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Regions I and III:
Large stiffness to 
prevent excessive
deformation

Weight of upper structure

Region II:
Support upper structure with small
stiffness
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Problem formulation
Minimize error from
specified path
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Truss model
• Models 1 and 2

– Ground structure with truss elements
– Add rigid element at right supports to represent upper structure
– Optimize from several random initial solutions

Model-1 Model-2



Optimization results
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Equilibrium path

Model‐1

Model‐2



Upper structure

Arch model
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Base isolation model
• Specification

– Width 1.0 (m)
– Young’s modulus  2.0×104 (N/mm2)
– Cross-sectional area:

multiply 3.21×102 so that the self-

weight is supported at the center of 
Region II

Initial Deformed

Arch    



Response against recorded 
ground motions

• Bar‐spring model

(i) El Centro UD (1940)

(ii)  Hachinohe UD(1968) Levels 2 and 3
(iii) Taft UD      (1952)
(iv) Takatori UD  (1995) ... Original level

-Max. deformation of spring:  0.402 m

-Scale of isolation device: (2×0.402)/0.18 = 4.46

-Size of device:  width = 4.46 m,  height = 2.68 m

4.46

Node C (top-node) 



Response against recorded ground 
motions

Response to El Centro level 2:
Blue: isolated,  Black:  pin-support
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Response
ratio


