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MODEL TEST OF HYBRID CONTROL FOR TRAFFIC-INDUCED VIBRATION OF GIRDER BRIDGES
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Experimental results of dynamic response of highway bridges under a moving test
vehicle show that frequency of girder’s response changes with change of velocity of
the moving vehicle. that 1is,
It is
difficult to control this kind of traffic—induced vibration by TMD (Tuned Mass
Damper) of passive type. In this study,

Such dynamic response has transient properties,

amplitude and frequency change due to traveling of vehicle on bridges.

hybrid contrecl system combining merits of
passive type and active type is developed. Thevhybrid system is composed of a tuned
mass moved by AC servomotor to follow the response of the bridge girder, which is
detected by an accelerometer. Through free and forced vibration tests with a model
girder, it is found that the hybrid control system is effective compared with TMD.
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Amplifier EO External displacement
Accel t AC servomotor +LPF R
erometer Displacement ¥o=AZ+BZ+CZ+E
Leaf spring
— [ dt Deviation
Additional Timing belt of
mass Displacement
displacement X ak=Xo-X
Counter _(}7
Z b/A Amplifier
Girder Accelerometer
In ]
Fig.1 Hybrid control system o e jelocity
X Real velocity e.'
(Pulse) Vv TozGxaX
Reduction gear J’ =
Table 1 Properties of hybrid control system 1710 Motor current
Fig. 2 Block diagram of control system
Control mass 3.066 (kgf)
Natural frequency | 3.0-4.0 (Hz) 0.0
Displacement of *35 (mm) 2 -0 7
control mass z -20.0 B
3 0.0 -
R © 0.5 1.0 10.0 Freq (2) 100.0
Table 2 Properties of TMD (Tuned Mass Damper) 0.0 req Wz
— - P
' mass ratio p = 0.0185 £ 00 ~
Optical target of TMD Frequency |Damping constant i NN 7
Harmonic Estimated 2.95 0.081 E I~ \A ]
vibration Measured 2.94-2.96 0.080-0.086 —lzn.% A 0 s
Nonstationary | Estimated 2.94 0.014 , Frea (H2)
random vibration | Measured | 2.882.90 | 0.014-0.017 Fig. 3 Frequency response characteristics
for displacement Xo
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Fig. 4 General view of experiment
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Table 3  Structural properties of model girder

Span length 5.4 (m)
Cross sectional area 72.76 (cmz)
Moment of inertia of area | 97.8 (cm4)
Weight per unit length 56.6 (kgf/m)
Weight of control system | 16.21 (kgf)
First natural frequency 3.0 (Hz)

0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6
(Left side of vehicle) (m)
{mm)
5.0

0.0 0.8 1.6 24 32 40 4.8 5.6
(Right side of vehicle) (m)
Fig. 5 Profile of road surface roughness
Table 4 Properties of model vehicle
Total weight (keh 18.4 23.4 284
front axle 6.8 6.9 6.9
rear axle 11.6 16.5 21.5
Spring constant  (kgf/cm)
front axle 1.00 | 1.77 | 0.88 | 1.61 { 1.02 | 1.81
rear axle 1.86 1 3.30 | 2.71 | 4.83 | 3.65 {6.50
Natural frequency (Hz) 3.0714.0113.08|391(3.14 |4.00
Logarithmic decrement 0.34 ] 0.43 [0.70 0.26 | 0.53 |0.37
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(mm} (mm) (mm) (mm)

5 5 b 5
0 0 0 1

5 5 5 5
5 (sec)_5 (sec)_5 (sec)_5 (sec)

(a) Without control (b) TMD (c) TMD (d) Hybrid control
(Nonstationary) (Harmonic vibration)

Fig. 6 Damped free vibration of model girder (Displacement of model girder)

Table 5 F requency and logarithmic decrement

Measuring item | Amplitude Ave. Number | Logarithmic Natural
of of decrement frequency
Ampli. wave
(mm) (mm) Hz)
Without control 4.075-2.708 3.354 21 0.019 2.954
TMD (harmonic) | 2.557-0.320 1.095 8 0.276 3.125
‘Hybrid control 2.575-0.298 1.142 5 0.427 2.976
(@) (©) (©) (@)
0.07¢ 0.07 0.07 0.07;
O_‘iw‘“'"" &5"""““""?'*' 3.5""‘”“Vd g5 V[ N 3.5
L (sec) [ (sec) (sec) [ (sec)
“0.07 pccel. of “0.07  fccel. of "0 8T pccel. of “0.87 4pccel. of
(am) nodel girder (m) nodel girder () model girder () model girder
5[ 5[ br 5:
/N : 7N VAN
] + 3:5 Ot : ~1'5 (] S A— ——t— 4\5 ﬂ: + ¢ b 15
Disp. of (seo) Disp. of ?seo) Disp. of 3'60) Disp. of (‘Z‘eo)
;légﬂ model girder <ksf> model girder (ksf) model girder <ksf) model girder
0 é{fﬁJ\ E/’#JH &f{xfﬁ, s
Reaction force (sec) Reaction force (seo) Reaction force (see> Reaction force (gec)
(a) Without control (b) T™MD (c) TMD (d) Hybrid control
(Nonstationary) (Harmonic vibration)

Fig. 7 Dynamic response of model girder under moving vehicle
(With roughness : 1/20, wv=23.4kgf, f, = 3Hz, v=3.23m/s)
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O Without control  *.> TMD(Nonstationary) [} TMD(Harmonic) A Hybrid control
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Fig. 8 R. M. S. of dynamic response under moving vehicle
(With roughness : 1/20, wv =23.4kgf, v =3Hz)
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Fig. 9 R. M. S. of dynamic response under moving vehicle
(With roughness : 1/20, wv = 23.4kgf, fv =4Hz)
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Fig. 10 R. M. S. of dynamic response under moving vehicle

(Without roughness , fv=3Hz,)
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Fig. 11 R. M. S. of dynamic response under moving vehicle

(With roughness : 1/20, fv=3Hz,)

<> TMD(Nonstationary) [ TMD(Harmonic) A Hybrid control

g

&

g

A

RHS/RMSHo cantrol
g

=
P
o

i ‘gg

5

1.86 2.32 2.77 3.23 368 4.14 (ws)

0.067 .07 0.08% DB 0112 0.4 (VL)

&

RMS/R¥SHo conea
g
X O

Vehicle' s velocity
Acceleration of model girder

150
3 125
3 8 °
s o
& 1.00
3 q & A Q &
Lo a 2

[w]
050 2
186 2.92 277 3.23 368 4.14 (s)

0.067 C.070 0,085 QL0801 012 uTvl)
Vehicle's velocity
Oisplacement of model girder

£ o5}
ot 8, 8 .

1.36 232 2.77 3.23 368 4.14 (ws)
0057 0.071 0.085 0.009 6112 0127 (T/L)
Vehicle' s velocity
Displacement of model girder

(c) wv=284kgf

82

(mm)
100

8
0.75 <
At

o §REE

00033 7 277 323 368 414 ws)
0057 0670 008 0.099 0.112 0.127 (i)
Vehicle's velocity
Displacement of model girder

(c) wy=284kef

5

&

=
]
&
]

RMS/RMSKo control
8
4
»

5

185 2.32 277 3.23 3.68 4.14 (ws)
0.057 0011 0,085 0.039 0732 0.127 (il
Vehicle’ s velocity
Ave. of Reaction force (Exit side)

Fig. 12 Ratio of r. m. s. under control system to r. m. s. without control
(With roughness : 1/20, wv= 23.4kgf, fv=3Hz)
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Fig. 13 Ratio of r. m. s. under control system to r. m. s. without control
(With roughness : 1/20, wv = 23.4kef, fy =4Hz)
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