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Fig. 1 General Drawing of Mishima SKYWALK

Photo 1 Full view of Mishima SKYWALK

Photo 2 Wind tunnel tests

ElevationElevation

PlanPlan

Fig. 2 Section of Mishima SKYWALK
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Photo 1 Full view 

Photo 2 Inner view

Fig. 3 Static Analytical Results

Thrusting force:
5,867 kN

Thrusting force:
5,867 kN

Thrusting force: Nearly 0Thrusting force: Nearly 0

Thrusting force: 29 kNThrusting force: 29 kN

Non-seismic-isolationNon-seismic-isolation Seismic-isolationSeismic-isolation

Axial forceAxial force

(Axial force diagram: Long period+Temperature load (+30°C), kN) 

Fig. 1 Parallel-cross Truss Arrange-
ment and 3D Truss Structure

ColumnColumn Truss beam Truss beam 
90 m90 m

220 m220 m

(a) Parallel-cross truss
     arrangement
(a) Parallel-cross truss
     arrangement

(b) 3D truss structure(b) 3D truss structure

T2 truss
 (span: 95.1 m)

T2 truss
 (span: 95.1 m)

T1 truss 
(span: 98.6 m)
T1 truss 
(span: 98.6 m) T3 truss 

(span: 52.3 m)
T3 truss 
(span: 52.3 m)

T4 truss 
(span: 37.4 m)
T4 truss 
(span: 37.4 m)

High-damping laminated rubber bearingHigh-damping laminated rubber bearing
Linear-motion sliding bearingLinear-motion sliding bearing

Fig. 2 Profile of Maximum Response 
Acceleration (mm/s2)
(X-direction component at x-direc-
tion level 2 seismic motion) 

(a)  Seismic-isolation(a)  Seismic-isolation

(b)  Non-seismic-isolation(b)  Non-seismic-isolation

X-directionX-direction

X-directionX-direction

Max 23,491Max 23,491

Max 1,788Max 1,788
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▐

▐

▐

▐

Short-side direction:
Column 500×250

Independent footing foundation
Short-side direction:
Securement of rigidity
Improvement of seismic 
resistance

Elimination of pile foundation due to 
lightweight structure

Beam 500×200

Column 
650×300 

Beam 
600×300

Concrete-filled steel frame 
member (CFH member)

Outer long-side direction: 
Outer frameInner frame

Spread foundation
Corrugated steel plate wall panel

H-shape ▐

Outer frame column
Lower-story section: 
CFH member
Upper-story section: 
ALC fireproof covering

Outer frame CFH beam 
(hot-dip galvanized)
Concrete placement at 
adjacent execution yard

Hollowed composite 
slab+Cast-in-place 
concrete

Tie-beam for installation
Rust-preventive paint

Inner frame column
ALC, lining rockwool and 
other fireproof coverings

CFH beam end
Non-bracket method:
No concrete filling for beam 
end, temporary installation 
using bolt, on-site welding 
of beam end

Detail of framing structure

(Photo: Hiroyuki Oki, Blue Hours)

Photo 1 Appearance seen from courtyard

Fig. 1 Outline of Outer Frame CFH Method
Fig. 2 Detail of Outer Frame CFH Method
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Engineer, Japan High-
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(representative author)

2005-2010:

2010-:

Chief Researcher, Nippon Expressway Re-
search Institute Company Limited (seconded)
Subleader, Construction Department, Central 
Nippon Expressway Company Limited

Shuhei Sakai

Fig. 1 Example of Damage to 
Steel Finger Joint

Face-plate: 35 kg in weight, 
about 1 m in length 

Fig. 2 Fracture Surface of Face-plate

FP Pitted corrosion

Slab side

Beach mark
pattern

Cracking expands in the surface
plate excluding its surface section

Grinding and
polishing

Pitted corrosion

Slab side

Beach mark
pattern

Cracking expands in the surface
plate excluding its surface section

Grinding and
polishing

WP

Root gap

Fig. 3 Web Cracking Length and Stress Range at Face-plate
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(ទ#ពU'ទ�5) 

•(ន�%&'ន �ទM���បទ 
ក�<�ង+���ផ�ច�(��H�ម�!$�បDក�
<�ងOT'�ង�+@E/ន8ង�ង :DងUង
VកW� H ផ$�+-យមធY/យបនWZ�
�!ក 
��កឈ��@ន'Z, ន
7ន: <E$ន�. XY 7Y ម.�� 62�

�នបtR ប
�?�1�$�,កម: Lន�ក�� $ទS�Uយ

កW.�. ' ម�ម យ�p�� 8'W �ក���ឈ�' Y. �=.���`62�

�នបtR ប
�?�1�$�,កម: Lន�ក�� $ទS�Uយ 

កW.�. 

��2ន;?G�ន��"ក�ថបក���ងp6 �ងH-SA 700 

�J��vLន5'�$ក->�ព�បចR�ប3ន���� H-SA 

700 ក�ម$�62ក6ថប62�7នក#1#ងខM�
K #ង�ន

�ភ$�¦§� �̂ង��7ប
5'��ប����
�?ក��ង�#(ង


9J'I ខ(Q�ព� H-SA 700 7នក#1#ង62�

9ចព�ង�ក�ន�ប6<�ព�2ង���62ក6ថបធម:` 

�77��ទ$ន�ផ�'ប�
������នប}B ក
��ប
�

98% dកx/ប�ង<�Dង ន$ង �ទD���គន$�ច#�@�5'

�ន����ន)'ប�
ខ ន�?ក��ង�#Oប
' �ក' មI 

�Oយ�'6���#�កb�
�2�ម3�ផ�$�'ម.'&ង

�ក+' H 62���ប�62ក6ថបក7 #ងខM�
 7នក'(�

���ច�ន62�6ផ�កប6ន�ម7ន&ង�ក+' H 62���ប�

���
ក7 #ងខM�
�����នផ�$�� �̂ង�Oយ

ម�ធS�យផ-ផE បJ� I �ន��ប��Xង`ម�J�

5'() 6(>#��7ប
ផ-''ប�
62ក&ង�ក+' H-

SA700 7នក7 #ងខM�
 ��7ប
'ច>�មMUនo�J' 

������នប}B ក
��ប
��7� 'Q62��ន��ប�

�2�ម3�ផ-'62ក&ង�ក+' H-SA700 នDង7នក7 #ង

' �ក' មម យ/ប�ង�1<Qម.�OF ន �<�យ2.�ច���

�����ន�គ8�
ទ�ក� ��ម[�ប62��ន�ង

�ង
62ក6ថប&ង H-SA700 ផ�$��Oយ

ម�ធS�យLន5'ផ-'ម យ6ផ�ក 62�ក��ង�>�ម�ខ

�#('ផ-'62�ម$ន����J�  �����ន¦�6យYប�ងw��

� �̂ងក��ង�J�ប#(ង�2�ម3��ន����ផ�$�ផ�62ក

6ថប7នគ�(�ពខM�
/#ង�ន��?ក��ង�បពUនo'ច>

�មMUនo�J'I 
ម�ធ:;យប<� ក
ព�ក���ងម-ខ*�����ក���ផ@�ម�ន�Aយ�-�

B�  

�?ក��ងក'(� ���ច�ន �ព�62�62�ក#1#ង

'tB យ�ក��7ន����#(ង
9J'ម យ62��ង

�ង
� �̂ងព�62ក&ង�ក+' H `ម'យQម�ធS�យ

ផ-'ម$ន�9យ���J� �����ន��ប���7ប
�ធ,���'�

' ន$ង ធ�Dមព���@�6�ក#1#ង�ងw�
Lនម�ខ�#('ផ-'

គN/ប�ងម.�OF ន�2�ម H-SA700 62�5'��B ប


បន��62ក�����ន�����B ប
�]ន$ងក#1#ង5�
2xធ# 

2.�ច���<�យ6ផ�ក62�ម$ន�.��#Kន
62�7ន�

('ផ-'' �ក' មគNទ#នង���ប�I ប6ន�ម����ព��ន�

�]�ទH� �Oយ�'6��ព�Dង6(ន2xធ#�u� �

����'�'�?`មក6នង�ន��Oយ�'6� ក7 #ង

�ព�Dង62��ក��� �̂ងព�6គមធ�Dម62�5'ផ-' 

fillet �?Kងម�ខ�'�'62��ង
ព�62ក6ថប&ង

�ក+' H ទ#នង�នDង�ក
ផង62'I 

ប>� ប
មក�2�ម3�5'@'5'ខ.ចK��]នDង5'ផ-' 

fillet /#ង�ន��ន 5'�ធ,�����ព�
 4 ច#(� ចន$ង5'

�ធ,������ព�D¶ប
6(នងក��ង�#បន
�����ន�ធ,�
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� �̂ង�2�ម3�ព$ន$�W�ម��� $ធ��p��ម យ�2�ម3��ផ��ង

u� �
 

ក7 #ងLន5'ផ-' fillet �ន�I ប6ន�ម�����ន��ទH� 

6ផeក����ទoផ�Lន5'�ធ,�����/#ង�ន�62��

5'�ធ,������=�ម6ខ,ង �����ន�'Hបច#�2�ម3��ធ,�5'

ព$��ធន)��7ប
5'��B ប
ជ 'ឈ'ធ�Dម��$��?

��5ម�កPខ(� ជ$� Lន5'��B ប
ជ 'ឈ'ធ�Dម�ក


6��ង ន$ង� $ធ��p���2�ម3�ប}B ក
ព�ក7 #ងLន�> ក


¦�6យY�ន� �����ន�គព$ន$�WI 

 

('.ប2S�5មន$ង'.បថ�) 

Cបក'() 62��ន��ប���7ប
5'�ធ,�����5'ផ��ក

�=�ម6ខ,ង 

យន�5'Lន5'�ក
ឆeDង62កទ� 1 

យន�5'Lន5'�ក
ឆeDង62កទ� 2 

2#bក
5�Lនក7 #ង��$ប'7 
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2014:

2014:

Graduated from the mas-
ter’s course at the Gradu-
ate School of Engineer-
ing, Kyoto University
Entered Tohata Architects 
& Engineers, Inc.

Gento Yamamoto
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Panel Panel 

Photo 1 At the stage of maximum strength of peripheral fillet weld of cruciform framing test 
specimen (fracture of peripheral fillet weld)

Q- Q

PinPin

Laterally stiffening 
jig
Laterally stiffening 
jig

Linking memberLinking member

Fig. 1 Loading Device Used for Cruci-
form Framing Test (unit: mm)

Rs

ρs

θs

wsQu

Fig. 2 Fracture Mechanism 1 Set 
Based on 4-point Bending Test 
Results (damage to peripheral 
side fillet weld)

Fig. 3 Fracture Mechanism 2 Set Based 
on 4-point Bending Test Results 
(damage to front fillet weld)

Rf

ρf
θf

wfQu
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$ក[�\ព���: ��ប=]S$ក�<�ង(retrofitting) 
�=>?យ!����ប V^�ន�ង8Q'ន 
(ទ#ពU'ទ� 6 ~ 7) 

��ខ@ចO+1កCZង�^��=>?យ!�ន�ង��_T'� 
ប�S�`ង -�ទប ទ$ ក�<�ង�=>?យ!�1�បទ�
ជប��ន 
 

��ព�ន�+a:DងE�ញច�(� គ��c��ង -�V^� 
ជបY�នគN��ប�ទ�ម យ62�Zយ��J�'tB យ2�

62���ច�z �ង�គI �.ម3�6��?�ព��មDង

�ម��មក� $ញ�?ច�ង��5យ@ក
កb� �����+

5''tB យ2����ច�ន�ន�ក��� �̂ងI �Oយ6ផeក���

5'ខ.ចK�ព�5''tB យ2�2.ច7ន�C/<'()

2.�ច���ន�ធ,��9យ'ង5'ឈN8ប
មក2�
�ព��ន�

�>�� $ធ��p��'ច>'tB យន$ង5'' D�បន�Dង6ផ�ក

ចiប
�����នព�ងDងន$ង6ក�#' � (`&ងទ�1) I 

�?ក��ង'tB យ2��? Tokachi-Oki 62��ន�ក��

� �̂ងក��ង"� # 1968 �ន�ក��� �̂ង�?ក��ង9J'

�#(ង
ព��ប��ងប#�ពញប6ន�ម62�ខ.ចK����ច�ន 

(RC) I �?ក��ង5''tB យ2��ក
ឆeDង5�
ជ 'ឈ'

�5�
���ព��'�'ខ�G 62��គ�¹�ជ 'ឈ'

��'ខ������ន'ក�ឃ�ញ�ព$����?ក��ង�J'

�1�'HនI �Oយ�នបងw�^�ងន.�5'ខ.ចK�

�ន� ចiប
��ង
O9J'ជបY�ន�����ន6ក�មe�?"� # 

1971 �2�ម3��ធ,�VWគ7 �'�ង5'ព�ងDង�ប�¶ងជ '

ឈ'�9យ5ន
6��.ច�2�ម3�5'@'5'�ក��� �̂ងLន

5'�ក
5�
ក��ងជ 'ឈ'I 

`&ងទ� 1 5''tB យ2�62�7ន�គ��ច�ន ន$ង ក#

1#ងជ�ម;ញច#�@�គ#'.��ង
O'9J'�?�ប�ទ�

ជបY�ន 

�កម�ច�បRង ក�<�ង�=>?យ!�ថd� 
�Oយ�'6�5'�ភ$�¦§ន)ច#�' �ន� �̂ងLនប�ចRក� $ទS

� $�គ���ច�ន 7ន5'�ក�ន�^�ង�"M ��]'កក$ចR5'

ម យ62�ន$>� 5'�]នDង� $ធ��p��'ច>u �
ប�.'ក#

1#ង'tB យ2�62��ន�B ប
�ម យ�កP(Q

�ម3��$�ម�ន�I ប>� ប
មក "5'�ភ$�¦§� $ធ��p��

Lន5''ច>'tB យ2�ថ:�" 62��គ#�&ង�ភ$�¦§ន)បច»

�ចក� $ទSទ.�#ទ.1យLន�ក� ង�#(ង
�?�ព�

�>������ន6�ង #̀ង��7ប
'យQ�ព���#"� #

�Oយគ$�ព�"� # 1972 មក ក��ងនUយ�ន�5''ច>��

ព��ពLន� $ធ��p��ថ:��ន������នបZa ញVW

�ឃ�ញ`ម'យQ 5'ខ.ចK�62�បងw� �̂ង�Oយ

5''tB យ2��? Miyagiken-Oki Lន"� # 1978 �Oយ

6ផeក�����ង
O62�7នចiប
���ព�5'6ក�#' �ន.�

�J'�����ន�គប�ងw��ក��ង"� # 1981 'ច>'tB យ2�

�កមថ:�I 

�កមថ:�បZa ញព�5''ច>'tB យ2��Oយ6ផeក���

បទOF នប�ចRក�ទ�2.ចKង��5មប#(ងព�': 

•�J'/#ង�>�ទទ �'ង5'ខ.ចK��>��?ក��ង

5''tB យ2�K� �មធWម62�ទ#នង�XY ងK #ង

b�
62�នDងជ ប�បទ�ម�ងd��ច�ន�ង�ន��ទH�

ក��ង�# �̂ង�ព�7នជ�� $����កម:'ប�
ព ក�គI 

•�����J'/#ង�>�ម$នទទ �'ង5'ប#u ញdម$ន

2 �'�#ព�'tB យ2�62�7នទ#<#ធ#2xក�ម�>� 9ច
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នDង�ក��� �̂ងម�ងក��ង�# �̂ង�ព�ជ�� $����'ប�
ព ក

�គI 

ព$����ង�ន� � $ធ��p��'ច>ព�'2#bក
5� 

�����ន�ន�មU��?ក��ង�កម'ច>'tB យ2�ថ:�: 

��7ប
5''tB យ2�K� �មធWម 62�5''ច>7ន

�ព`ន�Dង' �ក' ម �����ន�ន�មU�2.�ច���=�ម�ន�

នDងម$នទទ �'ង5'ខ.ចK��>��ទ ន$ង��7ប
 

'tB យ2�62�7នទ#<#ធ# 62�5''ច>7ន�ព

`ន�Dង�ច�ង��5យ�����ន�ន�មU�62��ន8�


ទ�ក5'�ន���� � ��$ច���n��.Lន�=�ម�2�ម3�5'@'

ជ�� $�មន��+I �កម�ន��ន�����ន����XY ងទ.�#

ទ.1យ�?ក��ង5''ច>�#(ង
�ប�ទ�ជបY�នI 

 

��ខ@ចO+ធeន ធe�1កCZង���=>?យ!� 
Hanshin !*OT'�ង  
�?"� # 1995 ម¶'tB យ2� Hanshin ម យ�ន�ក��

� �̂ង�<�យ�J'���ច�នទទ �'ងព�5'ប#ផ$ច

ប#u ញ 5'2 �'�#ន$ងខ.ចធ�ន
ធ�'2LទG�ទH�I �?

ក��ង'ច>�មMUនo62ក�=�ម 5'�ក
ឆeDង���ច�ន�ក��

� �̂ង�?ក��ង�> ក
ព�'�Jប
ន$ង�?ក��ង5'��B ប
ជ '

ឈ'ធ�DមLន�J'62��ន�ង�ង
ម�ន"� # 1981 

2.�ច���'Q�#Kន
Lន5''ច>5'��B ប
62��ន

ប}B ក
�?ក��ង�កម'ច>'tB យ2�ថ:��ន������ន�យ

�LមXYងយកច$��ទ�កOក
I (�.ម�ម��'.បថ�ទ� 1) 

�?ក��ង'ច>�មMUនo�#(ង
 RC ក'(� ���ច�នLន

5'ខ.ចK�ធ�ន
ធ�'ន$ង5'ប#ផ$ចប#u ញ�ក��� �̂ង�?

ក��ង�J'62������ន�ង�ង
ម�ន"� # 1971I ខ

(Q�ព�62�5'ព�
�5ង�ក
ឆeDង�ក��� �̂ង�?

ជ 'ឈ'�J'62��ន�ង�ង
�?ក��ងច�> �"� # 

1972 ~ 1981 7នក'(� ���ច�ន62�ក��ង�>�7ន

5'ខ.ចK�ម$ន�ន>#�]2�
5'2 �'�#Lន'ច>

�មMUនo�J'�ន��ទI �J'�គ��ច�នប#ផ��62�

�ន�ង�ង
ប>� ប
ព�"� # 1981 �នជ ប�បទ�5'

ខ.ចK�បន�$ច6�បY��bc �I '.បថ�ទ� 2 បZa ញ5'

ខ.ចK�ព�5''tB យ2�62�បb{ ��9យ7ន5'

ខ.ចK�2�
�J''ច>�មMUនo�#(ង
 RC �]���

5'�ភ$�¦§/ក
ទងនDងបទប3t���$Lន5''tB យ2�

62�9ចទប
ទ�
�ននDង62��កP(Qព$���

�Oយ6^ក@ក
ពUនoនDង5'ខ.ចK�9[�Uយ���

�ព��ង�ង
9ច�����នពនW�
�9យយ�
I 

'.បភពទ�1 បZa ញព�C/<'() Lនក�ម$�ច#�@�5'

ខ.ចK�2�
�J'�1�'Hន RC �?�# �̂ង�ព�

�ង�ង
�?ក��ងម¶��J�'tB យ2� Hanshin I 

�?ក��ង� ��ខ�ន��ព��ង�ង
�����ន6បង6ចក

�ប�: ម�ន�ព�"� #1971 "� #1972 2�
"� #1980 

�<�យប>� ប
ព�"� # 1981 ន$ងក�ម$�Lន5'ខ.ចK�

�ន������ន6បង6ចក�]�ប�ផង62': J: ន5'ខ.ច

K��ទ / ខ.ចK�បន�$ចបន� ច 5'ខ.ចK�មធWមន$ង

5'ខ.ចK�ធ# / 5'ប#ផ$ចប#u ញd5'2 �'�# I 

5'ប#ផ$ចប#u ញd5'2 �'�#XY ងធ#�ធងច#�@�

�J'�ន�ក��� �̂ងម�ន�ព�"� # 1971 ម យ� $ញ

�ទH� 5'ខ.ចK�����'6�J: ន�ង�ង
�J'�ន

�ក��� �̂ង�?ក��ង"� # 1981 �<�យ��5យមក �ន

បZa ញXY ងចi�
�5'ទទ ��E �
ធ#ទ.1យLន

�ប�$ទo$�ពLន�កម'ច>'tB យ2�ថ:�62��នបងP#ក��ង

"� #1981 I 
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�?�J�>�ច�>>>�ង�ប� �̂ង2.ច�5'ទទ �

�E �
Lន5'K�បង
6ផ�ក��2Fក$ចR62�បងw� �̂ង

�Oយ��J�ម<ន�&យ>> 5'�យ�Lម�#ព��Lម

Lន'ច>�មMUនo�J'62���ទពW�ម3��$�ងEមន$ង

ផ+ព,ផ-យ��$'�ពLនគ#ន$� BCP (5'�ធ,�6ផន5'

ក��ង�# �̂ង�ព�7ន��J�ម<ន�&យ5'បន�9ជ��

កម:) I 62��នផ{�
VW�� ន�ព�ន��9យ'OF ភ$

���ន�ន����ក��ង"� # 1995 ន.�ចiប
ថ:�ម យ62�

�គ�E �
�� "ចiប
��7ប
5'���កកមM�
 

retrofitting ព�'tB យ2�Lន�J'" ��7ប
�

�ប�Xជន)Lន5'���កកមM�
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Photo 2 Relation between earthquake damages and seismic-resistant standards

Photo 1 Damages of steel structural members in the Great 
Hanshin Earthquake

Fracture of brace joint Fracture of column-beam 
connection

Former Building Standard Law Former Building Standard 
Law (revised) New Seismic Design Code

1971 1981

Table 1 Major Earthquakes and Enforcement of Building Standards in Japan
1968 Tokachi-oki Earthquake (M7.9, serious damages to RC structures)

1971 Enforcement of the revised Building Standard Law
(Severer restriction on column hoop reinforcement spacing) 

1978 Miyagiken-oki Earthquake (M7.4) 
1981 Enforcement of the revised Building Standard Law (New Seismic Design Code) 

1995
Great Hanshin Earthquake (M7.3, serious damages to buildings constructed 
before 1981, enforcement of New Seismic Design Code)  
Enforcement of the Law for Promotion of Seismic Retrofit of Buildings 

2000 Enforcement of the revised Building Standard Law
(Implementation of performance-based design methods) 

2003 Tokati-oki Earthquake (M8.0, oil tank damage by long-period earthquake motions) 

2011-
Great East Japan Earthquake & Tsunami (M9.0, serious damages to buildings by
tsunamis, building response by long-period earthquake motions)  
Amendment of the Law for Promotion of Seismic Retrofit of Buildings; Implementation 
of tsunami design; Study of long-period earthquake motions  
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(a) Wall or bracing (b) Outer frame (c) Vibration control (d) Base isolation

Fig. 2 Seismic Retrofitting Methods

Fig. 1 Level of Damages to School 
Buildings by Construction Term

Major damage, 
destruction or collapase

Intermediate damage

No damage, minor 
damage

Source: Architectural Institute of Japan

Before
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Number of
buildings

200
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50

0
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1981

Fig. 3 Increasing Adoption of Vibration-control and Base-isolation Buildings

Vibration-control buildings Base-isolation buildings
Source： The Japan Society of Seismic Isolation 

Cumulative total

No. of buildings

No. of buildings
Cumulative total

Cumulative total
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Photo 1 Kawaramachi housing after seismic ret-
rofitting

Photo 2 “Skip arrangement” of mega response-control frame

Photo 3 A kind of near-future space created 
between two housing buildings

Fig. 1 Arrangement of Kawaramachi 
Housing

Outer steel 
frame

VIEW

VIEW

VIEW

VIEW

Structural connection
of opposite buildings
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Photo 1 Appearance of East School Building 
after seismic retrofitting by means of 
Parallel Structural Method

Outline of East School Building
No. of stories: 3 stories aboveground and 1 
                       penthouse
Total floor area: 957.88 m2

Structural type: Reinforced-concrete structure
Completion: 1958
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Fig. 1 Principle of Seismic Retrofitting by Means of Parallel Structural Method

Fig. 2 Elevation and Section of Seismic Retrofitting by Means of Parallel 
          Structural Method
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Steel plate shear wallSteel plate shear wallWheel-type arch braceWheel-type arch brace

Photo 1 EKIMISE (station square) after restora-
tion and seismic retrofitting

Photo 2 Wheel-type arch brace and steel plate 
shear wall

Photo 3 Seismic retrofitting of platform columns 
by means of carbon fiber wrapping

Fig. 1 Seismic Retrofitting Methods Applied to 2nd-story Platform Floor

Retrofitting of columns by means of carbon fiber wrappingRetrofitting of columns by means of carbon fiber wrapping

Retrofitting using wheel-type braceRetrofitting using wheel-type brace

Retrofitting using braces within framingRetrofitting using braces within framing

Retrofitting using additional shear wallRetrofitting using additional shear wall
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Fig. 1 Arrangement of Seismic-resistant Elements

Photo 1 Appearance of the building (after retrofitting)

Photo 2 Interior view of banking business space 
(after retrofitting)

Photo 3 Details of façade

Section of installation of 
grid-type shear wall

Section of installation of 
grid-type shear wall

Eccentric arrangement of 
grid-type shear wall

Eccentric arrangement of 
grid-type shear wall

AtriumAtrium
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50

0 
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5,500 mm

Oil buffer

Oil damper
Linear guide

Linear guide 
+ Single-layered rubber

Double-layered rubber
Double-layered rubber
(For adjustment of periods)

Weight 
(7,000 kN)

Existing frame of building

⑨ H
Framing elevation diagram
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Ribbed steel 
plate wall
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)

Mass damper 
(new installation)

Photo 1 Appearance of “Dual TMD-NT”

Fig. 1 Framing Elevation and Instal-
lation Location of Tune Mass 
Dampers

Fig. 2 Outline of New-type Response-control Device “Dual TMD-NT”

Small deformation
Flow of mass load

Double-
layered 
rubber

Linear guide

Large deformation
Flow of mass load

Gap is 
eliminated

Gap: 
A few mm

Fig. 3 Two-step Response-control 
Mechanism by the Use of Dou-
ble-layered Rubber and Linear 
Guide
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ខ ន (5'កក$��ទ,Lផ�) 

'.បថ�ទ� 2 5'2#�^�ងច#�@�5'កក$�ទ#នប
 កក$�
ក��ង6ផ�ក�ទo$ព� gusset  

♦ 
2.ច7ន6ចងKង��� �?ក��ង5'ប6ន�ម�]នDង5'
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�Oយ6^ក
��7ប
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�គប
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6ថ'ក-5'Zយ[�\� 62��ន>#VW7ន5'
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Installation section of friction damperInstallation section of friction damper

Sway bracing sectionSway bracing section
Lower lateral bracing sectionLower lateral bracing section
Intermediate lateral bracing sectionIntermediate lateral bracing section
Range of lining concrete placementRange of lining concrete placement

Fig. 1 Installation of Friction Dampers (P3~P6)

Photo 1 Katashinagawa Bridge, a long truss bridge, on the Kanetsu Expressway
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Fig. 3 General Drawing of Katashinagawa Bridge

Photo 2 Installation of friction damper in sway bracing gusset section

Fig. 2 Friction Damper and Its Basic Components (double-surface friction)

WasherWasher 

Plate washerPlate washer
Outer plate (split plate, etc.) Outer plate (split plate, etc.) 

Friction plateFriction plate

LongholeLonghole

Stainless steel plateStainless steel plate

WasherWasher

High-strength bolt setHigh-strength bolt set

Coned disc spring Coned disc spring 

Friction surface
(sliding surface)
Friction surface
(sliding surface)

Inner plate (bracing 
member, etc.)
Inner plate (bracing 
member, etc.)

Plate washerPlate washer

 

Asphalt pavement t=75 mm
 
Asphalt pavement t=75 mm
 RC slab t=210 mmRC slab t=210 mm

Table 1 Performance Requirements for Friction Dampers

(Reference) Friction damper for buildings 

Friction damper for Katashinagawa Bridge

±45 mm

±120 mm

Allowable deformation

40 cm/s

120 cm/s

Response velocity

Total lengthTotal length
Bridge section BBridge section B

• Diagonal member
• Cover-plate reinforcement
• Diagonal member
• Cover-plate reinforcement

• Horizontal member
• Cover-plate reinforcement
• Horizontal member
• Cover-plate reinforcement

• Vertical member
• Cover-plate reinforcement
• Vertical member
• Cover-plate reinforcement

Bridge section CBridge section C

• Sway bracing, 
  lateral bracing
• Friction damper

• Sway bracing, 
  lateral bracing
• Friction damper

• Displacement 
  control device
• Displacement 
  control device
• Bearing replacement
• Lining concrete
• Bearing replacement
• Lining concrete

• Vertical member
• Cover-plate 
   reinforcement

• Vertical member
• Cover-plate 
   reinforcement • Bearing 

  replacement
• Lining concrete

• Bearing 
  replacement
• Lining concrete

• Bearing replacement
• Lining concrete
• Gusset plate 
  reinforcement

• Bearing replacement
• Lining concrete
• Gusset plate 
  reinforcement

• Bearing replacement
• Lining concrete
• Gusset plate 
  reinforcement

• Bearing replacement
• Lining concrete
• Gusset plate 
  reinforcement

• Bearing replacement
• Lining concrete
• Response-control damper

• Bearing replacement
• Lining concrete
• Response-control damper

43



 

(ទ#ពU'ទ�15-16) 
��ប��ក�ប�ចFក�ទ�ទប�ទ ����� យ�!�< នផ6/?0
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Expressway Company Limited and Tomoaki 
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Fig. 1 General Drawing of Nishiike Bridge

Fig. 2 The Result of the Present State Analysis

Table 1 Case of Seismic Retrofit

CASE2
(Model added viscous damper)

CASE1
+ Viscous damper

CASE1
(Model of placement of order)

Filled-spandrel of arch crown
+ Unbuckling brace

Longitudinal direction Transverse direction

Shear damper

Direction of countermeasure

Earthquake in the
longitudinal direction 

Earthquake in the
transverse direction 

Fiber elements
(arch rib section)

Damaged area of local buckling
Damaged area of total bucklong
Damaged area for other reasons

Fig. 3 Image of Shear Damper
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a) Full view of the bridge

c) Unbuckling brace

b) Filled-spandrel of arch crown

d) Viscous damper

e) Shear damper-1 f) Shear damper-2 g) Shear damper-3 h) Shear damper-4 i) Reinforced by cover plate

Shear damper

Viscous damper Filled-spandrel

Unbuckling brace

Lower lateral of the arch rib

End-column

Fig. 5 Actuation Mechanism of Shear 
Damper

Fig. 6 Situation of Frame 
           Model Experimentation for 

Shear Damper

Fig. 4 Summary of Retrofit Measures on Nishiike Bridge

Normal time,
Level 1 Earthquake

Fixing behavior

Shear panel
(low-yielding steel)

Level 2 Earthquake
Shear yielding→
Absorption of 
seismic energy

Horizontal support memberHorizontal support member

Present state CASE1 and 2: Shear damper

Present state

T=0.6869 T=0.5010 T=0.3498
※ T: Natural Period (sec)The earthquake in transverse direction

The earthquake in longitudinal direction
CASE1: Filled-spandrel of arch crown

+ Unbuckling brace
CASE2: CASE1

+ Viscous damper

Fig. 7 Comparison of Contour Figure
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ColumnColumn

BeamBeam

Beam-end weldBeam-end weld

Fig. 1 Type of Column-Beam Connec-
tions Widely Applied

Photo 1 Examples of stainless steel structures 

TS308 weld metalTS308 weld metal

SUS304 
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SUS304 
stainless steel
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Fig. 2 Comparison of Tensile Strength between SUS304 Base Metal 
and TS308C Weld Metal in Practical Use
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Estimated value obtained from chemical composition (MPa)
(−37Ni+27Cr+40Mo+225N+400)
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Structure of weld metal

Fig. 5 Weld Metal with Stabilized 
Strength and No Considerable 
Reduction of Elongation

Fig. 3 Analytical Results for Tensile 
Strength Obtained from Chemical 
Composition Regression Equation

Fig. 4 Microstructure of Acicular-state 
Ferrite

Ferrite contents
DeLong:>18FN
WRC: 19.3FN
Scope: 14.4FN
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Keynote address by Professor Kazuhiko Kasai 
of Tokyo Institute of Technology

Technical tour at the day before the Forum
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No. of theses submitted
No. of presentations given
Of which, theses and 
preservations from Japan

Topic 1: High-rise Building and Space 
Structure (10)

Topic 2: Bridge, Tower, Marine and Boiler (10)

Topic 3: Composite Structure (16)

Topic 4: Connection Behavior (35)

Topic 5: Member Behavior (41)
Topic 6: Analytical and Experimental 

Methods (39)

Topic 8: New Technology and Material (25)

Topic 7: Design Concept and Method (18)

Hiroshi Katsuchi, Chairman, International 
Committee of JSSC (Professor, Yokohama 
National University)

Proceedings at 11th Pacific Structural Steel Conference by Topic 
(Total number of theses submitted: 194)

Delivery ceremony for PSSC flag from China to 
Japan
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