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Experimental Verification of Improvement of Damping

Performance of Three Structures by Interconnection

Tadayoshi AIDA (Dept. of Civil Eng.) Toshihiko ASO(Dept. of Civil Eng.)

Keiichi MORI(Grad. Stud., Civil Eng.) Toshiyuki FUJII(Chief Eng. Mitsubishi Heavy Industry)
Interconnection of the neighboring structures using members, consisting of a spring and a damper, is an
improvement method of damping performance of structures. When the first mode displacement of
structures is adopted as the displacement in free vibrating state, interconnected structure system
consisting of three structures is become a three-degrees-of —freedom (3DOF) system with three masses
and five springs connected in series. The maximizing method of damping performance of the above
3DOF system can be used for maximizing the damping performance of the structures interconnected. In
this study, a rigid frame with one story was adopted as a structural model. The theoretical tuning method
of a connecting member, by which damping performance of rigid frames is maximized, was verified

experimentally and the effectiveness of tuning method became clear.
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Table 3.2 Weight of horizontal elements of

models
FE H (o) Model 1 | Model 2 | Model 3
VS AER 4619.9 | 46155 | 4592.9
FEE 4 B 301.4 299.2 299.9
+300.7 | +299.0 | +300.2
XA E A A 163.7 163.6 164.5
+163.9
At EE( | 53857 | 5541.2 | 5357.5
E(kg) |5.3857 | 5.5412 | 5.3575
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Rod of damping device
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Table 3.5 Weight of damping devices
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& | Model 2 |Z3535)
149.13+19.35+19.36 | 144. 73+145 25

1 | 149.54+19.21+19.35 | (Model 1 (Z34535)
2t : 375.94g 2t : 289.98
149.28+19.35+19.40 | 145. 35+141 47

2 | 149.37+19.34+19.33 | (Model 3 |Z%55%)
2+ 376.07g 3+ 1 286.82g
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Table 3.8 Spring constants of connecting
springs

X ofEE
N/e No.1 | No.2

FHEAE | 4.750 | 2.310
FERE | 5.054 | 2.297
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Table 3.9 Natural circular frequencies and
damping coefficients of individual models
with damping devices

A M IREN R | =R

o ‘rad/sec c : Nsec/cm
Model 1 w1:11.78 0.00406
Model 2 w2 3.64 0.00312
Model 3 ®2:19.50 0.00206
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Table 3.10 Damping coefficients of models

constrained by a couple of damping device
(a) Model 1
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Table 3.11 Natural circular frequencies and
modal damping ratios of models inter-

Jk = % | Model | Model e | C/ connected by plate-type spring and
ED R 2EE | Cropt damping device in Case 1

N HE 1st 2nd 3rd
RHe 1 0.2109 | 0.00406 | 0.2067 | 2.067 \Mode mode mode mode
Rue 2 0.0943 | 0.00406 | 0.0902 | 0.902 A M=) | 9.82 12.89 20.86
(b) Model 3 o (9.93) | (13.76) | (21.35)
I = 4| Model | Model WE | C/ E— FREE|0146 |0.151 |0.157
iEX2) R B | Caopt te & (0.124) | (0.148) | (0.143)
Rue 1 0.2544 | 0.00206 | 0.2523 | 0.396
PREE 2 0.5267 | 0.00206 | 0.5247 | 0.824 Table 3.12 Natural circular frequencies and
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VIZRVRD, 2L X OFERE A BEERD

modal damping ratios of models inter-
connected by plate-type spring and
damping device in case 2

1st 2nd 3rd
\Mode mode | mode mode
B A MHEE) | 10.43 | 12.27 | 19.02
B w (10.49) | (13.74) | (19.44)
E— FEZ|0198 |0.152 |0.395
te & (0.136) | (0.221) | (0.311)
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Table 3.13 Natural circular frequencies and
modal damping ratios of models inter-
connected by plate-type spring and

damping device in case 3

1st 2nd 3rd

\Mode | mode | mode mode
EAHEES o | 10.43 | 12.89 | 18.41
(11.35) | (13.43) | (19.14)

E—FEZEREE 0194 | 0.130 | 0.281
(0.161) | (0.385) | (0.275)
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Fig4.2 Natural frequencies and modal

damping ratios of interconnected
frames with plate-type springs “No.1”
and No.2 and damping device under

condition of Cases 1 and 2
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