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In the seismic retrofitting of an existing concrete structure, the surface of the structural frame is chipped to improve the integrity between the existing frame 

and retrofitting member. But, quantitatively evaluating strength of these joints are difficult because the concavo-convex shape is influenced by construction 

worker. Therefore, the authors developed a new joint referred to as the cylindrical shear-key. The cylindrical shear-key is made by filling a cylindrical core 

on the concrete surface with grouting mortar or concrete, and resists shear forces as a shear-key. Creating a uniform shape is expected to enable quantitative 

strength evaluation. In this study, direct shear tests were conducted using a cylindrical shear-key to investigate the fundamental performance of the shear-key. 

Then, based on the test results, an equation was developed for evaluating the strength of cylindrical shear key, and it was shown that the maximum strength 

could be quantitatively evaluated accurately. And cylindrical shear-key is can contribute to the progression of seismic retrofitting. 
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Existing poorly earthquake-resistant buildings with seismic performance failing to meet the present seismic codes 
have recently been retrofitted using various methods including the use of steel braces or seismic response control 
devices. In order to improve the seismic performance of existing buildings with low earthquake resistance using 
retrofitting members, it is important to ensure the integration of the retrofitting member and existing frame. To that 
end, the surface of the frame is generally chipped using an electric chipping hammer, and integration is realized by 
grouting mortar, using adhesive anchors on the existing frame side and stud bolts on the retrofitting member side. 
Chipping, however, involves considerable noise and vibration and produces dust. The method is not fit for 
construction while the building is in service. The concavo-convex shape varies depending on the construction worker. 
Quantitative strength evaluation is therefore considered difficult. 

The authors developed a new joining method (referred to as cylindrical shear-key below) by which a shear-key is 
made by creating a cylindrical depression in the existing frame using a core drill, and filling the depression with 
grouting mortar or concrete in the newly created section. The method is expected to maintain a uniform shape 
regardless of the skill of the construction engineer and to reduce the noise, vibration and dust during construction. In 
this study, direct shear testing was conducted to grasp the fundamental performance of the cylindrical shear-key. 
Variable factors in the tests were the diameter of the cylindrical shear-key R, width-height ratio of the cylindrical 
shear-key R/t, compressive strength of concrete in existing section C B and mean compressive stress 0. The diameter 
of the cylindrical shear-key was set at approximately 50mm the standard considering the width of an ordinary 
indirect joint and the pitch of dowel anchor. R was set to 30mm from 60mm, R/t was set at 5 and 10, C B to 10.3N/mm2

from 32.9N/mm2 and 0 to 0.48N/mm2 from 1.43N/mm2. As a result of the test, it was found that the average bearing 
stress of the time of the maximum strength of the cylindrical shear-key cs was larger when C B and 0 were larger 
and R was lower. Three failure modes were confirmed: bearing failure of existing concrete, shear failure at the bottom 
of shear-key (hereinafter referred to as shear-off failure) and composite failure of both. Shear-off failure was when 
R/t=5, and bearing failure was likely to occur when R/t was higher. 

In this study, an equation was proposed for evaluating the strength of cylindrical shear-key based on the test 
results. The authors tried to evaluate the maximum strength using an equation every failure mode. The calculated 
strength were compared with the test results. As a result, it was shown in bearing failure mode of the specimens that 
the equation could reproduce test results accurately with a precision of plus or minus 20% or less, and shear-off 
failure mode of the specimens that the equation could reproduce safety to the test results by considering minus 25%.  

Judging from the above discussions, the cylindrical shear-key, unlike chipping, could enable the evaluation of shear 
strength. The joining method is friendly to the environment and is therefore expected to make contributions to the 
promotion of seismic retrofit. Additionally, it is important for designing to control the shear displacement of joint 
surface. This study focused on the evaluation of the maximum strength of cylindrical shear-key. In the future, the 
authors will develop a mechanical model of joint surface using both cylindrical shear-key and anchor, and construct a 
design method considering the shear displacement. 
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