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Seismic Isolation Effects Due to the Difference Between the Center of Mass of the Building
and the Center of Stiffness of Isolation Layer
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Abstract

In this study, we examined the seismic isolation effects due to the difference between the center of mass of the building and
the center of stiffness of isolation layer. Because the base isolation technique is a technique that is highly dependent on the
performance of seismic isolation devices installed on the seismic isolation layer, we have to examine the horizontal stiffness of
seismic isolation devices after making them. If difference between the design stiffness and the actual stiffness of the seismic
isolation device occurred, a big problem may be generated in the upper members on the seismic isolation layer. The analytical
results show that the more eccentricity increases, the more maximum response acceleration, story shear and the member forces of
the upper part of the structure increases, and the damage is expected to be in excess. Therefore, it is recommended that if possible,
isolation devices have to be designed to coincide the center of mass of the building with the center of stiffness of isolation layer.
If not after making isolation devices, they need to be relocated to prevent the eccentricity.

Keywords : Seismic isolation, Stiffness of isolation layer, Isolation effect
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Fig. 1 The shape of the Building
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Table 1 Analysis Case

Isolation Stiffness error (%) | Eccentricity | Total
No Type - - i
A Line Col. | B Line Col. (%) stiffness
1-1 0 0 0%
1-2 5 -5 5%
Case—1 1764
1-3 10 -10 10%
1-4 15 =15 15%
2- 0 5 2% 1808
Case—2 | 2-2 0 10 5% 1852
2-3 0 15 7% 1896
3-1 0 -5 3% 1720
Case—3 3-2 0 -10 5% 1676
3-3 0 =15 8% 1632
4-1 5 5 0% 1852
4-2 10 10 0% 1940
4-3 15 15 0% 2029
Case—4
4-4 =5 -5 0% 1676
4-5 -10 -10 0% 1588
4-6 -15 -15 0% 1499
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Table 2 Analysis Results (Case—1)

Type Story | EL1-1 | EL1-2 | EL1-3 | EL1-4 | TA1-1 | TA1-2 | TA1-3 | TA 1-4 | Art 1-1 | Art 1-2 | Art 1-3 | Art 1-4
6 1.00 0.99 1.02 1.03 1.00 1.02 1.02 1.02 1.00 1.01 1.02 0.99
5 1.00 0.99 1.02 1.03 1.00 1.02 1.02 1.02 1.00 1.01 1.02 0.99
Relative 4 100 | 099 1.02 1.03 1.00 1.02 1.02 1.02 1.00 1.01 102 | 099
Displacement 3 1.00 0.99 1.02 1.03 1.00 1.02 1.02 1.02 1.00 1.01 1.02 0.99
Ratio 2 1.00 0.99 1.02 1.03 1.00 1.02 1.02 1.02 1.00 1.01 1.02 0.99
1.5 1.00 0.99 1.02 1.03 1.00 1.02 1.02 1.02 1.00 1.01 1.02 0.99
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.11 1.16 1.22 1.00 1.07 0.97 1.21 1.00 1.04 1.05 1.04
5 1.00 1.05 1.10 1.12 1.00 0.98 0.96 1.10 1.00 1.02 1.03 1.02
Relative 4 100 | 099 | 099 | 099 1.00 101 101 101 1.00 1.01 100 | 100
Acceleration 3 1.00 0.99 0.99 0.99 1.00 1.01 1.00 1.02 1.00 1.00 1.00 0.99
Ratio 2 1.00 1.01 1.09 1.15 1.00 0.99 1.00 1.08 1.00 1.01 1.02 1.02
1.5 1.00 1.09 1.20 1.28 1.00 1.11 1.04 1.22 1.00 1.02 1.03 1.03
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.01 1.02 1.04 1.00 1.00 0.99 1.03 1.00 1.00 1.00 1.00
Relative 5 1.00 1.03 1.06 1.07 1.00 0.99 0.98 1.04 1.00 1.00 1.01 1.01
Shear Force 4 1.00 1.01 1.03 1.04 1.00 1.00 1.00 1.03 1.00 1.00 1.00 1.00
Ratio 3 1.00 0.99 0.99 0.99 1.00 1.01 1.00 1.01 1.00 1.00 1.00 1.00
2 1.00 0.99 0.99 0.99 1.00 1.01 1.01 1.00 1.00 0.99 0.99 1.00
6 1.00 1.02 1.03 1.04 1.00 0.99 0.99 1.02 1.00 1.00 1.00 1.00
Relative 5 1.00 1.02 1.05 1.06 1.00 1.00 1.00 1.04 1.00 1.00 1.00 1.01
Moment 4 1.00 0.99 1.01 1.02 1.00 1.00 1.00 1.01 1.00 1.00 1.00 1.00
Ratio 3 1.00 0.99 0.99 0.99 1.00 1.01 1.00 1.01 1.00 1.00 1.00 1.00
2 1.00 0.99 0.99 0.99 1.00 1.01 1.00 1.01 1.00 0.99 0.99 1.00
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Fig. 4 Comparision of Analysis Results (Case—1)
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Table 3 Analysis Results (Case—2)

Type Story | EL1-1 | EL2-1 | EL2-2 | EL2-3 | TA 1-1 | TA 2-1 | TA 2-2 | TA 2-3 | Art 1-1 | Art 2-1 | Art 2-2 | Art 2-3
6 1.00 0.96 0.94 0.91 1.00 0.99 1.01 0.98 1.00 1.02 1.04 1.01
5 1.00 0.96 0.94 0.91 1.00 0.99 1.01 0.98 1.00 1.02 1.04 1.01
Relative 4 100 | 096 | 094 | 091 100 | 099 | 101 | 098 | 100 | 102 | 104 | 101
Displacement 3 1.00 0.95 0.94 0.91 1.00 0.99 1.01 0.98 1.00 1.02 1.04 1.01
Ratio 2 1.00 0.95 0.94 0.90 1.00 0.99 1.01 0.98 1.00 1.02 1.04 1.01
1.5 1.00 0.95 0.94 0.90 1.00 0.99 1.01 0.98 1.00 1.02 1.04 1.01
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.17 1.30 1.46 1.00 1.03 1.01 1.11 1.00 1.03 1.09 1.10
5 1.00 1.06 1.09 1.32 1.00 1.00 1.02 1.03 1.00 1.03 1.07 1.07
Relative 4 100 | 100 | 100 | 100 | 100 | 100 | 101 | 102 | 100 | 102 | 103 | 103
Acceleration 3 1.00 1.00 1.00 1.01 1.00 1.00 1.02 1.03 1.00 1.02 1.03 1.03
Ratio 2 1.00 1.03 1.11 1.30 1.00 1.02 1.01 1.03 1.00 1.02 1.05 1.06
15 1.00 113 1.25 1.47 1.00 1.10 1.06 1.11 1.00 1.03 1.07 1.07
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.02 1.04 1.08 1.00 1.00 1.01 1.01 1.00 1.00 1.01 1.01
Relative 5 1.00 1.03 1.07 1.18 1.00 1.01 1.02 1.01 1.00 1.01 1.02 1.02
Shear Force 4 1.00 1.01 1.03 1.12 1.00 1.01 1.01 1.01 1.00 1.01 1.02 1.02
Ratio 3 1.00 1.00 1.00 1.03 1.00 1.00 1.00 1.00 1.00 1.01 1.01 1.01
2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.01 1.00 1.00
6 1.00 1.02 1.04 1.10 1.00 1.01 1.01 1.00 1.00 1.01 1.01 1.01
Relative 5 1.00 1.02 1.04 1.16 1.00 1.01 1.02 1.02 1.00 1.01 1.02 1.02
Moment 4 1.00 1.00 1.01 1.06 1.00 0.99 1.00 1.00 1.00 1.01 1.01 1.01
Ratio 3 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 1.00 1.01 1.00 1.00
2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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: ‘ s B - T
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Fig. 5 Comparision of Analysis Results (Case—2)
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Table 4 Analysis Results (Case—3)

Type Story | EL1-1 | EL1-2 | EL1-3 | EL1-4 | TA1-1 | TA1-2 | TA 1-3 | TA 1-4 | Art 1-1 | Art 1-2 | Art 1-3 | Art 1-4
6 1.00 1.01 1.02 1.05 1.00 1.01 1.04 1.05 1.00 1.00 1.00 0.97
5 1.00 1.01 1.02 1.05 1.00 1.01 1.04 1.05 1.00 1.00 1.00 0.97
Relative 4 100 | 101 | 102 | 105 | 100 | 10l | 104 | 105 | 100 | 100 | 100 | 097
Displacement 3 1.00 1.01 1.02 1.05 1.00 1.01 1.04 1.05 1.00 1.00 1.00 0.97
Ratio 2 1.00 1.01 1.02 1.05 1.00 1.01 1.04 1.05 1.00 1.00 1.00 0.97
1.5 1.00 1.01 1.02 1.05 1.00 1.02 1.04 1.05 1.00 1.00 1.00 0.97
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.21 1.04 1.22 1.00 1.05 1.08 0.97 1.00 1.04 1.03 1.00
5 1.00 1.08 1.02 1.09 1.00 1.00 0.97 0.96 1.00 1.03 1.02 0.99
Reltive 4 100 | 099 | 099 | 099 | 100 | 100 | 099 | 098 | 100 | 100 | 100 | 099
Acceleration 3 1.00 1.00 0.99 0.99 1.00 1.00 1.00 0.99 1.00 1.00 0.99 0.98
Ratio 2 1.00 1.09 0.99 1.12 1.00 0.99 1.00 0.99 1.00 1.01 1.00 0.99
1.5 1.00 1.18 1.00 1.23 1.00 1.09 1.10 1.01 1.00 1.02 1.01 0.99
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.03 1.00 1.03 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00
Relative 5 1.00 1.05 1.01 1.06 1.00 0.99 0.98 0.99 1.00 1.00 1.00 1.00
Shear Force 4 1.00 1.03 0.99 1.03 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99
Ratio 3 1.00 1.00 0.99 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99
2 1.00 1.00 0.99 0.99 1.00 1.00 1.00 0.99 1.00 0.99 0.99 0.99
6 1.00 1.03 1.01 1.03 1.00 0.99 0.99 0.99 1.00 1.00 1.00 1.00
Relative 5 1.00 1.04 1.00 1.05 1.00 0.99 0.99 0.99 1.00 1.00 1.00 0.99
Moment 4 1.00 1.01 0.99 1.01 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99
Ratio 3 1.00 1.00 0.99 0.99 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99
2 1.00 1.00 0.99 0.99 1.00 1.00 1.00 0.99 1.00 0.99 0.99 0.99
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Table 5 Analysis Results (Case—4)

Type Story EL 1-1 | EL4-1 | EL4-2 | EL4-3 | EL4-4 | EL4-5 | EL4-6 | TA1-1 | TA4-1 | TA4-2 | TA 4-3 | TA 4—4
6 1.00 0.95 0.93 0.91 1.03 1.07 1.08 1.00 1.00 1.00 0.99 1.04
5 1.00 0.95 0.93 0.91 1.03 1.07 1.08 1.00 1.00 1.00 0.99 1.04
Relative 4 100 | 095 [ 093 | o091 [ 103 | o7 | 1o8 | 100 | 100 | 1oo | 099 [ Lo4
Displacement 3 1.00 0.95 0.93 0.91 1.03 1.08 1.08 1.00 1.00 1.00 0.99 1.04
Ratio 2 1.00 0.95 0.92 0.91 1.03 1.08 1.08 1.00 1.00 1.00 0.99 1.04
1.5 1.00 0.95 0.92 0.91 1.03 1.08 1.09 1.00 1.00 1.00 0.99 1.04
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.16 1.05 1.07 0.99 1.01 1.07 1.00 1.03 1.02 1.05 1.00
5 1.00 1.03 1.01 1.04 0.99 0.99 1.04 1.00 1.03 1.03 1.05 1.00
Relative 4 100 | 100 | 100 | 101 | 099 | 098 | 098 | 100 | 100 | 102 | 103 | 098
Acceleration 3 1.00 1.00 1.00 1.00 0.99 0.99 0.98 1.00 1.02 1.05 1.06 0.99
Ratio 2 1.00 0.99 1.00 1.00 0.99 0.99 1.02 1.00 1.04 1.06 1.06 1.01
1.5 1.00 1.09 1.03 1.06 1.00 1.01 1.10 1.00 1.02 1.04 1.03 1.02
1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6 1.00 1.01 1.01 1.01 1.00 1.00 1.01 1.00 1.00 1.00 1.01 1.00
Relative 5 1.00 1.01 1.01 1.02 1.00 1.01 1.03 1.00 1.01 1.01 1.02 1.00
Shear Force 4 1.00 1.00 1.00 1.01 0.99 0.99 1.01 1.00 1.01 1.02 1.03 1.00
Ratio 3 1.00 1.00 1.00 1.01 0.99 0.99 0.98 1.00 1.01 1.02 1.02 1.00
2 1.00 1.00 1.00 1.01 0.99 0.98 0.98 1.00 1.01 1.01 1.02 0.99
6 1.00 1.01 1.01 1.01 1.00 1.00 1.02 1.00 1.00 1.00 1.01 1.00
Relative 5 1.00 1.00 1.00 1.01 0.99 1.00 1.02 1.00 1.01 1.02 1.03 1.00
Moment 4 1.00 1.00 1.00 1.01 0.99 0.99 0.99 1.00 1.01 1.02 1.02 1.00
Ratio 3 1.00 1.00 1.00 1.01 0.99 0.99 0.98 1.00 1.01 1.02 1.02 0.99
2 1.00 1.00 1.00 1.01 0.99 0.99 0.98 1.00 1.01 1.01 1.02 0.99
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