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Development of Indirect Joint Method Using Shear-key Consisted of Steel Disk and 
Anchor Bolt for Earthquake Retrofit 
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(a)5 rstuef
jÔB¿ jÔB¯

(mm) 
�B

(N/mm2)
jkmU

(mm) 
M15-25-4.5 450 17.0 90 
M15-25-7 450 17.0 140 
M21-25-4.5 250 23.4 90 
M21-25-7 250 23.4 140 
M21-35-9 350 23.4 90 
M21-35-7 350 23.4 140 
M21-45-4.5 450 23.4 90 
M21-45-7 450 23.4 140 
M21-60-4.5 600 23.4 90 
M21-60-7 600 23.4 140 
M36-25-4.5 250 37.8 90 
M36-25-9 250 37.8 180 
M36-45-4.5 450 37.8 90 
M36-45-9 450 37.8 180 
M33-60-4.5-S 600 33.0 45 

(b)5 -.:ef
jÔB¿ �B

(N/mm2)
�G

(N/mm2)
T

(mm) 
W

(mm) 
Le

(mm) 
C13-25-20 14.2 54.9 250 200 90 
C13-30-20 13.0 52.7 300 200 
C24-35-20 26.5 50.6 350 200 
C24-45-25 26.8 54.8 450 250 
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(mm) Û Û Û Û

F-0 Þ Þ Þ Þ Þ

F-1 45 0 6 4 4 
F-2 45 6 6 4 4 
F-3 30 6 6 4 4 
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�sy �su �sy Es 
 (N/mm2) (N/mm2) (×10-6) (kN/mm2)
D25(SD345) 371 593 1950 201 
D10(SD295A) 407 616 2088 199 

(b) v�lfs�&*(�����#
:�D þlãd

�B EC �t �G

(N/mm2)� (kN/mm2) (N/mm2)� (N/mm2)�
F-0 16.5 24.4 2.95 Þ

F-1 19.9 26.1 1.6 50.9 
F-2 20.1 24.3 2.1 53.5 
F-3 20.5 24.9 2.1 53.5 
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�sy �su �sy Es 
 (N/mm2) (N/mm2) (×10-6) (kN/mm2)
�6(SR235) 334 485 2072 173 
D13(SD345) *1 372 595 2481 186 
D13(SD345) *2 379 577 2228 190 
�3.2(SWM-B)*3 ä 716 ä ä

*1 F-0,F-1jÔB�Á`
]�$^`�*2 F-2,F-3jÔB�Á`
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Summary   Earthquake retrofitting is so important in order to ensure the safety of concrete structure lacking of 
earthquake capacity. Indirect joint method is one of those that connect earthquake retrofitting member to existing frame. 
Then post-installed anchor is used for connecting existing frame and indirect joint generally. But, it is difficult that 
post-installed anchor is applied to steel reinforced structures because anchor bolt can not be embedded anchorage length 
required. Therefore, we developed shear-key consisted of steel disk and anchor bolt which has high shear strength and 
stiffness in spite of a short anchorage length. We conducted some tests to figure out the structural performance of disk 
shear-key. Furthermore, we proposed the strength formula and computational method of horizontal load-carrying capacity 
for disk shear-key . 


