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An Experimental and Analytical study on the Steel Plate Girder Railway bridge
in the applying External Post-tensioning Method

9gY . YPE . ZHRT . AYY
Yong-Gul Park - Young-Hoon Park - Sun-Kyu Cho - Jung-Youl Choi

Abstract

It analyzed the mechanical behaviors of non-ballasted railway bridge (steel plate girder type) with ballast reinforced
on the finite element analysis, field test and laboratory test for the static and dynamic responses. The major objective
of this study is to investigate the effects and application of reinforcement for steel plate girder railway bridge by the
external post-tensioning method. The reinforcement of non-ballast railway bridge had obviously stable dynamic
behaviors due to the additional dead force which was ballast. But in case of static behaviors, static displacements and
stresses had increased nearly the allowable values. Therefore we analyzed the mechanical behaviors of non-ballasted
railway bridge with ballast reinforced and external post-tensioning reinforced on the finite element analysis and
laboratory test for the static and dynamic behavior. As a result, the reinforcement of ballasted railway bridge the
external post-tensioning method are obviously effective for the additional dead force which is ballast. The analytical
and experimental study are carried out to investigate the post-tension force decrease bending behavior and deflection
in composite bridge for serviceability. The servicing railway bridge with ballast reinforced has need of the reasonable
reinforcement measures which could be reducing the effect of additional dead load that degradation phenomenon of
structure by an unusual( stresses and a drop durability.

Keywords : steel plate girder railway bridge(Z+3 =% 1), ballast('=4}), external post-tensioning(2}E E7123H
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(b) Frequencies from FFT analysis

Fig. 1. Measured data results in field test
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(c) Steel plate girder bridge with ballast

Fig. 2. FEM modeling

Table 2. Define of Dead load

FE| O eNE A2 AE L Ad |9 I
AL - - EZEZ | 60kgl/m -
Precast .
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T - - | BAE | 60kgf/m | (7HA/BE
+3 70}-
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Flg. 3. Displ. contour of the non-ballast track with only tie

Table 3. Static displacement of the ballast and the non-ballast track
bridge

T2 | woyusa SEA gE
Az ety | Feapcy Syl

T EYErddely | +EIYE SHuaxy
kit 4.3mm 6.8mm

Table 4. Static stress of each conditions

T EMPa) | ABIEEEE | A | REAFEA
O A} -
Hea 2 (A g 33.64 6.96
Pt -20.30 -3.51 -
59 100.62 71.07 66.98
A=A .
NER -54.92 -35.83 -34.62
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(a) Non-ballast track

(b) Ballast track

Fig. 4. Static stress contours of bridges
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Fig. 6. Mode shapes of bridges
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Fig. 5. Plan view of Straight Tendon (Detail Anchorage) Mode 1 Mode 2
T & Period Frequency Period Frequency
Table 5. Stress and Displ. of Ballast track bridge in according to (sec) (Hz) (sec) (Hz)
Tendon force 2= A 0.289 21.67 0.109 57.41
=4 749 _%_t—éz_\’ﬂ_xezeﬂz] %Q?"—’F—% aqt\"%%‘gm) F,‘-i/}fi% 0.287 21.88 0.107 58.56
S=H(MPa) (%) () BE=A4 AR 0.267 23.52 0.105 59.74
LA 73.84 - 8.2(6.8) & = A 0.499 12.58 0.175 35.71
600KN 41.78 43.4 6.4(4.5) L EAHRET} 0.490 12.81 0.173 36.20
| 700KN 36.87 50.1 5569 | Reduction Ratio (%) : L=Ake] 599} ula
800KN 31.28 57.6 5.1(3.7) B = A - 419 - 37.7
900KN 25.89 64.9 4.7(2.3) Do AHE7) - (0.3 - (H1.1
1000KN 20.00 72.2 4.4(1.1) SEAMRETY - 40.8 - 36.9
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(a) Example of time history function at 100km/h

N
@

23

N
@

i
zt

Jtetxt 23 23 23 on I W g 11U
bbd b b e hd

’1.@5_‘1 Bi‘ 435 ’11!_ 13.0 210' ‘2.101 13.0 IZJO‘

1.831.8: 8.80

UNIT : tonf,

3

(b) Load combination of static wheel loads

Fig. 7. Load composition for the dynamic analysis
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(b) Analysis results of acceleration to time

Fig. 8. Time history analysis results at 100km/h

Table 7. Maximum displacement and acceleration to the various
velocities

s 2|t ¥ 9)(mm) 7h = (m/sec’)
B FEd | fE4 | R4 | 4RA
20km/h 6.98 4.26 12.84 3.06
60km/h 8.29 4.99 17.88 6.39
100km/h 7.57 5.98 25.68 18.96
180km/h 7.35 437 18.23 4.78
200km/h 6.59 4.63 29.02 10.04
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(c) Set up a vibrator(electro exciter)

Fig. 10. View of laboratory test

Fig. 9. View of specimens

Table 8. Geometry of specimen

T+ & ¥ A 4(mm)
At SATED) 1,600
B X g{Hxt) 600x16
AFREZ WA (Bxt) 190%35
FRZ W A|(Bxt) 190x35
w7} % 90%9
o)A 90x90%10

(b) Attachment of LVDT and accelerometer(Vertical/Lateral Axes)

Fig. 11. Sight of the attachment of sensors and jack
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Fig. 15. Test result of ballast specimen for displacements
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(b) Applying Ext-PT

Fig. 16. Test result of non-ballast specimen for acceleration
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