DR UEFGY DUHE FA SN EET, pp. 45 ~H0
TH W7 E53 AZ2" £ 2E|o] AolEY FY 3

Estimation of Tension Forces of Assembly Stay Cables Connected
with Massive Anchorage Block
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ABSTRACT

In this paper, the tension of assembly stay cable connected with massive anchorage block was calculated
through back analysis of in-situ frequencies measured from a stadium structure. Direct approach to back analysis
is adopted using the univariate method among the direct search methods as an optimization technique. The
univariate method can search the optimal tension without regard to the initial ones and has a rapid convergence
rate. To verify the reliability of back analysis, Tension formulas proposed by Zui et al. and Shimada were used.
Tensions estimated by three methods are compared with the design tension, and are in a reasonable agreement
with an error of more or less than 15%. Therefore, it is shown that back analysis applied in this paper is
appropriate for estimation of cable tension force.

U AN fii 14 neAEs

e : Az c- [Ez
wi

% A o)(step length) I_—__(03‘5+05)

22

do

Si: wrapuey F =\ 128846 cos 0\ 031605

ki ASA A was

T Aol 2 2712423 51 Aolel sag o) W7o wl(sag/lolRel Sur 2
L: Aojge ol o) |

CORE DERE-EEE n: Aolge] AFRE A4

y(): Aol FARY Y B4 Fo: AolBe] nx AERT] AES

EI: 70129 B34 - )
b AOBe WSO 2% Je: Aolgel It AZAES

g FUNEE fi: e iAo Aol k3 ANAES

AYAA 71&MLA(ATL) ér: s8R
E-mail : maskwj@hdec.cokr
Td : (B1) 280-7211, Fax : ((B1) 2807061

e BA S B2

*

-435-



LA E

3o AHAY FBopNE HFEY wHst € 48 &
s T2 B vEe] A R Az, AFvlee]
wgsio] AR, A4 5o Aduds oy Args 2
< W F2E Yo Frsta Ytk old¥ F2E A
A gRES 8FE AR EAR F2 AjEe] AHE
H1 gon FEEY AWAFTE st Aol HAF
S E9stz 2AsoF ok matr, ALEFAM FHAolE
9] #HL Ao sl £ AT Folx TEREY {7,
B g oA Aol e g ZHsof k.

AR AolEe FHE FAste PHS IA AP
o3 AMH whysl o]&4 e o7 zhdA wWel 3tk
Ad, % Ade] o8 ZAHse WYeEs Uy
(hydraulic jack)elut Z=A(load cell), 2E#S AolA]
(strain gauge)E o| &8l otk et o2d Wy
AlolBel 71%e] &3 H olFole HEo] wlf AN gl
t}, o]22o] o3 &A whogE A Wy oz o
B9 Ahe EAstd FHE FHY F Aoy AeEe
AA AAE &A3y| olFn old wE LAt BoE=
2 AR gtk B39 iR Ao AFAIE
e AFAFFE 23 ¥ 18759 AEHAY 3
2 AN 3 7 B2 (tension formula)2 ¥
B ZEe 23t AFWU(vibration method)e] 3t} o]
WL HTo] Lold Aol @B I AME HxE
& u wny Azte JslEx MAE AHEs xEEE,
Fae 5o A% AANAFT 9 Q¥R vl e %
AAF] o3 4A £8E & don AF £ 45 Fdx
ZEL 248 F o] dutdor AEHT Qi

A FAlojE AY &Aoo dityon AL e AF
B2 1995%d Shimada7} AAFIEH LR AolEe nxdF
RE IRAFFE Z3% FEE Adsie Hdd g
dAsigoen(l], 199%6dels Zui, Shinke®} Namita’}
Irvined] o]0l g AF2lo] AL AolE] FAL
T AR Eo| Wl we e Aol dsl BAgs
ZA8H, Age whgog MAstd AXF FEH dis
dFstarh2] 2y ol3d A¢EL /MY ded AoE
o] Agont T A& FRIAAY ANLE olEHE
AEx 9} FAMS e ZEE BAT Zfolth wEA, B
Ao} Zo] FF FAYA B2 A AlEY A
Lol AolZe fAZold wHTHFE AAS oY
W2 FFASE L)zt AAHLh olo] 2 ATAME
Bl gutmoz HEE £ gt A WY =,
ANF 2 gFT Ao 2AQ AZSARE BAFA Fofsie
A#fM(back analysis) 71'8-& FE3ch o) Jald G
A= Cividini, Hisatake, Sakurai, Gioda 5°l & Fx

X

goen aA AP Y(direct method)z F4HH(inverse
method) 22 FEFo] AA X5 FxAe ¢4 A
#% BAE EEE vt ¢ 59T A A dig
o dFE 3 ch[345]

2 dFdM e 984 7Y F o Ao H40hes)
I EF E) AL F¥as T2IPL A}LElo o
BAnow ALY & glov BEFF 33 wjHo] glo]
HAMPEAE H48 £ Q23] vty 8y Z2ay
9 7|12 ¢zEEE ad2 ARE F Ade FHo e
v whE Zqlel] oF A|AR7L grHdls ©@io] Q=
ek (direct search method, [6])& o] &%t} o] 719
& Az ARA Aoz FAHE 23 F(error
function)& = g4(object function)2 A9, o|& Hi 3}
87] 98l A3 dnedE BAASE AHgd a3
2 HHg gueFoegE: g shie] Wk wshA
NAA, FHHAE Foprle DHFY(univarate method,
[6)e Agdo A=A gL Fux &899 F371%
Alojgoln] ol s} Fall4 7Y g o]&3te Aolg 1
Az Y S FAsT A8y Ay HAEHAAM T A
SRS e ZAZ o Aoy fEAcle wHFH
S ARE F AFHA 8 FYE FAsA A5y Y
o o A vl F4FIth

2. o84
21 #Hs oY

Optimal point

Fig. 1. Searching process of optimal point [6]

Fig. 1& A¥Ey9 H2d(optimal point)& H43=
HAL BdFE a¥olth YA A4HE HES A2
T AMe gEEge Jehlle Aeg, HHAE 27 9%
gL AFgEd PAg WPe wer FPHch 53, of
e wmge 71 He Ao ofF HYPT ez Uy
A slchl6]

JPAN TEE FEQ, 352 4;3, 5,465 0%
A7 A dRde wHL Z dANA Y HHHo| d
o} gdEgos dase 4 [, 2 3% ¥4 ¥ F 3%

-436-



AR A 134e) Ao)E olgstel T v AREE
e }4E W= GO

22 Hxst Hxt
43 g 4 D2 Fosls eAREd BHYF
Hash el st vlxe] W4E elNo

Sh W

oz WEAMAAE THE AN daeize A

194 oA dds X(=1)9] 27138 dRe,
29 Xio] tjste] 2HFSE AAeich

394 A @ o8 HA wpEse] ggwA gk X
< At

X =X +/1:Si ' 2)

497 : Kool vistel BHg4E ALek

59 - 447 £¥71F ARE PR FHRlW Uy
AU FRIAL 137 oW =412 FHAY F 3
WAZ Eobt HEANAYS AL

3. usHY

duiez AFYPE AolEe FH vy ezRH
Aolge 74, sag, AL A, FAHAE 5 9%
< a3t T AL olgsH, Aok JFHA
0E IAAFTFE @A ASso olg FEAH A&
AU JARNE FF FALE FHAH vnge=H
Aolgel S FAHU

Fig. 2. General simply supported cable model

Fig. 28t 22 7lo]& RdelA A7t ¢, AlolE sdi2

2 A (2HF BolA AFA AHolE Ao +ANE F
g vDeol g LFPFAL AR 2o TAE
(8]

2
r o°v(x,t)

2 4 2
-~ d*y(x) —E]a v(x,t) _¥ 0 v(x,1)

+hx0) dx? ot g at 3)

4 (39 [ERAAE AolEe A8 21 ¥ 1
gate] Ed g Aol frH & AFME o
9] Zui et al. 7 Shimadacl] 23] f=d FF4 & H 4ot

3.1 Zui et al.o| =H&HA

Zui $o] Agtg zHEFA e FAolEe AL vehie §
Adgoza &, T'E Agsie 6= $74, TE sagdl
q52 Jehle Axlolth AolEel sagdt FHFH) &
H(T<3)e 14 TFAF(NY L] ¥ wet Ao
2 AFol umzsA Wk wEA, 1% 1/AFF 4
Qa1 o3 A exrl ad Wk 2xlm=(YdlA 1A
dAE I 9FL FAL F demz 23 AFR= Ut
ZAR S ARsth 8, Aol sagst T AYo] e
H(rz3)s 1, 23 AFE= oJd Aol AMR7H538HY o]
3$E Aolgdd =€ Aol AA UA 1A AFE LA
A71717 i folstEz 14 AEREd g ZAE A
g3tk B Q7olME 23, 6217¢ A & AolY sag
S BAAEE BT F AE ALolmE 4 @E AH3)
o FEg FHIO.

2
T= 4—W(f|L)2 1—2.203-0.550[-0—] s (17<¢,35T)
g A S

1 1

@

3.2 Shimada®| &34}

Shimadat #2 2387 93 O ASECE A8
Qo AolEel SH MENRY (oTRH T8 AG)%
2e ANl fxsm o] g Avua (25 40 1
el AYBAZ HARE ¢+ Aok A, AolEe 2
Sao) AEmessd 13 A% HH SHFg e o8
ao] 12 98 274 YW bE T A6 o] B
4e 24% & Ak

2
[LJ _Te
n 4wl?

T=4ml?b )

2_2
nn EIg 2
—_—2 =b+a-n
4wL? (5)

-437-



@

yH8=b

HE7I=a

2
n

Fig. 3. Linear regression for measured frequencies

4. d7olE T FH

Uo]

54 dd 7= Fu &9 #3713 A4
o] Fig. 4°] Jeh} Slch o] A7)13e Beolzgsl AF3)
dQtell YAF FuRloly & Fuid Qon 694 5
2otk #7371F9 A% FZEL Fig. 49 Zo] 8749
HUE(pylon) 22 AR EZYA} Aol =Ho glo
o 7z} fd&¢e Fig. 5% 2ol 3 719 Back Stay Fold
# 2709] Front Stay AolEE FA=ES QUth ZF Front
Stay #Aol&-2 oAl 2709 AlojEE AA P}t Back Stay
Aol &L AolE ZYAAR A (assembly)2 Hol Yoy
Aol&e] Hole 60603mE LAsn ZPAARA S o]
d wet HA HH oo ols} girk o] ZHPAARA
< Eye bolt, Pre-tension ring, Tumbuckle, Thread rod,
ForkZ FA5o] Sith -7—7"7]%}-—] 870 Back Stay #Alo]&
o] FEZHdldoln AY € AAAEe] Table 141 Y&t
U A3 FAolEe] FF#E ZYAARAE A2F A&
o] FFolct.

2 oi?owt Back Stay AlolE-& Z¥ 2do] Aolg,

ZYAARAE PAR] EF02 Jgoh

o

Fig. 5. Side and plan of pylon

Fig. 6. Plan of back stay cable

Table 1. Design tensions and properties of back stay
cable in main stadium

* CabledD | ° Length .| Weight | Tension
CI/A-112 6,901 0.96687 4481.34
CI/A-120 6337 47154
Cl/A-144 66.915 450095
Cl/A-152 6917 452057
C1/B-104 6971 4961.84
C1/B-128 6357 507951
C1/B-136 66.923 505990
C1/B-160 66.581 4991.25
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Table 2. Estimated tensions and tension differences

Cablo | Desim | Zaietal
Tension > ORI T i e
DNE | Dok F BaNIEa ) BN B
CI/A-112 | 448134 | 470082 51 4994.20 114 5100.10 138
CI/A-120 | 447154 | 424404 -5.1 4504.88 07 4619.61 33
CI/A-144| 450096 | 47350 -06 4709.82 46 4832.40 74
C1l/A-152| 452057 | 43%6.08 -28 485789 75 453046 91
C1/B-104 ] 496184 | 422835 | -148 | 467188 -58 4690.21 -55
C1/B-128 | 507951 | 4726.49 -69 5072.64 0.1 520197 25
C1/B-136 | 505890 | 439608 -131 434320 -23 434024 -43
C1/B-160 | 499125 | 4569.01 -79 4701.00 -58 4960.07 038
5,82
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