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DYNAMIC RESPONSE CHARACTERISTICS OF HIGHWAY BRIDGES
WITH ROAD¥AY ROUGHNESS UNDER MOVING VEHICLES

& Fe BT, LRIV A=
Mitsuo KAWATANI and Seiji NISHIYAMA

Dynamic response of highway bridges to moving vehicles is theo-
retically analyzed taking account of road surface roughness and
coupling vibration of bending and torsion. By using two-degree-of-
freedom model with one front and two rear axles of vehicle, numer-
ical results showed good agreement with field test results. Meas-
ured data of the recent field test on dynamic response of highway
bridge to a dump truck show that the frequency of the girder’'s
response varies due to velocity of a test vehicle. In this study
the similar analysis is carried out to verify such phenomena.

In Newmark's S method of numerical integration, the time inter-
val is defined as 1/5 to 1/6 of the least natural period of the
analytical system. It is shown here that taking account of roadway
roughness there are cases where such time interval is not suffi-
ciently small to express the influence of roughness.
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Fig.2 Sectional view of model girder

Table 1 Structural properties

of test bridge

Span length !

¥eight per unit length mA
Ratio of Young' s modulus n
Ratio of shear modulus N
Area of section A

Moment of inertia of area I,
Polar moment of inertia

X ¥eight per unit length ml.
Torsion constant J
¥arping constant Cw
Damping constant

40. 4(m)
706 10%(kg/m)
.516

7
9
8
0
0

oo o

. 1415(n*)
. 2122(n*)

. 7900(m®)

565

0303 10°Ckgm)
3843 10" (m*)

for 1st and 2nd modes 0. 02536
Natural frequency
Bending vibration Ist 2. 35(Hz)
2nd 9. 42(Hz)
3rd 21. 19(Hz)
Torsional vibration Ist 3. 86(Hz)
2nd 10. 18(Hz)
3rd | 19.89(H2) |

Table 2 Structural properties of model girder

Span length

¥eight per unit legth

Moment of inertia of area

Damping constant

for Ist and 2nd modes

Natural frequency Ist
2nd
3rd

60+60(m)
5.288(t/m)
0.2883(m*>

0. 02

1. 46(Hz)
2. 29(Hz)
5. 84(Hz)
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Fig.3 Model vehicle

Table 3 Dynamic properties of model vehicle

Uneda Continuoﬁgj
Entrance Br
Yeight 19.47(t) 20.0(t)
Degree of freedom |2 2
Natural frequency | 3.3(Hz) 3. 0(Hz)
Moment of inertia | 58.22(tm?) | 50.94(tm*)
Damping Constant 0.03 0.03
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Table 4. DIF and distance that vehicle moves in one step

at Umeda Entrance.

Least natural period T. 0. 04718 (sec)
Vehicle' s velocity v 8. 796 (m/sec)
Space of road surface roughness (.05 (m)

T./ 4t 5 19 20 40
4t (sec) | 0.00944 | 0.00472{ 0.00236| 0.00118
VX at(m) | 0.083 0. 042 0.021 0.010
DIF* 1. 090 1.092 1.092 1. 092

% Bending moment at span center (external girder)
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Table 5. DIF and distance that vehicle moves in one step
at Continuous Bridge.

Least natural period T, 0.1712 (sec)
Vehicle' s velocity v 10.0 (m/sec)
Space of road surface roughness 0.10 (m)
T./ 4t 5 10 20 40
At (sec) | 0.0342 0.0171 0.0086 0.0043
VX at(m) | 0.342 0. 171 0.086 0.043
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