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Summary

I. Title

Standard Research & Damper Development on Cable Vibration of Cable
Support Bridge

II. Goals and Needs for Research Development

A. Needs for Research Development

In the decade, Korea revives Cable big bridges construction as building
bridges with main span of 200m started from the Yongjong bridge, and actually
numerous Cable bridges with spans longer than 500m are in progress and plan
to construct, also we expect the demands for them will be rapidly getting
higher. With increasing Cable bridges construction, Korea shows more interests
on Cable vibration since 2000, and in the future, we look forward to have more
bridge constructions with largely advanced technology and scale. Most of bridge
construction in progress or completion is marine bridges to connect between
islands or a land and a island, and they are Cable bridges affected by wind. So
that, wind is the main subject even from design as stormproof safeness is
necessary if the middle span is over 500m. On the other hand, by wind, short
length of use, exhausted fatigue, damage of Cable stayable part, and
passenger’s feeling of insecurity are given raised beside wind is affected on
bridges. Damage of Cable can be deathblow to bridge safety, and according to
the deathblow, costs of replacement and traffic control are known to affect
hardly on it.
Accordingly, to minimize the damages occurred by Cable vibration, TMD(tuned
mass damper) such as Cable tie, Cable surface treatment , and Cable damper

installation etc. is in progress to be constructed, and among them, Cable damper



is most known for its capability, outside beauty and commonly used.

Therefore, Cable damper is recognized as one of the most essential materials
for Cable design, and Cable damper development and setting up standard
method relating to these are definitely becoming a big issue inside and outside
of the world. However, not until now, Korea do not have definite design
standard of non-vibrating Cable, and Korea is in the situation where local Cabie
damper is not able to comumercialized based on regulation. Also, foreign
company’'s dampers do not fit to local, and applying foreign dampers is in
danger of technology and capital reliance on overseas. They also are in doubt
for being capability due to ignore the local design standard. Therefore, through
this research if the design guide of Cable and local Cable damper are developed,
it makes Cable damper guarantee to maximize for local damper’s qualification

to minimize the dependences on foreign cable dampers.

B. Goals for Research Development

This research has a final goal to establish the standard and for practical
uses through development of local Cable damper by four Cabletek Co.Ltd,
Hyundai Co.,Ltd, Yooshin Corporation & Seoul University (approved center).

This research aims to expand local Cable dampers and to standardize design
guide with 3 years investigation in total. For the lst year, we research and
analysis the design standard of local and foreign Cable damper in use for basis
study to develop Cable damper and standard. For the 2nd year, we manufacture
and probate the capacity of tentative experiment of Cable damper based on the
basic standard and be able to detail design guide applied to Cable damper.
Additionally, for the 3rd year, we put to practical uses by applying the final

verification on field and finally bring up to the design standard.



IMl. Ranges and Contents of Research Development

The period of this study is December 20, 2006 ~ December 16, 2009 total 2

years and 10 months (2 months are in gap right before 2nd year’s agreement),

and annual research’s ranges and contents are as below.

1. Plan and Content of Research

Year Research Plan Main Research Content
* |nvestigate and  analysis relating to local and
foreign Cable damper
= Basic study for |« Evaluate the capacity of current local damper
development of Cable ™ giaijate the  effectiveness  of  current
qst | damper non-vibrating Cable damper
Year ) . |= Evaluate and analysis the dynamic characteristic
= Basic study relating of Cable
to design standard of [ ggvelop the algorithms for assumption of Cable
Cable damper damped ratio
* Investigate and analysis relating to Cable
damper
= Produce  tentative |, proyce design for tentative experiment
experiment of Cable
damper « Program development and experiment for
backward translation for Cable damped ratio
« Analytical study and )
ond experiment for Cable |" develop analytical calculation for vibration rate
Year | damper development | concerned to Sage
= analysis location of Cable damper for each
= Detail researches | Quality
relating to the
standard of design of [* Oraw method of design of Cable damper
Cable damper
* Study indoor probations for tentative experiment
: « Field study to testify the developed Cable
= Test and put Cable | yamper for commercializing
damper into practical [ pevelop the standard production of Cable
3rd | US€S damper
Year = Develop the manual of control of
" Develop the standard| cqnsiruction/quality for Cable damper
design  for  Cable [\ peyelop the manual of support control for Cable
damper damper
* Write examples of applied design of Cable
damper




2. The 1st Year

- Ranges and Contents of Research

Content of Research

Detailed contents and ranges

Analysis and study relating
to local and foreign Cable
damper

Survey the Cable damper developed locally and
internationally

Investigate the general damper in {ocal

Study advantages and disadvantages of foreign
Cable damper through field study

Study literature relating to movement of manual
damper

Analysis and study the
design standard relating to
Cable damper

Study and analysis the foreign design standard
relating to Cable damper

Study and analysis the actual result of focal and
foreign research relating to Cable damper design

Basic study for Cable
damper

Analysis capacity of existing local damper for
Cable damper development

Compare and analysis vibration rate for each
Cable damper to evaluate the existing Cable
damper

Basic study relating to
design

Performance the study to classify and testify the
vibration rate and damped ratio for the dynamic
characteristic of Cable

Develop the algorithms to maximize the effect of
program of Cable support bridge




3. The 2nd Year

- Ranges and Contents of Research

Content of Research

Detailed contents and ranges

tentative
Cable

Develop
experiment of
damper

Produce tentative

experiment designed and
applied for existing local technology of Cable
damper

tentative

Produce experiment and

Cable

develop

advanced technology of damper by

interdisciplinary researchers

Experimental study and
analysis relating to Cable

damper design

Develop program using the algorithms advanced
for Cable support bridge

Compare and study for Program probation

Derive calculation method of Cable vibration rate
concerned Sage due to use analytical method

Derive design method of
Cable damper

Deduce rational method for deciding the
optimum installation location of Cable damper
Definite design method of Cable damper due to
performance analytical study and experiment of
past documents

Exciter development for
Cable Excitation

Cable Excitation development for study of
dynamic characteristics of Cable and Damper




4. The 3rd Year

- Ranges and Contents of Research

Content of Study

Detailed content_s and ranges

damper

For practical use of Cable

* Testily tentative experiment indoor and outdoor

* Apply in field for practical use of developed
Cable damper

* Supply and test field capacity of developed
Cable damper

relating to Cable damper

Develop the standard

+ Develop the design standard applying to Cable
damper

* Develop the standard production and the
manual of control of construction/quality for
Cable damper

= Develop the manual of support control for Cable
damper

Draw up reference
drawing

of

= Write examples of applied design of Cable damper
for practical use and design




IV. Result of Research Development

- The 1st Year

Development

Construct study facility

‘Research ' . , L
Plan Detailed Plan Result of Research Development
L Patent Applicatiion for Cable damper applied
Patent Application o
) existing form
{local and foreign) ) .
(High damping Rubber damper : 1 case)
Release of tentative] Produce tentative High damping Rubber
experiment damper
Translation Translation relating to Cable damper (3cases)
Maximize study facility | Upgrade study facility (PWS Cable Installation)
Basic study Use the main study
for Cable . Use PWS Cable
facility
Damper

Ensure professional staff for operation
{Hyundai Construction : 2 staffs)

Lecture for industry
and school

Technology Seminar (AT Center)
- May 16, 2007

Science Conference

and Presentation

The Korean Society for Noise and Vibration
Engineering Spring scientific competition
(May. 10 ~ May.11) : 1 case

Public Service

Public system service for web—based security
(Homepage)

Basic study

for design

standard of
Cable
damper -

Issue scientific journal

Total 2 cases

- applied to Korean society of civil engineer:
now it's in progress of reviewing

— The Kroean Society for Noise and Vibration
Engineering Technology's magazine : now
it's printing




- The 2nd Year

Actual sized
Cable Excitation

' Actual
Study Goal Result Index | Goal Aiming Designation of Achievement
Qutcome '
Damper 1 ’ High—damping Rubber Damper
Design &| Prototype Prototype
Production of
Cable Damper
Prototype Patent .
. 1 1 Progressing
Applied
. Verifyin . .
AnaIYt|Calth y i Confirmed Confirmed by E t (planning)
Research and ) roug by Expert onfirmed by Expert (planning
Study for Cable tudy — -
L Normal Vibration Rate Abstraction
D am p e rjPublicized .
i 1 of Cable—-stayed Bridge based on
Development Essays -
Energy Equation
Detailed Study Unconstrained Design of
related to . Cable—stayed Bridge by appling
Confirmed
standards of by Exert 1 1 Damper (pp.51~58, NolA, No. 28
xper
Cable Damper y = of Korean Society of Civil
Design Engineers Essay)
Development of
Inverse Analysis .
Inverse Analysis Program for Cable
Program for . .
.. | Program 1 i Intrinsic attenuation Rate
Cable Intrinsic .
. Assumption
attenuation Rate
Assumption)
Exciter
Development for .
Exciter 1 0.5 Study through 2-3rd year

V. Utilization Plan of result of Research Development

Through this research, the developed local Cable daniper is now capable for
practical use in fields of Cable bridge in progressing and planning in the future.

If several kinds of Cable Dampers are developed by its uses, the cable dampers



already done are switchable with local dampers based on the outcomes of this
study, and it reduces in budgets for maintenance and replacement. Also, the
achieved design standard of Cable damper will be used as the essential basic
data for local Cable dampers in the future. Additionally, all the results from this
research will be fundamental materials for all bridge Cables including for all

Cable structures.
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2. Aol &9 AE A
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02 a,<12 ATEstl o3 Aole] PR ) o, B3I Prb @A
W7k Astdd ogd o= MY, w48 9 aAge] 483 & Ak
A9 AolAel o ATk e AolEe) HT FAY LFAEES 9
W g A Agae] 2Aske & Ao,

_68_



2 _ nl 2
| Bo~ ”f\/H H==p] (4] 439)
\ n
AolE] A aHE nste 4F, A HA R=E AFIAET o, MITEH
2 13 af JEFolug 2 439828 g7 29
2
mo——%\/%\/l-l- 82 (2} 43.10)
A2L Irvined Hatulg g FAolEe ANIAES JUehyE FAYAFolth. A2
e oz F¥ 4 Uk
S A ok (4] 43.11)
71X, e AolE AAztolth

wed Aol Ao AZH Ay A 2
olatd thew Bk

7~ V{(1+o2+d?
Vg~ BO

l

‘?’dlz TOV 02+d2 l Uad|

Q@ mFHUH HA
dyE= RE3 oy

(|

259 FAE AoE

A% A 9 A9 HL2 A (2003a,b)

(2 43.12)

(2] 43.13)

—aw Azde] AN LE HAY

AR L T AFol FASHA &7 A3 S0mmz ok wEA, FHSFH AY

_69_



=, YZo) Zt4 =

o} 50mmTH o|EZ
N
=3
a7 487 AGBAAT(G) e AFHAA(HT AZHABAFAT, 2007)0
w2l 0.287, 1.8TMPag AM&-313itt.

2 7Agstel 99E AR ©E
A Adel #HuE dehde 2F
shol e} Ewro] MR Wrkn M3

2Ee A%E HAzA
g 7o £, AsE AR slol=

o:
>

olglg o HAHE AAI}t E434~-%

437 o YErGTh #FelA o = A
o]Z 9] Hd Wloln B HANME A =79 L6 7IFES AHEST
He] @s WA} o0tk F e 9u B Ao, oAL Aclge solE 5
ool HEHET.
3 AE U
@ didAlEY A
A3 A AolE AYL X 4349 2o
¥.434 A3 it AlolE Ad
210| nisk
Ny |2y
| Cable No. HE20| | 520 | TEE HEHE
\ mm | kglm m m mmi(7N) mm W)
CLRO4LL | 120 | 52.9 88.2 81.3 100(2EA) | 100(2€A)
cLLog.L | 125 | 60.1 145.0 140.2 | 100(2EA) | 100(2EA)
CLRIS_L | 140 77 216.1 209.2 | 100(2EA) | 100(2EA)
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@ #A¥ AAU%
B AP g Aol & diF HAFLS ® 4359 2o

X435 A i A& AALGA# @9l %
Cable No. | s 2AH SHax E2Z M| QA
FotZ Al
CLRO4_L. 0.188 0.173 0.361 0.170
CLLO9_L 0.155 0.126 0.281 0.163
CLR15_L 0.112 0.094 0.206 0.159

4) 49 At

O z2v] AR

it

oo zHHulE AAss] 948kl Low pass filtering 78S o] -&3ho] kol=
A A3t
Aol Bo ZanjE olglel A3 Zo] logarithmic decrement methodZE ©]£-3}<

FAs9 o™ m(F71F) =1~1028 &5

§ = (-2 )x100(%) (4 4314)

- 2nm

A7NA, @, 28R F79 NEE 4, . ntmiA FI9 TMEE

AAUE 2Ag=Y A8 A2 Aewgre ZAdoly AN
Avjzke) 30%~70%° @& AT

AolLel ZauE A&E(Aghe] A7lol wet sAFHer WHsnE 2zt
AETAN) B2 ZAEZ 295 T o] S WA Ao Fiu=
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@ Aol 2¥4AH%

" %

%

%436 28 gy AolEd HF 4y
@ CLR04_L
o9
A S o7
ANESSE 2 < ~ Ao A L
BT | M | oisE | 24 2+ A H]
Test 1 Xt | 0.626 | 0.063 | 1.184 | 0.120 | 0.089
(cabie) 2Xt 1.473 0.052 2.947 0.200 0.118
Test 2 1%+ | 1.409 | 0.362 | 0.639 | 0.506 | 0.453
{cabletdamp.+devi.) 2Xt 1.248 0.412 1.945 0.535 0.463
CLL0O9 1.
49 1%
FA z o
NEZEH g E Y 2 - Ao
IhEE 24l &E 2 A HI 2 A H|
Test 1 1Xt | 0.584 | 0.035 | 0.761 | 0.092 | 0.067
(cable) 2xt 0.793 0.064 1.387 0.146 0.103
Test 2 1t | 0.297 | 0.195 | 0.216 | 0.324 | 0.263
(cabletdamp.+devi.) 2xt 0.628 0.218 1. 117 0.298 0.254
© CLRI15_L
o)
A = i
ANEES o c __ 2 A A‘JJEHBI 4@
JEs | 2Hd | JtssE | 2| 2 A HI
Test 1 -
1 Xt 0.045 0.005 0.036 0.392 0.125
(cable)
Test 2 _
. 11X+ 0.034 0.004 0.052 0.573 0.258
{cablet+damp.+devi.)
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5 ZA#A =

EA37 AP W AolBe med Zan) uw w9l 1 %
Al gt
A E alg
Cable ac (o & i gk gt S/ H e /9224
No. 2 HI
bare |damped| bare | damped| bare | damped damped
1x 0.089 | 0.453 | 0.47 1.25 2.66
CLRO4_L 0.170 1 0.188 | 0.361
2%t 0.118 | 0.463 | 0.63 1.28 2.72
1xt 0.067 | 0.263 | 0.43 0.94 1.61
CLLO9_L 0.163 { 0.155 | 0.281
2%t 0.103 | 0.254 | 0.66 0.90 1.56
CLRIS_L} 1XF | 0.159 [ 0.11210.206 | 0.125 { 0.258 | 1.12 1.25 1.62
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| Q22|
0.4 m &5 Zf2] d
: ’ﬁ O &S 284 H]
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% 4311 IRES AR AolE Zan) vlw

el Tz Aze] AolEd T #HHET R o7 FHude AVE Hla
stlvh AdAx grol AAg Hlst] oF 90%~128%4 =9 HeS RieH 8
TR o] 156% ~272%71A19 A5 s RTh webA, did Aol g A Tt
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5) A4 Data 2@ Z+4v] A Data

@ 24 Data

@ CLR0O4 L

142 = ZFAA 9 §9( 1.202Hz)

E 7hAA 9 S7(2.393Hz)

2l wods

132 weds s 2uf mode
9
1
2
2
1 -
e
g= 00 is
- [ E
R S 4
pras 3
(S0 -
o v
-
- O 3
B e ok el o A e 0 R o e S M b ot A A A R
L] - L " = = » L ] o - - - e " 1 m
oot} Tt}
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CLLO9_L

1AR= 7434 9] 32(0.842Hz)

24 EE FFAA e SE(1.666Hz)

“wetn/nes

Y )
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© CLRI5_L

1132= 7AAA 9 $9(0.568Hz)

1ARE 7H3A19 7 (0.574Hz)
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6) A-27t552d A4 4 Data

@ CLRO4_L

Test 1 : 7Alol& o] FA4 ]

1st mode 2nd mode
8.3 T 6.3 ¥
1on=] 485 1ea=240:10
0.25 0.25
] ¥
3 02 3
g g
o 015 o
£ £
I3 2
€ a1 £
8 8
2.05
" i i i i s : H i i P i i A H ;
g6 62 04 06 08 10 12 14 16 18 20 a8 050 1.00 1.50 206 25 3.00 3.50 400
acc.(m/sec?) acc.{m/sec?}

Test 2 : @3 A5 4]

1st mode
0.8 T 08 2nd mode
{ewl ansb [+s=2an-10
8.7 87
~ 0.5 -
g g
205 Ly X 'A..zz:.h‘
g W‘ﬁ"ﬁ"}" """"""""""""" g W wadat
w04 ablte 204 W
£ s £
% 0.3 £83
1
"2 ® o2
21 0.1
P ) S
40 02 04 05 08 1.0 12 14 16 18 20 40 0.2 0.4 0.6 88 1.0 1.2 1.4 1.6 1.8 2.0 22 24 26 28 3.0
ace.(mfsec?) acc.{m/sec?)
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@ CLL09_L

. =] o]
Test 1 : Ao]E {2 744
02 st mode 02 20d mode
[est =25 Jeazz ne=t0
018 0.18 !
0.16
Laou
2
aélll?
o 01
£
a 9.08
E L
S 008
0.4
0.02 0.02
0.0 2.2 0.4 8.8 0.8 1.0 1.2 t4 60 G2 o4 06 08 180 1.2 14 15 18 20
acc.(m/sect) acc.(m/sec?)
Test 2 : 95 AXFo ZHan]
st made
2nd mode
0.5 T 5 T
{ewl a875 bl {ee=2 an=l0
045 04s
0.4 0%
435
23

dam ping ratio(%)

dam ping ratio{2%)

66 02 04 06 08 10 L2

acc.{afsec?)

1.4

16 18 20

[
60 02 04 Q6 08 10 12 14 16 18 206 22 24 26 28 30
accf{m/sect)
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® CLRI15_L

Test 1 : Aloj& 319 ZH4{H|

0.60

1st mode

0.55

{owl i

0.50

~0.45
&

%040

%035

« 830

e
3 0.5

o

® 15
819

0.65

2.00 " : L

POl W 3
s2 %004 A i L 2

000 60t 002 003 004 005 066 007 008 009 810

acc.{m/sec?)

Test 2 : Hy Hdx]3F o 74w

0.60

1st made

0.55

8.50

= 045

3 .40

5 0.30

Sox

£0.20

a1

0.10

0.05

0.00 A : s

86 80! 002 003 0.04 0.05 065 007 0.08 0.09 018

acc.{m/sec?)
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& 439 B FA9 A i Ve dFEAH

e e AR A GE A
17r4] 3159 5 (HDR) 35% 45% 55%
1 0.48 0.65 0.80
2 055 0.75 0.93
3 055 0.75 095
4 A 9 (IHD) 25% 35% 45%
1 0.56 0.78 0.72
2 057 0.80 0.60
el 3 0.50 0.71 0.60
2. A AH(IRD) 3% 4% 5%
: : 1 1.29 1.63 1.99
2 1.24 1.40 155
3 0.96 1.03 1.10
< <9 (EHD) 3.5% 45% -
L dsas
1 0.41 0.27 -
2 0.42 0.29 -
; 3 - 0.29 -
u}2 9 % (FRD) 35% 45% 55%
= 1 195 396 431
9 1.80 252 278
L 3 1.78 259 -
74 a1 F A (HRD) A Aol A XY A Mkl
CLRO4_L 275% 0.453
CLLO09_L 1.90% 0.263
CLRI5_L 1.37% 0.258
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Auz Agol A58 Aot

2. Aoty {7 F38§ &4 ==a33 A X 249
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AN 2 AAZE AN e E2A HEol 7t RAoln. s He
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483 gtetgrin 7lEd FRAYPd AFLH 4% BHS AT + 3
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