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Field Test on the Rigidities of Substructures of High Speed Railway Bridges
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Abstract

SThe rigidities of bridge substructures are the important data in the rail-bridge interaction analysis in Korean High
-Speed Railway. This experimental study is being performed because of followings.

1) More correct longitudinal stiffness of the structure including substructure should be considered in the calculation
of stresses in rails.

2) There are many uncertainties in the design and construction of the piers and foundations.

3) Actual guideline for the rigidities of piers and foundations in the design is necessary.

4) Measurement on the rigidity of pier according to the types of piers, foundations and soil-conditions is needed.

Curve for estimating the total rigidity of substructure will be obtained through this and further experimental studies.
It may be used in the analysis of Korean High-Speed Railway bridge and then, longitudinal stresses in the rails can be
estimated more accurately. One pair of piers, which consist of pot-bearing for fixed support and pad-bearing for movable
support, are loaded by steel frame devices with steel wire ropes and hydraulic jack. The responses which are measured
at each loading stages in those field tests are displacements and tilted angles on the top and bottom of piers. This study
is being performed testing and analysis about several piers in the construction field.

Keywords : rigidities of bridge substructures(iL8F 3}E-Z7}A ), longitudinal stresses in the rails(¥]|¥ S22,
rail-bridge interaction analysis(¥]|Q-&F AT 228 4])
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Fig. 1. Overview(Iwon bridge)

Table 1. Test Result

Fig. 2. Measuring(Banwol bridge)
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Fig. 3. Overview(Wolgok bridge)
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Fig. 4. Measurement System
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Fig. 5. Horizontal Loading System
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Table 2. Test Pier Safety Check
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Table 3. Comparison of P51(Movable Bearing) Displacememt
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AYstarz A H(mm) A% (mm)
(KN) Ao 2 7129] olF 7129] 3 A Y Laser HQIA(FR) | A+ )
588 0.622 1.323 1.742 3.687 2.76 2.012
1274 1.348 2.866 3.774 7.989 6.35 4.045
Table 4. Comparison of P52(Fixed Bearing) Displacememt
P e FZAAHmm) A ¥ (mm)
(KN) A1) ¥ 7122 ol 7z 84 AAMS] | Laser AQIACHR) | AR
588 1.009 1.037 1.307 3.353 2.63 2.325
1274 2.185 2.247 2.833 7.265 5.63 3.806
Table 5. Comparison of P57(Movable Bearing) Displacememt
RS 274 Hmm) A ¥ (mm)
(KN) 29 # 7|29] o|% 7)1z9] 34 A HA Laser |IAI(R) | AAAE+EH)
490 1.032 1.102 1.755 3.889 242 2.055
980 2.064 2.205 3.510 7.779 5.21 4.425
Table 6. Comparison of P58(Fixed Bearing) Displacememt
AstetE 244K mm) A% (mm)
(KN) o) % ECRSE ECIEE AAH | Laser WPAIR) | AAAE )
490 0.325 0.864 0.841 2.030 2.12 1.288
980 0.649 1.729 1.683 4.061 3.60 2.304
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Fig. 8. Relative Loading-Horizontal Displacement(P51) Fig. 9. Horizontal Displacement Time History(P57)
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Table 7. Rigidities of Substructure(Wolgok Bridge)

Pz HY 3l A &5 A (A Laser) | SRR 734 E(MN/m)
13] 1274KN 6.35mm 200.63
P! 23] 1274KN 5.07mm 251.28
13| 1274KN 5.63mm 226.29
P 23] 1274KN 5.02mm 253.79
13] 980KN 5.21mm 188.10
w7 23] 980KN 5.07mm 193.30
13] 980KN 4.05mm 241.98
P2 23] 980KN 3.60mm 27222

RIGIDITY OF SUBSTRUCTURE ON HEIGHIS
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Fig. 10. Rigidity of Substructure on Pier Heights
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Fig. 11. Analysis Model
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Fig. 11. Analysis Result of CWR track
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Table 8. Analytical Condition

Property of
Structural
Members

- Bridge : Section area, Ac=13.517m’
Young’s modulus, Ec=3.0x10’KN/m’
Coeff. of thermal expansion, a=1.0x10°C"
- Rail : Section area, Ac=7.686x10"m’

Youngs modulus, Es=2.1x10°KN/m’
Coeff. of thermal expansion, a=1.0x10°C"

Pier Stiffness

Varies from 200MN/m to 500MN/m

- Case #1 : Normal ballast layer
Ballast max. resistance, r=20KN/m(60KN/m at loaded zone)
displacement at yield, u=2mm
. - Thermal variation in bridge deck : +25C
Applied .
Loads - Accelerating forces : 33KN/m per track of 30m

- Braking forces : 20KN/m per track of 300m
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