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ABSTRACT

Damped shear structures are widely used in industrial plant construction and building design but
are often excited during ground vibrations. The study of vibration response of these structures is im-
portant for both accurate product production and building design. Traditionally, finite element meth-
ods such as ANSYS have been used as the main method for calculating the response of these
structures. However, when interpreting shear structures, this method is not as efficient because the
matrix is larger than the transfer matrix. In this study, we developed an extended transfer matrix
method to analyze damping shear structures. The transfer function and the ground vibration are used
to obtain the response of the shear damping structure. Using the Taguchi method, optimum design
parameters were found to minimize the response of the structure caused by ground vibrations.
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Fig.1 Transfer matrix schematic diagram and free-
body diagram of mass
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Fig.2 Model of four story shear damping structure
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Table 1 Natural frequencies of four story shear damping

building
Natural frequency (Hz)
Mode | Expanded TMM Moda} Remark
analysis
¢=0 | ¢=0.05| ¢=0 | (=0.05
Ist 1.939 1.938 1.938 1.938
2nd 4.563 | 4.556 | 4.556 | 4.556
3rd 6.771 6.767 | 6.767 | 6.767
4th 7.461 7.425 | 7425 | 7.425
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Frequence (Hz)

(a) Hox(w)
10° : .
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10° : - - :

0 2 4 B 8 10
Frequence (Hz)
(b) Hox(w)
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Fig. 3 Transfer function of the four stories shear damping
structure
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Fig. 4 Ground acceleration signal from the experiment
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Table 2 Control factors and level

Control Level

factor 1 2 3
ky 2880 kN/m 3200 kN/m -
ko 2160 kN/m 2400 kN/m 2640 kN/m
ks 1440 kN/m 1600 kN/m 1760 kN/m
ks 720 kN/m 800 kN/m 880 kN/m
G 0.04 0.05 0.06
& 0.04 0.05 0.06
G 0.04 0.05 0.06
& 0.04 0.05 0.06

Table3 Lz (2'x37) orthogonal array

Exp. Control factor

no. | k ky | Ry | Ky G G G G
1 1 1 1 1 1 1 1 1
2 1 1 2 2 2 2 2 2
3 ! 1 3 3 3 3 3 3
4 1 2 1 1 2 2 3 3
5 1 2 2 2 3 3 1 1
6 1 2 3 3 1 1 2 2
7 1 3 1 2 1 3 2 3
8 1 3 2 3 2 1 3 1
9 1 3 3 1 3 2 1 2
10| 2 1 1 3 3 ) 5 1
11 2 1 2 1 1 3 3 2
12| 2 1 3 2 2 1 1 3
13| 2 2 1 2 3 1 3 2
14| 2 2 2 3 1 2 1 3
15| 2 2 3 1 2 3 5 1
16 | 2 3 1 3 2 3 1 5
17 | 2 3 2 1 3 1 2 3
18 | 2 3 3 2 1 2 3 1
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Fig.5 Displacement of 4th floor of damped shear
structure subjected to ground vibration
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Table4 The RMS of the displacement according to
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. RMS (um) B RMS (um)
1 11.880 10 9.882
2 10.367 11 10.153
3 9.308 12 10.888
4 10.191 13 10.057
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7 10.510 16 1.0462
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9 10.207 18 10.124
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Fig. 7 Comparison of initial and optimum design vibration
displacements by ground vibration

Table 5 Comparison of initial and optimum design vibration
displacements by ground vibration

No- of _RVS () Ratio (%)
Initial Optimum
1 3.740 3.646 2.51
2 6.385 6.160 3.52
3 9.120 8.243 9.61
4 10.003 8.979 10.23
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