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<Abstract>

This research, titled "Structural Performance Evaluation Method for CES Unembedded
Type Column Bases," is an experimental and analytical study aimed primarily at
understanding the structural performance of CES unembedded type column bases, one of
the main structural components of CES composite structure systems composed of steel and

fiber-reinforced concrete.

In Chapter 1, "Introduction," the background and objectives of this study were presented,
along with a review of relevant previous research. Previous studies were categorized into
two sections: "Previous Studies on CES Structures" and "Previous Studies on the Structural
Performance of CES Unembedded Type Column Bases." It was highlighted that no prior
research had been conducted on CES unembedded type column bases. This underscored
the necessity to conduct experimental and analytical research with the aim of

understanding the structural performance.

In Chapter 2, "Static Loading Experiment of CES Unembedded Type Column Bases with
Different Axial Force Ratios," static loading experiments were conducted on CES
unembedded type column bases with different axial force ratios. Given the absence of prior
research on CES unembedded type column bases, the aim was to grasp the fundamental
structural performance. The experimental results were presented to examine the basic
structural performance of these members. The experimental results indicated that with an
increase in axial force ratio, there was a decrease in damage to the column base, an increase
in damage to the column, an increase in maximum capacity, and a transition in the
hysteretic behavior from slip-type to spindle-type. Furthermore, it was demonstrated in
this chapter that the maximum capacity of the specimens presented can be evaluated using
the equations provided in the generalized cumulative strength theory and the design

guidelines for steel structure joints.

In Chapter 3, "Static Incremental Analysis of CES Unembedded Type Column Bases with
Different Axial Force Ratios," static incremental analysis was conducted on CES

unembedded type column bases with varying axial force ratios presented in Chapter 2. The



results of the analysis were presented to examine the validity of the proposed analytical
model. The analytical model, which replaces the column with a multi-spring model and the
column base with two rotational springs and shear springs, demonstrated the ability to
reproduce the bending moment-rotation relationship of the experimental column bases, as

well as the skeleton curve and hysteretic behavior.

In the case of the column base configuration presented in Chapter 2, it is conceivable that
the difficulty of procurement and construction may increase due to the enlargement of the
base plate, depending on the size of the building. In Chapter 4, "Static Loading Experiment
of CES Unembedded Type Column Bases with Rib Reinforcement on the Bottom Surface
of the Base Plate," a static loading experiment was conducted on CES unembedded type
column bases. To reduce the size of the base plate, rib reinforcement was applied to the
bottom surface of the base plate, and anchor bolts were positioned within the column cross-
section. The results presented an examination of the basic structural performance of the
member, as well as the impact of rib reinforcement and positioning anchor bolts within the
column cross-section on the structural performance of CES unembedded type column bases.
The experimental results indicated an increase in capacity only on the positive loading
side due to rib reinforcement. Additionally, it was shown that the rib reinforcement helped
prevent the excavation of foundation concrete on the specimen's side and suppressed the
yielding of the base plate. It was demonstrated that the anchor bolts placed on the
compression side within the column cross-section bore the compressive stress induced by
the bending of the column concrete. Furthermore, it was indicated that the experimental
values of the ultimate bending capacity of the column base decreased compared to the
calculated values due to the detachment of the bedding mortar in the column base. This

suggests that a margin should be anticipated in the design of column base bending.

In Chapter 5, "Static Incremental Analysis of CES Unembedded Type Column Bases with
Anchor Bolts Positioned within the Column Cross-Section," static incremental analysis
was conducted on CES unembedded type column bases with anchor bolts positioned within
the column cross-section, as presented in Chapter 4. The results of the analysis were
presented to examine the validity of the proposed analytical model. The need to consider

the initial stiffness in the case of axial force application and the separation resistance



between the base plate and bedding mortar for the column base bending restoring force
characteristics was demonstrated in this chapter using the equations presented.
Furthermore, it was possible to evaluate the secant stiffness from the origin to the yield
point in the column base bending restoring force characteristics by applying a rotation
stiffness correction factor of approximately 1.5 to the equation proposed in previous
studies. The structural analysis model of CES unembedded type column bases, constructed
using bending springs for the column base considering the conclusions mentioned above
and applying a multi-spring model to the column, demonstrated the ability to reproduce
the bending moment-rotation relationship, skeleton curve, and hysteretic characteristics

observed in the experimental column bases.

In Chapter 6, "Static Loading Experiment of CES Unembedded Type Column Bases with
Different Anchor Bolt Placement," static loading experiments were conducted on CES
unembedded type column bases with different anchor bolt placement positions and varying
base plate stiffness. This was done to evaluate the rotational stiffness of CES unembedded
type column bases, which had not been clearly defined previously, and to assess the yield-
preceding behavior of column base bending strength. The results presented an examination
of the basic structural performance of the member, as well as the impact of differences in
anchor bolt placement positions and base plate stiffness on the structural performance of
CES unembedded type column bases. In the specimens where base plate yielding was
observed, significant uplift of the base plate near the tension flange was notable. It was
demonstrated that the increase in base plate stiffness due to rib reinforcement on the
bottom surface of the base plate and the increase in column base rotational stiffness due
to the greater spacing between anchor bolts were confirmed.It was demonstrated that the
rotational stiffness of the column base can be evaluated using the experimental results by
setting d. in the equation provided in the design guidelines for steel structure joints as the
distance between the column centroid and the edge of the column concrete. However, it
was highlighted that caution is necessary when the yield strength of the base plate is lower
than that of the anchor bolts. Furthermore, the capacity evaluation method presented in
this chapter demonstrated the ability to evaluate the maximum capacity of CES

unembedded type column bases.



