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Development of Cable Excitation System
for Evaluating Dynamic Characteristics of Stay Cables
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ABSTRACT

As a critical member of cable-stayed bridges, stay cables play an important role of supporting the entire structure. Troffic, wind or rain-wind
induced vibrations of stay cables would be a major cause of degrading both safety and serviceability of the bridge. One of the effective
alternatives to solve this problem is to employ the cable dompers. In order to design the cable damper optimally, it is necessary to exactly
estimate the dynamic characteristics of the existing cables. To achieve more reliable dynamic properties of stay cables, precise excitations
inducing forced vibration are needed. Therefore, in this study, a cable excitation system(exciter) controlled digitally was developed. And fo
evaluate the performance of the cable exciter developed, a solution of the differential equation of cable motion considering the exciter was
derived. Using the cable exciter, sine sweeping and resonance tests on a cable model were caried out fo obtain the dynamic characteristics
effectively.

Key words : stay cable, cable-stayed bridge, excitation system(exciter), dynamic characteristics, sine sweeping test, resonance test, damping
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Table 1 Dimensions & specifications of cable exciting system
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Fig. 6 Cross section of the cable model with 7 wire strands

Table 2 Cable properties
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Table 3 Sag effect of cable model

Tension(kN) Saglcm) Sag-to-span ratio(%)
100 23.1 052
200 15 0.26
300 7.7 0.17
400 58 0.13
500 46 0.10
600 | 38 0.09
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Table 4 Exciting frequency ranges of sine sweeping test
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Fig. 10 Acceleration responses from sine sweeping test with cable tension of 600kN
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Table 5 Fundamental frequencies obtained from sine sweeping test

B

E 29 600kNol tht FHNNEAY AE Fig 12~149

=
Tension(kN) 100 200 300 400 500 600 Z+zy nolx th
Frequency(Hz) | 1.328 | 1.648 | 1.968 | 2261 | 2536 | 2.79% IR YRAA EAH 1EE S99 Power spectrum
(Fig. 13(a))e EH AAFH Y (Fig. 11(a))ol A v}zt7}A]
IX|IR=AIE -
382 sS4 2 WA A5 oo & 02 F2peal) S 22T 5 3
Table 59 weht Q& Aol 1% A54E Aoj¥el  oh 2-M WA AF47} o2 28Hzol 2 2 T ¥
TR AFTFE AYsl, 2 =RRH™RZ A TE Aol o) WFFE oF 84HzRIH| o] A 9] ¥iE 3o]a (3L F
28l 3UE FEL 5 ek AolE A ZAA 93§ 4D ASE SRAE T A} BAsA gone
ARFL A= A3 S FAA =1, oldo) 74x71E  84Hze Ao]E9 AWA nHRE(FHA g3re)e A
AR AolEe] ARF /MEESHS ST Aol et & 4 ok A AW SLf ZEgo] 1ol 7k
3.0 3.0 3.0
25 ™ — Acceleration Response [ 25 froaeeme —— Acceleration Response 5
B T Exciting Frequency ' . Exciting Frequency [ >
2.0+ Sampling Rate=100Hz r20 _ Sampling Rate=100Hz 20 _
154 ! 15 & [15 £
= 104 L1.0 2 = L1.0 &
= ] ; c = c
5 054 05 & 5 Los @
® o.o* loo § ® Lo §
2 L L] iC
Q 051 E-o.s ot 3 E-o.s o
2 10 10 5 < 1.0 5
-1.53 --1.51%| -.1_55
-2.0+ -2.0 L-2.0
-2.5 — T —-r -2.5 T—T—7 -2.5
0 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800 900 1000
Time [sec] Time [sec]
(@) at exciter(0.03L) (o) at 0.3L
Fig. 12 Acceleration responses from resonance test with cable tension of 600kN
25 T T L | L T T v 1 T M T 2000 T L T T T T T T L
] No. of Sampled Data=110,304points | No. of Sampled Data=110,304points
79083 Sampling Rate=100Hz 79083 Sampling Rate=100Hz 1
20 F Frequency Resolution=0.00091Hz ] 1500 F Frequency Resolution=0.C0091Hz
1 1
§ 15 - 5
S 2 1000 .
2 104 - LDE
fa
%] 2 s00
2 5] 1 & 5001 1
] j?.37021 ]
0 T A T T . T T T T M T 0 T L T T T T LA A T
0 1 2 3 4 5 6 7 8 g 10 0 1 2 3 4 5 8 7 8 9 10
Frequency [Hz] Frequency [Hz]
(a) at exciter(0.03L) {b} at 0.3L
Fig. 13 Power spectra from resonance test with cable tension of 600kN
76 SRXASES =27 H7H M4z (83 H32F) 20038



A #HolE 552

5t AHol= THEIAIAR T

No. of Sampled Data=101 ,319p0m
Sampling Rate=100Hz

Acceleration [g]

T

100 200 300 ADD SDD BDD 700 800 900 100
Time [sec]

14 Acceleration response at 0.3L obtained from resonance
test(free vibration part)

Fig.

o]—SaZ]UP /\“ﬂtﬂﬂﬂ IgRe
T 03L SR o] AW
B2 2 A9 2ux

o]43tAl 74zle] H Yt &4
SRE9] ==(Node)ol 9123

A LFE=e] e

in m{m

.\2
W)\
E
i
—\'l—l \—/
J\-}

Um

vmz+[(1_7)At] émi+(7At) Um i+1
= Ui T2 1) 0, O5=(A) 0,
+[8(a 1] U, i1

bm,z’+l =
U, i+1—

(15)
A7V v, R

ol

AZE Gl A

JN

B ke, =172, p=1/4

L% X)

(3 o) AE}

218 A AolEe] AeHEFHFE 4
(sme)i 71387 wEel, 4 (14)9} 2 (15)el sl 2ol
Té“%’*iﬂifﬁ Aols T Ao MAE 4 (16)&
e AT 4 )k AolE A 03LoX FAHE 7t
= %%"9. FHE 33 HYZ o] 8359 =AW Fo)E =9
o] Hu 33w 9|7} Table 6] L}ehL} gith.
= Dy g 5L sin (25) (16)

714, v Aol APoBRE x9A o AolR F3
A=A A (14)9h 4 (15)2HE FolAuk

Ll

Table 6 Estimated maximum displacements at center

Tension Vmax 0.5L,(Cm)
(kN Eo.(4 | Ea(5 | Ea@©
100 | 5% | 471
200 5,81 5,58
30 742 686
679
400 630 6.09
500 R 703
600 | 8w 850

Table 69] ZH2RE, FAMS 2o} APAE A
Aolkol Ao BARE2 FRay] g MwA FA13
ZAE Holx Uk T A (O)2REH i HuEs]

= AR AAle) NS 015%2 A ARRez
A, G ZAuEse 2o 93T AU ANRS dephn
ik

AN AFT FRAATAGAA AolBo] dAT Wl
=g ¥ g9as7t §A87] gFol, Fg 149 2 A5
A% NEESES AT + Atk DA Ao)EH g
A7+a] A)l2~El(light damping system)] Aol 4 (17)&
olgate] Aol 12} WFEE=0) Uig v E 4 4 2
B 74 5 ARAE WASG A Ao} AE gol

el
=D

™, ke Z4H]

[e]
-8

Azt A peake] 7}olth

8]"— 8j+k

2kﬂ8j+k (17)

& logaritimic =
Fig. 15% #Alol& 2% 03LA A9 AsZE 71&EE &
of thall k=1009 = 2} (17)9] F4 ZHajHl9) WstE =A|g

740]‘4 A AF FHAA 2Fo] FolE wf Zaule

TAE 2Yolth Ao HAT s

o BAGel 44 TP AAEAHE Yehl = Fig 1

AL vk S7hA auﬂm

ﬂ(hysteretlc damping)2} 542

N L rot' IIX_‘.

Mw

1

¢

' =
=

H7H HM45 (83 FM3RF) 20038



|5 218 AOIE TRIAAG o

E-’logarithmic [%]

0 500 1000 1500 2000 2500
i
Fig. 15 Estimated damping ratios according to j with k=100

Fig 162 7018 93] 03LNN & wyurinmi Ty D ET]
AE 29 olth 2] 100kNS) 3-8 Ase =
4 A3l vl AS) 2 HAL A 5 AT ol
B Aole] ol BaE WelAsle =Y Aol Fa7
sebolel e @ & ek o] 100kNS 75 Fig 7614
£ HRo] A AT Aol A Welshs Azl
gor stg 47 ZA Qs o B AeshE Aol
7t 9

£ odo ool
b rin

0.8 -
[3 ! ”@
0.6 o '“Sé:a
= 8
9_‘.0 0.4 ;— \ cordin
i, o+ 100kN
_g o 200kN
§ 0.2 - s 300kN
o e T,=100kN & 400kN
2 500kN
0.0 o BOOKN
-0-2 o T T T T T T T T M 1
0.000 0004 0008 0012 0.016 0020 0024
§ [m]

Fig. 16 Estimated &£ jgemmicTp according to §; with k=100

EF AubAQl AR AojEe) zhaju] A A (18)% 2
o oz A 5 P

Epracﬁcal[%]:0.24_6x]_0_4XL (18)

o 71A AlolE Aol LY 9= metero], o|ZXE At

g Aol m¥o] T2 74u= 021%0|th
Table 79 AolE =] 03Lo A2 ZFo] 11.9mmol| A
15mmE 74E o 2 (17)258 33 230 € pemivmics
Table 62] 73 HAZFE 2 (95 o83l o=z ALkd
° & pracica™  BIBIRTE AFAE

e 4 —

Zhaful, zhebe)
58 AolBe) TPl Zrlto] Hep F4 zuls)
N QAehe AL wolm ok o)k e AYS Bl

b
4% 4
r

8t7] ¢lstd, Fig. 170 =939 Wald @& 339 2
2]8]9} sag-to-span ratioZ B] w3}t

AR el et 4 ZalHlE Alolg F¥o] 100kN
A BFE AL A Bt wel AR pade AT
S Btk o]AL AolES FAste &AM Aol niF 7
o} 249 Ag FAE FEHE AolEY A ZaloA
Y S7hs vk A FE 7oA £ AolSe 8y
AUAE F7HA717) Wil dotgez A anls &
ol &d%E YehlA Frh o2 ARIL Racof(1991)",
Yamaguchi(1995)™ 59| A7eMxE geg n ek

ZEHLE AolEY MaEAE AT 4] (2HE F
43 ZaHl= Fig 17288 & £ J%0] Aloji 9] sagto-
span ratio7} 2S5 2 GUE 2HE 4S5 Utk

Table 7 Estimated damping ratios

Tension o S(O/O) [Eq (9)] é?l)mctz’cal(%)
E Iogarithmic( % °)
(kN) Eq. (14) Eq. (15)
100 0.157 0.183 0.216
200 0.208 0.175 0.183
300 0.195 0137 0.148 021
400 0.169 0.162 0.167 |
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600 0.118 0.114 0.119
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