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ABSTRACT

Currently, a traditional cast-in-place construction is being replaced by prefabricated
system reduce construction time. Furthermore, the precast construction offers several
advantages such as better quality control and lower overall construction costs. In general,
the performance of precast concrete structures is influenced by the quality of their
connections. From previous studies, most damage and abrupt failures of precast concrete
structures during earthquakes were mainly due to the failure of joint assembly and
inadequate ductility. To design a precast connection, PCI standards have been widely
adopted as a standard design guideline. As a result, the research was aimed to study and
develop a seismic performance of precast concrete beam-column interior joints under

cyclic loading. The study was divided into the experimental and numerical programs.

The experimental program was conducted to investigate the performance of precast
beam-column concrete connections using T-section steel inserts into the concrete beam
and joint core, under reversed cyclic loading. Seven 2/3-scale interior beam-column
subassemblies were composed of one monolithic specimen and six precast concrete
specimens with different connection details. The seismic performances of all precast
specimens were compared to the monolithic control specimen. The geometries of
structural elements of all specimens were designed according to the strong-column/weak-
beam design philosophy. The P1 precast specimen was a simple connection for a gravity

load resistant design. In additional, the connection was currently used for construction of



concrete buildings in the Northern Thailand. Other precast specimens were developed

with different details from the P1 connection, to improve their seismic performance.

The experimental results showed that the performance of monolithic specimen M1
represented seismic behavior of beam-column concrete frame very well. Also, the test
results indicated that the column and joint failure was prevented by forming potential
plastic hinge at the beam ends, close to the column faces. For the P1 to P4 precast
specimens, the splitting crack along the longitudinal lapped splice was a major failure
mode as a brittle failure. Because the embedded dowel bars which connected to the steel
inserts were too short to develop bonding between the steel bar and concrete.
Furthermore, the design of the precast concrete beams with lap splice on the top of joint
region is needed for longer lap length and should be done at the mid span of the beam or
at low flexural stress region. Regarding the precast P5 and P6 specimen with double steel
T-section inserts, it were designed by using a technique for relocating the beam plastic
hinging zone. The nominal flexural capacity of the beam section at a distance of one
effective beam depth away from the column face was 1.25 times larger than the maximum
anticipated moment capacity of the other beam section. The test result of the two precast
specimens showed better seismic performances compared to the other precast ones. The
relocation of potential plastic region distinctly exhibited, taken away at around distance
of d from the beam-column faces. At the location, spalling of concrete covers spreading
on the side beam surface were ostensibly observed appeared. However, there were a few
splitting cracks in the precast beams of the P5 specimen, appearing at the lap splice
regions. Regarding ultimate strengths, maximum strength of P6 specimen was the highest.
Furthermore, the P6 specimen showed the best performance in terms of displacement
ductility and stiffness degradation among all precast specimens because the plastic beam
hinges were successfully relocated from the column faces, especially without bond

problem in this connection detail.

Regard to the numerical program, the fiber based finite element method was
performed to simulate a hysteretic response and story shear versus lateral displacement
under cyclic loading same the experimental study. The accuracy of the FEA models were

verified against the test results. After calibration, the parametric study was performed by



varying the values of gravity column load from low to high loading (0.10f;’44 to 0.50f’4g),
to verify the suitability of using in each precast detail with different magnitudes of
column. The numerical results showed that the P5 and P6 precast connections for
relocating plastic beam hinge are very similar with the monolithic connection in terms of
strength deterioration at the high column loading. Otherwise, high level of strength
deterioration at the high level of carried column load is observed in the other precast
connection due to the major failure mode as bonding failure at the potential plastic
hinging zone, especially the precast P1 connection. For the stability consideration, The
elastic indices of P6-FEM series were lower than the other precast FEM series. From the
reason, it can be revealed that the P6 precast connection was the best performance for

stability consideration.





