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In the seismic retrofitting of existing steel-frame buildings, field welding has been widely
employed for joining existing steel members to seismic reinforcement members. However,
field welding presents several practical challenges. Ensuring adequate quality control is
difficult for thin-walled components such as steel pipe members. Furthermore, this method is
not readily applicable in buildings where welding is restricted, such as factories and
distribution warehouses. To address these issues, numerous studies have been conducted on
bonding methods using epoxy resins. Although epoxy resins exhibit high shear bond strength
under pure shear loading, their strength decreases when peel forces are introduced. Most
previous studies have focused on the bonding of flat plates, and only limited research has
been conducted on steel pipe members. Therefore, sufficient knowledge in this area has not
yet been established. Based on these backgrounds, this study proposes a non-welded joint
method for existing steel pipe members that uses epoxy resin bonding and a bearing-based
stress transfer mechanism. The proposed joint method is intended for application to braced
steel frames used as seismic reinforcement members. The objectives of this study are to
clarify the mechanical characteristics of the proposed joint method, to investigate the effects
of joint configuration and existing steel pipe diameter, to propose a capacity evaluation
formula for bonded joints, and to verify the validity of the proposed formula through finite
element analysis while also clarifying the stress state in the bonded joints.

In Chapter 3, bonding performance tests were conducted on bonded joints to investigate the
effects of loading range, bonded length, and the thickness of the existing steel pipe members
on shear bond strength. The test results demonstrated that when the loading area was
limited to half of the circumference of the existing steel pipe member, the ultimate load
decreased to approximately 50% of that under full-circumference loading, indicating that the
circumferential stress distribution on the bonded surface was non-uniform. In addition, the
results showed that the shear bond strength decreased with increasing bonded length,
whereas the thickness of the existing steel pipe members had little influence on the shear
bond strength.

In Chapter 4, the effects of existing steel pipe diameter and joint configuration on the
mechanical characteristics were examined through joint tests. The test results demonstrated
that failure in the proposed joint method occurred either in the epoxy resin at the existing
steel pipe joint or in the epoxy resin at the metal joint, that an increase in the bending
moment generated at the joint had a negligible influence on the joint capacity, and that
preventing the metal joint from opening enhanced the joint capacity. Furthermore, it was
inferred that the bending yield of the existing steel pipe members in the vicinity of the joint
could induce premature failure of the epoxy resin at the bonded surfaces of the existing steel
pipe.

In Chapter 5, a capacity evaluation equation for bonded joints was proposed based on
assumptions informed by test results and estimates of the stresses acting in the bonded
joints. The proposed capacity evaluation formula considered both the failure load at the
bonded surfaces of the existing steel pipe and the failure load at the metal joint, and the test




results had a safety factor of 1.30 or greater. In addition, the design philosophy of the
proposed joint method was presented.

In Chapter 6, the results of the bonding performance and joint tests were verified using
finite element analysis. Analysis of the joint tests clarified the range of forces acting on the
bonded joints and confirmed the validity of the assumptions adopted in the proposed
equations. Based on the analytical results of the bonding performance tests, the principal
stresses at epoxy resin failure points on the bonded surfaces of the existing steel pipes were
estimated, and the failure modes of the bonded joints observed during the joint tests were
identified. In addition, the stress distributions arising at the bonded surfaces in each test
were clarified.

Chapter 7 summarizes the findings of this study and identifies issues to be addressed in
future research.




