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Abstract

Strength of the circular-shaped concrete-filledelsteibes (CFT) is enhanced significantly due to the
confinement provided by the surrounding steel glaldne effectiveness of the confinement dependscuaral
factors such as column slenderness, diameter tinbés ratio, strengths of steel and concrete)ohding
method and boundary conditions, and the interfamedition between steel and internal concrete. A new
technique is introduced in this study to incredse éffectiveness of the confinement in order torowp the
strength and the ductility of CFT columns. The Glumn used in this study is different from the wamtional
CFT column in that the concrete is compressed poidrardening using two circular steel plates plaaeboth
ends of the column.
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1.0 Introduction

A great effort is made in seismic design of highwmidge piers made out of steel plates to
control the formation of local buckling deformationplates in order to achieve high ultimate sttang
and ductility capacity. Concrete infilling, use sifffened sections, double-skin tubes, taperedeplat
low yield strength steel plates, introducing sh&alls are few techniques that have been proposed so
far for this purpose [1-6]. Among these, concréted steel columns have a widespread application
in building and civil engineering structures in @sevhere severe earthquakes are expected to occur
because of the enhanced axial strength and dydilsuch members due to the confinement provided
by steel plates. The effectiveness of confinememteg with the column slenderness, diameter to
thickness ratio, strength of steel and filled-imceete, the loading method, boundary conditiond, an
the interface condition between steel and intecoakrete [7-10]. An attempt is made in this stualy t
explore the possibility of increasing confinemegtdre-compressing filled-in concrete before it get
hardened. In addition, the new CFT member is desigio that axial load is applied only to concrete
segment. The pre-compressing is to be done usiagineular steel plates placed at each end of the
tube. The new pre-compressed concrete-filled arcsteel tube (PC-CFT) is intended to be placed
inside a hollow box or circular steel piers witlsecial loading device from which axial load from
superstructure transfers to the PC-CFT member wlaleral loads exerting on piers due to
earthquakes will be taken by the main pier. Thi grieatly enhance the ultimate strength and the
ductility of bridge piers when subject to earthgaiédads.

2.0 Test of Concrete-Filled steel Tubes (CFT)

Concrete infilling has become increasingly popimabuilding and bridge pier construction over
the past few decades. A large number of experirhanih analytical studies has been carried out to
investigate the behaviour of concrete-filled steddes. The attention has been paid in particular on
examining the strength enhancement, ductility irgproent, and energy absorption capacity because
these are the key factors considered in designinrgadhquake resistant structures [11, 12]. It has
been well known that the CFTs have excellent eagkg resisting characteristics. These
improvements are mainly due to the confinement amiceete from surrounding steel plates. The
mechanical behaviour of CFT columns when load appto: (a) the concrete section; (b) the steel
section; and (c) the entire section has been igastl extensively in a past study, and it has been

" Corresponding author

International Conference on Sustainable Built Envionment (ICSBE-2010)
Kandy, 13-14 December 2010



264

revealed that the axial deformation of columns witad applied only to the concrete section was
higher than the other two cases [8].

In this study, series of axial load tests of sl columns were carried out prior to the testing
of PC-CFT columns in order to check the effect mieiface condition and the time of concrete
compressingt{). The axial load was applied only to the concthteugh a loading cap. The concrete
is slightly compressed at the beginning so that dbefinement could be much effective and a
significant strength gain could be expected. Fas, tt
nine specimens in three sets (i.e., Set-1, Sed2Sat- ﬂ

3) were prepared. The details of the specimens Displacement

presented in Table 1 whetgis the thickness of tube Loading ca transducers
D is the outer diameter, andis the specimen height ng cap !
The steel was of grade SM490 having nominal yie //Concrete

strength of about 325 MPa. Since the actual yit Specimer—
strength usually differs from the nominal valuensiée
coupon tests were carried out to check the acield y
strength. These tests showed that the yield stneisgi
around 414 MPa, Young’s modulus is 208 GPa, ¢
Poisson’s ratio is around 0.29. The loadit
arrangement is shown in Fig. 1.

I Steel tube

Table 1Details of specimens (concrete-filled steel tube  Fig. 1Loading arrangement
and concrete cylinders)

Parameter Set-1 Set-2 Set-3
Al A2 A3 Bl B2 B3 C1 Cc2 C3
to, Mm 6.8 6.9 7.2 7.1 7.1 7.2 70 6.9 6.9

D, mm 165.9 165.9 165.9 165.9 166.0 165.6 165.8 0166.66.0

h, mm 450.0 450.0 450.0 450.0 450.0 450.0 450.0 045@50.0

Interface  Paraffin Paint Grease No No No - - -

t, min 90 90 90 90 180 270 90 180 270
# Tube removed after concrete compressing

Axial shortening was measured from displacememisttacers. The inner surface of steel tubes in
Set-1 was applied with paraffin, grease, and paimdt concrete was compressed 90 minutes after
pouring. In Set-2, no interface material was usad @ncrete was compressed after 90, 180, and 270
minutes respectively after pouring. In Set-3, spetis had the same dimensions as those of Set-1 and
Set-2 but outer steel tube was removed before etmgget fully hardened. The concrete was
compressed after 90, 180, and 270 minutes respéctifter pouring similar to those of Set-2.

The results of the specimens in these three setshawn in Fig. 2. As seen in Fig. 2(a), the paint
and grease have the same effect on the strengdtipabaffin causes comparatively low stiffness and
slightly high strength of concrete. There is no apparent effect from the time of concrete
compressing when tested with the outer tube as sedfig. 2(b). The strength of concrete in
specimens Set-2 and Set-3 was nearly twice thaetB.
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Fig.2 Axial stress versus axial displacement otspens

3.0 Test of Pre-Compressed Concrete-Filled steel TubéPC-CFT)

The proposed PC-CFT column is shown in Fig. 3. ddmecrete inside the PC-CFT is compressed
before getting it hardened, and the standard ostirtdsts were carried out simulating the same
condition of filled-in concrete. This means thag toncrete cylinders were prepared by compressing
the concrete after 90 minutes as same as the t¢erior@®C-CFT. Six cylinders were prepared and
tested after 14 days. The average compressivegstrevas found to be 49.1 MPa. The axial load
from the super-structure is directly applied to toncrete core through a loading cap. The inside
concrete is compressed from 60 to 90 minutes pétaring, using two steel plates placed at both ends
of the tube and a steel rod connecting these tategl After compressing, the plates are boltetig¢o t
steel rod. Thus, the steel rod is in tension &
concrete is in compression. The interface betwe
steel and concrete is made as much frictionless | pading ca
possible by applying paraffin, grease or paint. T p\‘ ﬂ
air voids inside the concrete wiped out durir
compressing the concrete. The concrete should
compressed thoroughly so that the fully harder
concrete should have effective confinement from f Steel ro
surrounding steel plates. Some stress will be selbe
when concrete get hardened due to shrinkage.

Nine specimens as described above wi
prepared in this study to estimate the axial stien
of the PC-CFT columns. They were divided in
three sets each having three specimens. Each sel Steel tube—»
tested 14, 21, and 28 days respectively afterraast
The average strength of each set was found to
78.4, 82.6, and 88.5 MPa, respectively. The resuns ) )
implied that the PC-CFT columns have much higher Fig. 3 PC-CFT specimen
strength than the normal CFT columns.

External load

Bolts

Concrete

<«— Bottom end
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4.0 Use of proposed PC-CFT

The proposed PC-CFT is intended to be used in astiewstural system where PC-CFT is placed
inside a hollow box- or circular-shaped steel calumh highway bridge pier. The structural system is
designed so that only axial load from superstractuansfers to the PC-CFT while main pier is
reserved to take lateral loads exerted due to gkr@aceleration. This could be done using a special
loading device.

5.0 Conclusions

Conventional concrete-filled steel tubes are wabwn for their high axial strength and ductility
performance. Concrete confinement has been idedt#s a key factor that affects the performance of
CFT members. Pre-compressing of in-filled concretes found to be very effective in further
improving the confinement. Based on the test resitlthas been found that the condition of steel-
concrete interface has moderate effect on the atifihess of the CFT members. And, the axial
strength of pre-compressed CFT was found to hamehigh strength level such as 88.8 MPa.
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