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Analysis on the Nonlinear Response of Inclined Cables Excited
by Periodic Motions of Their Supports

Kazuo TAKAHASHI*, Ken-ichi YAMAGUCHI**
and HERATH. M. C. R***

In the present paper, the nonlinear vibrations of inclined cables excited by periodic motions of their

supports are studied. This paper deals with vibrations of inclined cables of cable-stayed bridges. Periodic

motions of girders induce parametric vibrations and forced vibrations simultaneously. The coupled

nonlinear ordinary differential equations in their first two modes are solved by the harmonic balance

method and Runge-Kutta-Gill method. The influences of amplitudes of their supports, cable length, inclina-

tion angle and damping force on nonlinear response are established.

1. EANE

=7 I N A IREIFIEIL, SERICHIRICH 2D
B IER RS, BRECEHELE S ADhERX
NTW5, FRHBEEO—oOHlE LT, EFHER

CIC L AREBONT B BPINIRE 2% 5 Z Lic k-
TEEFr —7IVICESBEL S, Wb 5 REE
EBRELZEF OGNS, COHEDOWFRE Kovacs?)
WKk - TSN, ZOBEEELICL-T, ¥—7I1
DHEABBPENBED LBES BHBEYD OBRIME
HeINTWB, 3561, Lilien® 12 k- THIER
OFEENRE L L WEHAZIh, Pinto da
Costa® 12 &k - CTHBEHMIEREEIT BB IN TV 5
B, £72, FEEVERIEEE CHMT S ETILE - T
W\, £ OTC, AFRICBWTE, @R L2 —T v
DA AEMEZ T SHBED OV 2 A
ExTa&AL, 1KkbLU2KIESHDOIFETERE
FNLUCRET LB E R —TIVE, 7—7LD

SPRC 8 4F 4 A26A%HE -

*#H&BAR T24$% (Department of Civil Engineering)

**P.S. (¥ (P S Co.)

BERAL XU EEMNEZ /NG A—R & L THENT 5,

BNz - T, FEHER BRGNS v
AEERFBALT, BEIREGTERICERLL, Newton-
Raphson EIC K D #MT#EEZRD 5, ¥/, Runge-
Kutta-Gill #:% @ U/ REILE#TIC L D BT RO
BEOBIEXTTD,

2. IFBEHFIER

TZTEROED r—T7 ik, Fig. 1ICRTXL51C,
—i D AR i S S 2 2T A ERF S — T VB S
L5,

Fig. 1 IZTmRT XD &Fﬂﬁﬂﬂ@ﬁi SEHEALX sin QF B
TAEM LR —7IVOREy # 1 RBLU 2%
EENZER L TRD LS ICRET 55,

y(x, H=(Xsin 9) ( 1 ~%> sin Q¢

27X (1)

x-—l—pz (H)sin 12

+p, (£ §in nf

ARG LRBEE SRR TEHR (Graduate Student, Department of Civil Engineering)



254 RS REN & Z T B AR — 7V DIRRTICE T

XsinQ/

Fig.1 Geometry of a cable

ST, L r=7WDRNVE, X RNRE A
B OWRIE, v ASVHROEE, Q : AL
MIREE, 0 : 7 —TIVOERMA, p1.ps : 1RBX
U 2 RIRBYORFRIBARL, » : 7ob A,

r—7IWOUTARLRVF—, BEITRIVF—F X
UB O AELYHEWT, Hamilton OFEH % FHH
L, EOICHEERENEERT 5 L, RO &> %8
M EMD HBRIABPBONSS),

P1+2h1w1P1+{w§+Cl Sina)‘c

+C, (sin w7) 2}P, +C, (Pf+%P§> @)

+%Pf %P Pi=C, sin a)r+C5 (sm oT)?

P2+ 2h2(02P2+4{ 2+C1 sinwrt

4
+C, (sin @) ? [P, +C, P, Py +PiP, 3)
16

+ 3P2—C4 sinwt

ZZi, Ci = (llfcos 60— 47 sin@),Cg

243
2*6—(77 Sin 6?2,

oA, ffo- &)

T

sin 0+—/§-(§) 2cos 0],

_ Y3 . .~ An
05_67722(77 Slne) ,C1—(1I"C080 2ﬁ81n0>,
~ _ 1o = 843 '
CZZF(W s 0)2,C3=~—W1,

C, ‘1—7](!)2 sin 6: 1 %k LU 2 KRB O R,

| +%(%-)412,w: 21 %kEB LU 2 KIEBO

R TE R R, Po=p. /K, P,=p,/K: 1K

B XU 2 KRBV OHERTRFRIBIR, T=X/X,, X,:

BRI EOMUY, p=X/(X,L/3)1/2, k=L,

x=mgsin 0/F,, mg:7r —7WVORAREHI-) DE
ﬁ, FO:%E@%j}’ :K/<F0/ES)I/21 E:‘J(,\./y\

%, SUMER, K=otk =0t LI,

® o5k D 1 ROEBEFREE, 0=Q/0 (:ZREMD
R TCFIRENE, hyuhy: 1 KRB XU 2 KIRE O
EH

A2)B LRGN, FERROFEFEH#ELO Hill £
DHBATH 5. LRDHBEHEMIC L > Tr—"7
IR B & BERESMEA S 5, £/, HFx
BEELUTGRE— 7V, KFEFr—70ik, TFoX

 DESCRTEHTES,

1) SES—7
0=0" BT, cosf=1,sin6=0,1=0L0,

P1+2h10)1P1+(1 +wsin(l)f)P1

. (4)
em+ PPrw

P2+2h2a)2P2+4(1+1]1'Slan)P2

5

+%ﬁP2%¥rw )
2YKEr—T

=90 B\ Tcosf=0,sinf=1%",
. . 1/2 A .
P +2h,0,P, +{l +7(—) A2 3 1/ﬁsm 0t
+%7/2(sinwr)2}P1 4‘/_(P§+ 4 pzy (6)
+%Pf +13—6P1P§

=%77{w 2 —(g) 2}sin wr—F (;/32

]32+2_h2w2P2+4{1—

An2(sin wt)?

Zj_sin ot

8«/—

L2 (g 2 ’
+ 57 (sm ®T) }PZ o 5 AP P, _ (7)

I,
—nw %sin wr.

Apep 1655
+5 PP+ 3P =

3.8 *
(1) FARNTLREICLBBE
R(2), NCIXEAFIREBASEICAE U 5RO
ICERRICI, ThZhEEPESRMATICE T 5E
B T %3 oBIARRERERS LU 2 fEOEE MRS



=4 fge - Do fv - HERATH. M. C. R 255

iz U B 2T # H 0FREEHEIPEETH
HIEmS, R2), QOBERDES>ITEETSHI L

Pi=cy+Ap COS(%—m) +Ascos(wr—9,) (8)

LA

2
Tl a0, A1pArs: 1 KIEBIDOIRIERS, 01,95 -
1 RIRBYDALIAZE, 0, Arp Asrs: 2 RIFBIDIRIBEL
Dy @s, 04t 2 RIRBYOA AR,

AB8), 9%R(2), CONRALT, BNV AER
HATHNE, REEEZRDSDDI0EDEILIERR
EREFTERDBEONS, ThiZ Newton-Raphson
BERWT, KE LHED D & ICBTE, IRIBK
SBOoNB,

PZZCZO“"AZPCOS( (/?3)+A25COS(CUT—SD4) (9)

(2) Runge-Kutta-Gill 3£{C & 2 8iEfRE

x2), Gwsnwt, P,=T,,P,—T,,P,=T,,P,
=T,, B L, KRAIRT 4 TLELD | BEHRS
FRRNCERTH LN TEA,
Tl =T,
Ty=—2h0,T,—{0+C, sinwc

+C,(sinwt)?}T,

A2y 4,3 16
3 3 3
+C, sin wr+Cj (sin 01)? 9
Ts =T,

—04ﬁ+ TQ 78 o7 2

2
T4=— 2h20)2T4‘— 4 {%
+C, sin wr+C, (sin w7) Z}Ts

_C3 T1 T3 —%Tf T3 —%T% +C4 sinwrt

#(00ic, Runge-Kutta-Gill 3% /8 U CEERIERS
FhiT, BRGEABLNS, ki, TE&E: LT
1 RE L2 KRB DOFIIES. T, T3 3 ZUHIHHE
BT, T, %0 :¥%5,

(3) MG

AR TiE, Table 11ZRd 4 BEO —7 V&%
BLLTERYES, £/ F—T7 VO SEMOWRE
B BHIL XD Case 1,2,3 (FhFhA/v
a1/20,000, 1/10,000, 1/5,000) & L TEHZITS,
Case 1,2,3 iI& 9 5 —7)VD/NS5 A —&%, Table
2,3,4 1T7395),

Tablel Geometric, material and force of inclined cables.

0 L S Fo w E
Cable
) (m) | (cm?) (kgf) (kgf) | (kgf/m?)
A 10 25 24 1.22x105 19.2 204x108
B 10 50 36 1.99x105 29 204x108
C 70 170 96 |5.71x10% 77 204 x108
D 70 440 153 |8.16x105 136 194 x108

Table 2 Cable parameters for inclined cables of case 1

(1/20,000).

Xy X ¥ 7 £ K 2
Cable

(cm) (cm) x1075 | (m)
A 6.25 1.28 | 0.205 | 0.0177 | 68.4 |0.9189 | 0.0137
B 13.5 1.62 | 0.120 | 0.0108 | 126.8 | 1.9130 | 0.0243
C 49.6 1.62 | 0.033 | 0.0031 | 2154.9 | 6.7500 | 0. 3990
D 121.1 4.28 | 0.035 | 0.0032 | 6893.5 [16.9680| 1.3257

Table 3 Cable parameters for inclined cables of case 2

(1,710,000).
X X ¥ 7 K K 2
Cable

(cm) | (cm) x1075 ] (m)
A 6.25 2.56 | 0.410 |0.0355{ 68.4 |0.9189|0.0137
B 13.5 3.24 0.240 |0.0216 | 126.8 {1.9130 | 0.0243
C 49.6 3.24 0.065 | 0.0061 | 2154.9 | 6. 7500 | 0.3990
D 121.1 8.56 0.071 | 0.0064 | 6893.5 |16.9680| 1.3257

Table4 Cable parameters for inclined cables of case 3

(1,75,000)-
X0 X T 7 £ K A
Cable -
(em) | (cm) x10-5| (m)
A 6.25 5.12 | 0.819 0.0709. 68.4 |0.91890.0137
B 13.5 6.48 | 0.480 [0.0432 | 126.8 | 1.9130 | 0.0243
C 49.6 6.48 | 0.131 |0.0122 | 2154.9 | 6.7500 | 0. 3990
D 121.1 | 1.712 | 0.141 [0.0128 | 6893.5 [16.9680( 1.3257
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Fig.3 Frequency response curves of the lst mode
neglecting coupling term:Cable A and Case 2.
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Fig.4 Frequency response curves of the 2nd mode
neglecting coupling term:Cable A and Case 2.
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Fig.5 Frequency response curves of the 1st and 2nd
modes:Cable A and Case 2.
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Fig.12 Frequency response curves:
Cable B and Case 3.

Amplitude components Amplitude components

Amplitude components

AR AR % 0 BER - — T IV OIRRRIICE AT

0.8 T T T T T T (m)
5.0
0.7
0.6 44.0 -
0.5r .
13.0
0.4
0.3 42.0
0.2+
41.0
0.1f As
/\Azf
0.0 (AN i | | | 0.0
0.5 15 2.5 35 45
Frequency w
Fig.13 Frequency response curves:
Cable C and Case 1.
0.8 — (m)
15.0
0.7
0.6[ 44.0
0.51
] 13.0°
0.4} A /
/
0.3f / 120
Azr/
0.2¢ Ass
[ o
0.1 ]
Ass| |
0.0 | L ~ 1 | | i 40.0
0.5 15 2.5 35 4.5
Frequency @
Fig.14 Frequency response curves:
Cable C and Case 2.
0.8 T T T T L (m)
5.0
0.7F
0.6 414.0
0.5+ A
/43,0
04 /
axt!
03t 11 20
Ass 1/
0.2f [T
I /I 410
0.1r Azrl {'I
0.0 ' AP~ L Ll 0.0
0.5 1.5 25 35 45
Frequency w

Fig.15 Frequency response curves:

Cable C and Case 3.



Amplitude components Amplitude componenis

Amplitude components

0.0

0.8

miE AgE - 1D W - HERATH. M. C. R 259

0.7
0.6

T

0.5F
0.4
0.3
0.2
0.1F

(m)
12.0

10.0
8.0
6.0
4.0

2.0

0.5

A s
4
I N R S
1.5 2.5 3.5 4
Frequency @

Fig.16 Frequency response curves:
Cable D and Case 1.

0.8 T T T T T T T
0.7+ n
0.6r 4
0.5F /
04t
All AZ’ n
0.3F
AIA‘ P
0.2+
0.1+ Az T
v /
0.0 1 Ne 1| !
0.5 1.5 2.5 35 . 4
Frequency @
Fig.17 Frequency response curves:
Cable D and Case 2.
Ji
/
Al
14
I
I
{1
I
_ Ll
0.5 1.5 2.5 3.5 4.

Frequency @

Fig.18 Frequency response curves:
Cable D and Case 3.
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Cable 3 and 6=0°
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Fig.23 Frequency responsé curves:
Cable B and Case 2.
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Fig.25 Frequency response curves:
Cable B, Case 2 and 2=0.0.
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Fig.27 Frequency response curves:
Cable B, Case 2 and #=0.01.
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