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An Analytical Evaluation of Vibration Serviceability for Each Bridge Types with Same Span

4ty

Park, Seong Kyu

Abstract

This study intends to analytically evaluate the vibration serviceability of the bridges for each long—span type having
the same span length and road width using the Meister vibration sensation curve. With MIDAS, a structural analysis
program, bridges were modeled using the girders as the frame element and slabs as the plate element. The transient
analysis was performed using the moving loads of the design vehicles. This study presents the analytical process of
reviewing the vibration serviceability during the design of long—span bridges. It involves the comparison of the vibration
serviceability of different bridge types by applying the lagging—behind and acceleration amplitude from transient analysis
to Meister curve. The result confirms that the process is appropriate.

Keywords : Meister curve, Vibration serviceability, Long span, Diplacement, Acceleration, Human responses
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Table 1 Bridge Specification

Bridge Type | Steel Box Girder | Preflex Girder PSCI Girder
Abbreviation STB PF PSCI
Girder Height 2.44m 1.90m 2.54m
H/L Ratio 1/18.4 1/23.7 1/17.7
Design Load DB24 DB24 DB24
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Fig. 5 Bridge Cross Section Diagram
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Fig. 6 Bridge Longitudinal Section Diagram
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Table 2 Arrival Time of Dynamic Nodal Load Arrival Time

Node Loaq Arrival Remark
L R Function Time (sec)
324 365 20km/h 0.000 Start
325 366 20km/h 0.072
326 367 20km/h 0.207
327 368 20km/h 0.432
328 369 20km/h 0.657
Omitted
358 399 20km/h 7.407
359 400 20km/h 7.632
360 401 20km/h 7.857
361 402 20km/h 7.992
362 403 20km/h 8.064 End
120
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S
w |
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Fig. 9 Time hystory load function

Table 3 Elastomeric Bearing Specification

Bridge Type | Elast. Bearing Comp. Spring Shear Spring
PF 2,000kN 682,060kN/m 2,874kN/m
PSCI 1,900kN 584,587kN/m 2,521kN/m
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Table 4 Analysis Time Increment

Table 5 Natural Frequency

Bridge Type STB PF PCI Bridee Type Frequency Period Remark
Nodal Distance 1.25m 1.375m 1.375m ge P 1 (Hz) T (sec)
Time STB 2.26 0.442
ncrement| Dis. Acc. Dis. Acc. Dis. Acc.
(sec) | (sec) | (sec) | (sec) | (sec) | (sec) Py 167 0599
Running Spee PSCI 2.11 0.474
10km/h 0.045 | 0.0225 | 0.049 |0.0245 | 0.049 | 0.0245
20km/h 0.022 | 0.0110 | 0.024 | 0.0120 | 0.024 | 0.0120 _
30km/h 0.015 5 3.3 siAldnt
.015 | 0.0075 | 0.016 | 0.0080 | 0.016 | 0.0080
40km/h 0.011 | 0.0055 | 0.012 | 0.0060 | 0.012 | 0.0060
50km/h | 0.009 | 0.0045 | 0.009 |0.0045 | 0.009 | 0.0045 3.3.1 FORT TGAES
60km/h 0.007 | 0.0035 | 0.008 | 0.0040 | 0.008 | 0.0040 EHHEHN' F/]:oﬂ X]qu_]% Og E _Zr% }‘01'8]'1_]% S
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Table 6 Frequency Band of Bridges

Table 8 Amplitude for Each Running Speed

Bridee Runnin Vehicle | After | Average
Division . < Node Lnning Passes | —shock | Amplitude
Type Speed Part? @ | @
art Part
10km/h 0.01 0.01 0.01
20km/h 0.05 0.02 0.03
30km/h 0.01 0.03 0.02
STB 179
40km/h 0.07 0.08 0.07
50km/h 0.01 0.01 0.01
60km/h 0.02 0.01 0.02
10km/h 0.03 0.03 0.03
20km/h 0.07 0.02 0.04
Dis. 30km/h | 0.08 | 005 | 006
PF 241
(cm) 40km/h | 0.03 | 0.01 0.02
50km/h 0.00 0.01 0.00
60km/h 0.01 0.01 0.01
10km/h 0.02 0.02 0.02
20km/h 0.06 0.02 0.04
30km/h 0.12 0.04 0.08
PSCI 278
40km/h 0.07 0.01 0.04
50km/h 0.00 0.01 0.00
60km/h 0.02 0.00 0.01
10km/h 1.91 0.62 1.26
20km/h 13.94 4.83 9.38
30km/h 2.39 3.02 2.70
STB 179
40km/h 7.76 4.88 6.32
50km/h 4.06 3.38 3.72
60km/h 9.94 2.82 6.38
10km/h 1.20 0.83 1.01
20km/h 6.83 2.41 4.62
e 30km/h 6.08 2.45 4.27
Ace 1 pp | og >
(em/sec”) 40km/h | 475 | 4.04 4.40
50km/h 5.09 4.14 4.62
60km/h 5.82 5.25 5.53
10km/h 1.30 0.42 0.86
20km/h 5.02 1.25 3.13
30km/h 9.43 6.41 7.92
PSCI 278
40km/h 7.65 5.42 6.53
50km/h 9.36 7.79 8.57
60km/h 11.39 8.81 10.10
Table 7 Frequency Band of STB Bridge
Maximum Vehicle Passes @ Average
Amplitude Part” Aftershock Part™| e g0+ 0%2
Dis. (0.56-0.46)/2 (0.01+0.02)/2 (0.05+0.02)/2
(cm) = 0.05 = 0.02 =0.03
Acc. ) (12.78+15.10)/2 (4.01+5.64)/2 (13.94+4.83)/2
(cm/sec?) = 13.94 = 4.83 =9.38
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Frequ Average Amplitude for Each Speed
]?Ir‘fpgee —ency Division (kn/h)
(Hz) 10 | 20 | 30 | 40 | 50| 60
A7 (cm) 0.01 1 0.03]0.02|0.07 [0.01| 0.02
STB | 2.26 -~
7S (em/sec?) | 1.26 | 9.38 | 2.70 | 6.32 |3.72| 6.38
o 167 A7 (cm) 0.03 ] 0.04 | 0.06 | 0.02 [0.00] 0.01
’ 7% (cmv/sec?) | 1.01 | 4.62 | 4.27 | 4.40 |4.62| 5.53
214 (em) 0.02 | 0.04 | 0.08 | 0.04 [0.00| 0.01
PSCI | 211 -
715 (em/sec”) | 0.86 | 3.13 | 7.92 | 6.53 [8.57| 10.10
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Fig. 13 Dis. and Acc. Amplitude for Each Running Speed
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Table 9 Evaluation for Vibration Serviceability

Table 10 Vibration Characteristics by Meister Curve

Bridge | poing | A@ | B | c | D@ | E@
Type

Dis. 67 33
STB

Acc. 50 33 17

Dis. 50 50
PF

Acc. 17 66 17

Dis. 67 | 33
PSCI

Acc. 66 17 17

Table 11 Vibration Serviceability through Field Experiments

Bridge [E;;iie Bridge Lengths |Design Load| Final Grade
I STB 50m+50m+50m DB-24 B
PF 40m+40m DB-24 C
S PSCI 30m+30m DB-18 C

Bridge Running Dis. Rating | Acc. Rating Rating  |Remark
Type Speed
10km/h E D D O
20km/h D O
30km/h D C C O
STB 40km/h D B B O
50km/h E C C O
60km/h D B B O
Final Grade B (unpleasant)
10km/h D D &
20km/h D C C &
30km/h D C C &
PF 40km/h E C C &
50km/h E C C &
60km/h E B B &
Final Grade B (unpleasant)
10km/h D D D A
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