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Countermeasures of "rain-wind induced vibration™ of cables in cable-stayed bridges
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¥ind-tunnel tests for inclined cable with circular and polygonal
cross-section have been conducted to evaluate their characteristics

of oscillations due to wind and rain. From an aerodynamic point

of view, the stability of polygonal shape has dominated that of
circular shape, except only a few case using hexagonal type.
Especially, octagonal shows high stability among polygonal shapes
Throughout experimental results and investigation, a countermeasure
using octagonal shape, for rain-wind induced vibration in cable-stayed

bridge has been proposed.
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&5k, HEEREEEy — 7 VOERLIZIFZL
Clfce BERMOBES Yy 0EBRIEr — 7
D1/2088EE L, ZHHIEIE LT VL 32 L, Fig.1 Experimental set-up of inclined cable.

Load cell

Coil spring

Wind tunne!

Cable model
(Polyvinyl-chloride pipe}

Load cell
Coil spring

Table 1 Experimental Condition. Cable
Cable model
Material Polyvinyl-Chloride Pipe
Length 2.6 m
Diameter 0.165 m
Weight 3.9  kg/m
Natural frequency fy= 1.17 Hz
Logarithmic
. decrement &= 0.005
¥ind velocity U=0~ 25 mn/sec
gor%zon}al ar11g1e a= ﬁto
ertical angle = ; : : ; :
Seruton number e= 0.64 Fig.2 Inclination of cable against wind.
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Artificial rivulet
Cable cross section
Table 2 Experimental Cases. : *
2A )
Case 13 D s
@ WV
; i
. [«5
3. 95° E o o
s A g= 75 o© °
§ O £=85° .
ERTREE - RBREMGROMEE . Hhod] g 10r Dtsor o, 5 a4
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0 50 100

REVRET Z 00, =15 OBEHIIRGIRE
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SHORREBUT, BEEESE TR TIED Telaiontls sl o il

(FI19%) . MA L DOITE - RIEREOCHERIE with artificial rivulet attached at angle

A EREEY LHEY 3 L. RIBAERUCRER £=75°, 85° or 95° from stagnation point.

DIREE V> TR TCHUOERE T 1 ERUT

KR XIBBLEDOIE TR VL v N4 TV —v 3 ¢

M LS SN

- RBIBEEIGEICT O ARE S » e — T vz 3

U
Nondimensional velocity ﬁ
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LT ATKEEAIES £=85° BLUI°
OLEBoNTREBR VLN T L—v e YOH
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Separation point

Nondimensional amplitude

HL, BESOR~RTWS &S ic, ABHERE &Q
BIECROSBRWIEREE T/NELTBE, LA v = 85° 95° .
79 v—v3a v @%%ﬁ@—‘ﬁ T& % BE%{EEJ t 7:1 r t Angle from the stagnation point
WHIEREZBE, SEOD e <) .

’)k‘/ % &, AEORBICE TR, HIE Fig.4 Relationship between position of
FBOBBIBRETER O, L LEAHREIRL A »¥ artificial rivulet, maximun oscilation
47 Vv—va OB REBLTEY., BEHHRE amplitude and separation point.
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Co = —————
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Fig.

o

Cross section of cable

Artificial rivulet Fy
1 Fy = LotDC
‘Wind velocity =3P L
o
Angle of attack —p
Lo
Fp= i,aU DCp

Artificial rivulet

Definition of angle of attack and
various aerodynamic force on cross section
with artificial rivulets.
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b. Artificial rivulet is located at £=80° .
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c. Artificial rivulet is located at £=90° .

Fig. 6 Relationship between angle of attack
and vertical aerodynamic force.
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Table 3 Position of artificial rivulets.

Case £
1. 70°
2. 80°
3. 90°

Fig. 6 WCHIE LBy —2AOMfH - ESHEK
B Z R T o sTRIL &N TIReMIc L 2 ER
BEVWEITHD, E=T0°,90° OFA. n=
+10° fhE TR ARSI CyBE/LLLTEBY ., aCy
/0 <0EIE-TWVWBHDD, = 0° LBWT
28Cy/0n>0&B-THBD., AAO/NSREHE
TRENMECEETHSLIICEShE, F=
80° DA 7 =0° OEDOA TCyDiEH A
EELLTBY CO/MTACY/ 0 n<0&->TW
LE5THD, SSiCRIELAHOHAN
(-30° <p<30° )IBWT, 7<0° TiCy>0,
n>0° THRCy<0&ERD ., ¥~ 7 VOIRE %R
ERBEIRNABEAL. EHHNEREETH S
TEERLTWVE,

EFRUIR 2B >WCPE(LF & v %
VAR OTERILEF W 2 RTHEN T O MNER

b. Flow around surface (& =80° ,0=3.0 m/sec)

Artificial rivulet

/_Fmt_oggioin

Cable cross section

Fig. T Region of flow visualization photograph.

a. Flow around surface (&=70° ,U=3.0 m/sec)

wire (£ =90°) ]

c. Flow around surface (£=90° ,U=3.0 m/sec)

Photo 1 Flow visualization around 2-dimensional circular
cylinder with artificial rivulet.

(Mist method using TiCl.)

—1005—
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DEERKEELOHRNBEBEL W20l £=90° @%Aﬂ*%ibiﬁM@bﬂﬁ#EgoT“
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Lo LHAic s 5E, KB IcHESABEEEN S 500, KEISHEAL O DTFLTETHRE~BE T
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BRic X D ENLEEURBKELS BT I AL =X s00E2EEL NS,

3. VA N4 TLr—varyoxtf
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FHRBABET S &, RHBEESBOBSCEEL ThE | EHLEROHMNT 5 Z EBRE N,
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3.1 HAEr -7 VERIIERYT 2 ERIRK

ZHEWE Y — 7 VBERY — TN DBB 5. HO5WE LRI S ORI L TEINKEETCHH &
ARG 7.0, ARy — T AVEEIEAT 3 ES IR E R OER AW TRIE L 2o EERARRT
RHRNV+BELTH 5, Table ACEBRBERUVERCBE 2 UBOERETT . ZATKHEOES.
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WTOENFREER 2 cHic, AIET 50D E-30° ~30° & L1,

Table 4 Experimental Condition. Cy
A Hexagonal cross section L o
o Octagonal cross section 8 g
Cab}%{gtg?g:{ Wood O Decagonal cross section DDS AA
Shape of Hexagon, Octagon, ng A2
cross section Decagon 96 4
Length L= 10 m ono
Diameter D = 0 1§5 n 20 _10 9893 8,° &
Angle of attack 7= . kLY Lo 8589 oy '
¥Wind velocity U= 51015 m/sec =30 %50%% PR T
- oo A T (deg.)
Definition of attack angle and Diameter oﬂ
58 8
o Q
_ 0 i o D 0° -1.0f
P p% "

Fig. 8 Aerodynamic coefficient functioned
Hexagon Octagon Decagon by attack angle on hexagonal, octagonal
and decagonal cross section.
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BREESHENEY -7V 2WTRBEEZRAE T A7 D cHNERETE 7o B4 255058
B oWTIRERH LR 2 72D ICKEREE =0° ,20° ,40° BLUVL® KELER, a5y — 7 iR
Moo bHEOIBELHAE > BEDOIBV EER Lic. EBEMH %£Table 5IKRT, HELZ KRBT
EEENVEBRBELTHD ., 2ONEMA. REBLIVEIRMENEY -7 VERILTH 5, BHEXFHE
it Flg. LORENAERARY -7 VOBALERE L. ERRIVEFEO 1 HHEEFVTIT R -1 %
fel D& SEHROEFREHIIy=1. ITHzTH 5,

Table 5 Experimental Condition.

Cable model 2A 37 INCLINED OCTAGONAL CABLE
Material Wood 3 OWITZSU;-R,NELE,::«
Shape of Hexagon, Octagon, ] o a=207, B =45 IIII
cross section Decagon 22 N oabie
B?ggéger lﬁ : %: ?65 $ § INCLINED—CIHCYULAI;CABLE e® ..
Weifht v =39 kg/m § ., e .
ﬁaturg h1”1_'equency fy = 1.17 Bz S g% o oo
ogarithmic & . a
decrement & = 0.005 h= ¢ & o
Wind velocity ¥ =0~ 25 m/sec 2 o,{;w)_&'c'{'g T Bocos
%or‘ltzon'{al arllgle a = 2;°~45° b4 50 100
ertical angle = i ; vy ——
Seruton number gc = 064 Nondimensional velocity fy D
Method of hanging (e.g. octagon) a. Velocity and amplitude diagram of
octagonal cable on various horizontal
angle 8. (a=45°, corner hanging)
2A O Hexagonal cross section cable
D A Octagonal cross section cable
'§ 0O Decagonal cross section cable
corner hanging face hanging :é 27 ® Ciroular cross section cable lill.
g o* LR
Fig. 9 KRS AEWE Yy — 7 vicl4 2 REMRQ é " Bo. L oo
- — . - " 2 5 [ ] o
%ﬁiﬁ%§ﬂ'\“§ko Fig. 9 a. CHE> > 7-8ABEME 5 . .8.8.8 2 : Q g o ©
— 7BV, BEHRHEEZ B =45 L LI EKE 50 100
- ° ° o Lo Nondimensional velocity W
RBEZa=0°,20° ,40° BLUL® LB{bagi&
S OFEE - BHIEEMEEERL. Figd b ica=8= b. \.Ieloclty’and amp11tude'd1agram of
o L. _ various poligonal cable with the same
45° D& & D6, 8, IWAKOMEEREERT. E5IKA inclination as circular cable.
TokEg% £ =85° ORIBIED fH} 7= WEKiE Y — 7 (a=45° , B=45° , face hanging)

Mla=p=45" )ORERROSBHPICALT o TN pio g Relationship between wind velocity
SOMICREND LS CEATEHEOY — 7 VDIRE) and oscilation amplitude about inclined
RIE R IR T ORIBIC LS TRICNE WS & dspsp  Polyeonal cable.
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ZHEFCLT2D TIF3EA40 2@ Ic>WTRIE L
e, ENENDOBREORAKEERLTVS, &0
BEnsAEMEYY — 7 VOIRBIRIENSEICR/NELD
EHNHNCROIEETHDE VWAL 5,

3.3 ZAEERERY — 7 vickBi 2BEROE

ZAEHE Y — 7V BRBRNT ORIk - TR &R &
NEBEHEFARS DI, EBEORORD v IR i
2 57KE 7K S U3 S B - IRBIRIBRAGRZHIE L.
WERE EERNED 2 KEORELHE L. HE O
XEFHERFIR L 7o ALK EA A 0B ER &

a. Upper surface of inclined octagonal
cable. Wind blows from left hand side
BRE L. Bicxd 2EMEEZa=8=45" £F3 8
EWHE T — 7 VERWTEREITIE - oo

Photo.2 a.,b. ICHEEIRE EicRK & © 2 7KEE DR
ERT. BERKRICLE L, RKELEROEDS 2 KD
BrEiftiakoBeREICL > TELT 2 b0, &
KBRLTHOERCEREATWE I EDBbh T,
EHRTyr—7NVOTHEHTRED F —Hbh SIKOREKIB
CORFWVWI Edbbhot, FREATMEYY —7 VD
BE. ROOHBBLTEATEO I -+ —HhrS5ELS
CERMAPTHYD .. AOERICHKS 57K IZHIBEAL
BILHEES L. KBOEREHE &4 2REDFRA
BRRWEWZ 5,

Fig. 11ICERD & 2B 4 L HEWEE&0 sAETME Y —
T DMK - RERIBEIFRERT RicRadhsLdic
BRARE EERNED KBy — 7 VviRE2HEME €
2L RHMREBESHT. CLAGHRGENS 20D &
ST bRA 5,

—1008—

b
cable. Wind blows from right hand side

Photo 2

1.0

Maximum nondimensional amplitude

0.0

O Face hanging
B Corner hanging

Lower

HEXAGON OCTAGON DECAGON CIRCLE

Shape of cross section

Fig.10 Comparison among maximum amplitude
of each

cross sectional cable.

surface of inclined octagonal

Surface of inclined octagonal

cable under rainfall condition.

Nondimensional amplitude
-

Fig. 11

5

Face hanging

A\t N
= \
NP>
450

Inclination of cable

® without rain

O with rain

cn:\o‘OOOO
50

100 L

. . . fJ/D
Nondimensional velocity

Effect of raindrop about inclined

octagonal cable.



4. FED
@&y — 7V OERZER CHET 2 MEERIC L - TR ONAERELU TN,

1) FHESROTHMIATHRKEERD i 7 E8My — 7V ERRE L WiRS 24 Ui,

) ALK 7KEE %8S 0 LHEICE 0 1 3 LER Y — TV ORBIRIBRIBOBFACEXTHNESE S,
Tibb, FEESREAROME X v LRACEENICBE IS oy - T VERBIRGREER -TWWE LW
Z5bo

3) ATKEEFTEZ AR BT 2 =28 BB L UvHRhoTHbic L v, KEPARkORES Licd 284
=TV ENIFICAREELERB I EBRENT

4) SAEBLCAEKMEOY — T VRENNCEETH 2 EBHEHL EL -,

5) ZABHEY -7 VvoBREe. Bl LD EHNKERCEEELE LT IRV LEbR T

6) ZHEEHEEZE By — TV BEINICEETH O HisHERTOBE. tAEPLARIL~NT,
KVEETHBIEDBbr o, SLIBEHEOBRABRKVBEATS 20 TEENEETH D, HiIKsH
FEMEOr — 7 vidv A vt T r—v 2 VORIRMEE LTEYTHE Z EWBbhstc,

R, ARZEED 2 IcHn, AARBFR D SHREBRIIREEWARVWEEHAFELER 0A
RAER B L CRABPBERCESHBERLES,

BEK

1) #EL: AR DRain Vibration, HABTH4E, No. 27, 1986

2) 1li0:Analytical Study on Growth Mechanism of Rain Vibration of Cables , HARI%¥4£:E, No. 37,
1988

3) MAK 5 :Aerodynamic Behavior of Inclined Circular Cylinders-Cable Aerodynamics , HABIH¥4:
3%, No. 37,1988

4 BAES RMEREY — TV OEARGICET 2 A, EAF LI, No. 416, 1990

5) BB S :MEEy — 7o EGIRicBE YT 2 ERUPIE, IAFLBOBEIFERZNBHOSBESR, 1088

§) EBS:V-2 54 THRRMERE Y — 7V oHRR M T 3 ERMR, IAFBEUERERERBE
SHEEE, 1989

) BLEREREO LA Vg Tr—va v, BIIBBEEH, 8%, 5565, 1988

8) RS v v T v —rva vicB 2ROOHBENEIC O WT, BARIE2:E, Vol. 30, 1989

(139010 12H%A)

—1009—



