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Development of Unstiffened Suspension Bridge for Pipeline
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Synopsis :

Static and dynamic behavior of an unstiffened suspension bridge for pipeline with a
span length of 150m was investigated analytically and experimentally. By changing
some design parameters, a finite element analysis was carried out. Effects of finite
displacement and initial stress of cables were taken into account in the analysis.
Loading tests and free vibration tests with a large scale model were conducted to check
validity of the analysis method. Aerodynamic stability was examined by wind tunnel
tests on section models. Concluding remarks were summarized as follows: (1) The
analysis method used in this study gave a good estimation of static and dynamic
behavior, (2) effects of some design parameters on the structural characteristics were
clarified, (3) seismic response of the bridge was relatively small, (4) shape and height of

the inspection walkway affected the aerodynamic stability of the bridge.
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Synopsis:

Static and dynamic behavior of an unstiffened suspension
bridge for pipeline with a span length of 150 m was inves-
tigated analytically and experimentally. By changing some
design parameters, a [inite element analysis was carried
out. Effects of finite displacement and initial stress of
cables were taken into account in the analysis. Loading
tests and free vibration tests with a large scale maodel were
conducted to check validity of the analysis method. Aero-
dyvnamic stahility was examined by wind tunnel tests on
section models. Concluding remarks were summarized as
follows: (1) The analysis method used in this study gave a
good estimation of static and dynamic bhehavior, (2)
effects of some design parameters on the structural charac-
teristics were clarified, {3 ) seismic response of the bridge
was relatively small, € 4 ) shape and height of the inspection
walkway affected the aerodynamic stability of the hridge.
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Fig. 1

Unstiffened suspension bridge for pipeline
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F/L = Main cable sag ratio
F/L" = Storm cable sag ratio

# . Opening angle of tie cable

Fig. 2 Definition of structural parameters
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Fig. 3 Genera! view of basic model

JIFRLELIEIN Vol 27 No. 4 1995 — -




A i 1y

U RGO 58 211

Table 1 Structural parameters of models
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Table 2 Specifications of structural members
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Main | Storm Hanger| Pipe- isteel Table 3 Effect of increase in initial tension of storm cable
cable | cable | rope line .
pipe)
Influence of increase
Diameter  (com) | 8.80 | 5.30 | 2.80 | 71.12 | 60.96 in initial tension
of storm cable
44] kN —883 kN
Weight (N/cm) | 0.447 | 0.106 | 0.031 | 2.190 | 2.340 :
Axial force of main cable ; Increase{157kN)
Tensile Strengtl} 6 256 \t 1755 590 . _
(X 10°N) : o T e
Axial force of storm cable I (1821 N}
Cross-sectional ' {windward side) nerease ¢
rosszeectional - ga 5 | 128 | 3074 | 278.7 | 208.4
ared {em®) Axial force of storm cahle [ e (461N
(leeward side) iereasetabik
Geometrical
moment of inertia —_— — — 17.0 13.2 Stress of pipeline for .
(% 10%em*) horizol?tg:l load Decrease {(441N/cm?)
Modulus of Horizontal displacement —
elasticity 137 | 13.7 | 137 | 206 1 2006 of pipeline Decrease (27cm)
(% 10°N/cm?) : —
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Fig. 4 Analysis models and load
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Table 4 Results of parametric computations

[nfluence of change in paramelers
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Table 3 Structural parameters of models

Main Vcal.')le Stm‘nl‘cz.i_l)le . 2?;:12)%
! sag ratio sag ratio tie cable
|
Case | 0.138 (. 148 1375
Case 2 0.138 0.103 119.5
Case 3 i 0.08% 0.103 119.5
Case 4 ‘ ).088 0.148 137.5°
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Fig. 8 Horizontal displacement {center of span) against
load in case 1 of initial tension 583N
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Fig. 9 Cahle (end of cahle) axial force against load in case
1 of initial tension 588 N
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Table 6 Comparison of natural frequency {Hz)

Calculated value Measured value

Mode

[n plane | Out of plane | In plane | Out of plane

1 13.54 10.39 12.89 ! 9.57

2 19.99 15.62 16.51 | 1465

3 21.69 23.68 20.12 20.12
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Fig. 10 Mode shape of vibration {case 1 in plane)
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