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Back Analysis for Estimating Tension Force on Hanger Cables
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ABSTRACT

in general, the tension forces of hanger cable in suspension bridges play an important role in evaluating the bridge state.
The vibration method, as a conventional one, has been widely applied to estimate the tension forces by using the measured
frequencies on hanger cables. However, the vibration method is not applicable to short hanger cables because the frequency
of short cables is severely sensitive to the flexural rigidity. Thus, in this study, the tension forces of short hanger cables, of
which the length is shorter than 10meters, were estimated through back analysis of the cable frequencies measured from
Gwang-An suspension bridge in Korea. Direct approach to back amalysis is adopted using the univariate method among the
direct search nwthods as an optimization technique. The univariate method is able to search the optimal tension forces
without regard to the initial ones and has a rapid convergence rate. To verify the feasibility of back analysis, the results
from back analysis and vibration method are compared with the design tersion forces. From the comparison, it can be
inferred that back analysis results are mwre reasonable agreement with the design tension forces of short hanger cable.
Therefore, it is concluded that back analysis applied in this study is an appropriate tool for estimating tension forces of

short hanger cables,
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Table 3 Measured frequencies of hanger cables under
ambient vibration condition

Maode

Measured Prequercy (Hz)
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d_ | 313 311 645 | 609 | 1601 | 1547 | 2929 | 303
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Sth | 793 | 781 (1536 1458 |4917 |87 | - | -
6th | 946 | 938 1809 1721 | 6501 | 657 | - | -
7h 1120 1096 | 2137 | 2037 | 811 | 8544 | - | -
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Table 4 Estimated tension force by vibration method

Cable ID] A | 228 | A | 298 | A | 3B | %A | 98
Fm 412372 | 3%.193 410746 | 357789 | 317.913 | 28275 | 290,086 |02 947
33 Hsli

Fig. 102 S&47P4e g el g 13}
vERi 3l vlAle) eyl W4 Al 39
ole, 27AE AAZHA o9 FAeAE €F 3t

B2

lioa

z
T
o

Ag-stgrt eAdol(step length) N 2 BAASF 4%E

44O 2 A @ A 29 gaag sE 4 )3
o] 18 Aojd 4 ot an FF7Ee 4 9% ¢
o] vz Wiyl 19l e Faigd.

A =T(3-1)

14 i
;3,«:‘-““, o

v, fe
S =1
Wﬂ]"’f;g:r

T; T

Fig 102 22 A% A3z 48 7z

¥y

©)
%)
®)
©
25 el

waAE Poplolite] ANNF4()%h BN 245

AZAES(1)E vl
g 4 ik ¥

§romax

] salag wadoR 4y

il Al 2} Ajolite) oo wet 13

NUMERICAL FREQUENCIES [, |

MODIFY UNKNOWN
PARAMETER

To=T+ A4S,

CALCULATE OBJECTIVE
FUNCTION

o Lol

o~ ”‘\\\
" CONVERGENCE ™.
CRITERION //’

~_

YES

NO

T —

Fig. 10 Flow chart on optimization procedure of
univariate method

4 3 22 ATRRS o
- 22-A-Beam Ay
q oo 2B Truss A
b 22-8-Booen %

Relative Eror of Tension
Y
e

. T T T T ¥ .3
b xi] 335 o 5 L

Estimated Tension by Back Analysis (KN)

{a) hanger cable No. 22



e aSWE3ths] 20060d EATGE U] =B

a7 5
A e WB-ATUSS
e / - 29 ABeam
£ o / ot 0B Truss
’§ F ~ & 28.-B.Beam
Eonf  / ;
*
?_ . 7 %
/ & 5,
lg 00 4 .f I !
g / / %
R oo ," s %
-} J ¥ :
& 15 F R | %
P RN T SO A A M A
Estimated Tension by Back Analysis (KN}
{b) hanger cable No. 29
12
it 38-A-Truss
osnd o~ 38-A-Beam Y
e —tie 36.B.TrUSS \\
% teg{ —a-36-B.-Beam %
£ N
g o a5 \\
N
g 004 4 N \\
\’A A\
£ ez * 5 A
3 i Y & o
& Ly g9 ‘f; N
aw b kY kS h )
x0 w6 &0 a0 @ P
Tension by Back Analysis (KN)
{c) hanger cable No. 36
O3 «
~u-— 3§-A-Truss
0w | ~u— 39-A-Beam %,
H —&— 39-8-Truss \
2 oo ! -4 30.B-Beam \\
S N
296 S
: NI
uh, D04 s\A \\
2 oo A \‘\9 "
g F Y
o 4 ' 1 ‘},\ %
NG WD N0 NG K0 40 0 OB M 0 60

Estimated Tension by Back Analysis (KN)

(d) hanger cable No. 39

Fig. 11 Estimated tension convergence by back analysis
using truss & beam models

Fig. 1104 3loj ujst 3ol 2} gojsjoll: Wa
AlE g A8, Truss B493} Beam X2do] zpzt 0
eghow SEldkn Ak oglal Bl F32000 A
ki 79, golrollg ojd g4 Rdygdhs A
o] gkl sk oig Pag ke Fig 1R
e ¥ 4 ok

e o)t olAolll o] 44l A= Table 59 ¢t
of Aujd 4 glvk et 2 Aol MR Truss Hdlw
Beam 24le] ofall4] 2ot} niaa) vehlr] wiel, Fig

129} gto] 7t Aol ndle) AFREW DRAFSE AZ

A9} a)sdlgt

Table 5 Back analysis results of truss and beam models
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4o\ ol 7 gollolys) muYe FaM Add
AE5sh Wl 544 ASPESE Qprsda )
sk, Zdo] 10m vluke] 3633k 390 Aelie) Aok
W3s) Beam M)A Qo)7l ANAFT AFLES
QA g AR & ok Wl 2 3 299 slo]
pel RSl AZAE4TE Bl AMAolA o
Truss 2del AESol 2% 298 Ushigch o
B gaae B 4 299 A% 24 2 299 Aol
B Truss 24, 363 L 399 Aolibe Beam Y& ¥
& 49 4% WY & ke WhE nolw it

Iﬂ: J"

22-A

#
8d / ~e Measuced Frequency
s % -x.- Truss Moded
- ~a- Beam Model
2 e

L s e e e S L S s
T2 3 4 5 B 7 o6 ¥ oW oW W
Vibration mode (n)

(a) hanger cable No. 22-A

1 4
A
144 r’ﬁ

i e

: N 22.8

\ 7 - Measured Frequency
e <. Truss Model

2 o ~a-- Beam Model

i e e e e TS S s s
3 oY 2 3 4 5 & ¥ & 9 W g
Vibration made (0)

(b} hanger cable No, 22-B



35 «
] A
4 e
) rd
; A o4 A
# A
] 35 4 /"
g ® ~ 29-A
[ -w-teasured Fraguency
o4 ~--Triss Model
aec B2 Model
T T T T T T TR T
Vibration mode (n)
{¢) hanger cable No, 29-A
A o
oy
Py /f’
£, &
4 g
o ~ 29-8
-~ Measured Frequency
54 ~w Teuss Model
—a Beam Modet
T TTITTTTT I TR T
Vibration mode (n}
(d) hanger cable No. 29-B
510 -
wed
04 g)’
o4 R
o
g L T
E . *?«f/ ’
» v 36-A
0] ,//{// - Measured Frequency
] .,&5" - Teurss Model
~a- Beam Modet
vz x o+ s & 7 2
Vibration maode {n)
(e) hanger cable No. 36-A
4 -
w
w A
y
_ » _f/ .
£ 4 ,/ //
o ,/ e
“ y,f'f””
v 4 3B
] ,/’5/ - Neasured Frequency
A s Truiss Model
04 ~
<~ Bearn Modsl
6+ 2 3 4 5 e 7 &
Vibration mode (n)

{fy hanger cable No. 36-B

H

e )
— s
S

4
§ ] PAYY

A ~s-Sleusured Frequency
1 * - Triass Model
. e Boam Modet
: B 3 H H
Vibration made {n}

(g) hanger cable No. 39-B

12
0.4 &/}‘
w4 yd
) s
0.4 /:!‘ /
g #i ',3(/ 398
//,,,ﬂ ~e~heasured Frequency
® B - s Truss Mode!
. - Bream Modet
1 H H H H
Vibration mode (r)

(h) hanger cable No. 39-B

Fig. 12 Comparison between the measured frequencies
and the calculated frequencies by back analysis

Table 6 Estimated tension and its difference between

the results of vibration method and back analysis
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