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Abstract— This paper evaluates the behavior of hollowed precast concrete (HPC) composite columns through an axial load 
test, a filled HPC composite column and an unfilled HPC column subjected to concentric and eccentric compression with a 
hollow ratio of the HPC column as a variable.  
The results of evaluation based on the code formula through a concentric compression test showed that a local buckling 
influence factor needs to be considered for the unfilled HPC composite column, and the filled HPC composite column 
exhibits a good response to the code formula. With respect to the eccentric compression test, the results of evaluation using a 
P-M correlation curve found that the cross-sectional analysis result using effective concrete strength according to the area 
ratio are safe. Therefore, it is expected that the HPC columns can be designed to be safe in accordance with the current 
design criteria.  
 
Index terms— Hollowed precast concrete column, Hollow ratio, Concentric and eccentric test, Code formula. 
 
I. INTRODUCTION 

 
In recent years, a composite HPC column made in 
combination of hollow precast concrete (HPC) and 
cast-in-place (CIP) concrete has been developed and 
under study by Seo [1-4]. In the case of the HPC 
column, its strength can be further increased by 
manufacturing the PC part with centrifugal force 
through pre-assembling lateral bar and main bar, and 
the PC part that serves as a form at the site can 
contribute to simplifying the construction process. In 
addition, it helps to reduce transportation costs due to 
the hollow part, requires no lifting equipment with 
high capacity, and can improve the joint rigidity since 
the joint is casted at once]. 
As a composite structure, the HPC column can be 
divided into before and after the grout concrete is 
filled in the hollow part. Accordingly, there is a 
possibility that the compression capacity can be 
reduced due to a bond failure in PC member and 
grout concrete interface when the compressive force 
is applied.  
Therefore, this study evaluates the behavior of HPC 
composite columns through an eccentric compression 
test, a filled HPC composite column and an unfilled 
HPC column subjected to concentric compression 
with a hollow ratio of the HPC column as a variable.  

 
II. EXPERIMENT PLAN AND DESIGN 
 
In this study, three filled specimens and three unfilled 
specimens subjected to concentric compression as a 
variable of the hollow ratio were planned, and three 
specimens subjected to eccentric compression were 
planned. As shown in Figure 1, the section of all 
specimens is 300mm x 300mm x 1000mm, ratio of 
main bar 2.4%, and ratio of shear reinforcement 
0.11%. Table 1 shows a list of each specimen.  

Table.1 Specimen list 

 
U-200 (U: unfilled HPC column, H: composite HPC column, HE: Eccentricity, 200: 
Hollow size, e1: Eccentricity length/length) 

 
The top and bottom of the specimen was designed to 
have a condition of pin supports, and as shown in 
Figure 1, strain gauges were attached to measure the 
strain of concrete and rebar due to the compressive 
force. The loading point of the specimen was the 
center of the Universal Testing Machine (UTM) in 
the case of the concentric compression test, and the 
eccentric distance of 30mm was maintained from the 
center of the specimen in the eccentric compression. 
With the use of a hydraulic universal testing machine 
of 5,000kN capacity, a load was applied at a rate of 
0.02mm/sec with a displacement control method. 
Figure 2 shows the experimental installation situation.  

 
Figure 1: Detail of specimens 
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Figure 2: Test setup 

 
III. TEST RESULT FOR CONCENTRIC LOAD 
 
In the case of the unfilled HPC column, as the 
diameter of the hollow became larger, the localized 
concrete scaling occurred, and the final failure 
appeared as the lateral and main bars yielded at the 
top after the maximum load. In the case of the HPC 
composite column in which the hollow part is filled, a 
crack occurred at both top and bottom in the initial 
stage, and cracks leading to the central part occurred 
gradually after the occurrence of vertical cracks. 
Figure 3 (a), (b). shows the final failure shape of the 
HPC column subjected to the concentric compression. 

 

 
Figure 3: Typical failure shape  

 

 
(a) U series 

 
(b) H series 

Figure 4: Load-displacement curve 
 

Figure 4 shows a load-displacement graph, and an 
axial displacement represents the change in the 
vertical direction between both ends and the average 
value of compressive deformation read from four 
LVDT. HPC composite column specimens showed a 
similar initial stiffness regardless of the hollow 
diameter, and the smaller the hollow diameter, the 
greater the ultimate strength due to an increase in the 
sectional area of HPC. In the case of the unfilled HPC 
column, as the hollow diameter increased, the initial 
stiffness, ultimate strength and column deformation 
were found to be significantly reduced.  
Both the concrete design standard [5] and the ACI-
318[6] standard specify that the same equation should 
be used to calculate the ultimate strength of the 
column subjected to the concentric compression, and 
the equation presented in both standards is 
summarized as in Eq.(2). However, HPC columns are 
divided into unfilled and filled columns, and the 
unfilled column is shown in Eq.(1), and the filled 
HPC composite column is designed as in Eq. (2).  

 
 
Where,푓 : represents HPC compressive strength, A : 
total cross-sectional area, A : cross-sectional area of 
main bar, A ,f 	: cross-sectional area and strength 
of grout concrete,  α: coefficient for local buckling 
Table 2 shows a comparison between test results and 
results calculated by the reference equation. In the 
case of the filled HPC composite column, the 
calculated results ranted from 104 to 111%, showing 
a good correspondence with the test results. In the 
case of the unfilled HPC column, the results 
calculated by considering the local buckling influence 
factor ranged from 102 to 104%, indicating that the 
strength of the HPC column was appropriately 
evaluated.  
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Table.2 Test result 

 
 

IV. TEST RESULT FOR ECCENTRIC LOAD 
 

The failure modes of the HPC composite column 
specimens subjected to the eccentric compression 
showed a pattern where a crack occurred in the region 
of each ends at the time of initial loading, and then 
the crack wad gradually developed into the vertical 
crack. The flexural crack increased until the strength 
was decreased to 40-50% of the maximum load, and 
lateral bar and main bar buckling was found in the 
process of dismantlement after completing the test. 
Figure 3(c). shows the final failure mode of the HPC 
column subjected to the eccentric compression.  
In order to evaluate the behavior of the specimen, the 
relationship between moment and curvature at the 
time of loading is represented in Figure 5. The 
curvature of the specimen was calculated from the 
total displacement measured with LVDT, and the 
moment acting on the cross section of the central part 
of the column, was calculated in consideration of the 
second effect as in Eq.(3).  

 
푀 = 푃 × (푒 + ∆)                                                        (3) 
 

Where, 푀  : represents the moment acting on the 
central part of the column, 푃	 : l axial load, 	푒  : 
eccentric distance, ∆ : lateral displacement measured 
in the central part of the column.  
The initial stiffness of the specimens was similar until 
they reached the maximum moment, regardless of the 
diameter of the hollow. The decreasing curve after 
the maximum moment showed a rapid drop after a 
slight reduction in strength, and three specimens 
exhibited the decreasing curve in a similar manner.  

 

 
Figure 5: Moment-curvature curve 

 
In order to evaluate the flexural-compression 
performance of the HPC composite column, the test 
results, design criteria and cross-sectional analysis 

results were compared using a P-M iteration curve. 
For evaluation of the HPC composite column, a 
calculation was made using the effective concrete 
strength with respect to the area ratio of HPC and CIP 
of the column on the assumption of RC column, a 
single material on the effective concrete strength. 
Figure 6 shows a P-M iteration curve that compares 
the design criteria and cross-sectional analysis. 
The result values calculated using the effective 
concrete strength with respect to the area ratio of 
HPC and CIP evaluated the test result value to be safe, 
and the cross-sectional analysis also showed a result 
that is in relatively good agreement with the test 
result.  
 

 
Figure 6: P-M iteration curve 

 
CONCLUSION 

 
In the case of the unfilled HPC column, the results 
calculated by applying the local buckling influence 
factor to the reference equation ranged from 102 to 
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104%, indicating that the test results show a good 
response to the calculated results, and the filled HPC 
composite column was found to be evaluated 
appropriately with respect to the test results. 
Eccentric compression test revealed that the slop of 
the moment-curvature curve was similar, regardless 
of the hollow diameter. And with the use of a P-M 
iteration curve, a calculation was made using the 
effective concrete strength according to the area ratio 
of HPC and grout concrete on the assumption of 
column of a single material, and the calculation 
results were found to be in relatively good agreement 
with the test results.  
When it comes to designing the HPC columns, it is 
expected that both the filled and unfilled HPC 
columns can be designed to be safe in accordance 
with the current design criteria.  
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