elewent 86)
6.0 O 51 (Element 84)

TNXR—AHGERR

25'.0 375
THAFR (cn/In]

4(d) HAMTE—AY FEFRSATROMIER

X10*{tonf-ul

® : ¥ifi (Element 13)
O : % (Elcacnt 84)
1.5
A .
[
g 1.0
[
A
7
S
0.5
0 12.% 25.0 31.5 50.0

i FELT U [en/3Tn]

HB4() ALDE—~AY FETFATROMK

482



WETFIC Y SMAMITE > HY o A
BxHk M2 (NMA63ETAH)

RKDERYFNY a~DMRADE, RVFAY a2 —OWBECRET BN EIHET 3,

3. BHER
1) 2EWERITISR

ﬁﬁﬁm&ﬂagmuﬁvxanf?»
e & § ) )
kL OBRORARMS & B 109 [k f/od 1

=77 M- (Element158)

BHEE3(QITFT, $-. HERH4L
LTENEREE LS R BATES 1.4 .

o ¥Hi (Element 17)

A EM (Elementi00)

0.58/3TRD3MM X AEE (HA M) £
SRk, CCTORERMIZEREED i.0
E2RMTIEDOLOTHD . BHRY

Iy

)
i
!
!
§
EU. E3@IERTPIRPOERI i
!
ll' 0:h-7"I(Element 178)
]
!
{
THINED SRS WEMEMICNT S » !
/
]

ﬂﬂfﬁ!’iﬁﬁb\'{b\%n
RHESBOTFATOMMIZNT 2B

i .
i
BHATILY —Z L ORK AHOMM ;
EE4 (WAE (D), EAYEALBE D, !
EH & ABE (), MABIFE—A b ‘_.d1¢—<:$::::$:::3
(D), BAMITE~AY FE(), AL 0 12.5  25.0  37.5  50.0
NE—-AYFEL)) i2RT. XBEOR THEUATE [cn/37n)
&, H4&D. HAOERIZML TR S —.
BHEdbebhh, BAOE®RICBL Tk :
BEAEERADE LB ENDI S, (P 3 HBITSH I )

#1 FERAGEOBRKEHOLEK

(2) BHRTER
(P 3 M EN @4 0.058/37m)
P 3 RHIER O T F L T R0, 052/37 R“a““b%gg“ e o - PENDEL
- . - Y L MALIN Gi

»(EAEG) OBEIEONT, SHH | s
PRXBADEMERL LT, &M NORMAL STRESS (kgf/ca?) 1 -104 18 1389
ORKEBHR. COBBOXAEN (
ERITECAREATRIRI AL oo | SIA SRS Gaties®) | — o ® -
&’)/J\éhk&?ﬁléﬂ%) d LT, ELEMENT (Ref. Fig.2) 178 17 15 100 100 158

X P — > OCATION OF THE A
“7wya ERATHREASD | gl e

UL, RYFNY 2 —0EEHF B D o |'T_ T N

SHEAR STRESS © A

BHOEREHEARTIERITKEL LS T

BN, REOHBETRHERICHEEINT

WASS 4 1HIcHTAHNEIEN (1400 kgf/cn?) IDEWENEL TWS, RYFAYa—DBEBADS 5.

TS AL65.6% L XA, MLORYFAYa—HEMRTIMNICIDETIEHARNIRM AR LNIZ N,
P3HHEROLASATRA0.52/37 (HNEE) OBAZO>WT. XFEATROMMICHT 2 EH Y

FIV~ZLDORAESHOMMERS 127 Y.

483



BRI s SHNAMELEY  HYY A
R M 2B ORMMG6 357 )

4. Bhhic

FHATHR, —HAIFRBIAALHET 3BEEHRIC, MALXWEBOETNVLLENRTY 2T 4
RRBLE, BLT. ZhOERAVWIEREBEANDGEIE LS5 2BBOTEATRE SBHMTHICE L
IRAEBHLOMEERI LA, BHOAAANDEMIZ. BIIRVFAYa—KE20TRASZEHESR
FAHBITELNWLRLLEZ AR, RUYTFAY 2 —-DEENE. Hio. RUYFAVa2a-OHITRAIZL B L

THVKEN, RYFUYa~AROWHIT MY ZRARMEOID, A= N—H NV af Y FOTIE
BRBELBTEHRPTXENBLAZV,

2. XRYPOFAIEFAEAYNHERY > ¥ —HITAC H-682/M-680HE AAWTH» Al LA (RT 3,

* BEYR o

(1] FH & - WENKE - &Ex B ERAT: YHRERREORA O N AWARKL TORIE, LR
RWWMEK, W/I0S, pp.21-31, 1980F8H.

{2] Masuda,N., Nishiwaki,T., Minagawa,M. and Kamimoto,Y. : Analysis of single-plane fan-type

cable-stayed bridges subjected to non-uniform supports settlements, Proc. of the Inter-
national Conference on Cable-Stayed Bridges, pp.176-187, Bangkok, Nov. 1987.

(3] M : AFLNNCRTIEEE (Frt7S5V), BRLRER, pp.22-26, 1985-2.

* {5z e

BEDLDIC, HRELUAEROMBER % . The Expressway and Rapid Transit Authority of
Thailand: THE BANGKOK CABLE STAYED BRIDGE; X DBIAL TRT.

16300 16300

1
.
, 3500 3300 | 3500 , 3300 , 3300 2000, l

-}
[i]
R0 ACASATAYA A PAYATAY f o URPvvvuTpUTy niika Uvuui‘u’
' s fal
T

‘ ,2000, 3300

(Raadbhaaand

]
:“ ] '
I‘ 1
A ATACAAAY Ty CAATATAA ! HALATARACARE o iTArgegrardteaiacsiararn v ayyd
y i \ - =
\d H i — ____.a . A ===
. X ! 1.!-\ d ;
T j I v .
WA NN, T l_,’.-‘ I rraixira nadl
! M
i |
\ ‘:; 1
| (3] i
.
nRLaricbBi 3 REER

8 AAYANYBEUNIOVIZE 3OS

484



ANALYSIS OF SINGLE-PLANE CABLE-STAYED BRIDGE
SUBJECTED TO OUT-OF-PLANE DEFORMATION

Nobutoshi MASUDA 1, Takeo NISHIWAKI 2, Masaru MINAGAWA 3
and Hiroyuki TAKAHASHI 4

SUMMARY

Recently, it's not improbable that there is a request to construct a
cable-stayed bridge on ill-conditioned ground such as soft clay one.
When a single-plane cable-stayed bridge with long span is going to be
constructed on soft clay, the study of influences of out-of-plane
displacements caused by supports settlements. on each members is
considered to be especially important. But so far, there is few
experimental and analytical results on the effects of out-of-plane
displacements.

In this paper, an analysis method is presented for single-plane fan-
type cable-stayed bridges which are going to be constructed on soft clay
and expected to be subjected to out-of-plane deformation due to non
uniform supports settlements. Then, the method is applied to the
analysis of a model bridge whose structural dimensions are almost as
same as those of Rama  bridge in Bangkok constructed in 1987 with as
long as 450 meters span length. Examined with emphasis are the effects
of out-of-plane rotations of towers on member forces, stresses of deck
plates and so on.

The method is composed of two parts. Firstly, the whole structure is
modelled as a frame structure within a single-plane. This is done by the
following way: Main girters, towers and piers are represented by
conventional frame elements with six degrees of freedom per each node.
Cables are represented by rod elements with three degrees of freedom per
each node, namely, three translational displacement components. For a
pair of pendel shoes a pendel shoe element is introduced which has six
degrees of freedom per each node as same as frame elements but is slight
differently derived. These elements are applied to the geometrically
nonlinear analysis method of space frames developed by the authors,
which is capable of dealing with such problems that finite rotations
occur around different axes in the three dimensional space. Thus, in-
plane and out-~of-plane behaviors are evaluated in an unified manner.
Secondly, the results are utilized to calculate stresses at specified
points in arbitrary sections of any members on the basis of thin walled
members theory.

The calculated results show that out-of-plane rotations of towers may
cause excessive stresses at several parts of a bridge even if the
rotation is not so large.
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