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DESCRIPTION 

 

Title of Invention: STEEL DAMPER FOR SEISMIC ISOLATION 

AND SEISMIC ISOLATION STRUCTURE 

 5 

Technical Field 

[0001] 

 The present invention relates to a steel damper for 

seismic isolation and a seismic isolation structure that 

are installed between a lower part of a structure and a 10 

foundation and absorb energy due to external force such 

as seismic motion. 

 

Background Art 

[0002] 15 

 For building structures such as skyscrapers and 

large civil engineering structures, a seismic isolation 

structure is installed between the lower part of the 

structure and the foundation to improve safety against 

large-scale seismic motion. 20 

 The seismic isolation structure includes a seismic 

isolation device and a seismic isolation damper, and when 

a large-scale seismic motion occurs, the seismic 

isolation device moves in a horizontal direction while 

supporting a vertical load of the structure, and the 25 

seismic isolation damper absorbs the energy of seismic 

motion to prevent the energy of seismic motion from being 

directly transmitted to the structure. 
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[0003] 

 As a seismic isolation damper, a steel damper for 

seismic isolation including an upper board fixed to an 

upper structure provided at the lower part of the 

structure; a lower board fixed to a lower structure 5 

provided on a foundation; and four seismic isolation 

plates installed between the upper board and the lower 

board and arranged in a cross shape in a plan view is 

known (for example, refer to PTL 1). 

 The four seismic isolation plates of PTL 1 are 10 

members having the same shape formed by bending a long 

steel sheet, and include an upper fixing part and a lower 

fixing part configured to be formed parallel to each 

other; a pair of inclined parts configured to be closer 

to each other while being separated from the upper fixing 15 

part and the lower fixing part; and a connecting part 

configured to connect the pair of inclined parts to be at 

a position close to each other.  The four seismic 

isolation plates are referred to as first to fourth 

seismic isolation plates. 20 

[0004] 

 Here, the pair of upper fixing parts and the pair of 

lower fixing parts of the first and second seismic 

isolation plates arranged in the same straight line in a 

plan view are arranged to face each other, the pair of 25 

upper fixing parts and the pair of lower fixing parts of 

the third and fourth seismic isolation plates arranged in 

directions orthogonal to the first and second seismic 
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isolation plates in a plan view are arranged to face each 

other by providing an overlapping unit having a 

substantially rectangular shape in a plan view for the 

pair of upper fixing parts and the pair of lower fixing 

parts of the first and second seismic isolation plates, 5 

the overlapping unit of the upper fixing parts of the 

first to fourth seismic isolation plates is fixed to the 

upper board, the overlapping unit of the lower fixing 

parts of the first to fourth seismic isolation plates is 

fixed to the lower board, and accordingly, the first to 10 

fourth seismic isolation plates are arranged in a cross 

shape in a plan view between the upper board and the 

lower board. 

 

Citation List 15 

 Patent Literature 

[0005] 

 PTL 1: JP 2020-41691 A 

 

Summary of Invention 20 

 Technical Problem 

[0006] 

 When a large-scale seismic motion occurs, a large 

relative displacement of approximately 400 mm to 600 mm 

occurs between the upper structure and the lower 25 

structure.  Therefore, the four seismic isolation plates 

(first to fourth seismic isolation plates) that configure 

the steel damper for seismic isolation of PTL 1 are 
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required to have the deformability to follow a large 

relative displacement. 

 Here, when the seismic isolation plate of PTL 1 is 

manufactured using a general steel sheet bending machine, 

it is difficult to manufacture a seismic isolation plate 5 

having a deformability of approximately 400 mm to 600 mm. 

 In other words, in the steel damper for seismic 

isolation of PTL 1, the overlapping unit of the upper 

fixing parts of the four seismic isolation plates is 

fixed to the upper board, and the overlapping unit of the 10 

lower fixing parts of the four seismic isolation plates 

is fixed to the lower board.  Therefore, the dimension of 

the upper fixing part and the lower fixing part of the 

seismic isolation plate in the long direction needs to be 

at least approximately 300 mm.  Further, in order to 15 

ensure the deformability to follow a large relative 

displacement, it is required to set the dimension of the 

inclined part of the seismic isolation plate in the 

longitudinal direction to approximately 400 mm to 600 mm. 

[0007] 20 

 In a general steel sheet bending machine, when the 

bending height of the steel sheet is approximately 500 

mm, the bending depth is limited to 700 mm.  When bending 

the seismic isolation plate using this general steel 

sheet bending machine, the sum of the dimension of the 25 

upper fixing part (or the lower fixing part) in the 

longitudinal direction and the dimension of the inclined 

part in the longitudinal direction is the bending depth 
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of the general steel sheet bending machine.  However, the 

dimension of the upper fixing part (or the lower fixing 

part) in the longitudinal direction is approximately 300 

mm, and thus the dimension of the inclined part in the 

longitudinal direction is limited to approximately 400 mm 5 

(700 - 300) or less. 

 Therefore, when bending a seismic isolation plate 

using a general steel sheet bending machine, it is not 

possible to set the dimension of the inclined part in the 

longitudinal direction as long as approximately 400 mm to 10 

600 mm, and thus it is difficult to manufacture a seismic 

isolation plate that absorbs energy when a large-scale 

seismic motion occurs. 

[0008] 

 Therefore, the present invention has been made in 15 

view of the above circumstances, and provides a steel 

damper for seismic isolation having the necessary 

deformability for the large relative displacement that 

occurs between the structure and the foundation when a 

large-scale seismic motion occurs, and capable of 20 

absorbing the energy of seismic motion.  In addition, the 

present invention provides a seismic isolation structure 

capable of preventing the energy of seismic motion from 

being directly transmitted to the structure. 

 Solution to Problem 25 

[0009] 

 In order to achieve the above object, according to 

an aspect of the present invention, there is provided a 
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steel damper for seismic isolation installed between a 

lower part of a structure and a foundation, including: an 

upper board fixed to the lower part of the structure; a 

lower board fixed to the foundation to be at the same 

position in a plan view with respect to the upper board; 5 

and four seismic isolation plates fixed to the upper 

board and the lower board and extending in a cross 

direction in a plan view, in which the four seismic 

isolation plates are members obtained by bending a long 

steel sheet, and include an upper fixing part and a lower 10 

fixing part parallel to each other, an upper inclined 

part and a lower inclined part that are closer to each 

other while being separated from the upper fixing part 

and the lower fixing part, and a connecting part that 

connects the upper inclined part and the lower inclined 15 

part to each other, and the four seismic isolation plates 

are fixed to the upper board at a position where the 

upper fixing parts do not overlap each other, and are 

fixed to the lower board at a position where the lower 

fixing parts do not overlap each other. 20 

[0010] 

 According to another aspect of the present 

invention, there is provided a seismic isolation 

structure including: the above-described steel damper for 

seismic isolation; and a seismic isolation device 25 

installed between a lower part of a structure and a 

foundation, and moving in a horizontal direction while 
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supporting a vertical load of the structure when a 

seismic motion occurs. 

 Advantageous Effects of Invention 

[0011] 

 According to the present invention, the steel damper 5 

for seismic isolation has the necessary deformability for 

the large relative displacement that occurs between the 

structure and the foundation when a large-scale seismic 

motion occurs, and is capable of absorbing the energy of 

seismic motion. 10 

 In addition, according to the present invention, the 

seismic isolation structure is capable of preventing the 

energy of seismic motion from being directly transmitted 

to the structure. 

 15 

Brief Description of Drawings 

[0012] 

 FIG. 1 is a view illustrating a seismic isolation 

structure according to the present invention; 

 FIG. 2 is a perspective view illustrating a steel 20 

damper for seismic isolation according to a first 

embodiment of the present invention; 

 FIG. 3 is a view illustrating a seismic isolation 

plate formed by bending a steel sheet that configures a 

steel damper for seismic isolation according to the first 25 

embodiment of the present invention; 

 FIG. 4 is a vertical sectional view illustrating a 

main part of the steel damper for seismic isolation 



- 8 - 

according to the first embodiment of the present 

invention; 

 FIG. 5 is a view taken along the line V-V of FIG. 4. 

 FIG. 6 is a view taken along the line VI-VI of FIG. 

5. 5 

 FIG. 7 is a vertical sectional view illustrating a 

steel damper for seismic isolation according to a second 

embodiment of the present invention; 

 FIG. 8 is a vertical sectional view illustrating a 

main part of a steel damper for seismic isolation 10 

according to a third embodiment of the present invention; 

 FIG. 9 is a view taken along the line IX-IX of FIG. 

8; 

 FIG. 10 is a view taken along the line X-X of FIG. 

8; 15 

 FIG. 11 is a perspective view illustrating a steel 

damper for seismic isolation according to a fourth 

embodiment of the present invention; 

 FIG. 12 is a vertical sectional view illustrating a 

main part of the steel damper for seismic isolation 20 

according to the fourth embodiment; 

 FIG. 13 is a view taken along the line XIII-XIII of 

FIG. 12; 

 FIG. 14 is a view taken along the line XIV-XIV of 

FIG. 12; 25 

 FIG. 15 is a perspective view illustrating an FEM 

analysis model of a seismic isolation plate according to 

a fifth embodiment of the present invention; 
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 FIG. 16 is a view illustrating the dimensions and 

shapes of predetermined parts of the FEM analysis model 

of the seismic isolation plate according to the fifth 

embodiment; 

 FIG. 17 is a side view illustrating the FEM analysis 5 

models of a plurality of types of seismic isolation 

plates having different inclination angles in the fifth 

embodiment; 

 FIG. 18 is a diagram illustrating equivalent plastic 

strains of the FEM analysis models of the plurality of 10 

types of seismic isolation plates having different 

inclination angles in the fifth embodiment; and 

 FIG. 19 is a diagram illustrating a relationship 

between displacement and a load of the FEM analysis 

models of the plurality of types of seismic isolation 15 

plates having different inclination angles in the fifth 

embodiment. 

 

Description of Embodiments 

[0013] 20 

 Next, embodiments according to the present invention 

will be described with reference to the drawings.  In the 

description of the following drawings, the same or 

similar parts will be given the same or similar reference 

numerals.  However, the drawings are schematic, and the 25 

relationship between the thickness and the plane 

dimensions, the ratio of the thicknesses of each layer, 

and the like are supposed to be different from the actual 
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ones.  Therefore, the specific thickness or dimensions 

are supposed to be determined in consideration of the 

following description.  In addition, it is needless to 

say that the drawings may include the parts having 

different dimensional relationships or ratios from each 5 

other. 

[0014] 

 In addition, the embodiments described below 

exemplify apparatuses and methods for embodying the 

technical idea of the present invention, and the 10 

technical idea of the present invention does not specify 

the material, shape, structure, arrangement, and the like 

of the configuration components in the following 

embodiments.  The technical idea of the present invention 

may be modified in various manners within the technical 15 

scope specified by the claims described in the claims. 

[0015] 

 [First Embodiment] 

 FIG. 1 illustrates a seismic isolation structure 3 

installed between a structure 1, such as a building 20 

structure (for example, a skyscraper) or a large civil 

engineering structure, and a foundation 2. 

 The seismic isolation structure 3 includes a steel 

damper for seismic isolation 6 of a first embodiment 

installed between a damper upper structure 4 provided at 25 

the lower part of the structure 1 and a damper lower 

structure 5 provided on the foundation 2; and a seismic 

isolation device 9 installed between a device upper 
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structure 7 provided at the lower part of the structure 1 

adjacent to the damper upper structure 4 and a device 

lower structure 8 provided on the foundation 2 adjacent 

to the damper lower structure 5.  Although only one set 

of seismic isolation structures 3 is illustrated in FIG. 5 

1, a plurality of sets is installed between the structure 

1 and the foundation 2.  The damper upper structure 4, 

the damper lower structure 5, the device upper structure 

7, and the device lower structure 8 are made of 

reinforced concrete. 10 

[0016] 

 FIG. 2 illustrates the steel damper for seismic 

isolation 6 of the first embodiment, and the steel damper 

for seismic isolation 6 includes an upper board 10 fixed 

to the damper upper structure 4 via an upper jig 12 15 

(refer to FIG. 1); a lower board 11 fixed to the damper 

lower structure 5 via a lower jig 13 (refer to FIG. 1) to 

be at the same position in the plan view with respect to 

the upper board 10; and four seismic isolation plates 

15a, 15b, 15c, and 15d that are fixed to the upper board 20 

10 and the lower board 11, and extend in a cross 

direction orthogonal to each other in a plan view. 

[0017] 

 The seismic isolation plate 15a is a member formed 

by bending a long rectangular steel sheet, and as 25 

illustrated in FIG. 3A, the seismic isolation plate 15a 

includes a flat plate-shaped upper fixing part 16a fixed 

to the upper board 10; a flat plate-shaped lower fixing 
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part 17a that extends parallel to the upper fixing part 

16a with the same dimension in the longitudinal direction 

as the dimension of the upper fixing part 16a, and is 

fixed to the lower board 11; a flat plate-shaped upper 

inclined part 18a and a lower inclined part 19a extending 5 

at the same inclination angle θ to be closer to each 

other while being separated from the upper fixing part 

16a and the lower fixing part 17a; and a connecting part 

20a that connects the upper inclined part 18a and the 

lower inclined part 19a to each other. 10 

[0018] 

 As illustrated in FIGS. 3A and 3B, a plurality of 

bolt through-holes is formed in the upper fixing part 

16a.  A plurality of bolt through-holes is also formed in 

the lower fixing part 17a.  Then, as illustrated in FIG. 15 

3B, the upper inclined part 18a of the seismic isolation 

plate 15a is formed such that a width dimension M 

gradually decreases from the upper fixing part 16a toward 

the connecting part 20a, and the lower inclined part 19a 

is formed such that the width dimension also gradually 20 

decreases from the lower fixing part 17a toward the 

connecting part 20a. 

 Further, the other three seismic isolation plates 

15b, 15c, and 15d are also members having the same shape 

as the shape of the above-described seismic isolation 25 

plate 15a, and the parts having the same configuration as 

the configuration of the parts that configure the seismic 



- 13 - 

isolation plate 15a have the same reference numerals with 

subscripts “b, c, d” instead of “a”. 

[0019] 

 Here, regarding the actual size of the seismic 

isolation plate 15a, as illustrated in FIG. 3A, a 5 

distance (bending height) H between the upper fixing part 

16a and the lower fixing part 17a is 500 mm, a dimension 

D of the upper fixing part 16a (lower fixing part 17a) in 

the longitudinal direction is 50 mm, and a dimension L of 

the upper inclined part 18a (lower inclined part 19a) in 10 

the longitudinal direction is 650 mm.  Further, the other 

three seismic isolation plates 15b, 15c, and 15d are also 

formed with the same dimension as the dimension of the 

seismic isolation plate 15a. 

[0020] 15 

 As illustrated in FIG. 4, the upper jig 12 that 

fixes the upper board 10 to the damper upper structure 4 

includes an anchor plate 12a that abuts on the lower 

surface of the damper upper structure 4; an upper board 

side plate 12b that abuts on the upper board 10; and a 20 

rib plate 12c fixed by welding orthogonally between the 

anchor plate 12a and the upper board side plate 12b.  In 

addition, FIG. 4 illustrates only the seismic isolation 

plates 15a and 15b that face each other in a straight 

line in a plan view among the four seismic isolation 25 

plates 15a, 15b, 15c, and 15d. 

 A plurality of through-holes is formed on the anchor 

plate 12a, and by passing a plurality of anchor bolts 12d 
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protruding from the lower surface of the damper upper 

structure 4 through the through-holes, protruding the 

anchor bolts 12d from the lower surface, and screwing the 

anchor bolts 12d with nuts 12e, the anchor plate 12a is 

bolted to the damper upper structure 4. 5 

[0021] 

 The upper board side plate 12b is a rectangular 

plate having a smaller area than the area of the upper 

board 10, and has a part where the upper board side plate 

12b abuts on the center of the upper surface of the upper 10 

board 10 and does not overlap the upper board side plate 

12b on the entire circumference of the upper surface of 

the upper board 10.  Further, a first splice plate 12f 

having substantially the same shape as the shape of the 

upper board side plate 12b abuts on the center of the 15 

lower surface of the upper board 10, and there is a part 

that does not overlap the first splice plate 12f on the 

entire circumference of the lower surface of the upper 

board 10.  In addition, as illustrated in FIGS. 4 and 5, 

by inserting connecting bolts 12g into the plurality of 20 

through-holes formed at the part where the upper board 

side plate 12b, the upper board 10, and the first splice 

plate 12f overlap each other, and screwing the connecting 

bolts 12g with nuts 12h, the upper board 10 is bolted to 

the upper board side plate 12b. 25 

[0022] 

 As illustrated in FIG. 4, the lower jig 13 that 

fixes the lower board 11 to the damper lower structure 5 
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includes an anchor plate 13a that abuts on the upper 

surface of the damper lower structure 5; a lower board 

side plate 13b that abuts on the lower board 11; and a 

rib plate 13c fixed by welding orthogonally between the 

anchor plate 13a and the lower board side plate 13b. 5 

 In addition, by passing a plurality of anchor bolts 

13d protruding from the upper surface of the damper lower 

structure 5 through the through-holes formed on the lower 

board side plate 13b, protruding the anchor bolts 13d 

from the upper surface, and screwing the anchor bolts 13d 10 

with nuts 13e, the anchor plate 13a is bolted to the 

damper lower structure 5. 

[0023] 

 In addition, the lower board side plate 13b is a 

rectangular plate having a smaller area than the area of 15 

the lower board 11, and has a part where the lower board 

side plate 13b abuts on the center of the upper surface 

of the lower board 11 and does not overlap the lower 

board side plate 13b on the entire circumference of the 

lower surface of the lower board 11.  Further, a second 20 

splice plate 13f having substantially the same shape as 

the shape of the lower board side plate 13b abuts on the 

center of the upper surface of the lower board 11, and 

there is a part that does not overlap the second splice 

plate 13f on the entire circumference of the upper 25 

surface of the lower board 11.  In addition, as 

illustrated in FIGS. 4 and 6, by inserting connecting 

bolts 13g into the plurality of through-holes formed at 
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the part where the lower board side plate 13b, the lower 

board 11, and the second splice plate 13f overlap each 

other, and screwing the connecting bolts 13g with nuts 

13h, the lower board 11 is bolted to the lower board side 

plate 13b. 5 

[0024] 

 Here, the vertical distance between the damper upper 

structure 4 and the damper lower structure 5 differ 

depending on the installation location of the steel 

damper for seismic isolation 6.  Therefore, the plurality 10 

of types of upper jigs 12 having different heights of the 

rib plate 12c and the plurality of types of lower jigs 13 

having different heights of the rib plate 13c are 

prepared, and by selecting and arranging the 

predetermined upper jig 12 and lower jig 13 corresponding 15 

to the vertical distance between the damper upper 

structure 4 and the damper lower structure 5, the steel 

damper for seismic isolation 6 is installed via the upper 

jig 12 and the lower jig 13 between the damper upper 

structure 4 and the damper lower structure 5. 20 

[0025] 

 As illustrated in FIGS. 5 and 6, on the two seismic 

isolation plates 15a and 15b, the upper inclined parts 

18a and 18b and the lower inclined parts 19a and 19b are 

arranged to extend on a virtual straight line K1 25 

extending in the horizontal direction, and on the other 

two seismic isolation plates 15c and 15d, the upper 

inclined parts 18c and 18d and the lower inclined parts 
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19c and 19d are arranged to extend on a virtual straight 

line K2 orthogonal to the virtual straight line K1 on the 

horizontal plane. 

[0026] 

 As illustrated in FIG. 5, the upper fixing parts 16a 5 

and 16b of the two seismic isolation plates 15a and 15b 

abut on the lower surface of the part that does not 

overlap the upper board side plate 12b and the first 

splice plate 12f of the upper board 10 on the virtual 

straight line K1, and the upper fixing parts 16c and 16d 10 

of the other two seismic isolation plates 15c and 15d 

also abut on the lower surface of the part that does not 

overlap the upper board side plate 12b and the second 

splice plate 13f of the upper board 10 on the virtual 

straight line K2.  A rectangular third splice plate 21 15 

abuts on the lower surfaces of each of the upper fixing 

parts 16a, 16b, 16c, and 16d, the connecting bolt 22 is 

inserted into the through-hole formed in these members, 

and the nut 23 is screwed with the connecting bolt 22.  

Accordingly, the upper fixing parts 16a, 16b, 16c, and 20 

16d of the four seismic isolation plates 15a, 15b, 15c, 

and 15d do not overlap each other and are bolted in a 

state of being sandwiched between the upper board 10 and 

the third splice plate 21. 

[0027] 25 

 In addition, as illustrated in FIG. 6, the lower 

fixing parts 17a and 17b of the two seismic isolation 

plates 15a and 15b abut on the upper surface of the part 
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that does not overlap the lower board side plate 13b and 

the second splice plate 13f of the lower board 11 on the 

virtual straight line K1, and the lower fixing parts 17c 

and 17d of the other two seismic isolation plates 15c and 

15d also abut on the upper surface of the part that does 5 

not overlap the lower board side plate 13b and the second 

splice plate 13f of the lower board 11 on the virtual 

straight line K2.  Further, a rectangular third splice 

plate 24 abuts on the upper surfaces of each of the lower 

fixing parts 17a, 17b, 17c, and 17d, the connecting bolt 10 

25 is inserted into the through-hole formed in these 

members, and the nut 26 is screwed with the connecting 

bolt 25.  Accordingly, the lower fixing parts 17a, 17b, 

17c, and 17d of the four seismic isolation plates 15a, 

15b, 15c, and 15d do not overlap each other and are 15 

bolted to the upper board 10. 

[0028] 

 Next, the actions and effects of the steel damper 

for seismic isolation 6 and the seismic isolation 

structure 3 of the first embodiment will be described. 20 

 In the seismic isolation structure 3 having the 

above-described configuration, when a seismic motion 

occurs, the seismic isolation device 9 moves in the 

horizontal direction while supporting the vertical load 

of the structure 1.  Since the four seismic isolation 25 

plates 15a, 15b, 15c, and 15d of the steel damper for 

seismic isolation 6 are arranged in the cross direction 

in the plan view, no matter which direction the seismic 
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motion acts in the horizontal plane, by performing 

deformation of the upper inclined parts 18a, 18b, 18c, 

and 18d, the connecting parts 20a, 20b, 20c, and 20d, and 

the lower inclined parts 19a, 19b, 19c, and 19d of each 

of the seismic isolation plates 15a, 15b, 15c, and 15d 5 

both in the shear direction and the bending direction, 

the energy of seismic motion is absorbed, and the energy 

of seismic motion can be prevented from being directly 

transmitted to the structure 1. 

[0029] 10 

 Further, the upper fixing parts 16a, 16b, 16c, and 

16d of the seismic isolation plates 15a, 15b, 15c, and 

15d are firmly tightened and fixed by the connecting 

bolts 22 and the nuts 23 in a state of being sandwiched 

between the upper board 10 and the four third splice 15 

plates 21 from the thickness direction, and the lower 

fixing parts 17a, 17b, 17c, and 17d of the seismic 

isolation plates 15a, 15b, 15c, and 15d are firmly 

tightened and fixed by the connecting bolts 25 and the 

nuts 26 in a state of being sandwiched between the lower 20 

board 11 and the four third splice plates 24 from the 

thickness direction.  Accordingly, the plastic 

deformation of the upper fixing parts 16a, 16b, 16c, and 

16d and the lower fixing parts 17a, 17b, 17c, and 17d 

when the energy of seismic motion is transmitted is 25 

prevented, and thus absorbency of energy of seismic 

motion of the steel damper for seismic isolation 6 can be 

prevented from decreasing. 
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[0030] 

 Further, the width dimension M of the upper inclined 

part 18a of the seismic isolation plate 15a gradually 

decreases from the upper fixing part 16a toward the 

connecting part 20a, and the width dimension of the lower 5 

inclined part 19a also gradually decreases from the lower 

fixing part 17a toward the connecting part 20a.  

Therefore, even when the seismic isolation plate 15a is 

twisted, the energy of seismic motion can be efficiently 

absorbed.  Further, since the other three seismic 10 

isolation plates 15b, 15c, and 15d have the same 

structure as the structure of the seismic isolation plate 

15a, the energy of seismic motion due to the occurrence 

of twist can be efficiently absorbed. 

 Then, when a large-scale seismic motion occurs, a 15 

large relative displacement of approximately 400 mm to 

600 mm occurs between the structure 1 and the foundation 

2. 

[0031] 

 In the seismic isolation plates 15a, 15b, 15c, and 20 

15d of the first embodiment, the dimension L (refer to 

FIG. 3A) of the upper inclined parts 18a, 18b, 18c, and 

18d and the lower inclined parts 19a, 19b, 19c, and 19d 

in the longitudinal direction is set to 700 mm, and the 

deformability (700 mm) required for a large relative 25 

displacement (approximately 400 mm to 600 mm) between the 

structure 1 and the foundation 2 is provided, and thus 
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the energy of seismic motion can be sufficiently 

absorbed. 

 Further, the seismic isolation plates 15a, 15b, 15c, 

and 15d of the first embodiment can be manufactured by 

using a general steel sheet bending machine.  Here, the 5 

general steel sheet bending machine is a device of which 

the maximum bending depth is limited to approximately 850 

mm when the bending height of the steel sheet is 

approximately 500 mm. 

[0032] 10 

 When the bending height H is set to 500 mm, the 

maximum bending depth when manufacturing the seismic 

isolation plates 15a, 15b, 15c, and 15d is a dimension (D 

+ L) obtained by adding the dimension D (refer to FIG. 

3A) of the upper fixing parts 16a, 16b, 16c, and 16 15 

(lower fixing parts 17a, 17b, 17c, and 17d) in the 

longitudinal direction, and the dimension L of the upper 

inclined parts 18a, 18b, 18c, and 18d (lower inclined 

parts 19a, 19b, 19c, and 19d) in the longitudinal 

direction. 20 

[0033] 

 The upper fixing parts 16a, 16b, 16c, and 16d (lower 

fixing parts 17a, 17b, 17c, and 17d) are bolted to the 

upper board 10 while the upper fixing parts 16a, 16b, 

16c, and 16d of the seismic isolation plates 15a, 15b, 25 

15c, and 15d do not overlap each other, and the lower 

fixing parts 17a, 17b, 17c, and 17d of the seismic 

isolation plates 15a, 15b, 15c, and 15d are also bolted 
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to the lower board 11 while the lower fixing parts 17a, 

17b, 17c, and 17d of the seismic isolation plates 15a, 

15b, 15c, and 15d do not overlap each other.  Thus, the 

dimension D of the upper fixing parts 16a, 16b, 16c, and 

16d (lower fixing parts 17a, 17b, 17c, and 17d) in the 5 

longitudinal direction is a short dimension (D = 150 mm) 

required for bolt fixing, which is sufficient. 

 In this manner, the dimension (D + L = 150 mm + 700 

mm) obtained by adding the dimension D (= 150 mm) of the 

upper fixing parts 16a, 16b, 16c, and 16d (lower fixing 10 

parts 17a, 17b, 17c, and 17d) in the longitudinal 

direction, and the dimension L (= 700 mm) of the upper 

inclined parts 18a, 18b, 18c, and 18d (lower inclined 

parts 19a, 19b, 19c, and 19d) in the longitudinal 

direction corresponds to the limit value (850 mm) of the 15 

bending depth of a general steel sheet bending machine. 

[0034] 

 Here, it is possible to easily manufacture the four 

seismic isolation plates 15a, 15b, 15c, and 15d by using 

a general steel sheet bending machine, as the dimension 20 

(D + L) obtained by adding the dimension D of the upper 

fixing parts 16a, 16b, 16c, and 16d (lower fixing parts 

17a, 17b, 17c, and 17d) in the longitudinal direction, 

and the dimension L of the upper inclined parts 18a, 18b, 

18c, and 18d (lower inclined parts 19a, 19b, 19c, and 25 

19d) in the longitudinal direction sets the relationship 

with the bending height H between the upper fixing part 
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16a and the lower fixing part 17a to be (D + L) ≤ H x 

1.7. 

[0035] 

 In addition, in the four seismic isolation plates 

15a, 15b, 15c, and 15d, when the upper fixing parts 16a, 5 

16b, 16c, and 16d are fixed to the upper board 10 by 

welding without overlapping each other, and the lower 

fixing parts 17a, 17b, 17c, and 17d are fixed to the 

upper board 10 by welding without overlapping each other, 

the dimension D of the upper fixing parts 16a, 16b, 16c, 10 

and 16d (lower fixing parts 17a, 17b, 17c, and 17d) in 

the longitudinal direction is approximately 10 mm, which 

is sufficient (D ≥ 10 mm). 

[0036] 

 Meanwhile, the minimum required dimension L of the 15 

upper inclined parts 18a, 18b, 18c, and 18d (lower 

inclined parts 19a, 19b, 19c, and 19d) in the 

longitudinal direction for ensuring the deformability of 

400 mm to 600 mm is 400 mm, and at this time, D = 850 mm 

- 400 mm = 450 mm.  Therefore, the range of D is 10 mm ≤ 20 

D ≤ 450 mm. 

 Therefore, the seismic isolation plates 15a, 15b, 

15c, and 15d of the first embodiment are set to 10 mm ≤ D 

≤ 450 mm and have a shape having a relationship of (D + 

L) ≤ H x 1.7.  Accordingly, since the seismic isolation 25 

plates 15a, 15b, 15c, and 15d can be easily manufactured 

by using a general steel sheet bending machine, the parts 

price of the seismic isolation plates 15a, 15b, 15c, and 
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15d and the manufacturing cost of the steel damper for 

seismic isolation 6 can be suppressed. 

[0037] 

 Furthermore, since the vertical distance between the 

damper upper structure 4 and the damper lower structure 5 5 

differs depending on the installation location of the 

steel damper for seismic isolation 6, in the first 

embodiment, the plurality of types of upper jigs 12 

having different heights of the rib plate 12c and the 

plurality of types of lower jigs 13 having different 10 

heights of the rib plate 13c are prepared, and the 

predetermined upper jig 12 and lower jig 13 corresponding 

to the vertical distance between the damper upper 

structure 4 and the damper lower structure 5 are selected 

and arranged.  Therefore, the relative displacement 15 

between the structure 1 and the foundation 2 due to the 

seismic motion is reliably transmitted to the steel 

damper for seismic isolation 6 installed between the 

damper upper structure 4 and the damper lower structure 

5, and a large amount of energy of seismic motion can be 20 

absorbed. 

[0038] 

 [Second Embodiment] 

 Next, FIG. 7 illustrates the steel damper for 

seismic isolation 6 of a second embodiment installed 25 

between the damper upper structure 4 and the damper lower 

structure 5.  The steel damper for seismic isolation 6 of 

the present embodiment also includes four seismic 
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isolation plates 15a, 15b, 15c, and 15d extending in the 

cross direction in a plan view similar to the first 

embodiment.  However, FIG. 7 illustrates only the seismic 

isolation plates 15a and 15b that face each other in a 

straight line in a plan view. 5 

 A plurality of stud bolts 30 is protruded and fixed 

to the upper surface of the upper board 10 of the present 

embodiment, and a plurality of stud bolts 31 is protruded 

and fixed to the lower surface of the lower board 11. 

[0039] 10 

 Further, when the damper upper structure 4 made of 

reinforced concrete is formed, the stud bolt 30 of the 

upper board 10 is embedded in the concrete, and 

accordingly, the upper board 10 is integrated with the 

lower surface of the damper upper structure 4. 15 

 Further, when the damper lower structure 5 made of 

reinforced concrete is formed, the stud bolt 31 of the 

lower board 11 is embedded in the concrete, and 

accordingly, the lower board 11 is integrated with the 

upper surface of the damper lower structure 5. 20 

 In addition, the upper fixing parts 16a, 16b, 16c, 

and 16d of the four seismic isolation plates 15a, 15b, 

15c, and 15d do not overlap each other and are bolted to 

the upper board 10.  Further, the lower fixing parts 17a, 

17b, 17c, and 17d of the four seismic isolation plates 25 

15a, 15b, 15c, and 15d also do not overlap each other and 

are bolted to the upper board 10. 

[0040] 
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 The actions and effects of the steel damper for 

seismic isolation 6 of the second embodiment will be 

described. 

 According to the steel damper for seismic isolation 

6 installed between the damper upper structure 4 and the 5 

damper lower structure 5 of the present embodiment, the 

same effect as the effect of the first embodiment can be 

obtained, and when the vertical distance between the 

damper upper structure 4 and the damper lower structure 5 

is narrow, without using the upper jig 12 and the lower 10 

jig 13, the steel damper for seismic isolation 6 can be 

reliably installed between the damper upper structure 4 

and the damper lower structure 5, the relative 

displacement between the structure 1 and the foundation 2 

due to the seismic motion is reliably transmitted, and a 15 

large amount of energy of seismic motion can be absorbed. 

[0041] 

 [Third Embodiment] 

 Next, FIGS. 8 to 10 illustrate a steel damper for 

seismic isolation 32 of a third embodiment.  In the 20 

present embodiment, the upper board 10 of the steel 

damper for seismic isolation 32 is fixed to the damper 

upper structure 4 via the upper jig 12, the lower board 

11 of the steel damper for seismic isolation 32 is fixed 

to the damper lower structure 5 via the lower jig 13 to 25 

be at the same position in a plan view with respect to 

the upper board 10, and first and second seismic 

isolation plates 32a and 32b fixed to the upper board 10 
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and the lower board 11 are arranged extending in the 

cross direction in a plan view. 

[0042] 

 As illustrated in FIG. 8, the first seismic 

isolation plate 32a includes an upper split steel sheet 5 

33a and a lower split steel sheet 34a.  The upper split 

steel sheet 33a includes an upper fixing part 35a 

provided at the center part in the longitudinal 

direction; a pair of upper inclined parts 36a and 37a 

bent diagonally downward from both ends of the upper 10 

fixing part 35a in the longitudinal direction; and upper 

connecting parts 38a and 39a bent downward from the end 

parts of the pair of the upper inclined parts 36a and 

37a.  Further, the lower split steel sheet 34a includes a 

lower fixing part 40a provided at the center part in the 15 

longitudinal direction; a pair of lower inclined parts 

41a and 42a bent diagonally downward from both ends of 

the lower fixing part 40a in the longitudinal direction; 

and lower connecting parts 43a and 44a bent upward from 

the end parts of the pair of the lower inclined parts 41a 20 

and 42a. 

[0043] 

 The upper split steel sheet 33a and the lower split 

steel sheet 34a are integrated by connecting the upper 

connecting parts 38a and 39a and the lower connecting 25 

parts 43a and 44a.  In other words, as illustrated in 

FIG. 8, in a state where the upper connecting parts 38a 

and 39a and the lower connecting parts 43a and 44a face 
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each other, by sandwiching the facing parts between 

fourth and fifth splice plates 45 and 46, inserting 

connecting bolts 47 to the fourth and fifth splice plates 

45 and 46, and screwing the connecting bolts 47 with nuts 

48, the upper split steel sheet 33a and the lower split 5 

steel sheet 34a are integrated to form the first seismic 

isolation plate 32a.  The pair of upper inclined parts 

36a, 37a and the pair of lower inclined parts 41a and 42a 

of the first seismic isolation plate 32a have a shape in 

which the width dimension M gradually decreases while 10 

being separated from the upper fixing part 35a and the 

lower fixing part 40a. 

[0044] 

 Meanwhile, the second seismic isolation plate 32b 

also includes an upper split steel sheet 33b and a lower 15 

split steel sheet 34b, as illustrated in FIGS. 9 and 10.  

The upper split steel sheet 33b includes an upper fixing 

part 35b provided at the center part in the longitudinal 

direction; a pair of upper inclined parts 36b and 37b 

bent diagonally downward from both ends of the upper 20 

fixing part 35b in the longitudinal direction; and upper 

connecting parts 38b and 39b bent downward from the end 

parts of the pair of the upper inclined parts 36b and 

37b.  Further, the lower split steel sheet 34b includes a 

lower fixing part 40b provided at the center part in the 25 

longitudinal direction; a pair of lower inclined parts 

41b and 42b bent diagonally downward from both ends of 

the lower fixing part 40b in the longitudinal direction; 
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and lower connecting parts 43b and 44b bent upward from 

the end parts of the pair of the lower inclined parts 41b 

and 42b. 

[0045] 

 In addition, in a state where the upper connecting 5 

parts 38b and 39b and the lower connecting parts 43b and 

44b face each other, as illustrated in FIGS. 9 and 10, by 

sandwiching the facing parts between fourth and fifth 

splice plates 45 and 46, inserting the connecting bolts 

47 into the through-holes formed in the fourth and fifth 10 

splice plates 45 and 46, the upper connecting parts 38b 

and 39b, and the lower connecting parts 43b and 44b, and 

screwing the connecting bolts 47 with the nuts 48, the 

upper split steel sheet 33b and the lower split steel 

sheet 34b are integrated to form the second seismic 15 

isolation plate 32b.  The pair of upper inclined parts 

36b and 37b and the pair of lower inclined parts 41b and 

42b of the second seismic isolation plate 32b have a 

shape in which the width dimension M gradually decreases 

while being separated from the upper fixing part 35b and 20 

the lower fixing part 40b. 

[0046] 

 Here, the upper connecting parts 38a and 39a and the 

lower connecting parts 43a and 44a of the first seismic 

isolation plate 32a are sandwiched between the fourth and 25 

fifth splice plates 45 and 46, inserted into the 

connecting bolts 47, and screwed with the nuts 48 to be 

fixed, and the upper connecting parts 38b and 39b and the 
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lower connecting parts 43b and 44b of the second seismic 

isolation plate 32b are also sandwiched between the 

fourth and fifth splice plates 45 and 46, inserted into 

the connecting bolts 47, and screwed with the nuts 48 to 

be fixed.  However, the upper connecting parts 38a and 5 

39a and the lower connecting parts 43a and 44a of the 

first seismic isolation plate 32a may be fixed by 

welding, and the upper connecting parts 38b and 39b and 

the lower connecting parts 43b and 44b of the second 

seismic isolation plate 32b may be fixed by welding. 10 

[0047] 

 The first and second seismic isolation plates 32a 

and 32b having the above-described configuration are 

arranged to extend in the cross direction in a plan view, 

and the upper fixing parts 35a and 35b and the lower 15 

fixing parts 40a and 40b are overlapped with each other. 

 Further, by arranging the overlapping upper fixing 

parts 35a and 35b below the upper board side plate 12b of 

the upper jig 12, arranging the upper board 10 below the 

upper fixing parts 35a and 35b, inserting the connecting 20 

bolts 12g into the through-holes formed in the upper 

board side plate 12b, the upper fixing parts 35a and 35b, 

and the upper board 10, and screwing the connecting bolts 

12g with the nut 12h, the upper board 10 of the seismic 

isolation damper 32 is fixed to the damper upper 25 

structure 4 via the upper jig 12. 

[0048] 
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 Further, by arranging the overlapping lower fixing 

parts 40a and 40b above the lower board side plate 13b of 

the lower jig 13, arranging the lower board 11 above the 

lower fixing parts 40a and 40b, inserting the connecting 

bolts 13g into the through-holes formed in the lower 5 

board side plate 13b, the lower fixing parts 40a and 40b, 

and the lower board 11, and screwing the connecting bolts 

13g with the nut 13h, the lower board 11 of the seismic 

isolation damper 32 is fixed to the damper lower 

structure 5 via the lower jig 13. 10 

[0049] 

 The actions and effects of the seismic isolation 

damper 32 of the third embodiment will be described. 

 Since the first and second seismic isolation plates 

32a and 32b of the seismic isolation damper 32 of the 15 

present embodiment are arranged in the cross direction in 

a plan view, no matter which direction the seismic motion 

acts in the horizontal plane, by performing deformation 

of the upper inclined parts 36a, 37a, 36b, and 37b and 

the lower inclined parts 41a, 42a, 41b, and 42b both in 20 

the shear direction and the bending direction, the energy 

of seismic motion is absorbed. 

 Further, the width dimension M of the upper inclined 

parts 36a, 37a, 36b, and 37b and the lower inclined parts 

41a, 42a, 41b, and 42b gradually decreases while being 25 

separated from the upper fixing parts 35a and 35b and the 

lower fixing parts 40a and 40b.  Therefore, even when the 
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twist occurs, the energy of seismic motion can be 

efficiently absorbed. 

[0050] 

 Further, the first seismic isolation plate 32a 

includes the upper split steel sheet 33a in which the 5 

upper connecting parts 38a and 39a having a shallow 

bending depth are formed at both end parts in the 

longitudinal direction, and the lower split steel sheet 

34a in which the lower connecting parts 43a and 44a 

having a shallow bending depth are formed at both end 10 

parts in the longitudinal direction.  Therefore, the 

dimensions of the upper inclined parts 36a and 37a and 

the lower inclined parts 41a and 42a in the longitudinal 

direction can be set large.  Further, the second seismic 

isolation plate 32b includes the upper split steel sheet 15 

33b in which the upper connecting parts 38b and 39b 

having a shallow bending depth are formed at both end 

parts in the longitudinal direction, and the lower split 

steel sheet 34b in which the lower connecting parts 43b 

and 44b having a shallow bending depth are formed at both 20 

end parts in the longitudinal direction.  Therefore, the 

dimensions of the upper inclined parts 36b and 37b and 

the lower inclined parts 41b and 42b in the longitudinal 

direction can be set large.  Accordingly, the seismic 

isolation damper 32 of the present embodiment can have 25 

the deformability required for a large relative 

displacement (approximately 400 mm to 600 mm) between the 
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structure 1 and the foundation 2, and thus the energy of 

seismic motion can be sufficiently absorbed. 

[0051] 

 [Fourth Embodiment] 

 Next, FIGS. 11 to 14 illustrate a steel damper for 5 

seismic isolation 6 of a fourth embodiment. 

 As illustrated in FIGS. 11 and 12, similar to the 

steel damper for seismic isolation 6 of the first 

embodiment, the steel damper for seismic isolation 6 of 

the present embodiment includes the upper board 10 fixed 10 

to the damper upper structure 4 via the upper jig 12; the 

lower board 11 fixed to the damper lower structure 5 via 

the lower jig 13 to be at the same position in the plan 

view with respect to the upper board 10; and four seismic 

isolation plates 15a, 15b, 15c, and 15d that are fixed to 15 

the upper board 10 and the lower board 11, and extend in 

the cross direction orthogonal to each other in a plan 

view. 

[0052] 

 In the steel damper for seismic isolation 6 of the 20 

present embodiment, as illustrated in FIG. 13, in the 

configuration different from the configuration of the 

steel damper for seismic isolation 6 of the first 

embodiment, third splice plates 51 that abut on the lower 

surfaces of the upper fixing parts are arranged to 25 

straddle the adjacent upper fixing parts 16a and 16c, the 

adjacent upper fixing parts 16b and 16c, the adjacent 

upper fixing parts 16b and 16d, and the adjacent upper 
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fixing parts 16a and 16d of the four seismic isolation 

plates 15a, 15b, 15c, and 15d.  Then, by inserting the 

connecting bolts 22 into the through-holes formed on the 

third splice plates 51 and screwing the connecting bolts 

22 with the nuts 23, as illustrated in FIG. 12, the upper 5 

fixing parts 16a, 16b, 16c, and 16d of the four seismic 

isolation plates 15a, 15b, 15c, and 15d are bolted to the 

upper board 10 without overlapping each other. 

[0053] 

 In addition, as illustrated in FIG. 14, third splice 10 

plates 52 that abut on the upper surfaces of the lower 

fixing parts are arranged to straddle the adjacent lower 

fixing parts 17a and 17d, the adjacent lower fixing parts 

17b and 17d, the adjacent lower fixing parts 17b and 17c, 

and the adjacent lower fixing parts 17a and 17c of the 15 

four seismic isolation plates 15a, 15b, 15c, and 15d.  

Then, by inserting the connecting bolts 25 into the 

through-holes formed on the third splice plates 52 and 

screwing the connecting bolts 25 with the nuts 26, as 

illustrated in FIG. 12, the lower fixing parts 17a, 17b, 20 

17c, and 17d of the four seismic isolation plates 15a, 

15b, 15c, and 15d are bolted to the lower board 11 

without overlapping each other. 

[0054] 

 According to the steel damper for seismic isolation 25 

6 installed between the damper upper structure 4 and the 

damper lower structure 5 of the present embodiment, the 

upper fixing parts 16a, 16b, 16c, and 16d of the seismic 
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isolation plates 15a, 15b, 15c, and 15d are firmly 

tightened and fixed by the connecting bolts 22 and the 

nuts 23 in a state of being sandwiched between the upper 

board 10 and the four third splice plates 51 from the 

thickness direction, and the lower fixing parts 17a, 17b, 5 

17c, and 17d of the seismic isolation plates 15a, 15b, 

15c, and 15d are firmly tightened and fixed by the 

connecting bolts 25 and the nuts 26 in a state of being 

sandwiched between the lower board 11 and the four third 

splice plates 52 from the thickness direction. 10 

[0055] 

 Further, each of the four third point splice plates 

51 is arranged to straddle the pair of adjacent upper 

fixing parts 16a and 16c, the pair of adjacent upper 

fixing parts 16b and 16c, the pair of adjacent upper 15 

fixing parts 16b and 16d, and the pair of adjacent upper 

fixing parts 16a and 16d of the seismic isolation plates 

15a, 15b, 15c, and 15d.  Accordingly, all of the upper 

fixing parts 16a, 16b, 16c, and 16d including the end 

parts of the upper fixing parts 16a, 16b, 16c, and 16d 20 

are restrained, and local plastic deformation of the 

upper fixing parts 16a, 16b, 16c, and 16d can be 

deterred.  Further, by suppressing the local deformation 

of the upper fixing parts 16a, 16b, 16c, and 16d, the 

stress concentration of the connecting bolt 22 can be 25 

prevented.  Further, each of the four third point splice 

plates 51 is arranged to straddle the pair of adjacent 

lower fixing parts 17a and 17d, the pair of adjacent 
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lower fixing parts 17b and 17d, the pair of adjacent 

lower fixing parts 17b and 17c, and the pair of adjacent 

upper fixing parts 17a and 17c of the seismic isolation 

plates 15a, 15b, 15c, and 15d.  Accordingly, all of the 

lower fixing parts 17a, 17b, 17c, and 17d including the 5 

end parts of the lower fixing parts 17a, 17b, 17c, and 

17d are restrained, local plastic deformation of the 

lower fixing parts 17a, 17b, 17c, and 17d can be 

deterred, and the stress concentration of the bolt 25 can 

also be prevented. 10 

[0056] 

 Therefore, in the steel damper for seismic isolation 

6 of the present embodiment, local plastic deformation of 

the upper fixing parts 16a, 16b, 16c, and 16d and the 

lower fixing parts 17a, 17b, 17c, and 17d when the energy 15 

of seismic motion is transmitted is reliably deterred, 

and absorbency of energy of seismic motion can be 

prevented from decreasing. 

[0057] 

 [Fifth Embodiment] 20 

 Next, in a fifth embodiment illustrated in FIGS. 15 

to 19, a range of an appropriate inclination angle θ of 

the four seismic isolation plates 15a, 15b, 15c, and 15d, 

which are used in the steel damper for seismic isolation 

6 of the first, second, and fourth embodiments, is set. 25 

 In the present embodiment, an FEM analysis model 15 

of the seismic isolation plate illustrated in FIG. 15 is 

used.  The FEM analysis model 15 of the seismic isolation 
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plate of FIG. 15 has a structure corresponding to the 

seismic isolation plate 15a illustrated in FIG. 3A, the 

upper fixing part 16 corresponds to the upper fixing part 

16a of the seismic isolation plate 15a, the lower fixing 

part 17 corresponds to the lower fixing part 17a of the 5 

seismic isolation plate 15a, the upper inclined part 18 

and the lower inclined part 19 correspond to the upper 

inclined part 18a and the lower inclined part 19a of the 

seismic isolation plate 15a, and the connecting part 20 

corresponds to the connecting part 20a of the seismic 10 

isolation plate 15a.  Further, the FEM analysis model 15 

of the seismic isolation plate of FIG. 15 has a structure 

corresponding to other seismic isolation plates 15b, 15c, 

and 15d. 

[0058] 15 

 The FEM analysis model 15 includes the upper fixing 

part 16, the lower fixing part 17, the upper inclined 

part 18, the lower inclined part 19, and the connecting 

part 20 having the dimensions and shapes illustrated in 

FIG. 16.  As illustrated in FIGS. 17A to 17G, a plurality 20 

of types of FEM analysis models (models M1 to M7) having 

different inclination angles θ is provided. 

 FIG. 17A illustrates the model M1 as a comparative 

example in which the inclination angle θ is 0°, and FIGS. 

17B to 17G illustrate the models M2 to M7 in which the 25 

inclination angle is set to 2.6° to 19.7°.  The unit of 

the shape dimension illustrated in FIGS. 16 and 17B to 

17G is (mm). 
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 Then, by setting the lower fixing parts 17 of the 

models M1 to M7 in a fixed state, applying a load in the 

direction (loading direction) along the longitudinal 

direction of the upper fixing part 16, and displacing the 

upper fixing part 16 to 400 mm in the loading direction, 5 

the equivalent plastic strain of the upper inclined part 

18 and the connecting part 20 was confirmed. 

[0059] 

 FIG. 18 is a diagram in which the maximum value of 

the equivalent plastic strain of the upper inclined part 10 

18 and the connecting part 20 of the models M1 to M7 is 

plotted with the inclination angle θ on the horizontal 

axis and the equivalent plastic strain on the vertical 

axis.  In a case of the model M1 (θ = 0°) and the model 

M2 (θ = 2.6°), the equivalent plastic strain of the 15 

connecting part 20 is significantly smaller than the 

equivalent plastic strain of the upper inclined part 18, 

and thus the absorbency of energy of seismic motion due 

to plastic deformation cannot be exhibited.  Further, in 

a case of the model M6 (θ = 17.7°) and the model M7 (θ = 20 

19.7°), the equivalent plastic strain significantly 

increases, and there is a concern that the fatigue 

durability against repeated load during an earthquake is 

insufficient.  Meanwhile, in a case of the model M3 (θ = 

5.2°), the model M4 (θ = 10.3°), and the model M5 (θ = 25 

15.3°), the equivalent plastic strain of the upper 

inclined part 18 and the connecting part 20 is relatively 
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uniform, and the entire FEM analysis model 15 is 

plastically deformed uniformly. 

[0060] 

 Further, FIG. 19 is a diagram illustrating changes 

in the load with displacement of the models M1 to M7, 5 

with the displacement in the loading direction on the 

horizontal axis and the load on the vertical axis.  From 

this diagram, it can be seen that the larger the 

inclination angle θ, the larger the load.  In addition, 

in a case of the model M6 (θ = 17.7°) and the model M7 (θ 10 

= 19.7°), the peak of the load appears at the initial 

stage of the displacement, the load decreases suddenly as 

the displacement increases, and thus, when the 

displacement becomes large, the energy absorbency 

decreases suddenly, and the performance as a seismic 15 

isolation damper is not sufficient. 

[0061] 

 In this manner, in a case of the model M3 (θ = 

5.2°), the model M4 (θ = 10.3°), and the model M5 (θ = 

15.3°), the equivalent plastic strain of the upper 20 

inclined part 18 and the connecting part 20 is a 

relatively uniform, there is no sudden decrease in load 

from the initial peak to the end of the displacement, and 

thus, it can be seen that the optimum inclination angle θ 

is 5.2° ≤ θ ≤ 15.3°. 25 

 Therefore, by setting the inclination angles θ of 

the four seismic isolation plates 15a, 15b, 15c, and 15d 

in the range of 5.2° ≤ θ ≤ 15.3°, the steel damper for 
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seismic isolation 6 that sufficiently exhibits absorbency 

of energy of seismic motion can be provided. 

 

Reference Signs List 

[0062] 5 

 1  Structure 

 2  Foundation 

 3  Seismic isolation structure 

 4  Damper upper structure (lower part of structure) 

 5  Damper lower structure (foundation) 10 

 6  Steel damper for seismic isolation 

 7  Device upper structure 

 8  Device lower structure 

 9  Seismic isolation device 

 10  Upper board 15 

 11  Lower board 

 12  Upper jig 

 12a  Anchor plate 

 12b  Upper board side plate 

 12c  Rib plate 20 

 12d  Anchor bolt 

 12e  Nut 

 12f  First splice plate 

 12g  Connecting bolt 

 12h  Nut 25 

 13  Lower jig 

 13a  Anchor plate 

 13b  Lower board side plate 
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 13c  Rib plate 

 13d  Anchor bolt 

 13e  Nut 

 13f  Second splice plate 

 13g  Connecting bolt 5 

 13h  Nut 

 15  FEM analysis model of seismic isolation plate 

 15a, 15b, 15c, 15d  Seismic isolation plate 

 16, 16a, 16b, 16c, 16d  Upper fixing part 

 17, 17a, 17b, 17c, 17d  lower fixing part 10 

 18, 18a, 18b, 18c, 18d  Upper inclined part 

 19, 19a, 19b, 19c, 19d  Lower inclined part 

 20, 20a, 20b, 20c, 20d  Connecting part 

 21  Third splice plate (upper splice plate) 

 24  Third splice plate (lower splice plate) 15 

 22  Connecting bolt (fastening means) 

 23  Nut (fastening means) 

 25  Connecting bolt (fastening means) 

 26  Nut (fastening means) 

 30  Stud bolt 20 

 31  Stud bolt 

 32  Steel damper for seismic isolation 

 32a  First seismic isolation plate 

 32b  Second seismic isolation plate 

 33a, 33b  Upper split steel sheet 25 

 34a, 34b  Lower split steel sheet 

 35a, 35b  Upper fixing part 

 36a, 37a, 36b, 37b  Upper inclined part 
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 38a, 39a, 38b, 39b  Upper connecting part 

 40a, 40b  Lower fixing part 

 41a, 42a, 41b, 42b  Lower inclined part 

 43a, 44a, 43b, 44b  Lower connecting part 

 45  Fourth splice plate 5 

 46  Fifth splice plate 

 47  Connecting bolt 

 48  Nut 

 51  Third splice plate (upper splice plate) 

 52  Third splice plate (lower splice plate) 10 

 D  Dimension of upper fixing part (lower fixing 

part) of seismic isolation plate in longitudinal 

direction 

 L  Dimension of upper inclined part (lower inclined 

part) of seismic isolation plate in longitudinal 15 

direction 

 H  Bending height of seismic isolation plate 

 θ  Inclination angle 
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CLAIMS 

 

1. A steel damper for seismic isolation 

installed between a lower part of a structure and a 

foundation, comprising: 5 

 an upper board fixed to the lower part of the 

structure; 

 a lower board fixed to the foundation to be at the 

same position in a plan view with respect to the upper 

board; and 10 

 four seismic isolation plates fixed to the upper 

board and the lower board and extending in a cross 

direction in a plan view, wherein 

 the four seismic isolation plates are members 

obtained by bending a long steel sheet, and include an 15 

upper fixing part and a lower fixing part parallel to 

each other, an upper inclined part and a lower inclined 

part that are closer to each other while being separated 

from the upper fixing part and the lower fixing part, and 

a connecting part that connects the upper inclined part 20 

and the lower inclined part to each other, and 

 the four seismic isolation plates are fixed to the 

upper board at a position where the upper fixing parts do 

not overlap each other, and are fixed to the lower board 

at a position where the lower fixing parts do not overlap 25 

each other. 
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2. The steel damper for seismic isolation 

according to claim 1, wherein 

 the seismic isolation plate has a relationship of 

10 mm ≤ D ≤ 450 mm and (D + L) ≤ H x 1.7, where a bending 

height between the upper fixing part and the lower fixing 5 

part is denoted by H, a dimension of the upper fixing 

part and the lower fixing part in a longitudinal 

direction is denoted by D, and a dimension of the upper 

inclined part and the lower inclined part in the 

longitudinal direction is denoted by L. 10 

 

3. The steel damper for seismic isolation 

according to claim 1 or 2, wherein 

 the upper fixing part is fixed to the upper board 

by sandwiching the upper fixing part between the upper 15 

board and an upper splice plate and tightening the upper 

board and the upper splice plate by fastening means, and 

 the lower fixing part is fixed to the lower board 

by sandwiching the lower fixing part between the lower 

board and a lower splice plate and tightening the lower 20 

board and the lower splice plate by fastening means. 

 

4. The steel damper for seismic isolation 

according to claim 3, wherein 

 four upper splice plates are arranged to straddle 25 

adjacent upper fixing parts of the four seismic isolation 

plates, and end parts of the upper fixing parts are 
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sandwiched between the upper board and the upper splice 

plates, and 

 four lower splice plates are arranged to straddle 

adjacent lower fixing parts of the four seismic isolation 

plates, and end parts of the lower fixing parts are 5 

sandwiched between the lower board and the lower splice 

plates. 

 

5. The steel damper for seismic isolation 

according to any one of claims 1 to 3, wherein 10 

 the upper inclined part connects the upper fixing 

part and an upper part of the connecting part to each 

other while linearly extending at a predetermined 

inclination angle, and 

 the lower inclined part connects the lower fixing 15 

part and a lower part of the connecting part to each 

other while linearly extending at the same inclination 

angle as an inclination angle of the upper inclined part. 

 

6. The steel damper for seismic isolation 20 

according to claim 5, wherein 

 when the inclination angle is denoted by θ, 5.2° ≤ 

θ ≤ 15.3° is set. 

 

7. A steel damper for seismic isolation 25 

installed between a lower part of a structure and a 

foundation, comprising: 
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 an upper board fixed to the lower part of the 

structure; 

 a lower board fixed to the foundation to be at the 

same position in a plan view with respect to the upper 

board; and 5 

 two sets of seismic isolation plates fixed to the 

upper board and the lower board and extending in a cross 

direction in a plan view, wherein 

 the two sets of seismic isolation plates have an 

upper split steel sheet and a lower split steel sheet 10 

that are split into upper and lower parts, 

 the upper split steel sheet has an upper fixing 

part provided at a center part in a longitudinal 

direction, a pair of upper inclined parts bent diagonally 

downward from both ends of the upper fixing part in the 15 

longitudinal direction, and an upper connecting part bent 

downward from end parts of the pair of upper inclined 

parts, 

 the lower split steel sheet has a lower fixing part 

provided at a center part in the longitudinal direction, 20 

a pair of lower inclined parts bent diagonally upward 

from both ends of the lower fixing part in the 

longitudinal direction, and a lower connecting part bent 

upward from end parts of the pair of lower inclined 

parts, 25 

 the seismic isolation plate is formed by connecting 

the upper connecting part of the upper split steel sheet 
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and the lower connecting part of the lower split steel 

sheet, and 

 in the two sets of seismic isolation plates, the 

upper fixing part and the lower fixing part are 

orthogonally arranged and overlapped with each other, the 5 

upper fixing part is fixed to the upper board, and the 

lower fixing part is fixed to the lower board. 

 

8. The steel damper for seismic isolation 

according to any one of claims 1 to 7, wherein 10 

 an upper jig set to a predetermined height is fixed 

between the lower part of the structure and the upper 

board, and 

 a lower jig set to a predetermined height is fixed 

between the foundation and the lower board. 15 

 

9. The steel damper for seismic isolation 

according to any one of claims 1 to 7, wherein 

 a stud bolt is integrally formed on the upper 

board, and the upper board is fixed to the structure in a 20 

state where the stud bolt is embedded inside the 

structure made of reinforced concrete, and 

 a stud bolt is integrally formed on the lower 

board, and the lower board is fixed to the foundation in 

a state where the stud bolt is embedded inside the 25 

foundation made of reinforced concrete. 
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10. The steel damper for seismic isolation 

according to any one of claims 1 to 9, wherein 

 a dimension of the upper inclined part and the 

lower inclined part in a width direction gradually 

decreases while being separated from the upper fixing 5 

part and the lower fixing part. 

 

11. A seismic isolation structure comprising: 

 the steel damper for seismic isolation according to 

any one of claims 1 to 10; and 10 

 a seismic isolation device installed between a 

lower part of a structure and a foundation, and moving in 

a horizontal direction while supporting a vertical load 

of the structure when a seismic motion occurs. 

  15 


