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Limit value of lateral vibration amplitude for
traffic safety of T-shape prestressed concrete bridge

ZHOU Zhi-hui, ZENG Qing-yuan
(School of Civil and Architectural Engineering, Central South University, Changsha 410075, China)

Abstract: Based on the theory of energy random analysis for train derailment, the safety of running trains on five bridges
whose lateral vibration amplitudes surpassed limit values given by the code for rating existing railway bridges was
analyzed. A new method for establishing the limit value of bridge lateral vibration amplitude for traffic safety was
proposed on the basis of the analysis theory for train derailment. The detailed steps of the method were as follows:
Condition with an error coefficient for derailment prevention was presented, the index of bridge lateral rigidity for traffic
safety and the critical system of beam and pier for derailment prevention were determined, and the limit value of bridge
lateral vibration amplitude for traffic safety for the system of beam and pier was calculated. With the method, the limit
value of lateral vibration amplitude for traffic safety for T-shape prestressed concrete bridge was calculated. The results
show that the existing limit value of bridge lateral vibration amplitude for traffic safety is too conservative. The limit
value of lateral vibration amplitude for traffic safety of 32 m and 24 m long T-shape prestressed concrete bridge are
determined as L/3 980 and L/4 411 respectively (L is bridge span). Finally, L/4 500 is determined as the recommended
limit value of lateral amplitude for traffic safety for T-shape prestressed concrete bridge on speed-raised line.
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Table 1 Calculated results of safety of running train on bridge with lateral vibration amplitudes surpassing limit values

/

(km'h ™) /mm /mm /mm
( 32m T ) 50 8.46 8.51 3.52
( 24dm T ) 60 9.60 10.20 2.67
( 32m T ) 80 3.46 4.06 3.56
( 20m T ) 80 — 3.11 2.29
( 2m T ) 80 — 7.41 3.56
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3.2 160~180 km/h
21.1m 5
8.1~23.1 m( I m
) 32 m 32m
60~80 km/h 80 km/h
221 m 231 m 23.1m 80 km/h
2 8.1~23.1
m 32 m 22.1 m 80 km/h
160~180 km/h
23.1m 3 23.1m 180 km/h
8.1~ 22.1 m
21.1 m 24 m 32 m
60~80 km/h 22.1 m
20lm 21.1m 4 20.1 m
8.1~21.1m 24 m
24 m 20.1 m
2 32m
Table 2  Calculated results of safety of running freight train on 32 m long T-shape prestressed concrete bridge
/(kmh™h) o /(cms ) Acy/(cm's %) ap/(cms*z) nAap/(cmsfz)
80 277 61 126.0 45.0
70 216 36 89.4 25.7
60 180 32 68.5 20.9
50 148 — 51.5 — —
80 206 56 126.0 45.0
70 150 32 89.4 25.7
22.1m 60 118 28 68.5 20.9
50 90 — 51.5 — —
80 179 33 126.0 45.0
70 146 30 89.4 25.7
23.1m 60 116 29 68.5 20.9
50 87 — 51.5 — —
3 32 m
Table 3 Calculated results on safety of running passenger train on 32 m long T-shape prestressed concrete bridge
/(kmh™) o /(cms ) Ac/(cms ) a,/(cms %) nAa,/(cm-s 2
180 446 19 143.3 8.0
170 427 24 136.8 12.2
160 403 17 126.9 6.6
150 386 — 121.5 — —
180 337 20 1433 8.0
170 317 19 136.8 12.2
23.1m 160 298 24 126.9 6.6
150 274 — 121.5 — —
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Table 4 Calculated results of safety of running freight train on 24 m long T-shape prestressed concrete bridge
/(kmh™") o /(cms ) Ac/(cm's ?) a,/(cms ) nAa,/(cm-s )
80 298 56 126.0 45.0
70 242 34 89.4 25.7
60 208 30 68.5 20.9
50 178 — 51.5 — —
80 239 55 126.0 45.0
70 184 31 89.4 25.7
20.1 m 60 153 28 68.5 20.9
50 125 — 51.5 — —
80 214 33 126.0 45.0
70 181 30 89.4 25.7
21.1m 60 151 30 68.5 20.9
50 121 — 51.5 — —
5 24 m T
Table 5 Calculated results of safety of running passenger train on 24 m long T-shape prestressed concrete bridge
/(kmh™") o /(cms?) Ac/(cms ) a,/(cms %) nAc,/(cm-s ?)
180 477 25 143.3 8.0
170 452 19 136.8 12.2
160 433 15 126.9 6.6
150 418 — 121.5 — —
180 388 17 143.3 8.0
170 371 21 136.8 12.2
21.1m 160 350 23 126.9 6.6
150 327 — 121.5 — —
32 m T
3.3 22.1m
32m  24m 8.04 mm
6 7 8.04 mm
80 km/h
345 8.04
4.25 mm 32m T
180 km/h 8.04 mm L/3 980(
345 3.0 L mm) 24 m
32m  24m T
5.44 mm L/4 411
32m 24m T
3.4 L/4 500



4 1077
6 32m T
Table 6 Calculated results of smoothness and comfort of running train on 32 m long T-shape prestressed concrete bridge
kmh™
Memh ) /mm
80 2.96 3.37 3.89 4.22 8.04
70 2.85 3.28 3.75 4.18 7.23
60 2.78 3.13 3.62 4.13 5.86
180 3.04 3.28 2.87 291 3.11
150 2.96 3.24 2.75 2.84 2.86
120 2.87 3.15 2.66 2.70 2.73
7 24 m T
Table 7 Calculated results of smoothness and comfort of running train on 24 m long T-shape prestressed concrete bridge
/(kmh™!
(km-h ) /mm
80 2.88 331 3.82 4.13 5.44
70 2.75 3.19 3.63 4.05 4.85
60 2.72 3.05 3.55 3.88 4.03
180 3.01 3.07 2.77 2.80 2.90
150 2.87 2.92 2.65 2.69 2.63
120 2.78 2.86 2.53 2.58 247
(L/9 000)
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