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Validity of Linear Combination Approach based on Net Damping
Analysis of Cable-Damper System
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Abstract

Existing studies have suggested Universal Curve only for supplemental damping by damper. Therefore net damping has been
determined by means of arithmetic summation between intrinsic, aero-damping of cable and supplemental damping of damper.
However linear combination approach by means of the arithmetic summation is not enough theoretical background. So valid-
ity of this approach should be verified in order to design adequate cable-damper system by engineers. This study establishes
governing differential equation which can consider intrinsic, aero-damping and supplemental damping as well. And also anal-
ysis method is solved by combination of muller method and successive iteration method. Consequently, this study succeeds in
verification for validity of linear combination approach. As a result of this study, linear combination approach is limitedly
effective in case of low stiffness and optimum damping coefficient of damper, short distance from support to damper, lower
vibration mode, low aero-damping, and normal windy environment. Whereas this study will be effective in case of opposite
conditions, and existing studies or linear combination approach occur to further error. Meaning of this study presents exact
solution for net damping of cable-damper system, and verifies linear combination approach by means of the analysis method.
In the future, if monitoring of optimum damping coefficient of a damper against aero-damping is feasible on time, algorithm of
this study will be available for control of cable and semi-active damper system such as magneto-rheological damper.
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Ao Al

71&e] ATEL Wyt 93 Br1kalHI] Universal Curve?hs: A|331307] wjizol] AFoM= AlojEe] s+x27+4] &
F719 A9 2 AR E FHE R st stk 5, Aloledl WSk AAIZA IS e o8 RojE=
Universal CurveZFE] 42 F7RHIE A8 oz §slo] Alo]E-i Al2=He] MAzIaulE ZAAs) $ir). sA|qt o]
3k AP 3 HHLS o221 I} miekely TEE AFE FlolE 4= gle AAo|EZ o #3F FaAde S B
87} otk o]RE fJal £ AFelae AAREE S Az SIS st HalE AXskaL o)A 719
AREFE Aol o8l dolzl AAFRARIe) vlwste] APEFE il 184 RS ST £ 7o) Ao 9
ShA, 73S a1 A7 AR} vIssS AIGE 2 WH7F ARA 7A AR EO] 2o, AlolEe] FEo] #ak
F= S1FE WAslal AlolEe] Azt 4] ke dRbERl A M 71 AF gl AXShE drEAz A
PZ3 ATHS A8k Aol Fel7t w24 ettt ST Ry o712 15 33} FlERse] A, A3Ade] &
W7} AREE Aeolle B ATE A8k 3lo] vl ZoE Yelth B AT Aol RS et A
A72nle] HE AASlaL o)A ETE AYPZEF HATH Uit HE8TAE AASItE FollA v 28 4= o
2R 2 ATFE SHAA IV gl AFAGTE AAeE AXE = A BTH MR(Magneto-
rheological) H¥ ¢} 22 55 H2] Alo|&- s A|2E Aoje] Fa3t GaelEe] € A oZ 7).

M=20] - Ay, APZEF HTH, Universal Curve, AN712H], AlolE

QA - WANKAL - AKAAM(EE) HIHIO! ISA Town Gate Interchange Project 22AIY - ZSHE\} (E-mail : sand0514@sungwon.co.kr)
“R5I2! - GHRMTHIOIN ESE 153 (2 - =S
FHEAGIR - (F)RATDHHIOIN AZREE M20INL - ZSIEIN

208 HESAYE - 20094 9H — 467 -



1M B

Apane] AolEe 1 TR EAo= Qs 33 AL
TRZHIE ZHth olel@ olfz Tk FR el 7191
A AEL AP SENE 2aE Pl 5 e 5
23 A} meole} s, 1 S L) 37
Gjolct. Wi ZhaiEe] WA Wl 55, £5F
3, 45808 T A2 £55Y U gl 7|

olEof -85t Alell7} Barsar QJARE ofA7HA] 5
w7} 7P g AREEAL ) 53] 53 WY FeAx
et W= ASial, Oresund Bridge 53 22 =ilj<]
A APgare] de] ARSE L St} A os ey win
of A VFEES AHshE AL ALY AlolE ARl

Zloeke Faapt AEE Ao, F558, 5538 WY
2] P TS = AOE Alsdrt

7189 AFES ERYH Pacheco= A HH7| X
H AlolEe] Frigan] F4S HAAA siMS FE =
Z3lom, o|2RE Wyl HAZHAFY ol 3=
Ho R RlE 9d3t o= Abst A th(Pacheco,
1993). ©]% Krenke= 84 W97} Alo)Eol] Agsk= 37}
Aols A 119] seHd UE o83l s W
S st oo #st ZARe} REEAR ] 2§t 424
&= AABFATHKrenk, 2000). 3 SHHIS- 71Ee] HA
Aaont S ATFE HEA HHE Fgsie] o]
T3 A2H ZARE AASFATHRFEAL, 2003a). ©]F
Krenk= 7]&9] A WHo] &gt 2ARIE st et
A wimrE AXE AolEe] HAZRAIT} Ho Fr1k
HIE ZARIHOZ AASIATH(Krenk, 2005).

71E9] AFEL dHe o3t HIaInle] Universal
CurveRhs AF3IA7] wfitol] AFolxe Aolge] 31t
) g F79eAA e} Fe AAIE FHEoZ a1
sl =, AlolEe] WAs= 1]'7"1]7]'«43]9]' W) ofal F-
&%= Universal CurveZHE] 9& FIAHIE AkeZ o
2 el Alole-Hu Algle] MANIE 28] STt st
X]”]' olelgh MExI HHL o]EZQ T ek
d ITE ZolE 4 gle AHo|E=E old #gt {84

—% 74%“]1 2 vt ok o]RAS &l B AFelA= A
AE aEst AR SIS ANEsi] FeiE Al
AlslaL, o]ats 71 AExS A o8l dofxl A
Zau)e} vlwste] AP HIHe FE8A oRE HE

=

2. HlO|=-Hm AlAH

B A= Aol AREEE AlolEe] ARl
2 B3 Alo]E(Irvine, 1981)0]] BEHE o]2o] 3 }
HEoh Hed Hegte] A Aels i
A2 371980l e AR 1H T 5 9
© FEE 38T olAs sl £ ATlxe 71IE
Aol A AMESlE m-k-damper A|ZEl(FAO]ES] AiFLor
B Alzslde] 54 9ol HurE ARE AR S EEA
A Aolee] nlE vkdE 4 J= m-ck-damper AlZ~

e

ry

ol

L
£ 9
BN ox

N

— 468 —

HlFAlES] AeFAa7]-xy Al 54 94Xl |
H7} AXE AlZE)S TSI 1Al o)aks AdsiA
FHE F e AEERREEAS iAoz AsRskdt
olo] wg} I<=(wave number)} ZFG Alole] TATT 7]
Fo] A7et g N2 FEHE AoEm, E dFolxe
o7t Aloledt Huzte] PR #3 A oZ
Aelatant. HEH o= FFARl FXE doll7] S8l &
A EALPRS EYste] Algxid FEgAE S
of REEZATE AerE oldar AAZEEE wgE Alo]
-y Al=gle] AARAHIE 558 & AT

2.1 X|uio| 24

a7 19 o] AojEat Wiz A Ackkin A2
9ol e A ol XA F
mi+cv+F Hx—a)+Tyv" =0 @)

m AojEe] weigold A
¢ :AAolEel Bslels AR
Fy 97} AelEel] 28shk= 3

T, : AAgEEe] 4

v Alo)Ee] 4=2hAg]

() Aol B3 m|EAxR}

() B3] B BRI

Aole] HIFAATE o129 Zol, Y, F4 5ol w
g} A¥Hoz IR TN ZHE ZEA] 93
Wshe G EE B AT 5 gor, Aol
Lol Mg, A%, 7MEE P4E Aolo] xSeES Bt
£ 7 7];0}04 o] A7AkEe] AR A2 2
g A,

v:1~)(x)eim

v =) im)e' ™ 2

P =v(x)(- a)z)emt

v(x) . E.}\Elt'_ﬁ:]}\]—
o BAREF

A1l 3% AHozRE (v "ozl fXle] A=
A7t 7-1]0]‘_3_-0]] Z-8-5l= A¥= Dirac delta = o8
slo] FEElgEY W) Aol Fesh= 3 £ A
T T3HEE gutzol A8 Heky WHE 7158l A

3) 2ol 38+ A

Fp(t)=Kv(a,0)+C (a,t) = i;deiwt 5
Kd - i) 734
o] A

A2t AGye Al st fefe] Akl thale]

Rt A e sk



2
mo —cwi~

V(x)+ x )——5(x a) 4)

/\1(4)01]}\1 zpHo] A2gke] Al

4= T4 (wave number) S

FHA 259k o] Aole] HALAATE T3k
= Séﬂw .
2 .

ﬂzzma) —Cwli (5)

Ty

s} A Agelne) wele
BAEAE AL % Aok

v(x)=0, WL)=0, Wa)=v, 6)

gZTks Ul 2 (6)e] BARAS o83l A4)E A
7hsha ;(x)“‘: /k](7)o] =k, ok u(x— a)_‘:. iy o] A%
AR AT A7 07 19 S 2k BSIATIE(unit
step function)®]T}.

sinfx singL -sinf(x—a

00 = v ol e a)= R )

Aoy A|2Ele] BAZIA5E o= 2(5)9}F 2ol F
o= ul~r B3 7 5 e I pe W) dx
AR AoRa Wivle] WA o TRE AL % 3]
o} AlolEo] #Hool] 2gsh=s o Fre D“JH *Q_XHX] =
FolA AR Aol A2e] AR olgsiel (s
o] F3H

vaet 3P 2 (6 2

F) - To(av(x,t)

Ox

R8I ®)

x=a Ox |x:a
e olgse] 4

21(2)9] "Lz A(7)e] E-
8y A=shd 29y} 2t

Ft) ==T,pv [cot(fa)+cot{ KL-a)}]e'”" ©)

3e] FEBA o3 ke BIFWEAS Fp=F; 9
AE B3 7 & ok A3 H9)E °l£6}°4 Ale]

Ay A|xEHe] PFEUAHAS BAZIRES 59} us
l w3t A= TP 2 (107 2t

Ao, p) = Typlcot(fa)+cot{ f(L—a)}|+K ,+C wi (10)

T Y] vAEE 2 I fe,f=0°] 2 EHPJ '8H7}
Aol E-is] Alxle] HFHPAAS TIEshe 5SS
w9} 35 g7} Aot

3 mlm i

2.2 MRz 3H““*“.=1

Alelee] 7] B TSt e AHANE
AR Alol=e %‘j AT 7 00] H7] wieel 3
Fgg2lo] pre] A= HdHo] 7S Ayl A
H} S, SR Alol=e] AAIdAE Wkt Al
-5 AlElE 210 2o] 0t pE PIRIER 2=
o] FREAE Zolof k. oleh o] A
IEATIE 0t pe A5 AREAE VFAAL 3

o oflt —[\'.1

£

o m°4'

204 HE5AE - 20094 9H

o AsHoE o] P4 BHPRA ABEAS FA
RN AR APPSRk Bk, oA 5] 2
Ao M =2 HEEAPH (successive iteration method)
£ Agsalch A4 Wkie FIRAE D)
= 3= WERIEEA  (inner iteration)S B3l AL & Agh
o] AYel=E FHHEA Houter iteration)yS F3l 3l
E W ke el el

ISR % PHIRE 3 s o2 s
A 210y piks PR ks v o] € o]
23k HAFNF LS F7] g FAEA e EE
Newton-Raphson Method®} Muller Method 5©] A0S},
B2 Zog zhe= HXEHEgAle o] SaAly) oy
A4S 93l Muller MethodE AFE3h= Zlo] 318}t Faires
& Burden, 1993). ZL2]EE FPLPGAS UEI= pE
Muller MethodE #-8-3l] AojA=t] o] gL WFHHE
Aoz AoJsiict. WiWEALS 2 35 pE pE T
Al golebd oA 7% o 9 pe HIWEHS "J&/\] ]
= FOlARE 2(5)Y] AFRUS VA=A ofF=
I, 22lm AR ol8SH pol AN 0B
cPgsfiorgict. AT AT 7t 0ol pEFEH 05 I
A 9 S A oF AR Rl A5 A
lgele] pE el SRE B F 0o Aps)
Sotg Aol Gk oA s A% B vlA
0% (15} 2ol Ak

p=X+Yi (1)

w=M+Ni

2111y 25l tidshd 2 (12)9F 22 AFgAS
=g 4 3ok

XszZZTL(mszmN2+cN) (12)
0

ol

FUO

[‘

i

2XY = TL(ZmMNch)
0
2(12)Z M} Nol| 3 Aoz ta] AEshd 213
2 e 2 5 lom, yE A4k 2ok
M= 2y (13)

4m

N= f(2XYT0+Mc)
y

y= 4TOm(X27Y2)7c2+A/1673m2(X2+ Y2)278T0mcz(X27Y2)+c4
(14)

S 7P o 9 2

e O 7 B8Rt glo] Hoth
e AREAS EATIE ool tisl BEEEAE
WA= 2S5 27] Y] tA] Muller Method
g S UmEAIE Rt T2ja A(13)E ©18s
o UPRkEAle R ol A= pell wshe] Ajh=
S e 0 O A B0 oAY AdEAS
0 HEHOR BAshes AYS oRRET
AR AofRhtt. RAUNE AestaL ojRs WA
RS SRS o2k UPREY} ek sgs
o AFHoR Ao gt w7t A0y 2 WA

%A AoIZ o7} olulel
FPPPAE DEATIEA o7

— 469 —



m outer iteration

............................................... =

2R 28L8) 4

inner iteration

BPPPH o=
A, B, C Ax
v

e gy 20 |k=k+1|§

B+ VB*-14C

Muller Method

= ‘

Bel thate] ARz ‘

"
: RS o AR

| AAga g, AR |

O3 2. MAIZ2[H] a2y
2] )7} "ok a9 2% ol#fd #PS Ve glok
3. Universal Curve M1} HZ

ARgaLe] Alolg AxkE 915 W a7RIrE A
W olZE W § J=FE Hno] B, A, 1Ela
AXRE A-sHAl A7gsfiof gt O]Ecﬁ} W] Sk
< doju7] Sl FAkde Qﬁﬁ]?‘(m;wn%)g} 2219
4 ]‘Z:]'-"\JB](;%) BA 24121 Universal CurveZ} ARE-EITH
=, Hye 545 &ntEA 2435 fsike ZEst
Universal CurveE E&3= Ao| FlHt= Fa3}).

7180 AFEL Alo|BdA WAShs RS 1L

]

&3}
A Z3l7] wiitel] @& dEghel] ofgh vk 3{T
= Universal CurveE A|F3lRoE g o]g5A Aojxl X
7HaRle)] Aol AAIHAHIE dPFxF st AlolE-H
¥ A|lZ=ElS] HAIZRARIE APgeaiT). olelg WHos
Sk AAHlE AlolEe] AAMI T duiF oz S H

Folle B v e F= 2o AdHeEw duEA
Us B O]RAR] S FohET] o Aot

£ AollA= oA AjEeE AAZRAH] s V1] A
TollA] AAE Universal Curve5g 24931 AQkgE A
] SRS ASelaL, FkaRIer AAIRAH o] A9
Zopo g FAT HARAHIE & A7-AFe} vlwske -
S RIS Pt o, 7] ATEL AClEClA
WA AHIAE TS 22 Hlivdl] o3 TaEE=

— 470 -

E 1. #olge| Mg
2ol L w1 geld A3 4% D
100 m 43.7 kg/m 0.084 m

BRSO 2 Universal CurveS QP02 E A9
A AR AR APHE 7S] AdFER F =
oA Hlwalz] 3] AlolE-Hs AlzEle] HAgA A
=002 A3t B} AAAQ] vluE S8 £ 13 2
o) Abgmel AFEE & g Afle] AolHel thsje] 4
< FYlEE St

£ AgollA ARkt siAHS AFs] st Hded o
9]9] Universal CurveZ 1A% WHEAARH (Krenk, 20002
o] &g T AZ]] aljel Hulo] AX|IxH]e)] g ZAL
ZRE =E3 J2AHQA AN, 200325 HlwsH
o 84 WEAMP o2 18 A3K(Krenk's study)e} H
A AR HeZ F3F Adl(Ahn's study)E £ oA A
okt WHO 2 3 A} (Present study)e} Hlwste] 1% 3
7} 40 YeRRITE Hee] AX9H] o= AHOZRE 7}
ZF 2 m, 5m oA Qo AFERE p=Io] T3} 31
stk #ue AA KE 0kN/m, 400 kN/m, L]l
1600 kN/m= W}ell7PHA k2o Universal Curves 201
Uitk 784 REEANPHS sHEARRS 53 3
A= SIS 2] wiEel B AgtellA] AljkeE W)
FY3F Universal CurveE AAISIC} Tl 3147 Wi AR
He 7} A8 oF S&H(Linear Convergence)sl= HHH

of B AellA] ARkt WS Muller MethodZ AHS-31%
7] wjFol 2%} 4=¥E4d(Quadratic Convergence)S WERNM

w23 QP o2 sjAo] et Rk, 5% w|vke e}
2oz gRlo] 7Fsgt o|BR wine] HAX|A7F AH
oA 7he- 7ol WHEALII] 2R FokaRlE
T T Ue AZA AR AA| &84 SHolA 5
Fsitkarl shlth.

E 2 a2 mO)A kA0 kKN/mY o, AFIFol wE
W] HHZTHAT C,p 2t ©] W] Holl BRI &
£ a°ksiar ot

a9 4= H9] AX9A oF 5 mE FTRIFHS w9
Universal CurveZA] 42l A9} B A Alole] @
27F 8~10%71HA] S7Fe As SR1E 4 Stk =, 9
o] AR} AelM Fo|AFE HA0 AR
Ho] IS ATl As gR1E 5 Atk A9
o2 oFuline} o] XHojA] He] "ol e AX|==
Wy o] R RlE A Sl ARt e 22
HHEALPHS A 83lodof SulE AAIE & 4 Aok

Pacheco} QPJA1e] A7 WH o] AA|9ixHIe}L e =

2. EEHZAAT 2 Zof 271244

Researcher Copt Smax
Pacheco 0.1nCal(mL2ay) 0.520(a/L)
Krenk 0.17Cal(m1.>wg) 0.511(a/L)
Ahn nCoal (ML o) 0.495(a/L)
Present 0.17Ca/(m1.>wg) 0.511(a/L)

Rt A e sk



——Present study(K.d=0 kN/m)
—— Ahn's study(Kd=0 kN/m)

O Krenk's study(K.d=0 kN/m)
Present study(Kd=400 kN/m)
—— Ahn's study (Kd=400 kN/m)

O Krenk's study (Kd=400 kN/m)
Present study(Kd=1600 kN/m)
Ahn's study(Kd=1600 kN/m)
Krenk's study(Kd=1600 kN/m)

0.4

all
0.2
0.1
0.0 = T T T T
0.0 0.2 0.4 0.6 0.8 1.0
C, a
—d
mL @ L
8 3. A8 Universal Curve (a=2 m)
—— Present study (K.d=0 kN/m)
05 4 —— Ahn's study(Kd=0 kN/m)
w2 O Krenk's study(Kd=0 kN/m)
——— Present study(Kd=400 kN/m)
—— Ahn's study (Kd=400 kN/m)
O Krenk's study(Kd=400 kN/m)
0.4 4 Present study (Kd=1600 kN/m)
. Ahn's study(Kd=1600 kN/m)
Krenk's study(Kd=1600 kN/m)
0.3
all
0.2
0.1
0.0 = T T T T

0.0 0.2 0.4 0.6 0.8 1.0
C,

mb e L

O3 4. AFIFY Universal Curve (a=5 m)

7} W= 32l Universal Curve® FH3T = 73]
£ AEIGT) olRS ERIsH] flste] fTe] Ax]9fx|<k
AolEe] XEREE HIAIT|AA £ AFollA AlReH W
HOZ Universal CurveE Ao] 18 59} 6ol Ve
a9 55 WEEiRE Aol gl A48yl tisixe
W o] HX|ANAP7F S7VS FAkde] B (/L)
7 ST AR FrREEE FAkele] Rrpabl gt
o Hwo] HAX|AXH] o/} FHAHH FolBE Tefzoa] B
= ARG 4S 7HEA F7FE Aot skARE wHe] 7
do] EAlSHA Fritanle] ko] EslEe As ¢
Utk 1HBER 7o) 2R HHE ARSSRE Bl =2 F
7REHIE 716 frEleh WHe] AX|9IX7F A 2
o drE B AS ERIT F dor, XA w=t ot
%St Universal CurveE YUEREE 8RISH 4= o} 19 6
L AR [XEE 4x7FA]e] & Universal CurveZ Y+
Bt ReR ot SIS BRI S71te & 5
A=t o]2fg ek Krenke] A3} (Krenk, 2000)2F &
A|ght. £3] Krenkd] 7 348 Huolrt gksilont &

o

204 HE5AE - 20094 9H

0.6

m)

4{)0 kam}
d=400 kN/m

Kd=400 kN/ m%
Kd=400 kN/m)
m(Kd=1600 kN/m)
m(Kd=1600 kN.fm%
m(Kd=1600 kN/m
m(Kd=1600 kN/m)

xxzxzz

0.4 1

ﬁm.—..—...—u—.,n.—.,—...., =

0.0 0.2 0.4 0.6 0.8 1.0
C, a

ml o L

8 5. o] MX[IX[0l k= Universal Curve

0.6
i Ist mode(Kd=0 kN/m)
- \ 2nd mode(K.d=0 kN/m)
=, — — = = 3rd mode(Kd=0 kN/m)
0519 1 %W 0 e 4th mode(Kd=0 kN/m)

Ist mode{ Kd=400 kN/m)
2nd mode(Kd=400 kN/m)
= = = = 3rd mode(Kd=400 kN/m)
------- 4th mode(Kd=400 kN/m)
Ist mode(Kd=1600 kN/m)
2nd mode(Kd=1600 kN/m)
3rd mode( Kd=1600 kN/m)
I3 A\ R 4th mode(Kd=1600 kN/m)

0.1

0.0
0.0 0.2 0.4 0.6 0.8 1.0
C, a

n—
mlw L

3% 6. AlolE TS==0 = universal curve

ATl wEH WH o] FAdo] EAlsiteie olegt Ak
2 FYH EAES ER1T 4 o, FEEEd wE o
3t Universal CurveE YEPIE Q;?JUL =
ARAoE Wy HX|9HIe} e =T} Wl
2} Universal CurveZ} H3)l= 28 1 4= ARt} o]
¢} o] Pacheco%t 0}"“}391 ATAF7} Krenket £ AT
o} zolE UERE o= 259 A7 A15), (16)%
22 =y el 7]‘%—5 T TARE AREEL7] wiiEolt).

w2222 w

mn(n;?ﬁ (nza) (16)
o] HXAG JsR=rt S7VE naa/7t 7AA
7] Wl 2(15), (16)] AR Qg oAk AF o F
¥l ok, 2EEE Wsje] AX)9)x)7k 7o) g A
3} AR F3E Aot FEAQ Wvlg dAskE %
Solli= o] Wew e HH Aol F-88k,

— 471 -



W] MX|X7F Aol A Hold UAAY 1At FER=
£ Aofelcksle HHE AlET Aolle £ Aol ARt
Sk A} 22 wEA P of8f 371 Universal Curves
283l Zlo| niEAlsith.

4. FX|Z2d[0o] &8t Universal Curve

HAegh vie} Zo] AR AFE Tt A&
Universal Curve= #Alo]Ee] AA|Z4E 188l#] Esla S
2 ol ot FrRMIRES Al TSI weba] A
A= Universal Curve®2 T:3F F7FAE AlolE9 727+
S F719eRA A9} e ZA ) d¥Estsl] 2(17)
T} o] Alo|E-H AlZgle] HAAHIE Lk it 3f
Agk olHgt Mz HHES AATA} Fo7 Al
o &9l A|2Ele] EHAoR A8srhe 7Pl ARl
s,

é:net = éntrinsic+§aero+fdamper (17)
w2 AN

&ntrinsic . '?_5_7]:} _}u\JH]

Saero : :617]@}3_]'7517-}5,]]:]]

: Sstol) 18 R

2 42 A(HE F3%= m-c-k-damper Al2519] -5
2o gHE Aozl Aaliek 2(17)e] T HHo=Z 4
SF A RIS vlaste] ARz Brpaue] st
Alel] mE xS FHY Fads IRIskarA} gt

AHOZRE 5 m Hojxl ol AxE HeAd Py
(K~1600 kN/m)ol| oJg Rrpghafel 274 2 g7]st
e s, AP Aoy B dF Ay 4
Universal CurveS I8 79| H|uslic}. o] w 732744
Enrinsic S TR £,,,v Aol EFnFHA A

(2006)° AAIE 2(18), (192 &3tk

gdamper

(%) =0.25-6x10"" x L(m) (18)

ginterinsic

0.3

0.2 A

0.1 A

——— Supplemental damping

Present study (intr. & aero., V=20m/s)

O Conventional method(intr. & aero., V=20m/s)
—— Present study(intr, & aero., V=50m/s)

O Conventional method{intr. & aero., V=50m/s)

0.0

0.0 0.1 0.2 0.3 0.4 0.5
¢, ,a

mL o L

O 7. Hz2ol 28k FAIZAH]

—472 -

pDCp
acro = Tom V'x100(%) (19)

. _'_0117]13] s

p=1225 kg/m® : =5
Cp=1.2 : FEAFAEATS V=20 m/s)
Cp=0.9 : FEAFAAITS V=50 m/s)

F2=0] 20 m/sold F7)9HAARE 0.14%7} Ho] F
Z2328] 0.18%S 23k ARARNIE 0.32%7) HaL, F
g 27AA Fo] 50 misE F7IHE F7198FA M)
E 026%7} Ho] AAIZARE 0.44%7F Dok o] 2(20)
S 53 Aol HAAAS = Fikshd, ZH 2.82
N-s/m/m, 3.90 N-s/m/me] 3hS A=t}

c=2mwé (20)

O 78 AEE, 2 Al AXSE W A3
HH 7 ARz ogk Bk a9E & Jehia
Ao, HEEF HIol £ A7 AR dARARE
A7k 2e & 4 Atk o] 2 A IS
gjekslr] ffste] FL(r=20, 50 m/sy@t H¥e] “HE (K0,
400, 1600 kN/myS W3IA|A AYPZF HATHY B AF
A 7re] FiextE 13 8ol TAIET. Hy o] A
Tt Cop 72 W S3PE 7FE AR, O 45 IS
o, exke] Ha: $IA7F C,p St EABRE A otk AA
2oz 2AIZHARIe W o] o] SIS APt A
Ae AeE VEhdth B3 fHe] HXAE a2 mE
ARSI wo] FexE 28 9l =S, HH e
AAAPE golel wet Aot gk As & F
Atk ol5 AEshA, AAAARe] F7Heh Zo| A7
7F AR ke ARxs e et A
o} EEg fne] o] AV 98 = oo g
o] EAllsl= |H ] AA|A7F Aol HoA= Aol
T Tk ot asia s Al lela] 4%t
HAG7Y 2SR vlge] @] Rrizkanlel| nlsie] 4
Fog Frksle] expt F71et

A7 aRloluf F87 o= Qs A=Pou F9-x

1.2%

1.0% A

0.8%

0.6% -

Relative Error

0.4% A

0.2% 1

Kd=0 kN/m, V=20 m/s
Kd=400 kN/m, V=20 m/s
— = — — Kd=1600 kN/m, V=20 m/s
Kd=0 kN/m, V=50 m/s
Kd=400 kN/m, V=50 m/s
------- Kd=1600 kN/m, V=50 m/s

0.0% -

-0.2% T T T T
0.0 0.1 0.2 0.3 0.4 0.5
Cy n £
mbw L

T3l 8. MZA0 Bt MThRRKE=5 m)

Rt A e sk



1.2%

Kd=0 kN/m, V=20 m/s
Kd=400 kN/m, V=20 m/s
10% 4"~ Kd=1600 kN/m, V=20 m/s
0% Kd=0 kN/m, V=50 m/s
Kd=400 kN/m, V=50 m/s
Kd=1600 kN/m, V=50 m/s
0.8% 1
E0.6% A
ol
2
& 0.4% A
0.2% 1Y
0.0% -
=0.2% T T T T
0.0 0.1 0.2 0.3 0.4 0.5
C, a
4 L9
mlw L

J8 9. ™Haof 28t dti2xka=2 m)

T 2o Fika dde] gdd Aol diei HExF
HARlo] AAAARE At BriekeAls HES] 9
ated, (179 F7198H 22H] Los A0 &3
A Eiioping= HAISHA AAZRAMIE Hl WS o] ol
Azgo] o3 e 2(21)S o83} THCIP Recom-
mendations, 2006).

1pvDdC,
fgal/oping - 527}’10)(%4- CD) 21
a=0
dc -
d_aL =-32 : @78 FEHAY wsks

21(20), 2HE T FAATE AASEC] 20 m/sY
o, -0.473 N-s/m/mo|™, AAIEE0] 50 m/sO= 784,
-4335 Nesim/m7} €tk 7o) digh AES} U3
1600 kN/m®] 73S zh= HHE S5m Aol AX|se A
P23 HIHT B Aol A e s de
Universal CurveZ 18 100 YeRRIT

0.2

0.1 A

8
= |rw
~

0.0

— Present study(intr. & aero., V=20m/s)
O  Conventional method{intr. & aero., V=20m/s)

Present study (intr. & aero., V=50m/s)

O Conventional method{intr. & aero., V=50m/s)
0.1 T T T T

0.0 0.1 0.2 0.3 0.4 0.5
C, a

n
mla L

38 10. F&2of 25 THZ2H]

204 HE5AE - 20094 9H

0.5%
0.0% -
-0.5%
-1.0%
5 -1.5%
w
2 -2.0% Kd=0 KN/m, V=20 m/s
;‘i Kd=400 kN/m, V=20 m/s

=2.5% 4 = == =Kd=1600 kN/m, V=20 m/s
Kd=0kN/m, V=50 m/s
Kd=400 kN/m, V=50 m/s

-3.0% 1 Kd=1600 kN/m, V=50 m/s
-3.5% A
-4.0%
~4.5% . : :
0.05 0.10 .15 0.20 0.25 (.30
C, a
n—
ml @ L

T3 1. S0 BE MRk a=5 m)

oft

H B Az off WA F2kavt ZA R
PeAle a3E 2 JeRaL glou, A3xst A
AHIE AAg7lhe 21e & 4 Atk FE(r=20,
syt o] A (K=0, 400, 1600 kN/m)S H3IA]A
Zre] Al eAE a8 110 EAEEE), $50]
W= AP ogt FA7} Aol 7274
M=) 97 aAIGT vl Fof R et A
itk Ty FE0] 50 msE F7VshE, HAARAAST
o] ek R ZTHge wEt AieAts A FTlste
K~1600 KN/mY 7390 A 3.3%2] 227} ¥@hAyg).
Hyo] MAJAE =2 mE FAAIZS W] A=
a8 120 Z=AISFE=E], =50 m/so]al Ky=1600 kN/m
7B, A QAPF 3.6% WSt Aduleapt oa S8
Ak ey L TR gAAREelA Hlash, C,,0l
3ke] FAelMe AAA7} ATl wet dexit 2
2%t K=1600 kKN/mRl A9~ C,7F AXI9IAe] wet

o, n

N

Eioiar
°

o

o ol 8 418 2

0.5%

0.0% >‘ ______
-0.5% A
_IU% -
5 -1.5% 1
5
2-2.0% 1
- Kd=0 kN/m, V=20 m/s
= 950 4 Kd=400 kN/m, V=20 m/s
= = = =Kd=1600 kN/m, V=20 m/s
-3.0% Kd=0 kN/m, V=50 m/s
' Kd=400 kN/m, V=50 m/s
I BETEEEEE Kd=1600 kN/m, V=50 m/s
-3.5% A
=4.0% A
—:I,:";% T - T 1 T

0.05 0.10 0.15 0.20 0.25 0.30

€. ,a

n
mLa L

T8 12, 222 0f 28 M2t (a=2 m)

— 473 -



0.001
— =2 m, Kd=0 kN/m, V=50 m/s
a=2 m, Kd=400 kN/m, V=50 m/s
— — — —a=2 m, Kd=1600 kN/m, V=50 m/s
a=5 m, Kd=0 kN/m, V=50 m/s
0.000 a=5 m, Kd=400 kN/m, V=50 m/s
------- a=5 m, Kd=1600 kN/m, V=50 m/s
= ~0.001 A
g —————
= -0.002 A
=0.003 .. .ooeeee T
=-0.004 T T T T
0.05 0.10 0.15 0.20 0.25 0.30

, a
—d =
mlLa L

08 13, el Mx|elx|of whE Hoi2x}

Z AJolE Hol7] wjiel] AFH R Hlue o, 1
133} 2] y=50 m/isd w AX|9)H]ol| wE A= H]
W 2YZE B dAdbH oz QAL gAge wEh
2} BAadhe AL & 5 ok

A, Bra7h debE A3z Faol AARARIE
a7 RBICh= jolvt 1S B g7kalr) e wo} Fd
3 S Yehle AL 0T 5 I

AP HIHE AolEe A7 e A9olle
Aol 7R AAAHIE AN SANE, Brpgkao] gk
A7 9] vlFo] Skl AP} SksKE AeE UEt
it} Ay oz Ao|Bo| F79skAziae}l o] G7haln]
7} Z7RIAY Azsgoly T e ) &
7Vohe 7%, AlolEe] AAgAGE ARHom ZUMA
AYP2F AW Q) SV 2 diue] 7o)
S71slaL el WA AARAAE CpE 71FE
O 8 E7UK(Tight) Yol (Slack) A-5oll= oA T+ 2
22} FEo] AsleE Ryt by} A sed), ol
23 G AolEe] AMIATE diiFoz ST
o2 Qapt et aeg Ao 2a, HHzRAS
o] 2RI FAATE ke WS A3 Zx)ol) AX|s)

£ Afele AR HIHOE T AWML fE
& e Fsisnt.
5.4 =

oL

£ Aollxe ARSael] AME= 3ulsh AlolEel ek
W7} A AlolE-HH AlZEle] FAIZFAH] Ay
ARkslaL o] RS ol&ste] AFEF HATHY FEAdS
Falact. 18] ARKE SIS Bl Fodanlel] #sh
Universal Curve?hs AlFH 71&e] A7E53 g Alols
o] A7 g Aulnilgals st WA
Znlol| I3F Universal CurveZ AASIAT

A AE 12317] 51 m-c-k-damper Al2~Elol] 7Rk
sk Al als EUiE JEga Axas f%

RN (o

v}

— 474 -

sgom o2 Ao BEATIE shE @) S8 A
NP S SR Ak SIS A5 S5k
=002 T, 7)Ee] A7} vlashgict. 1 A% 147
RARe] Tl E Krenkel 97oRe SUT AnE
A0} Pachecos) SHIAS] ATATSRE Aol7t 9Igie.
AL o5 AT 7FIF Al 7118 et of
2% QAFe Wle] AL AR Tk B9k, A
Ao] 215 B ig Aol A FEow By
U A2E AT 2 N S AMgehs
Zo] EolT), et o WsiE AN 33k
5 weo] tid she] aPEe Afele B Al A
I AL H G Ao] Wt

ols} tiEo] Wl A6l BgHoE AgEE NYEF

%]
o] 73 & AX|IXE WHSIAIAZIY Universal CurveE T+
sle] B A7Ae} nlasigth. JRkARl S &
2b o] Avleta o, AR HlFe] AdGE HY
3l ot AAIFRRle] At STk 53], =2 &
Sl APy} 22 F2h g3t 34 dAska We e
g B AR SRS ¥R A it
7l 3te Rl Hye] AAAAATE HA5
Aol A HojdE a7t S71sit. 1 BE AolEe]
AT ZAG, Hule] Brikapr) 2k Aeelle
£ AFellA A S-S A8k Aol uigkEsitt.
AFEH =R AlolES] AAAHE et AAAH] A
e AL o]RS EUE AP Aol sk 18-
THE ARARIGATE A B AT ulE 2Hs 5 9
o 2R 2 AFE EHAA 371987l ti8Ee
HAZAHAFE AAeZ AAE = A Hoh
MR(Magnetorheological) HH 9} 22 F5-5 HH | Alola-
¥ Al2E Alojo] a3k dargjFo] E B o= H)

¢ g

It

LMol 2

o] F=EE 2008d% AFAY @S| S re
guljo 2 FTeleRITAte] A o} MRS (KRF-
2008-028-D00078).

m
rat

nk=

HEH, A, oA (2008) HH=A o3k ARG AlolEe]
ARVAA, tstERstE=ry, HHESS]S], A28d A1AS.
pp. 51-58.

HEHEES}S] (2006) AlOISZmBMA XA

QP 20030) HEHY WS7E AXE AolRe] FA 54 - L
AR, fSIESEEERE, tRESS]S], A23H Al4As
pp- 695-702.

SPIA 9] 3%(2000) DTS LATKO BEH 947, FREE
A ERATL,

Cable Vibrations in Cable-Stayed Bridges (2007) IABSE.

CIP Recommendations on Cable Stays (2002) SETRA.

Douglas Faires and Richard L. Burden (1993) Numerical Methods,
PWS Publishing Company.

Irvine, HM. (1981) Cable Structures, The MIT Press.

Krenk, S. (2000) Vibrations of a Taut Cable with an External

Rt A e sk



Damper, Journal of Applied Mechanics, Transactions of the for Modal Damping in Stay Cables with Viscous Damper, Jour-

ASME, Vol. 67, pp. 772-776. nal of Structural Engineering, Vol. 119, No. 6, pp. 1961-1979.
Krenk, S. and Hegsberg, J.R. (2005) Damping of Cables by a Technical Report on Stay Cable Vibrations (2005), VSL Interna-
Transverse Force, Journal of Engineering Mechanics, Vol. 131, tional.
No. 10, pp. 340-348.
Pacheco, B.M., Fujino, Y., and Sulekh, A. (1993) Estimation Curve (A4 : 2009.5.14/4A1D : 2009.6.25AFFEY : 2009.6.25)

E20% HESAYE - 20094 9H — 475 -





