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Analytical study on flutter characteristics of 4-span suspension bridge
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A multiple-span suspension bridge has been often proposed for strait crossings because of

the advantage of reducing huge intermediate anchorages. However, it has a disadvantage of

large static deflection and therefore a countermeasure was proposed such as stiffer

intermediate towers. The characteristics of the static deflection have been studied by some

researchers, however a limited number of studies on that aerodynamics have been done so

far. In this study, flutter characteristics of a 4-span suspension bridge with main span length

of 2,000 — 4,000m were investigated by flutter analysis. The results showed that its flutter

speed is lower than that of a 3-span with the same center-span length, and that the

side-span length of a 4-span suspension bridge affects the flutter speed less than that of a

3-span suspension bridge.

Key Words: Flutter analysis, 4-span suspension bridge, intermediate anchorage
F=U— N T Z o R, A BRI P T

1. X

AEMBHWITENLL EOZEM BIEIL, 3 M B E
FHEfGE ST L0, XMEEZHEITELZ LOHM
TURVAVRETE D EWVIREND, HEBAERT
Tu Yo ML LERESINTEZ. #EIEY
T, 4 BRI % & oL M AR O RN B RR S S R O BF
wFIZL-oThanTey Y =9, Fhd—2r IR
NANE, VT TV Z VRIS Rk B R AE e &
TA4RMBBBEIBRHFT SN TS, LOrLERG, %
AEBBIEPHEEOFENL L LA T WG L 72
D, WRIHTOBRRIOHB DR LD VT o VL7
L5 ERZW. FOXERE LT, W72 AR 3 SO
ATA =T VORAMEZINTZY LTWD. 20D
EORERBBBOREND, £—27 72 RAEC
R BRI R AG C ik 3 BRI MG & 2T 5 BRI
BHINWTWS., 2L, BT LA PN EOR
I, HESML ZORKREICKESEBLT
Wa. L Lans, flxiE, 77 FEECHE
WA D L 5 I 2R N KAKIEOSEE, FHEED
BT A MEE ) Z7EROISHARZ L 6N HOD,
R LA ORI THREETH D, Ly
S>T, ZOEIBRBERITIZZEBBBEO AU v MIK

RELTREL, ZEMBBOMERTT 21T 5 KT
+HchbdrEEAD.
ZEBMBICET2BEEOMAEICEHLTE> &, £
< D%, 2B B R B IS T DIk &
Wo bR E EE o TR Y, MEZEEIZHE
TR DLT A THD T SEMBESIRR S
nNa2L72%87vn =7 bTIE, XMELEXRREADN
%<, N Z MR LS ENE DO RELRE S B % D RS & A
Y S B R

UEDZ Ent, R TH, 4 BMBEERIRIC
TOBMPMEERFEERFT AL ETH. FRIT, 0L
OND R DREEFRM E A G DLETET IV REE X
BT T E—MBITIC L >T, TDT7 T v & —HkD
MEt A T o TofiER A B~ D .

2. ARBRBEOEAN BT

BEICR A2 X 50T, 4 B A8 1 R AL 70 Y e A Il
Ta Yy MK L TIEAIRBIRED 1 >TH DM,
FOREBRAEEDZD, ZHETICERAAAD 4
BEMBIEER ST, REEOICIT 3R MEDZHE
WCE->TWD. HATHE, mAXHE 1584md 4 £
MEBTHI/NEMENERINDICEEE-TND

—-658—



(K—158R).

WA, Yoshida & 13 4 BRREI RGOSR MEE MG L,
YRR 7 2 2 = 7~ AEICE L TRE 21T
TWAE . ZZTiE, 4 BREBKEOEARN 2o B g
MWERR S, MR EEE 3R - F—T
AT 5 (BETT—7NVERERD D7 — 7 VEE)
ZOFHT 5 2 & T 2,000m A0 4 BRGNS ES
HETHDLIENRINTND.

AR TIE, T ARBBEOEARN R T T v & —
B2 RS20, 3 BEBEOZN L Ok E
fTol=. ZZTiE, HRXMEL LT 2,000m, 3,000
m, 4,000m%*t&L L, 4BEBB/BBNTE2o0
PRTEEIZRC & L. £72, MIME PR
FED 12 & L. £— 1ICRE LML E 7~
RN X, MTiE 42m, Hid 4m OJEF 6 AR TdH
v, 3RMMIE, ARMBBLBICFALE L. F—7
VX, BIBRTREE 1,760MPa O &s8Er —7 v L L, FF
KISNNEDOREIITRLRRHE 22 F AW, Fio, T8
TWbwb 7 Ly TV ERE LT,

M—212 3RMAEE4BMRABOEAIREEK DL
BAEmd. K- 21280\, #llLE ChREMEE
RHLTWEHEN, M—3Zr-T Lo, #lxiE, FhX
M 2,000m D04, 3EM MG TIXEED 4,000m, 4
R RS TIZZEND 6,000m &b, FREMTOY
JHIFETDOF—RATLUI0E L. M—2 L0, 4%
f G I 3 £ BE & RIS, a URENE ) F k3
MEOWMKIC s TAMICIKTT2Z EWH 5. £z,
IEMAIEL 4 ZMBBTIE, MUPRIBETH
HE— FOBHERSBRICKREGEVNVRAOLNS. Zh
X, 4 REMETIE, PREE (ZLFUTAE) O
ADUNHIEDOEEIZLY, 3 RMABELY bHE—
REENELRLT WO EEZLND.

@: 4span lateral
O: 3span lateral
M : 4span vertical
[1: 3span vertical
A 4span torsion
A: 3span torsion

Symmetric mode

Frequency (Hz)

2000 3000
Main-span length (m)

4000

(1) PR 1EE—F

Wiz, FROFEFERIEA VT — NEIZE?
Ty R — TR EE L. 2T, BT TH
L, B, EHE—AL NESOREEEL, %
EETIRDITZEE L T, I— 4R E =T
2, 3R MG, 4 RMME L bICFREMEOEKIZ
HoT, 77 v —BREEMETL TN, BT,
[l CAHRIMETIE, 4 2BEBBEOIFI N 3 RMDE
FOHEWT T o ¥ —RRAEEE 2o TWD. 2T,
FRTAR LT K 91T 4 BB AR O XFRE — NEAG KRB
HI3IRMBBEBOZN LD BN &L BHKTH %23,
ZOZEND D 4GOI EF REV R 4 £
FMMBORERATESEEZ RTHEREE 2o TWDH I &N
B

F—1 AHWIHFE T
H H # T
B (KN/m) 191.5
WA MEE— A > (KNm*m) 30,980
FRELIITE (m*) 5.97
ACERIPE (m?*) 207.7
AU imtE (m*) 20.76

X—1

/NG P A

: 4span lateral
: 3span lateral

Anti-symmetric mode L

0.3 ©
L M 4span vertical

O

A

A

0.25 : 3span vertical
: 4span torsion
3span torsion

uerg:y (H2)
n O
(2] N

2000 3000
Main-span length (m)

4000

(2) MR L RE—F

—2 3EMMIEL 4BEMBICRT D T RIMR & EAREZROBR (HISHEL 0.5)

—659-



B—51C 3 RHIMG, 4 BREIRBEOT7 T v & —F—F
AT, W d, Alh, $EMSIEPRERICEN
THRFFE— R ER->TWND. 4 BREBBOLEIZIE, B
REGERPZ T LT2o07 T v X —F— N8N (X
—5 (2), (3)). ALIEBDIZ D IX 3RM MG L
PDOE—FBLE 2> TWDER, KEEBEDOIE ) 138 Tl
NAMMOF IR E D — XTI SR T2 7
EF—FNThote. £/, 4 ZMBB CIXNEMOREE T
— R, DI TIEH N IRBBBOZTNLY /S
W2 EnD, 4 BERBOMRERIZT 7 v & —ltxt4 2

1000 2000 2000 1000
o
N
1000 2000 1000
N
o
N
| (HUAL < m)

X — 3 3EMMIE L 4 B AR O SHIE
(h s> W] 2,000m)

-3(

(1) 3 R MG

& SHE IS W KCEEEES A: LU
X BRIE RS k1 KOEREER O: ALIEER
X — 5

FENIBEAHBLY b/ SVEF R 5.

AW TIE, FIZiR~ 7 KO ERZER I E T 7
Ty B =T EToTCnD. M—4lZrR-T 77 v & —[R
FEGEE, 4 BEBBOIZI 0 3 RMMELY HIKL,
ETFRIZMEOHKICHES TIRTF L TWAR, @mHED
ZFENZERESRVWERDZ LB HKkD. ZoZ &
B, 4 BRI GO R E 7R REEME 2T & A J5 1L THIE
T&, ZEHIEIWE AV, 4 RGO
AEt+oicdsdEL525.

70

60 F-. .. . .

50 *- .. 3-span suspension bridge
T

w
o

4-span suspension bridge

Flutter speed (m/s)
S8 8

=
o

1

3000
Main-span length (m)

0
2000

4000

M—4 3FEMMHEE 4 BH MG T RIHEKE
&7 7 v Z —RFEIE O BIFR

PEEEEPEEEEE

PR Ty “. Soum W
4. l

(3) 4 £EMImAE (A2 L)

P E 2,000mD 7T v Z—F— K

—-660—



3. ARBRBO TS v X —i&ik

4 REBBOEANRT T v & —FitEERad 57
O, fxOBESFGEEASETEET VBEERGIC
FRAT &2 i LTe. R— 2T R 2 RT3, kX
& 1% 2,000m, 3,000m, 4,000mo> 3 FEME, AL E
R ME ol T 01, 02, 0.3, 0.4, 05D 5F#
e L, PREMOY ZHIFH—LTL10 & Lz, f#
FricnWieiEe s vix, M—6 1 RTHEPEEET
& Uiz, 7eds, RN, 7—7 Voo, mifiT
RLIZBDOLFELTHS.

X — 712, HEETNVORKROEARE S LT,
(1) KFE—F, (2) $hEE—F, (3) ALLE
— K, (4) At izbirt— KoE#Kt22en 2
NART.ZNETNORIZE W T, ERITRFRE— NE,
MR IT W T — FER LTS, 2L LRk
MEOWMAKL EHICHEAGIESHEIE T LTV, Ml
FTHELEDENIL>TRIUPREHETLZLOE
EBAROOLND. 7L, KEE—RIZOWTIE, Al
FTHELROEEITIZEALERD L.

Wi, BEABRBIMITRE R E VT, ERERT) & H
WiE—REICLD 7T v ¥ —fir&2 i Lz, R
ZR— 8 (VIR T. MIZMELMN 0.1 D — AT,
finL b LR AEMB A OND. ik, ®
— TR TTEbAERINOEFREH RISV THIRA
BRoO@EmBRELN, FO—RTHDLLEEZLNDN,

Cable

C.G of deck.

Imaginary member with
¥~ deck stiffness

(1) WHEIHTE T VB A

BRIZENTIE ARV,

Katsuchi & °’, Miyata & 19 %, 3 2R HHE % x4
LT, BrxOfIXHEEkR, 7k ERTA—2EL
T, 77 v X —FMEMITL TR, MXEELRD
BRI KD 7Ty 2 —RAREDORAN AR LT
W5 (K—8 (2) 2M]). K-8 (1), (2) &b,
M ENR 0.1 0 — 2% kRE, 4 RGOS
FEOEWL, 3 Z£EABIZELICIET T v & —RAEH
B B2 N L. 2ol &, B—5I1Z
AU A RHEBEOMERIEEN 7 7 v & —IT K& <
HEHEGLTHWRWI L EHETD. b1, KM—91Z
i, PR IE 2,000m, 3,000m, 4,000m o 3 £
e ARRBMEO 7 7 v ¥ —F— Rzxrd. ik, Z
DOHBAOWEZMELIZ 05 THD. £z, PRIWME
2,000m D 4 M BIBICHOWTIE, fiE TR th
HHEE—RZ2RLTWVD. FREMENREDL-TL, 4
AR BB TOMEBIRE 0% 513 3 %M S & bl L
T/INEWZ ENBEMBEND.

F— 2 fEFTIC TR E S

H H E
PR (m) 2,000, 3,000, 4,000
1 32 i & b 0.1,0.2,0.3,0.4, 0.5
7 0.1

(2) &7 VEH R

M —6 4 &M BEOHTET Vv

—661-



Vertical mode

0l g——— Horizontal
008 b el
> I - >
£ 0.06 S g
g_ S T ..k >
S 0.04 i g
L | T I
0.02 R 0.02
O 1 1 1 1 1 1 1 1 0 [ 1 1 1 1 1 1 1 1
2000 3000 4000 2000 3000 4000
Main span length (m) Main span length (m)
1) KFEE—F (3) aAlE—F
0.3 Torsional mode ———— 35 Frequency ratio —
§n X i i
oy, o =
3 0.2 j
g =
= 2
g g ]
i 3 E‘E
L i i
0 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1
2000 3000 4000 2000 3000 4000
Main span length (m) Main span length (m)
(2) $HEE—F (4) REVELLE (A UAUEHIE)
2 &t (REFRE —F)
—a—01 —0—02 ——03 —<—04 0.5
32 B & b (ERERRE —F)
---2--01 --¢--02 ---A--03 ---x--04 0.5
B — 7 420 WAG O IR K E A TR B K
70
E E
© ©
] ]
& &
£ I & £ I £ b
= 2 =2 20 |
o -3-01 —¢-02 —A-03 (I 301 —-02 —A-03
10 1 %04 0.5 10 r %04 05
O 1 1 1 O 1 1 1
2000 4000 2000 4000

3000
Center span length (m)
(1) 4£/MmiE

M-8 HRIMENRLD IEM -

—-662-

3000
Center span length (m)

(2) 3EMME (7 1/10) @

AR BIBO 7 F v ¥ —[RBREGE



(6) 4 £EH M 4%(2,000 + 4,000 + 4,000 + 2,000m)

E W KPER
¥ AKIEREES

A: LU
O: RLIVERD

X—9

4. 77 v 7RI BEY D LBET

4 X MAEIE 3 BRI MG L 0 DRI FTEEME N R X
Wl BAESBFETRLNZO LRI, 7Ty
Z—[RFEEIZBNTH 3EMMBEL Y LIROFER L 22
Sl ZIZTE, 4 BEBEO 7 7 v ¥ —RFRE% &
AL, (1) BhrRsobRIMEOwEM, (2)
PR EZORIMEZED D, &9 2 ODOFEERF L.

3EMMME L 4 EHMED Y 7 v 4 —F—F (XKL 0.5)

(1) #E7p R HE O
BAZ2PRIMEEZH VDI ZETTY T v ¥ —[RAR
HWERD LD ET 5B, BHT— FHEOE 2 Ik
SNTNWD., BlshhIHEETLHZLT, RKEE—
RIEOZELES &2 L, REE— FMOEREE S
LI LT THD. ZZ2TiE, =105 7 2
DDNE =B E L. Thbb, XBEE 1,000+

—-663-



2,000+ 1,000+500m, 4 4500m D7 — 2 & X E
1,500+ 3,000+2,000+1,000m, &F& 7,500m® 47— Z T
HD. Zhix, PREMEIC 1,000mDEEFT, [
MEFETLIHFREIMEOIR ELEZLOTHD.
Bl—1 112, FRIZEENF L5 —2 (2,000m & 3,000
m) &&bl, BRHPRIMEDOr —ADT T v ¥ —
RAEEZ R, 77 v X —RAEEE, EARMIZIEH
BEEICHHA L TETF LT Z D, Z 2R
LTW2RWD, RIEXROZbA, R UNOEAIRKZ
R2E, PREMEBRZZBEOZNLIE, EWHD
KXW E% 2 R A RMBBOEA R L IZIZFE T T
bHole. ThoDZ E&nb, 4 REARBBDOT7 7 v Z—[R
FURE Y, AXMEICXE I TWD EE %, £id
PRI HEORAE DL, 77 v X —RAEEDN E
WCZEIIEEHEREL R0 T &S 5.

(2) I EHE OmIPEHEN
4 BERMBICBV T, q”ﬂ%azb\ODH'KEﬁ)ﬁ%$ﬁ ﬁKOD
APz RESEEL, 2L TT7 T v F—RRHIZ S E

WA EREREN TS, 22T, hREHEOm
PR 7 Z o & — RSB AT T B & AT DI RR T L
7= BRI, B3R 2,000m D 4 2214 45 (1,000
+2,000+2,000+1,000m) @R FEORMNAIE, I
WtE, R CAWIEEZ, ZNEIREELEESED0T7 T
& — RN % i L7z

M—1 2277 v #—RFEEZRT 2, 2Ltk
DEAL R b FE L, EWEME, EARIETIEE A LR

BLAWZ ENHD. ok, EEOEEIZBNTCE, @
SRV & 2 CAuRE RS B, BVICEEB LA YD, R
FricBWTixmW, molh, da CARMEEMSr ol - 7-.
L7eoT, 4BMBBOFNT-OHERBEIEH720
WICHREIN TS AT L, mARIEEZmDH & L b
WChthlEEbmD oD EB 26, 77 v X —FE
EH ESEELZ ERMEIND. B, FEMITERE
OHEEEET ML LTERAAMETH S,

! 1000 | 2000 |

(BEAT :m)

MMMMM

1500 3000

2000 1000

M—10 HpdhRIEED 4 &M

60

1,000+2,000+1,000+500m
50 <\‘1,000+2,000+2,000+1,000m

,500+3,000+2,000+1,000m

1,500+3,000+3,000+1,500m

30

Flutter speed (m/s)
5

20 1 1 1 1 1 1 1 1
4000 6000 8000
Total Length (m)

10000

m—ll4@%%ﬁ@£@é¢%i%§ﬁ7%ﬁ—

(RS R |2 - % DR 2R AL

60
_. 50 _&:7
«
£
S 40
L @ : In-plane stiffness
2 A Out-of-plane stiffness
% 30 A\ Torsional stiffness
[

20

0 2 4 6 8 10

Incremental factor of stiffness
X—12 HRIFEERMERT Ty — RS EEIC
52 R

—-664-



5. ¥

ARBFTETIE, Flix ORGSR 2 LSBT T L HE
XTI 277 v At A gL, 4 BEREDOT T v
S =R E A L B OIS RITL T O® Y Th S .
(1) FUPRZERTHRT S L, 4 BRMBBDO 7 7

v Z—[RFEE T 3BEFBFEO LN LD HIKI 5.

L LD, M7 s hoFs, 2F
NEMGERDZEND, 4 REBBORAZMER
IRMABOENLY BEL RDZENEZ LN
FLHFMT VAR ARBEICRD R EEE
25HE, ARMEBBCLEAER DD EE2 5.

(2) AERMBED 7 7 v & — R EGEL, 32 BiEL
LT, MIRREoREEZTIC W, £, 77
v H—F— NIZBWTH, 4 MmO FIRES)
IE3EMBBEIERL T, 77 v X —~DFEIN/N
S,

(3) 4 ZEBBIZBNT, B RIHEOHMLE
bEIX7 7 v F—RAREDOH LIZENIZERFS
B, RKZMER 7 7 v ¥ — R EGE % 3 LT
W5,

2) Fukuda, T.: Analysis of multispan suspension bridges, J.

3)

ST, ASCE, 102(6), pp.63-86, 1976.
Gimsing, N.J.: Cable supported bridges concept and
design, Wiley, New York, 1983.

4) Nazir, C.P.: Multispan balanced suspension bridges, J. ST,

ASCE, 112(11), pp.2512-2527, 1986.

5) Ostenfeld, K.H, Forberg, T., Astiz, M.A and Azil, F.:

Suspension bridges with multi-spans of 3500-5000m,
Proc. of IV Coloquio internacional sobre el enlace fijo del
estrecho de Gibraltar, Sevilla, pp.19-24, 1995.

6) Larsen, A., Ostenfeld, K.H. and Astiz, M.A.: Suspension

bridges with multi-spans of 3500-5000m, Proc. of IV
Coloquio internacional sobre el enlace fijo del estrecho
de Gibraltar, Sevilla, pp.99-108, 1995.

7) AR, FEJFCRA, JELEA, EREES . ZEMM

8)

W O 2 M BT D B, TR AN 61
ERFHHEEASMEE, L A%S, 1-076, pp.151-152,
2006.

Yoshida, O, Okuda, M. and Moriya, T.: Structural
characteristics and applicability of four-span suspension
bridge, J. BE, ASCE, 9(5), pp.453-463, 2004.

(4) FPEELBORUCNAINEZ®ED D Z &2 4 2L MG

D77y —RARELEDDHZEIZHRATH

5. Long-Span Suspension

B, A%IE, MR OMRE, EBERICHRl s

T 22 R SR H D TR0 Hh P 85 DA I 2 BARAYIC IR
DiATe7p Y, SIOITHEEITZ EDNEEND.

9) Katsuchi, H., Miyata, T., Yamada, H. and Seino, S.:
Fundamental Study on Aeroelastic Performance of Very

Bridge, of 9" East
Asian-Pasific Conference on Structural Engineering and
Construction, N0.262, Indonesia, 2003.

10) Miyata, T., Yamada, H., Katsuchi, H. and Suangga, M.:
Optimum  Suspension Bridge Configuration against
Flutter and Construction Cost, Proc. of the Eighth East
Asia-Pacific Conference on Structural Engineering and
Construction, No. 1225, Singapore, 2001.

(200649 H 11 H 3 £+)

Proc.

BZ 3

1) ERRE— B O ER &2 B L I S5 MG OB PN
AT OGE, LARYSWmLE, RS
No0.190, pp.11-22, 1971.

—-665-



