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Studies on Response Control Technologies for Building Structures
(1 Vibration Tests of the Large Damping Structures)

by

Kazuo TAKAHASHI*, Fumiaki ARIMA**
‘Mistuo MIYAZAKI*** and Kiyoshi KOMORI****

The “STRUCTUAL RESPONSE CONTROL DESIGN” herein described is a new practical technol-

ogy which realizes structures having artificial large damping by the “Viscous Damping Wall(in brief

VDW)”.
plates filled with high viscous fluid.

The VDW is a wall - shaped viscous energy dissipator consisting of a pair of vertical steel

This part reports the results of vibration tests in order to grasp the dynamic characteristics of a

4-story full scale steel model with/without VDWs.

In the results, VDWs work as the response

acceleration and displacement of the model is reduced to 1/2~1/3, if compare to non - attached ones.

The 2nd. mode and higher ones completely disappeared in VDW model.

increase of structual stiffness due to VDWs.
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Table 1 Dimensions of VDWs

Direction EW NS
Viscosity (poise) at 30°C 97,000 97,000
Thickness Inner p. (cm) 0.9 0.9
Thickness Outer p. (cm) 0.6 0.6
Gap dy (cm) 1.0 1.0
Effective Area A (cm) 23; 7250 Xl 12’2><502
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Table 2 Dynamic properties of VDWed Model (Microtremer)

VDWed Structure Ground
Direction Mode EW NS UD Horizontal
. 1-st 3.1 2.8 2.8~3.1 2.1~2.8
Natural Freq. of Fourier Spectra (Hz)
2-nd 7.4~7.8 7.4~8.1
Lo 1-st 3.4~3.6 | 3.0~3.3
Natural Freq. of Spectrum Ratio (Hz) -
—1
Damping Ratio by H. Power Method (%) 1-st 3.56 2.79
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Table 3 Case of forced vibration test

Case of Experiment Foundation Structure
Model ' FRAME VDW
Exciting Direction EwW NS EW NS EwW NS
Exciting Moment (kg * cm) 100 or 400 500 or 1,000 500 or 3,000 or 5,000
Component Disp. or Acc. Acc.
Exciting Freq. ’ Low—High or High—Low
Exciter EX-400DL BCS-D-75
Max =400kg - .cm Max=7,000kg * cm
Pick up AVL-122E PV-20C
ST ® Measure - 8 440
. EEW] - point
B Exciter [ =} RE_ o
: Gl
® Pick up 7l. gF - >
rNGT R \ -
(NS J 3 § 3L oy x>
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2 {EM]
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Fig.18 Arrangement of observation points Fig.19 Arrangement of observation points
[K—1]
Table 4 Dynamic properties of Case [K— 1] (Forced & Free Vib)
Case of Test Forced Vibration Free Vib. by Run Down
Direc. Prop. - |On Base-Mat| On Ground |On Base-Mat| On Ground
f 8.0~8.3 8.1~8.8 8.0 8.1~8.4
EW -
h 7.5 . — 8.2 —
; F C7.9~8.2 8.1~8.7 7.8 8.2~8.6
NS
h 9.2 — 12.3 —
f 10.3~11.0 10.3~10.7 10.8 11.1
UD
h 7.2 — 7.3 —

f : Frequency (Hz),

4 : Damping Ratio (%)
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Table 5 Dynamic properties of Models [K— 2] (Forced & Free Vib.)
Case of Test Forced Vibration Free Vib. by Run Down
Model Direc. Prop. |Resonance (1st) [Resonance (2nd)| Resonance (1st) |Resonance (2nd)
f 2.12~2.16 8.70~8.71 2.25 8.79
EwW
h 2.10~2.12 — 3.56 —
FRAME
. NS f 1.64~1.68 5.52~5.64 1.76 5.66
h 1.79~2.98 — 2.68 —
f 2.48~2.74 — 2.713 —
EW
k. 7.86~9.50 — 6.00 —
VDW
f 2.41~2.55 — . 2.64 —
NS
h 6.66~7.88 — 4.28 —

f : Frequency (Hz),

h : Damping Ratio (%)
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Table 6 Ratio of Response Component

Model Direc. |Rocking (%)| Sway (%)
EW 20.6 8.6
FRAME
NS 14.0 4.0
EW 40.9 18.2
VDW
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Fig. 30 Resonance curve at 1-FL [VDW : EW]
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Table 7 - Comparison of natural frequencies between experiments and analyses [EW]

unit: Hz
Spectrum of Earthquake | Mode F%lf%ed 1;} r_%e Analysis Model
ib. ib. —s - — -
Date () | No. | Tedi | Text | pmension[Zmension
87. 12, 17 2.49 1st 2.48~2.74 2.73 2.83
88, 1, 26-1 2.98 2nd 7.38~7.46 7.92
V.D.W 88. 1. 26-2 2.98 3rd 11.42
88. 1. 30 2.98 4th 18.44
83. 2. 21 2.34 st 2.12~2.16 2.25 2.17 2.34
88, 3. 18 2.29 2nd 7.32~7.38 7.29 7.34
FRAME 3rd 8.70~8.71 8.79 9.97 10.10
4th 15.66 15.84
Table 8 Comparison of natural frequencies between experiments and analyses [NS] .
unit : Hz
| Spectrum of Earthquake | Mode F%r'%ed P\‘]r%e Analysis Model
ib. ib. —— - — -
Date (1st) No. Test Test 3 dﬁ?ﬁﬁi“’" ? dI:‘rrr;?xSelon
87, 12, 17 2.34 1st 2.41~2.55 2.64 2.39
88. 1. 26-1 2.73 2nd 7.01~7.54 6.51
V.D.W 88, 1. 26-2 2.73 3rd 9.08
8. 1., 30 2.54 4th 14.35
88. 2. 21 1.94 1st 1.64~1.68 1.76 1.66 1.76
88, 3. 18 1.71 2nd 5.52~5.62 5.66 5.66 5.61
FRAME 3rd 7.70 7.64 7.39
4th 10.84 10.79 10.19 10.28
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