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Abstract- There have been many researches to develop a strong and ductile precast concrete (PC) system resisting even 
strong earthquake. In this manner, this paper introduces a hollowed PC column and the frame system using it. And the 
structural safety of PC frame building consisted of the hollowed PC columns was evaluated by doing both push-over and 
dynamic analysis. In the building analysis, main parameter was the rigidity of beam-column joint that need to be considered 
in the hollowed PC column system. Analysis result gave that the joint rigidity between column and beam affected the overall 
horizontal behavior of building. The less the joint rigidity, the higher horizontal displacement was shown. This result was 
also found in the result of dynamic analysis. 
 
Index terms-Precast concrete, hollowed PC column, Frame system, Analysis, joint rigidity,  
 
I. INTRODUCTION 
 
The precast concrete (PC) system offers the benefit of 
minimizing the amount of work in site compared with 
the conventional reinforced concrete system. The PC 
system, however, demonstrates weaker structural 
rigidity at joints compared with the monolithic 
reinforced concrete (RC) system. For this reason, a 
series of researches on specifications with reinforced 
rigidity at joints have been conducted, resulting in the 
development of PC systems which can be used even 
in strong seismic regions [1-3]. 
Seo et al. [4-7] recently developed a hollowed PC 
column made with centrifugal force for the purpose 
of securing the unification of joints. This paper 
introduces the moment PC frame system using 
hollowed precast concrete columns and analytically 
evaluates the building responses at different levels of 
rigidity of joints. 
 
II. HYBRID FRAME SYSTEM WITH HPC 
COLUMN 
 
The hollowed PC column-PC beam system draws on 
the advantages of both the RC system and the PC 
system. Hollowed PC columns manufactured by 
centrifugal casting and half-PC beams are assembled 
in site. The hollow parts of the columns and the upper 
slabs are casted in place together for an enhanced 
structural unification. 
 
In addition, the system utilizes head-splice sleeves to 
enhance the performance and workability of the 
column-column connections. After assembling the 
members, the hollow part of the hollowed PC 
columns are filled with concrete at the same time as 
the casting of the slabs, structurally unifying the 
joints. As for the PC columns, in particular, the 
columns has hollow made by centrifugal force 
created by rotating a specially manufactured mold 
after arranging reinforcements, thereby reducing the 

weight and enhancing the strength. Figure 1 shows 
the manufacture process of hollowed PC columns. 

 
Figure 1: Manufacturing process of HPC column 

 
Head splice sleeves shown in Figure 2 are used as 
joints for reinforcements of hollowed PC columns [8-
9]. The construction process of the frame system 
consisting of hollowed PC columns and head splice 
sleeves are as shown in Figure 3. The hollowed PC 
columns, half-PC beams and half slabs are cast with 
concrete at once after assembly. If construction on the 
upper floor is required, a One-Cycle process is 
performed going back to the construction of the 
hollowed PC columns. If construction on the upper 
floor is not required, the process is completed after 
curing the concrete 
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Figure 2: Head-Splice Sleeve 

 

 
Figure 3: Construction process of hybrid frame system with 

hollowed PC column 
 

 

 
Figure 4: Construction process of building with hollowed PC 

column 
 

 
Figure 5: Joint construction details 

 
Figure 4 shows the flow chart of the construction 
process, starting from the installation of the 
foundation, and leading to the assembly of half-PC 
beams, the installation of half-slabs, casting and 
curing. The joint construction details are shown in 
Figure 5. 
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III. STRUTURAL RESPONSE OF HPC FRAME 
SYSTEM 
 
In order to verify the responses of a building 
considering the nonlinear characteristic of joints, 
push-over analysis and dynamic analysis were 
performed using Zeus-NL, a non-linear analysis 
program [10]. To describe the nonlinear behavior of 
the joints, a three-story building was modeled as 
shown in Figure 6, and rotational springs were placed 
at beam-column joints. Rotational springs can show 
the nonlinear characteristics of the joints. The spring 
values were varied depending on the types of joints, 
and the types of the joints were expressed in terms of 
different levels of rigidity at joints. Then, the analysis 
was performed. The analysis was performed by 
increasing the load by 10kN per step, up to 200 steps. 
 

 
Figure 6: ZEUS modeling of building 

Figure 7 shows the result of the analysis. It shows 
that the resistance of the overall building against 
horizontal load can be increased by raising the 
rigidity at joints. In case of semi-rigid joints, however, 
while they demonstrate lower stiffness than rigid 
joints, they can resist the same level of horizontal 
load as rigid joints if the ultimate nominal strength is 
secured. As for the formation of plastic hinges, plastic 
hinges were formed at the bottom of the columns in 
case of hinge joints and semi-rigid joints. For rigid 
joints, plastic hinges were also formed at beam-
column joints. In order to verify the behavior of the 
building in case of an earthquake at different levels of 
rigidity at joints, Loma Prieta earthquake shown in 
Figure 8 was applied to verify the response of the 
building to earthquake. 
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Figure 7: Building displacements after Push-Over analysis 

Figure 9 shows the discrepancy of displacement 
between the uppermost point of the columns and the 
lowermost point of the columns when earthquake was 
applied in the direction of the X axis. Figure 9 shows 
that strong joints and semi-strong joints demonstrate 
similar amplitudes, while simple joints demonstrated 
higher amplitudes. While the maximum discrepancy 
of displacement was 58mm for strong joints, the same 
was 215mm for simple joints. That is, simple joints 
resulted in 4 times the discrepancy of displacement 
than strong joints. In addition, strong joints 
demonstrated a lower discrepancy of displacement 
and a shorter period, while simple joints 
demonstrated a higher discrepancy of displacement 
and a longer period. These findings confirm that 
higher rigidity at joints result in a reduced 
discrepancy of displacement and a shorter period. In 
case of semi-strong joints, in particular, dynamic 
response characteristics highly similar to those of 
strong joints can be secured even when considering 
only 50% of rigidity. 
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Figure 8: Loma Prieta earthquake 
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Figure 9: Displacement responses after dynamic analysis 

 
CONCLUSION 
 
While the conventional PC system offers the 
advantage of fast construction, the performance of the 
joints is less reliable under the system. To address 
this issue, this study proposed the construction 
process and joint construction details of the hollowed 
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PC column frame system with enhanced structural 
performance and workability of joints. In addition, 
through the analytic study of the behavior of a 
building under different beam-column joint degrees, 
this study confirmed that a lower rigidity at the joints 
causes stress concentration, which increases the 
burden on the members. From these findings, the 
study confirmed that the hysteric behavior of the 
building can be improved when the rigidity at joints 
is enhanced by casting concrete in the slab and 
hollow part of the column at once. 
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