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Back Analysis Technique for the Estimation of 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 conditions. 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
frequencies of short cables are severely sensitive to flexural rigidity. Thus, in this study, the tension forces of short hanger cables,
of which the length is shorter than 10 meters, were estimated through back analysis of the cable frequencies measured from
Gwang-An suspension bridge in Korea. Direct approach to back analysis is adopted using the univariate method among the direct
search methods 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 tension forces. From the comparison, it can be inferred that back analysis results
are more 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.

Key words Back Analysis, Direct Search Method, Hanger Cable, Tension Force, Suspension Bridge, Vibration method
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{Fig. 2) Simply supported cable model
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{Table 1) Properties of Gwang An bridge
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{Fig. 6) Positions of selected hanger cables

{Fig. 7) Hanger cables for measurement

{Table 2) Properties of selected hanger cables

{Fig. 8) Each position of hanger cable has two groups

len; diameter Young’s modulus weight design tension
Cable ID (nf)‘h e= VTTED - L (um) (ng ) e /rﬁhm3) g(“m
22-A 50.8505 155.208
22-B 50.3753 153.758
29-A 253234 77.293
29-B 24.9986 76.302 ) .
49.52 1.3734x10 8.0x10 377.685
36-A 9.0173 27.523
36-B 8.8329 26.960
39-A 4.8208 14.714
39-B 4.6985 14.341

(Fig. 9) Accelerometers installed at hanger cables
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{Fig. 10) Acceleration responses under ambient vibration condition
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{Fig. 11) Power Spectra of the measured acceleration responses under ambient vibration condition

(Table 3) Measured frequencies of hanger cables under ambient vibration condition

Mode Measured Frequency (Hz)
22-A 22-B 29-A 29-B 36-A 36-B 39-A 39-B
Ist 1.57 1.55 3.22 3.05 9.40 9.20 16.77 16.72
2nd 3.13 3.11 6.45 6.09 16.01 15.47 29.29 30.31
3rd 4.75 4.66 9.62 9.14 23.12 22.60 60.00 63.09
4th 6.33 6.23 12.66 12.01 34.78 34.54 96.70 94.37
5th 793 7.81 15.36 14.58 49.17 48.73 - -
6th 9.46 9.38 18.09 17.21 65.01 65.75 - -
7th 11.20 10.96 21.37 2037 84.11 85.44 - -
8th 12.61 12.38 25.06 23.95 - - - -
9th 13.96 13.72 28.71 27.66 - - - -
10th 15.42 15.18 - - - - - -
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{Table 4) Measured frequencies, Computed Frequencies and mode participation factors of numerical models
o] : Hz
cable 22-A cable 29-A cable 36-A cable 39-A
Numerical Model Nurnerical Model Numerical Model Numerical Model
Mode| Measured Mode Par.|Measured Mode Par.| Measured Mode Par, | Measured Mode Par.
Frequency g;mp ul ed Factor |Frequency Computed Factor |Frequency Computed) . or Frequency Computed Factor
quency %) Frequency (%) Frequency (%) Frequency (%)
1 1.57 1.54 79.6 322 3.14 78.79 9.40 9.18 80.87 16.77 16.78 86.09
2 3.13 3.09 0.001 6.45 6.29 0.02 16.01 17.70 0.97 29.29 31.97 0.12
3 4,75 4.64 9.13 9.62 9.44 9.96 23.12 25.98 10.36 60.00 58.31 4.97
4 6.33 6.19 0.005 12.66 12.59 0.10 34.78 36.30 0.13 96.70 94,60 0.28
5 7.93 7.75 3.51 15.36 15.73 443 49.17 48.96 1.87
6 9.46 9.31 0.013 18.09 18.86 0.13 65.01 63.68 0.23
7 11.2 10.9 1.97 21.37 22.03 2.33 84.11 80.42 0.82
8 12.61 124 0.024 25.06 25.32 0.02
9 13.96 14.0 1.34 28.71 28.80 1.03
10 15.42 15.6 0.034
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{Fig. 12) Estimated tension convergence by back analysis using truss & beam models
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{Table 5) Back analysis results of truss and beam models

Cable Cable length Initial tension value for Converged tension force (kN)
ID (m) back analysis (kN) Truss Model Beam Model Beam Model with M.P.F.

22-A 50.8505 403.9464 388.6941 391.158
22-B 50.3753 387.5469 372.0409 373.138
29-A 25.3234 406.3433 374.7989 393.454
29-B 24.9986 377 685 358.9159 327.4201 342,753
36-A 9.0173 460.4571 397.8215 384.444
36-B 8.8329 423.7153 362.4154 349.861
39-A 4.8208 459.4143 3773144 378.512
39-B 4.6985 437.0136 355.8146 358.152
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480 460
4eoj 0.0 440+ 0:,
440 420 : “Q\
z < )
< o = 40
§ 0] g 0
2 o
© 380+ = 360
= o
E 360 % 340
€ 304 E 0]
-E ---------- 7 R R Design Tension
& 04 -0 \fibration Method | (Single Mode) Woaw] af 7 -+ Vibration Method | (Single Mode)
—2— Vibration Method 11 (Muti Mode) - n —2— Vibration Method If (Mutt Mode)
3001 ---0--- Back Analysis (Truss Model) ] -0+~ Back Analysis (Truss Model)
2804 —O— Back Analysis (Beam Model) 260 —O— Back Analysis (Beam Model)
—e— Back Analysis (Beam Model with MP.F) 0 —e— Back Analysis (Beam Mode! with MP.F)
260

50 70

T T
0 110

1”2
ETED L

(b) cable group B

and back analyses

T
150 170



10 [l Fa e = O E'c Xﬂlli R1l3g (B2 H553) 2007. 6
5 2 E 5 7
B =RBolit A% gaZelZ A% & 4 gk A% o] B2 20049E WastEUEAE FEATH YA
i FYoiAolge] AL GUAFHES o83 s A(KRF- 2004-042-D00191)#] A=) A e of3) o] 7o
Salo] 248 AlH, XA/|EHANY SWARE FRRd 9 g

Qou, oo gt A2L theat ok
228 9 299 ?ﬂol%ﬂ ol vl Zdojrk 21, ¢gho
Z Aolg9] Aol FAsH [ -8.91~4.69%, A&H [+
-5.27%~9.17%, Ey]or}i(MPF)-‘;-— 5l ore o3
A8 _4.97%~7.59%, Beam&Zdl Ha}4] & MPFE I1g
3to] ofg] Ffo] AEREE o] 83t A -9.84%-4.18% 1]
9 ol AT} ZpolE Holi 17| Wi, 3712 ¥
B 2F A 340 elgde & 4 ok 2R 361 9
399 Alo[E3t o] Zo|7h 10m m|Tho| 1L ¢3fo] iz e
2 22 A2 AlolEY] Beole U ATEES o8 %
EH 112 AL -25.14%~-15.83%2] 225, ¢7F 17 U]
o] Eli= 399 AolEolie FUIFEES o3 WFH [
o] A% -29.41%~-23.38%2] oA LERfo] A 7ol
AR Z3 Ao s BgHAa, 71 AledlA HAEE
HolE daid 7|4 Aol 13} Alehents et 73
QL 579%~5.33%, MPF& &3t 49+ -7.37%~1.79%
o] ext2 7p/dol AiAS] B2 Alolee] o= A
Aols Age st Bt 7MeR FFHUG w=t
A e 2dEe 53 AFREY DRAAEe vlao]A
=] %‘}H AolES Bl A ol7] mgol, AlolE
8% ol g3t 71E9 AEHEG= Beam2 AL
EH@, o] Aol Aeldo] Byt Jloz

rE >

714 AA(UE7 14978, KWERCEH(05-10)9] 14]
2o B 4F1E FolE 4 A o
2ok B9 Perha WA Alstel 4 ok
EAT BARLEA BT,

Hagd

1. Ahn, S.S. and Lee, LK., “Static Test Method for Estimating
Tensile Force of hanger Cable.”, Proceedings of Korea
Society of Civil Engineering, 2003, pp. 1418-1423.

2. Zui, H., Shinke, T. and Namita, Y., “Practical Forrauls for
Estimation of Cable Tension by Vibration Method.”, ASCE
Journal of Structural Engineering, 122(6), 1996, pp. 651-656.

3. Shimada, T., “A Study on the Maintenance and Management
of the Tension Measurement for the Cable of Bridge.” Ph.
Dissertation, Kobe University, 1995.

4. Kim, N.S. and Jeong, W., “Estimation of Tension Forces of
Assembly Stay Cables Connected with Massive Anchorage
Block.”, Transaction of the Korean Society for Noise and
Vibration Engineering. Vol. 15, No. 3, 2005, pp. 346-353.

5. Gioda, G. and Maier, G., “Direct Search Solution of an Inverse
Problem in Elastoplasticity: Identification of Cohesion, Fric-
tion Angle and In-situ Stress by Pressure Tunnel Test.”, Inter-
national Journal of Numerical Methods in Engineering. 15,
1980, pp. 1823-1848.

6. Rao, S.S., “Engineering Optimization - Theory and Practice”,
Wiley - Interscience, 1996.

7. Irvine, M., “Cable Structures.”, New York : Dover Publications
Ins., 1981.

8. Jeon, Y.S. and Yang, H.S., “Development of Back Analysis
Algorithm Using FLAC”. International Journal of Rock
Mechanics and Mining Sciences, 41, 2004, pp. 441-442.



