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Performance Improvement of Overpass Bridge by Weight Reduction
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Abstract

In this study, structural safety capacity analysis of the overpass railway bridge between Konkuk Univ. and Guui station
railroad has been performed. The overpass is expected to have suffered durability reduction by deterioration. The weight
reduction of the overpass has been implemented to prevent further durability reduction and to improve performance
capacity. To reduce the weight, 3 procedures of replacing concrete soundproofing wall to light—weight soundproofing wall,
replacing gravel ballast to concrete ballast, and reducing the weight of trough have been performed. The analysis of
static/dynamic behaviors and improved capacity of the light—weighted overpass bridge has been performed. The structural
safety verification of the improved structure has been implemented by using rating factors of load carrying capacity of
PSC I girder. The results have shown that the deflection has been reduced by 2.6mm and tensile strength has been
improved by 1.07MPa, which indicate that the structural capacity has effectively been improved. Also, the natural
frequency has improved by approximately 30% where vibration reduction and dynamic behavior improvement have been
achieved. Moreover, in the rating factor evaluation based on analysis and test results, an improvement from 1.82 to 1.93
has been observed. Therefore, weight reduction method for the overpass is effective considering overall results.

Keywords : Overpass bridge, Weight reduction, Performance improvement, Natural frequency, Load carrying capacity
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. 1 Superstructure system of overpass bridge between Konkuk
Univ.—Guui stations
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Fig. 2 Cross—sections of PSC girder bridge
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Fig. 3 Weight reduction procedure diagram
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Fig. 5 Deflection reduction in center of PSC girder
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Table 1 Vertical deflection reduction in PSC girder(mm)

Table 2 Strain measurement results at center of each girder

Step Structural condition TG3 | TG4 | TGS | TG8 | TGY o Structural conditi Strain (z &)
1 Initial condition 0.000 | 0.000 | 0.000 | 0.000 | 0.000 P ructurel condion GM1 GM2 GM3
2 Gravel ballast removal | 0.625|1.750{0.750 | 1.875 | 1.125 1 Initial condition 0 0 0
3 Concrete ballast casting |0.125]0.625[0.125|0.625 | 0.250 2 Gravel ballast removal —46.09 -50.14 —51.30
4 Curing of concrete finish |0.125(0.625(0.250(0.750| 0.375 3 Concrete ballast casting —16.60 —17.83 -16.75
5 Concreterz?nu:\;iﬁroof wall 17501 4.9501 1.875 | 4500 | 2.125 4 Curing of concrete finish -17.18 -19.63 =17.07
F——— — 5 Concrete sound[;roof wall ~59.80 —61.02 —4870
6 | W;{f‘iistai‘;f;npmo 0.750|3.000 | 1.000 | 3.250 | 1.125 remova
Light—weight soundproof -
- 6 . . —45.35 —49.73 —45.53
7 Rail d}flztgaenirilgntrough 0625125001 0,875 2750 0.875 'wall installation
7 | Rall change and wough |~ _q0.65 | _y303 | _3302
installation
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Fig. 6 Deflection reduction in PSC girder(G1) at various positions Weight reduction procedure
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Fig. 8 Natural frequency results
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Table 3 Natural frequency change from procedure applications

. N N Train load Impact hammer
Step Structural condition excitation(Hz) | excitation(Hz)

1 Initial condition 5.72 5.80

2 Gravel ballast removal 6.99 7.07

3 Concrete ballast casting 6.36 6.12

4 Curing of concrete finish 6.75 7.10

5 Concrete soundproof wall 763 771

removal
6 L1ght*we1'ght sogndproof 750 763
wall installation
7 Rail change ar}d trough 743 751
installation
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(a) SAP2000

Fig. 9 FE modeling

Table 4 Comparison of FE analysis results

Flexural moment (kN- m)
Load | Girder 1 | Girder 2 | Girder 3

Structural condition

dead load| 2210.2 | 1997.1 1806.0

Before Initial
weight & ive load | 1193.8 | 12796 | 1350.4
ducti condition
reduction total 3404.0 | 32767 | 3156.4
Gravel dead load| 1686.4 1466.3 1291.1

ballast live load | 1193.8 1279.6 1350.4
removal total 2880.2 | 27459 | 26415
Concrote |dead load| 2029.2 | 17911 | 1574.8

ballast | live load | 1193.8 | 1279.6 | 1350.4
casting total 32230 | 30707 | 2925.2
Concrete |dead load| 1673.9 | 1608.7 | 1592.3

Weight | soundproof | jive load | 1193.8 | 1279.6 | 1350.4
reduction wall

processing | removal total 2867.7 | 2888.3 | 2942.7

Light—weight |dead load| 1850.4 | 1698.9 | 1594.3

Sounilﬁ’oof live load | 11938 | 1279.6 | 13504
e
installation | total | 3044.2 | 29785 | 2944.7

Rail change dead load| 1869.1 | 1714.8 | 1600.0
and trough | live load | 1193.8 1279.6 1350.4
installation total 3062.9 20944 20504

After
performance | Weight reduction rate | 89.98% | 91.38% | 93.47%
improve
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Table 5 Comparison of vertical deflection at center of girder

G1 girder (mm) G2 girder (mm)

Step| Structural condition
Experiment | Analysis | Experiment | Analysis

1 Initial condition 0.000 0.000 0.000 0.000

2 | Gravel ballast removal | 1.750 2.201 1.875 2.276

Concrete ballast

3 i 0625 | 0826 | 0625 | 0856
casting

g | Curing of concrete | pon | (050 | 0750 | 0987
finish

5 | Concrete soundproof |y oo |y gos | 450 | 4998
wall removal
Light—weight

6 soundproof wall 3.000 3.463 3.250 3.581
installation

Rail change and trough

. . 2.500 1.475 2.75 1.334
installation
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Fig. 10 Comparison of analysis and experimental results for
mid—span strain procedure
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Table 6 Comparison of strain at center of girder(u €)

. Structural G} girder G% girder G? girder
D condition Experim Analysis Experim Analysis Experim Analysis
ent ent ent
p | [nitial 0 0 ol o | ol o
condition
Gravel
2 ballast —46.09| —55.8 |=50.14 | —55.6 |—51.30| —55.3
removal
Concrete
3 ballast —16.60| —21.0 |—17.83| —21.0 |—16.75| —20.8
casting
Curing of
4 concrete |—17.18| —24.2 |—19.63| —24.1 |—17.07| —24.0
finish
Concrete
5 | soundproof |—59.80| —65.7 |—61.02| —65.4 |—48.70| —65.1
wall removal
Light—weight
6 Sourvlfa‘flm(’f ~45.35| —51.2 [-49.73| =51.0 |~45.53| —49.9
installation
Rail change
7 | and trough |—38.65| —37.5 |—43.03| —33.1 |—38.92| —32.7
installation
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Table 7 Calculated effective prestress force

Camber (cm) Effecti B
Stati Measuring method PUN) | P&N as s ceuveness
ation easuring metho i e AP, Dead load Measured Loss of ratio
value prestress
Displacement profile 2262 2.14 -0.83 -0.96 0.35 69%
Chang—dong - 3276 - s
Strain 2191 strain : 2,966X107" 66.9%
Konkuk univ.— Guui | Displacement profile | 3265 2051 233 | -126 | -061 | 046 69%
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Table 8 Results of load carrying capacity evaluation by weight reduction steps

Particular Bonded tendon Unbonded tendon
Step pre]satfrf:gsvfzrce If{jctif Outward girder | Central girder | Inner girder |Outward girder | Central girder | Inner girder

Before weight reduction Normal 1.851 1.811 1.788 1.286 1.284 1.289
Maximum 3.084 3.018 2.980 2.143 2.140 2.148
Normal 2.073 2.022 1.981 1.509 1.495 1.482

Gravel ballast removal - -
Maximum 3.456 3.369 3.302 2.514 2.491 2.470
After Concrete ballast Normal 1.928 1.893 1.875 1.363 1.366 1.376
replacement Pe=2190kN Maximum 3.213 3.155 3.125 2.271 2.277 2.293
Concrete soundproof wall (0.63fpu) Normal 2.079 1.965 1.868 1.514 1.438 1.369
removal Maximum 3.464 3.275 3.114 2.523 2.397 2.282
Light—weight soundproof Normal 2.004 1.929 1.867 1.439 1.403 1.368
wall installation Maximum 3.339 3.216 3.112 2.398 2.338 2.280
Rail replacement and trough Normal 1.996 1.923 1.865 1.431 1.396 1.366
installation Maximum 3.326 3.205 3.109 2.385 2.327 2.277

Table 9 Comparison of normal rating factor by effective prestress force and weight reduction

. Bonded tendon Unbonded tendon
Particular Effective prestress force - - - - - -
Outward girder | Central girder | Inner girder |Outward girder | Central girder | Inner girder
) ) Pe=1900kN (0.55fpu) 1.799 1.763 1.742 1.098 1.107 1.120
Before weight reduction
Pe=2190kN (0.63fpu) 1.851 1.811 1.788 1.286 1.284 1.289
) ) Pe=1900kN (0.55fpu) 1.944 1.875 1.820 1.241 1.219 1.198
After weight reduction
Pe=2190kN (0.63fpu) 1.996 1.923 1.865 1.431 1.396 1.366
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