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ABSTRACT

Tension force of hanger ropes has been recognized and utilized as an important parameter for

health monitoring of suspension bridges. Conventional vibration method based on string theory has

been utilized to estimate tension forces of relatively long hanger ropes without any problem, however

it is convinced that the vibration method is not applicable for shorter hanger ropes in which the in-

fluence of flexural stiffness is not ignorable. Therefore, as an alternative of vibration method, a num-

ber of feasibility studies of system identification(SI) technique considering flexural stiffness of the

hanger ropes are recently performed. In this study, the influence of support condition of the finite

element model utilized for the SI method is investigated with numerical examples. The numerical ex-

amples are prepared with the specification of the Kwang-Ahn bridge hanger ropes, and it is revealed

that the estimation result of the tension force can be varied from -21.6 % to +35.3 % of the exact

value according to the consideration of the support condition of FE model. Therefore, it is concluded

that the rotational stiffness of the support spring should be included to the list of the identification

parameters of the FE model to improve the result of tension estimation.
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Fig. 1 Section of Kwang-Ahn bridge hanger rope(ls)
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Table 1 Natural frequency variation due to support
condition and flexural stiffness

Support Hinge-hinge Fix-fix
dition
1 value Frequency | Ratio | Frequency | Ratio
1040 mm* | £ |34.865 Hz | 1.00 | 35.627 Hz | 1.00
(non- f» | 69.823 Hz | 2.00 | 71.337 Hz | 2.00
composite) | f3 |104.958 Hz| 3.01 |107.199 Hz| 3.01

83,700 mm* | f;
(20 % of full-| f>
composite) | f3

36.094 Hz | 1.00
79.188 Hz | 2.19
134.469 Hz| 3.73

43.498 Hz | 1.00
94.821 Hz | 2.18
159.177 Hz| 3.66

413,500 mm* | fi
(full- %
composite) | f3

40.694 Hz | 1.00 | 61.326 Hz | 1.00
109.192 Hz| 2.68 |151.251 Hz| 2.47
216.089 Hz| 5.31 |280.017 Hz| 4.57

Table 2 Input values of numerical analysis

Parameter Value
Length 2.1m
Tension force 349.2 kN
Sectional area 1976 mm*
Elastic modulus 137.2 GPa
Mass density 8.249x10” tonne/mm’
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Fig.2 Flow chart of hanger rope tension estimation
using SI technique
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Table 3 Target parameters of example 1

Parameter Value
Hanger tension 280 kKN
2™ Moment of Inertia 124,050 mm*

Stiffness of rotation spring 1.0x10° N-mm/rad
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Fig. 3 Mode shapes and natural frequencies of the numerical example
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Fig. 9 Identification results of SI parameters(rotational spring support)

Transactions of the KSNVE, 23(10) : 869~877, 2013



Jungwhee LEE et al; Effect of Support Rotational Stiffness on Tension Estimation of Short Hanger Ropes in Suspension Bridges

& ARl FThete]l HaAS s A
+ Fig. 8 % Fig. 9o HehfiSIt:. & 314

o Ao A m AR A Y AfE
=2 Al
. _

D=l o

S BEgel FHsgon, gu, BvAEds
2 AR SAATY o] B galsh PAshe

gom s,
9] Hl Aol i 4

=
ox
o
f

N
N
ol —
ol
rlr
ox
o
=2
i T

X oo R oox K
S
ful =
32 e
v} o
NI JE
o, o
ox
)

1o
o
b
Ir
B
O‘\
c>\C’
=
>
+
[9%)
Ul
W

3.3 &X[aflA ofx 2
kol dA 194 = *‘/o}ﬂ 24
Ao gt AES =33}
gojR o] AHF21L
o] ete FA ol Lol Ax|H FPolm=o] A
sheke nlgsy AZw AR, Avhka
Gz Fdsitta & 4 flenz 4
oA 20| = Abatete] A
OH qgdS 7
ZEY A2 T
, *PDW A shAAHY] 2xy A 2
0.2x10° N-mm/rad$} 0.8x10° N-mm/rad® A= T}
27 dAsI3T

T ot
N (A
o rsL'

m

—

ol 30 fo p
=
2 &

id
lig o S b

e o 2 1o o>

jg

sl

Table 4 Comparison of tension estimation results

Rotational
spring

fi(Hz) | 38.20 | 38.07 | -0.3 % | 38.20 | 0.0 % | 38.19 | 0.0 %

Exact Fix-fix Hinge-hinge

f(Hz) | 86.96 | 86.81 | -0.2 % | 86.83 | -0.1 % | 86.95 | 0.0 %

fi(Hz) [152.65/151.90| -0.5 % [152.78 0.1 % |152.63| 0.0 %

T(kN) |280.0 | 219.5|-21.6 %| 378.9 |35.3 % | 279.9 | 0.0 %
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Fig. 10 Support condition of Kwan-Ahn suspension
bridge

Table 5 Target parameters of example 2

Parameter Value
Hanger tension 310 kN
2nd Moment of Inertia 248,100 mm?*
Stiffness of rotational spring 0.2x10°
(upper support) N-mm/rad
Stiffness of rotational spring 0.8x10°
(lower support) N-mm/rad
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