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ANALYTICAL STUDY ON REDUCTION OF TRAFFIC-INDUCED VIBRATION
DUE TO REINFORCEMENT PROCEDURE AT GIRDER END
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Yasunori YAMADA and Mitsuo KAWATANI
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Reinforcement procedures with concrete for sway bracing or cross beam at girder end have been put into
practice in many bridges as one of countermeasures against traffic-induced vibration. This procedure is
expected for reduction of traffic-induced vibration and noise when large and heavy vehicles move on expansion
joint at girder end and unevenness nearby expansion joint. However, confirmations of these effects depend on
the measurement in existing bridge or experimental bridge, and the design method of this reinforcement
procedure of end sway bracing is empirical due to these experiments. In this paper, a test bridge with this
reinforcement is analyzed by using the analytical method that is formulated by authors, in which 3-dimensional
vehicle model with 8-degree-of-freedom moves on structural model with finite elements including plate
elements as floor slab. Based on this analytical results, the reduction effects of this procedure are investigated
and design parameters of this procedure are proposed. Furthermore, the reduction effects of this procedure
under moving vehicle at high velocity that are difficult to examine in existing bridge are investigated.
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Fig.4 General view of Umeda Entrance Bridge
Table 1 Properties of Umeda Entrance Bridge
Bridge length 41.0m
Full width 7.5m
Bridge type Composite girder
Span length 40.4m
Number of girders 3 girders
Space of girders 2.65m
Web height 1.600m
Stiffness of Without 1=0.0002 m”
end sway reinforcement J=0.0m*
bracing With reinforcement I= 0.0244 m"
J=0.008 m*
40,400
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Fig.5 Structural model and traveling position of vehicle
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Table 2 Dynamic properties of model vehicle

Front axle Rear axle Total

upper | lower | upper | lower
Weight tH) 488 | 0.5 1459 1.5 |19.47
Natural frequency (Hz) 3.0 3.0

Spring constant (tffm) | 161 | 321 | 482 | 482
Damping coefficient(tfs/m)] 1.14 | 1.36 | 3.41 | 2.05

--------- Without reinforcement

(m/s%) — With reinforcement
0.025

0.000

-0.025
-10 0 10 20 30
Notice *1: Entry of front axle
*2: Entry of front wheel at tandem axle
*3: Entry of rear wheel at tandem axle

40 (m) 59

() Acceleration of end floor (entrance side)

-~ Without reinforcement
—— With reinforcement

(tf)
12

%o 0 10 20 30 %o s50(m)
(b) Reaction force of external girder (traveling side)

Fig. 6 Examples of time histofy of reinforcement effect

Table 3 Reduction effect by reinforcement

Object Entering | Unit { Without | With | Reduction
Axle Effect (dB)
0.02000] 0.00341 15.4

Acceleration F

of End Floor FT m/s? | 0.01964] 0.00191 20.3

RT 0.02147] 0.00313 16.7
Reaction Force |F 3.205 3.060 0.40
of Main Girder |FT kgf 6.365 6.143 0.31
(Traveling Side) |RT. 9.621 9.447 0.16

where, F :Front Axle
FT : Front Wheel of Tandem Axle
RT : Rear Wheel of Tandem Axle
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Table 4 RMS value of acceleration and reaction for object bridge

Parameter Member, Position | Unit] Without With reinforcement
reinforcement| ~ J=0 Effect(dB) | J=0.008 | Effect(dB)

Acceleration |End sway bracing (End 4.399E-05] 5.925E-06 17.4] 5.585E-06 17.9
Main girder External m/s? 0.01115 0.00944 14 0.00910 1.8

Internal 0.00663 0.00682 -0.2 0.00689 -0.3

Reaction Force |External girder |{Enirance 0.469 0.423 0.9 0.411 1.1
Exit tf 0.429 0.419 0.2 0.412 0.4

Internal girder }Entrance 0.0738 0.0807 -0.8 0.0815 -0.9

Exit 0.0693 0.0767 -0.9 0.0778 -1.0,
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Table 5. Equivalent vehicle’s velocity due to velocity parameter

Velocity Velocity Equivalent vehicle’s velocity  (km/h)
of vehicle parameter Span 20m | Span30m | Span40m | Span50m | Span60m | Span 80m
(km/h) Eq.(19)
40 0.0590 40.4 44.2 47.1 49.5 51.6 54.9
60 0.0885 60.7 66.4 70.7 74.3 774 824
80 0.1180 80.9 88.5 94.3 990 103.1 109.9
100 0.1475 101.1 110.6 117.8 123.8 128.9 137.3
120 0.1771 1214 132.8 141.5 148.6 154.7 164.9
gzﬁmmx' gﬁﬁmmw
B-moment B-moment
(m/s") (mm) Reactioncentey) ) f'm) /&) m) Reaction (D0t m)
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Fig.11 Relationship of max. value vs. velocity
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Fig.12 Relationship of RMS value vs. velocity
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Fig.13 Displacement of end floor
Table 6 Effect of reinforcement procedure at girder end for high velocity traveling vehicle
Maximum values RMS values
Velocity |Reinforce-| End floor(enter) | M-girder Reaction End floor | M-girder Reaction
(km/h) ment Disp. Accel. | Accel. Enter Exit Accel. | Accel. Enter Exit
(mm) | (ms) | (ms?) | @) ) | @) | @vs) | (@D (tD
40 Without | 1.98E-05| 0.0343 0.360} 12.537] 10.977| 2.73E-03 0.109 0.841 0.503
With 1.07E-06{ 5.67E-04 0.315{ 12.1731 10.654} 1.39E-04 0.097 0.828 0.465
Effect(dB) 25.3 35.6 1.2l 03 0.3 25.9 1.0 0.1 0.7
60 Without | 2.72E-05] 0.0193 0.391] 14.357| 12.389| 3.83E-03 0.130 1.267 0.821
With 1.43E-06] 1.23E-03 0.390] 13.777{ 12.085} 2.34E-04 0.118 1.193 0.804
Effect(dB) 25.6 23.9 0.0 0.4 0.2 24.3 0.8 0.5 0.2
80 Without | 2.72E-05] 0.0913 0.879] 15.317] 13.651] 9.06E-03 0.312 2.022 1.219
With 1.24E-06] 1.50E-03 0.809] 14.643] 13.461] 3.80E-04 0.283 1.900 1.137
Effect(dB) 26.8 35.7 0.7 0.4 0.1 27.5 0.8 0.5 Q.6
100 Without | 2.37E-05] 0.0454 1.563] 16.119 12.32} 1.01E-02 0.482 2.718 1,718
With 1.02E-06} 2.15E-03 1.167| 15.636] 12.086] 6.15E-04 0.436 2.515 1.551
Effect(dB) 27.3 26.5 2.5 0.3 0.2 24.3 0.9 0.7 0.9
120 Without | 2.04E-05] 1.10E-01 1.572] 15.810] 11.924] 1.18E-02 0.480 2.960 1.900
With 1.34E-Q7] 1.45E-03 1.437] 15.297] 11.404} 4.93E-04 0.486 2.778 1.741
Effect(dB) 43.7 37.6 0.8 0.3 0.4 27.6 011 - 06 0.8
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