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Abstract - This study proposes a CFT column system to improve seismic performance of new and existing buildings and 
existing buildings. Through the construction IT convergence technology, it is possible to secure the safety of the building 
against the earthquake through the construction method and the structural rigidity by the innovative method based on the 
fourth industrial revolution. It is possible to utilize the structure of the multi-dimensional city in the future progress. Multi-
dimensional city convergence is required showing the durability pole system which can withstand a wide interval by a strong 
vibration caused by the through road. Therefore, we will develop a CFT column that efficiently responds to the earthquake 
and vibration of buildings and ensures durable quality. 
 
Index terms - Seismic performance, Multi-dimensional city, IT convergence technology, CFT system. 
 
I. INTRODUCTION 
 
The number of earthquakes in Korea has risen 
steadily from an annual average of 40 times since 
2000 to 60 times after 2009 (the National Emergency 
Management Agency). Figure 1 is a graph showing 
the earthquake occurrence trends in Bus an and 
Gyeongnam area and it can be seen that the recent 
frequency of occurrence rapidly increases compared 
to other areas. In addition, due to the earthquake of 
magnitude 2.3 or more, large-scale damage has 
occurred in Busan and Kyungnam area, so it is 
necessary for buildings  to cope with the earthquake 
in various ways. Among the countermeasures against 
such earthquakes, the seismic performance 
improvement of columns, which are the main 
members of buildings, should be reviewed first to 
prevent safety accidents. 

 
Figure 1: Earthquake occurrence trends in Busan and 
Gyeongnamarea(the Meteorological Administration) 

Seismic performance of aged facilities is expected to 
cause massive damage in the event of an 
earthquake.Therefore, seismic retrofit of aged 
buildings should be done at the same time with 
seismic design of newly constructed buildings. In 
particular, the quality of the column members, which 
play an important role in the occurrence of the 
earthquake, is of utmost importance. That is, seismic 
performance and constructability are required for 

reinforcement of new and old buildings. Picture 1 
shows the destruction of the column structure due to 
the earthquake. It also shows how this leads to the 
collapse of the entire building. 

 

 
Picture 1 : Pillar structure destruction due to earthquake 

As the demand for large-scale factories and high-rise 
buildings has increased recently, the importance of 
maximizing the interior space and managing the 
economical construction has been emphasized. Thus, 
the design of Concrete-Filled in Tube(hereinafter 
referred to as CFT) structure columns that are strong 
against axial force, lateral force and fire-resistance is 
increasing(Figure 1). The CFT column is a structural 
system that the concrete is filled in the steel pipe with 
rigidity and that exhibits excellent performance in 
terms of the increase in the strength of the concrete 
filled by the constraining effect of the steel pipe and 
the increase of the workability and the member 
strength due to the local buckling reinforcement 
effect. However, since the outer surface of the 
column is piled up by the steel pipe, the amount of 
bleeding water of the concrete to be filled is 
concentrated at the upper portion, and the upper joint 
portion, which is the main structure, of the column 
becomes weak. And, excessive internal excess water 
may be vulnerable to spalling due to increased 
internal water vapor pressure in the event of a 
fire.Korean Ministry of Land, Infrastructure and 
Transport has stipulated that fire resistance 
performance of 3 hours should be ensured for 
columns of high-rise buildings exceeding 12 floors 
for all buildings, based on the fire resistance 
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performance criteria in the "Accreditation and 
management standards for fire-resistance structures". 
In other words, CFT columns with high axial ratio 
can be applied to structures with fire resistance of less 
than 2 hours in medium and low-rise buildings, but it 
is difficult to satisfy the required 3-hour fire 
resistance performance in high-rise buildings. Further, 
to satisfy the fire resistance performance of the 
existing CFT method, those methods of expensive 
spray coating, refractory coating and board coating 
are applied to the outer surface of the column, but 
they have disadvantages such as complicated 
construction and uneconomical.  Therefore, there is a 
need for a new CFT system which can satisfy the 
refractory performance without expensive refractory 
cladding, and can secure the quality of the upper 
joining portion of the column by controlling the 
number of bleeding and internal excess water of the 
filled concrete. Therefore, in this study, redundant 
water of concrete can be discharged early by using 
Paper-drain in the structure of Concrete Filled Steel 
Tube(CFT). Through this, the durability of the 
concrete can be increased by tightening the structure. 
Also, it is possible to remove the bleeding water 
gathering on the upper part of the column when 
concrete is poured. This plays an important role in 
improving the quality performance of the column 
joint structure, which is a disadvantage of the 
concrete filled steel tube. 

 
II. SEISMIC PERFORMANCE 
IMPROVEMENT METHOD  
 
1. Seismic performance improvement using CFT 
This study is to develop an innovative method by 
fusing IT technology on the CFT column which is a 
member of the old building. Through this, we intend 
to improve the constructability and structural 
performance that can be developed into the future 
technology of the 4th Industrial Revolution. In 
addition, the earthquake-resistant seismic 
performance improvement can be applied to 
structures with large amount of vibrations in 
multidimensional city(to be constructed through road 
and architecture convergence) that are planned to be 
revised in 2018 and planned to be implemented in 
2019. Such a composite multidimensional city 
requires durable column systems that can withstand a 
wide gap due to the strong vibration caused by the 
passage through the center of the building. In this 
respect, the concrete filled steel pipe (CFT) structure 
is an excellent confined member type having a high 
strength due to the concrete confining effect with the 
steel pipe and the local buckling suppression effect by 
the filled concrete. It is a column system that 
combines the material properties of concrete with the 
material properties of iron efficiently. 
 
2. Development of CFT seismic reinforcement 
system for new and existing buildings 

For newly constructed buildings, a corrugated steel 
plate is installed inside the CFT column as shown in 
Fig. 2 to improve the seismic performance of the CFT 
column. Corrugated steel plates can improve resisting 
capacity for vertical loads and buckling at the top. In 
case of aged building, seismic strengthening 
performance can be improved through high 
performance mortar and column connector as shown 
in Fig. 3. In order to verify the seismic performance 
of the CFT column of new buildings and old 
buildings, nonlinear simulation was carried out. 
 

 
Figure 2 : Vibration resistance corrugated steel plate inside 

CFT 
 

 
Figure 3 : CFT Analysis Seismic Vibration Test Plan 

 
3. Paper-drain manufacturing of CFT system 
Paper drain manufacturing achieves the goal of 
durability improvement by reducing the bleeding 
phenomenon by inserting a plastic material 
(polycarbonate) with a paper-drain on the four 
diaphragm plates of the column. As shown in Fig. 4, 
paper-drain production process is, first, attach the 
paper-drain to each of the four sides of the CFT 
column before assembling the steel pipe with a strong 
adhesive, then after the steel pipe assembly is 
completed the upper, middle, and lower parts of the 
paper-drain position. After the concrete is poured into 
the completed steel pipe column, the excess water is 
discharged through the perforated hole. This 
improves the strength of concrete and the denseness 
of internal structure by reducing the internal excess 
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water other than the water used in the hydration 
reaction so that it can solve the vulnerability of the 
upper joining portion of the existing CFT column. 

 
Figure 4 : Paper-drain production process 

4. Fire resistance performance test result and 
concrete micro analysis 
Picture 2 shows the appearance of CFT after 180 
minutes of fire resistance test. Experimental results 
showed that the displacement of the refractory 
column was 25 mm and it satisfied the allowable 
maximum displacement of 40 mm or less. Also, there 
was no spalling and buckling during the fire 
resistance test. Analysis of the microstructure of 
concrete using PE-SEM revealed that the internal 
structure was compact and the pore was small as 
shown in Picture. 3 

 
Picture 2 : CFT test object 

 
Picture 3 :Concrete using PE-SEM 

 
CONCLUSION 
 
This study proposes a CFT column system to improve 
seismic performance of new and existing buildings. 
This method can be transformed into an innovative 
method by combining IT convergence technology.In 
addition, constructability and structural performance 
can be improved to create a structure that is 
sufficiently resistant to earthquakes. Also, the multi-
dimensional city is required to have a durable column 
system capable of withstanding a wide gap due to 
strong vibration caused by the penetrating road. 
Therefore, we will develop a CFT column that 
efficiently responds to the earthquake and vibration 
of buildings and ensures durable quality. 
The CFT system, which is a tube structure filled with 
high strength concrete, has excellent performance in 
various structural performance such as rigidity, stress 
and composite structure, and fire resistance. 
However, there is a disadvantage that, because outer 
surface of the steel pipe is piled up by the steel pipe, 
the concrete excess bleeding water is concentrated on 
the upper part so that the joining portion of the 
column is weakened.  However, it is possible to 
increase the durability of the concrete by making a 
system - paper-drain is attached to the inner side of 
the CFT system, and holes are drilled in the upper, 
middle, and lower parts from the outside to remove 
excess water immediately after concrete pouring - to 
remove the bleeding water except the water required 
for the hydration reaction of the concrete. 
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