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Abstract: Recently, earthquake-affected areas are increasing worldwide. Especially, buildings that are not
designed to be earthquake resistant may be vulnerable to earthquakes and various reinforcement methods are
being applied to umprove seismic performance. In addition, structures that penetrate buildings such as roads
and subways also need to be reinforced by vibrations such as earthquakes. This this research, therefore, aims
to develop CFT column strengthening method with excellent seismic performance, so that, there 1s no damage
caused by collapse in buildings where periodic vibration and earthquake occur. The seismic retrofit method of
the CFT (Concrete Filled Tube) columns 1s a method in which CFT commectors are installed on the surface of
a conventional reinforced concrete member first then the CFT columns are welded and integrated into the joint
device, finally, high-performance mortar is injected to improve the seismic performance of existing reinforced
concrete. For the performance test, we propose structural sunulation and excess water removal method to
unprove the concrete performance inside the CFT column.
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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 and it can be seen that the recent frequency
of occurrence rapidly increases compared to other areas.
In addition, due to the earthquake of magnmitude 2.3 or
more, large-scale damage has occurred in Korea area, so,
it 18 necessary for buildings to cope with the earthquake
mn various ways. Among the countermeasures against

such earthquakes, the seismic performance improvement
of columns which are the main members of buldings
should be reviewed first to prevent safety accidents.
Seismic performance of aged facilities 13 expected to
cause massive damage in the event of an earthquake
(Hong et al., 2013; Kwon et al., 2005; Eom and Shin, 2011;
Lee, 2013; Jang, 2011).

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 s of utmost importance.
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Fig. 1: Barthquake occurrence trends in Korea
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That is seismic performance and constructability are
required for reinforcement of new and old
buildings.

Figure 1 shows the destruction of the column
structure due to the earthquake. Tt also shows how this
leads to the collapse of the entire building.

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 (Fig. 2).

Thus, the design of Concrete-Filled in Tube (here in
after referred to as CFT) structure columns that are strong
against axial force, lateral force and fire-resistance is
mcreasing (Fig. 1). The CFT column 1s 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 (Lee et al., 2012, Jung et al., 2014; Lee, 201 3; Shin and
Kim, 2005).

Korean Ministry of Land, Infrastructure and
Transport has stipulated that fire resistance performance
of 3 h should be ensuwred for columns of high-rise
buildings exceeding 12 floors for all buildings, based
on the fire resistance 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 <2 h in medium and low-rise buildings but it
is difficult to satisfy the required 3 h 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 of
the column but they have disadvantages such as
complicated construction and uneconomical. Therefore,

Fig. 2: a, b) Pillar structure destruction due to earthquake

coating and board coating are applied to the outer surface
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 1s poured. This plays an inportant role
improving the quality performance of the column joint
structure which is a disadvantage of the concrete filled
steel tube (Kim and Lee, 2015; Alostaz and Schneider,
1996; Kim and Cho, 2009; JTeong et al., 2009; Hyo-Jeong,
2017; Yoon and Joon, 2017; Choi, 2017; Kim and JTung,
2017; Jong-Kook et al., 2017; Yun, 2016).

MATERIALS AND METHODS

Seismic performance improvement method through CFT
convergence technology

Seismic performance improvement using CFT: This
study is to develop an innovative method by technology
on the CFT column which is a member of the old
building (Fig. 3).

Through this, we intend to improve the
constructability and structural performance that can be
developed into the future technology of stable building
structure

In addition, the earthquake-resistant seismic
performance improvement can be applied to structures
with large amount of vibrations m multidimensional city
(to be constructed through rcad and architecture
technology) that are planned to be revised in 2018 and
planned to be implemented in 2019. Such a composite
multidimensional c¢ity requires durable column systems

Fig. 3. a, b) Design proposed by Mmistrty of Land
Transport and Transport (left), Osaka TKP
building (right)
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Fig. 5: a, b) Non-linear static analysis results before reinforcement

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. Tt is a column system that combines
the material properties of concrete with the material
properties of won efficiently (Young et al, 2016;
Lee-Yong, 2016; Kumar, 2015, Pudjiswryadi ez al., 2014;
Ganiron, 2014a, b).

Concrete 1s very strong in compressive strength but
weak in tensile strength. Tron is strong both in tensile and
compressive strength but weak in local buckling. A
typical example of a structural system that 1s
complemented by the advantages and disadvantages of

these two materials 1s a reinforced conerete structure and
a further improved system is the CFT column system.

Development of CFT seismic reinforcement system for
existing buildings: As shown in Fig. 4, it is possible to
reinforce seismic performance by comecting CFT
columns to existing building columns. CFT column
seismic reinforcement method 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. 4.

Structural simulation of CFT column reinforcement in
buildings: As shown m Fig. 5, structural sumulations
were examined by reinforcing the CFT columns with four
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Fig. 6: Simulated result of plastic hinge condition

Step 2 : Drill holes to remove
excess water frnm CoONnCre

Boring machine

Fig. 7: Paper-drain production process

structures for existing structures. As shown m Fig. 6, the
simulated result shows that the result of plastic hinge
condition improves the resistance against horizontal
displacement (earthquake and vibration) by improving the
interlayer deformation angle by 16% compared to existing
buildings.

Paper-drain manufacturing of CFT system
Paper-drain  production process: Paper drain
manufacturing  achieves the goal of durability
improvement by reducing the bleeding phenomenon by
mserting a plastic polycarbonate material.

Step 1 : Processing and production
of steel sheet by extruder

te
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As shown m Fig. 7, paper-drain production

process 1s 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 1s completed, perforated 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
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Fig. 8: Discharge excess water through the CFT column

Table 1: Experiment plan
Itemns Levels
Mixture

Ready mixed concrete
Application of paper-drain
Experiment

Fresh concrete

Hardened concrete

20-40-550
Apply, not apply

Slump, air contents, temperature
A fire-resistance test (KS F 2257-1)

excess 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.

As shown m Fig. 8, concrete can be removed by
pouring concrete through the produced CFT column and
pouring excess water through the paper drain. Figure 8 is
an experiment to examine whether excess water can be
discharged through the actual CFT column. Experimental
results show that excess water other than water required
for concrete hydration can be sufficiently removed.

Fire resistance performance test of CFT column: For the
test, 40 MPa degree concrete piece was designed and
mstalled as shown in Table 1 for the preparation of CFT
column specimens. In this study, we investigated the
effect of paper-drain on the cracking of the upper jomnt
due to bleeding of CFT filled concrete and the occurrence
of spalling due to excessive internal excess water. As the
measuremernt items, it was planned to measure the slump,
the ar amount and the concrete temperature i the
unconfined concrete and in the case of hardened
concrete, it was planned to measure the temperature
history of the column member for the fire resistance test.

RESULTS AND DISCUSSION
Fire resistance performance test result and concrete

micro analysis: Figure 9 shows the appearance of CFT
after 180 min of fire resistance test. Experimental results

Fig. 9. a, b) CFT test object and concrete structure
after 3 h of fire resistance test

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 intemal structure was compact and the
pore was small (Ganiron, 2014a, b, Ogunkah and Yang,
2014, Kusuma et al, 2015, Astawa ef al., 2015,
Myeong-Tin et al., 201 5, Kusuma and Suprobo, 2012).

CONCLUSION

This study proposes a CFT column system to
improve seismic performance 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 1s 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 vibraton of buldings and enswes durable
quality.

The CFT system which 1s 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 1s concentrated on the upper part, so that,
the joining portion of the column is weakened. However,
1t 18 possible to mcrease 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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