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NONSTATIONARY RANDOM RESPONSE AND IMPACT OF GIRDER
BRIDGES UNDER MOVING VEHICLES
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By Mitsuo KAWATANI and Reiji SHIMADA

Dynamic responses of highway bridges to moving vehicles are taken into consideration

of impact, that is, multiplying static live load by impact coefficient in design codes of

bridges. Recently, the effect of road surface roughness on the dynamic response of

bridges to moving loads has been paid attention by researchers. The nonstationary ran-

dom response of bridges to a series of loads is analyzed by means of the theory of ran-
dom vibration, taking account of the road surface roughness, The effects of natural fre-

quency of bridges and headway between vehicles on the root mean square of random re-

sponses of simple girder bridges and continuous ones are discussed. Impact coefficients

of girder bridges are proposed on the basis of the analytical results,
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M VERWTHE VY, BROSNICEIIEHEDKEV Table 1 Structural quantities of girder bridges.
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AP TIE, BEMOEA ST AMECETHEC LS Span length | it length | dnertda | fresiency
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Table2 Dynamic properties of moving vehicles.

Total weight (%) 200 | I5.0
Degree of freedom 2 2
Natural frequency (Hz) 3.0 3.0
Mass moment of imertia (tm®) | 50.94 | 36.21
Moving speed (w/s) | 10.0 | 10.0
Damping constant 0.03] 0.03
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Fig.3 Power spectral density function of road roughness and
ISO estimates.

S @) =T (1)

22T, Q RHKRAERKY, o SBEOFEEEEZDTE
BENRTA—F—, n BABERICEE1T -DHTZR
THY, BIIQ-00& %, SAQ) PERKICFHHELL
WD ORHEREEDIIR/ST A -5 —~THDH. &
%5 A — & —{@lE, a=0.003 cm?/(m/c), =0.02c/m,
n=2.5&¥ 5. INHOEE, REBRERICET S
BEMAFEMERCEOSNWT, 2R FHELEICRET
NI A—F—DEBLEFNLI>ZATRELILETH
5%, BOIEEMMAN P Vg SO FHEREEE &
iz Fig. 3127

4. FTERETICS ZBRO 2 ZTTHESE

TRARERITRER 13, BT E—2 v SRR
ERABATOMTE— A Y MGED 2 RTEHE o %
BHISE DR AME Momax THRUIZERITILEE on/
Momax W X VEHT 5, 1-bH&HIZET 5 ERITLIGE
0y Ysmax EBIT E— 4 ¥ MIZEE Y B ERTICIEE on/
Momax 2 LT 5 &, ETHEDEE, ou/Momax DJ7
DEFRELRBBENE LY, ERICHITEEKTD
<HBBTHAHIEDD ou/ Msmax EFINDH I EEL

305

? My, ax. Point
*\ L] Ceater of first span
[ W | Intermdiate support
E \\ A Center of second span
0.15=~==~ :‘““'"\t"‘j’ """""" E‘ """
i ! )
! \tm\_‘:
5 ; | .
= ! i !
NN I s TR
N | H )
6 1 : .
f\-\_ ! = I
I - - i
I
0.05f---—-= fommmmmemmnees Ammmm e en - -me
i ! |
]
i : |
! Two span continuous beam
! 60m : 60m
0.0
1 3 5

Number of vehicles

(a) Two-span continuous girder

T T
. ‘

Point.

Ceater of {irst span
Intersediate support

Center of second span

I
1
|
i
1
e
1
|
i
t
l
i
|
1
|
1
|
———— e o

J T . VG VM.V R

Three span continuous beam
48m : 60m : 48m

3 )
Number of vehicles

(b) Three-span continuous girder

Fig,4 Effect of number of vehicles.
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Fig.5 R.M.S. value of random response of bending moment.
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Fig.6 Effect of span length.
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Table 3 Time headway of moving vehicles and natural
frequency of girder bridges.

First Second Third
i=1 i=2 i=3
402:40n  f: (Hz) 2.493 3.902 9.973
T (sec) 0.401 0.256 0.160
1.4/ T 3.49 5.46 13.96
50m:50m £ (Hz) 1.883 2.946 7.530
T (sec) 0.531 0.339 0.133
1.4/ T 2.64 4.12 16.54
60m:60m £ (Hz) 1.462 2.1287 5.846
Ti (sec) 0.684 0.437 0.171
1.4/ T 2.05 3.20 8.19
70m:70m  f: (Hz) 1.164 1.822 4.656
T (sec) 0.859 0.549% 0.215
1.4/ T 1.63 2.55 6.52
80m:80m f; (Hz) 0.949 1.486 3.798
T (sec) 1.053 0.673 0.263
1.4/ T: 1.33 2.08 3.86
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Fig.8 Effect of headway of moving vehicles,
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