
AN EXPERIMENTAL STUDY ON MECHANICAL
BEHAVIOR OF NON BASE PLATE-OMITTED-TYPE

SQUARE CFT COLUMN BASEWITH
BUILT-IN REINFORCEMENTS

In this study, the authors propose a new exposed-type column base which is a non base-plate square CFT
column base with built-in high strength reinforcements (square CFTR column base). The base plate and
anchor bolts are omitted in this CFTR column base, but the high strength reinforcements are inserted from
the CFT column to the RC foundation. A total of three specimens was fabricated. The parameter for the
study is the axial force ratio (0, 0.25, 0.50). The specimens were tested under the horizontal cyclic lateral load
while subjected to a constant axial load. The mechanical behaviors of the column bases are investigated.
The test results indicate that the non base-plate CFTR column bases have excellent seismic performances
and are applicable in the practical structural design.
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1.  INTRODUCTION

  The authors have carried out a series of studies on
the connection of the concrete filled steel tube (CFT)
with built-in reinforcements. In the series of studies,
the mechanical behaviors of the column bases and
column joints have been investigated. 1), 2), 3)

    This study, which is one part of the series of studies,
focuses on the mechanical behaviors of the column
bases. With regard to the usual exposed-type CFT
column bases, the full penetration welding is necessary
between the columns and the base plates. On the other
hand, by inserting the reinforcements into the usual
exposed-type CFT column bases, the welding work

can be reduced, or in some cases, no weld is needed
because of the omission of the base plates and the
anchor bolts. In reference 4, the authors investigated
the mechanical behaviors of the non base-plate circular
CFT column bases with built-in reinforcements
(circular CFTR column bases), and it was proved that
the non base-plate circular CFTR column bases had
excellent mechanical behaviors. However, when the
CFT column type changes from circular to square
sections, some mechanical conditions (especially the
confinement between the steel tube and infill concrete)
are different. Hence, it is necessary to investigate the
behaviors of the non base-plate square CFT column
base with built-in reinforcements (square CFTR column
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Table 1  Summary of test specimens

Fig.1   Details of  the specimens
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base).
    In this study, the experiment on the non base-plate
square CFTR column bases was carried out. A total
of three specimens was fabricated and tested. Based
on the experiment, the mechanical behaviors of the
non base-plate square CFTR column bases are
investigated, and a strength evaluation method is
proposed.

2.  SPECIMENS

   Table 1 shows the summary of the test specimens.
Figs.1(a) to (d) show the details of the specimens. As
shown in Table 1 and Fig.1, the high strength
reinforcements (USD685) were inserted through the
CFT column to the foundation. The anchorage length
of the built-in reinforcements into the CFT column was
40D (D is the diameter of the reinforcing bars), which
was thought as the enough length to avoid the slip of
the built-in reinforcements. The square steel tubes had

the dimensions of 300mm×300mm×6mm. Two rib
bands were welded inside of the steel tube near the
foundation. The rib bands were expected to be the
mechanical shear keys between the steel tubes and
infill concrete. A 10mm clearance was located between
the steel tube and the foundation, so that the stress
was ensured not to transfer from the steel tube to the
foundation directly. In this way, the axial stress in the
steel tube was firstly transferred to the infill concrete
by the rib bands, then transferred from the concrete
to the built-in reinforcements by the bond, and finally
transferred to the foundation. A total of three
specimens was tested under the reversed cyclic
horizontal load while subjected to the constant axial
load.  The parameter for the test was the axial force
ratio (n=N/Nu=0, 0.25, 0.50, where N is the axial load
and Nu is the critical axial strength as defined in Eq.(1).

Dim.(mm) B/t Quantity Grade Column Foundation
S50-16H-0 0

S50-16H-0.25 0.25
S50-16H-0.50 0.50

USD685 64 69

Specimen Steel Tube
(BCR295)

Built-in Reinforcements Axial Force
 Ratio

Concrete Strength(N/mm2)

square
300×6 50 16-D19
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Table 2  Steel material properties

Steel Material Grade
Young's  Modulus

(×103  N/mm2)
Yield Strength

(N/mm2)
Tensile Strength

(N/mm2)
Yield Strain

(%)
Elongation

(%)
Steel Tube BCR295 207 386 464 0.19 34.5

Reinforcements USD685 197 694 893 0.36 10.3

Fig.2  Test setup Fig.3  Loading  program

7
50

10
2
5

1
75

5000kN Testing Machine

Load Cell 1000kN Jack

Sp
ec

im
en

Pin

Pin

PC Steel Bar

Reaction 
  Frame

1
20
0

Steel Block

Beam

Roller

H
ei

gh
t L

N

   +Q
   (Plus side)

               -Q
(Minus side)

-4

-2

0

2

4

6

0 2 4 6 8 10 12 14

R
 (%

)

Cycle Numbers

2.5%
2.0%

1.5%
1.0%

3.0%

5.0%

0.5%

As        :   Cross sectional area of the steel tube
σ y     :   Yield stress of the steel tube
Ac         :   Cross sectional area of infill concrete

c σ B   :   Maximum stress of the concrete
    The average of the maximum stress of concrete

c σB (cylinder strength) is shown in Table 1, and the
steel material properties is shown in Table 2.

3.  TEST  PROCEDURE

   Test setup is shown in Fig.2. The reversed cyclic
horizontal load Q  was applied by a 1000kN capacity
hydraulic jack and the constant axial load N was
maintained by a 5000kN capacity universal testing
machine. As shown in Fig.3, the horizontal load was
applied, so that the joint translation angle R (R=u/L,
where u denotes the horizontal displacements and L
is the distance from the surface of the foundation to
the horizontal loading point) was taken from ±0.5%
to ±3.0%, with two cycles in each amplitude of the
R. After these loading procedures, the horizontal load
was increased until 5.0% of the R monotonically.
   The longitudinal strain gauges were used in the
several places of the reinforcements and the steel
tubes. The longitudinal and horizontal relative

displacements between the bottom of steel tube and
the the foundation were also measured by the
displacement transducers.

4.  TEST RESULTS  AND INVESTIGATIONS

(1) Bending moment M and  rotation angle θ
relationship
      Figs.4(a) to (c) show the relationships between
the bending moment  of the column base M and rotation
angle θ. The symbol ● shows the maximum bending
moment of the column base and ▽ shows the yielding
of the reinforcements.
     With respect to the S50-16H-0 and S50-16H-0.25
as shown in Figs. 4(a) and (b), respectively, no strength
deterioration is observed. As for the specimen No.3
[(Fig.4(c)], which axial force ratio n=0.5, the strength
deteriorates after =0.02 radian. It may be caused by
the local deformation of column tube accompanied with
infill concrete crashes. The fracture mode is discussed
later. Anyway it is proved that the non-base-plate
CFTR specimens may have stable behaviors within
the practical deformation range.

(2) Fracture mode
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    The crack of concrete in the 10mm clearance part
at the bottom of the column was caused by bending
moments in the early loading steps. Finally, the crush
was observed in the concrete as shown in Fig.5(a).
As shown in Fig.5(b), the local buckling occurred in
the steel tube of the specimen S50-16H-0.50 (n = 0.5)
when  the R reached around 3.0%. Two reasons of
the local buckling may be considered for the specimen
S50-16H-0.50. The first one is the B/t ratio of the steel
tube is 50, which means the wall thickness of the steel
tube is not large. The second one is the high axial
force applied to the specimen S50-16H-0.50. In order
to avoid the local buckling, one possible method is to
add the hoop reinforcements inside the CFT column.
In reference 4, the authors used the spiral hoops inside
the circular CFT column. The D/t ratio of the circular
steel tube was 97.5, and the high axial force ratio
(n=0.45)  was adopted for one of the specimens.
However, no local buckling occurred at the circular
CFTR specimens. Hence, in the occasion of the square

CFT column, the hoop reinforcements may be
effective in avoiding the local buckling. However, since
some mechanical conditions are different for the square
type and the circular type, it is necessary to further
inves tigate the method of adding the hoop
reinforcements into the square CFT column.

(3)  S train characterist ics of the built -in
reinforcements
    Fig.6 shows the numbering of the gauges installed
in the built-in reinforcements at the base portion.
Figs.7, 8, 9 show the relationships between the strains
in the reinforcements at the base portion and joint
translation angle R. A strain in tension is defined as
positive. The average strain is adopted for the first
row strain. The solid horizontal lines in the figures
indicate the yield strain levels in tension and
compression of the reinforcements. As shown in Fig.7,
with regard to the specimen S50-16H-0 with axial force
ratio of 0, it is found that the strains in the
reinforcements of the first row and the second row

Fig.5 Fracture modes

(a) Crush of the concrete (b) Local buckling

Fig.6  Numbering of the gauges
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Fig.10 Share conditions of the bending moments (R=0.5%)

Fig.7  Strain characteristics (Spceimen S50-16H-0)
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Fig.8  Strain characteristics (Spceimen S50-16H-0.25)
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Fig.9  Strain characteristics (Spceimen S50-16H-0.50)
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reach the tensile yield strain level, but any of the strains
in the reinforcements do not reach the compressive
yield strain level. Fig.8 shows the results of the
specimen S50-16H-0.25 with axial force ratio of 0.25, it
is confirmed that the strains in the first row
reinforcements reach the yield strain levels in tension
and compression. The strains at the second nor third
rows do not exceed the yield strain level. Fig.9 shows
the results of the specimen S50-16H-0.50 with axial force
ratio of 0.50. Any of the strains do not exceed the
tensile yield strain level, but exceed the compressive
yield strain level. Also, as for the third row strains, it is
observed that the compressive strains are cumulated
with the cyclic loading process.

(4) Stress transfer mechanism
    According to the longitudinal strains in the steel tubes
and reinforcements, the bending moments shared by
the steel tubes, reinforcements and concrete are
calculated when the joint translation angle R is 0.5%.
The stress of the steel tubes and reinforcements are
calculated by multiplying the longitudinal strains by the
measured elastic modulus of the steel tube and
reinforcements. The Bernoulli-Euler’s hypothesis is
adopted in the calculation. The concrete contributions
are calculated by subtracting the bending moments of
the steel tubes and reinforcements from the total
applied bending moments.
    Figs.10(a) to (c) show the share conditions of the
bending moments when the joint translation angle R is
0.5%. In Fig.10, the height 0mm represents the surface
of the concrete foundation (base portion) and the
height 1300mm represents the height of the loading
point. The horizontal solid lines show the locations of
the rib bands. From the height 200mm to 0mm, the
bending moments shared by the steel tubes decrease
gradually. This indicates that the stresses in the steel
tubes are transferred to the concrete inside the steel
tubes gradually by the rib bands. It is proved that the
built-in reinforcements and the rib bands are well
effective in the stress transfer from steel tube to
concrete. Also, it is confirmed that the bending moment
shared by the concrete increase, as the axial force
ratio increases.

(5) Ultimate bending strength
a) Calculating method
① CFT column shaft
    The ultimate bending strengths of the CFT column
shafts are calculated. According to the reference 5,
the CFT cross section (without built-in reinforcements)
is considered as under the conditions of full plastic as
shown in Fig.11.
② Column base
    The ultimate bending strengths of the column bases
are calculated according to the Fig.12 and Eq.(2). In
the calculation, the cross section of column base
section is considered as the RC cross section which
consists of the concrete and the built-in reinforcements,
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as shown in Fig.12. The RC cross section is taken as
the quadrangle with the width of WRC. The cross
section is considered as under the full plastic condition.
The infilled concrete strength is estimated by
considering the reduction factor of 0.85.

b)  Results
    Fig. 13 shows the comparison between the
experimental strength and calculated M-N interaction
curve in ultimate state. Any experimental strength
exceeds the M-N interaction curve of the non-base-
plate CFTR column base. However, the room of safety
is small when the axial force ratio n is high. This is
remained problem to be investigated.

5.  CONCLUSIONS

    An experimental study was carried out on the non
base-plate square CFTR column bases. The following
conclusions can be drawn from this study:
1. The hysteretic loops of M- θ relationships were

stable and the bending moment M does not degrade
within 0.02 radian of the amplitude of the θ .

2. According to the distribution in the longitudinal
direction of the bending moment components shared
by the steel tubes, infill concrete and built-in
r einforcements ,  i t  is  confirmed tha t  the
reinforcements and rib plates play a leading role in
the stress transfer and the stress can be transferred

σ
yi :   Yield stress of the reinforcements

 Sri  :  Distances between the center of the reinforcements

          and the centroidal axis

 Ari  :   Cross sectional area of the reinforcements

σb :  Concrete strength considering the confining effect

 xn    :  Distance between the edge of the RC cross section

          and the neutral axis, which is calculated in

          accordance with the axial force ratio

WRC :  Width of the RC section

Where,

r Mu :  Bending moment shared by the reinforcements

c Mu :  Bending moment shared by the concrete

0.5 ( )
r u c u

yi ri ri b n RC RC n
i

M M M
A S x W W x

 

           (2)

from the steel tube to the RC foundation in a
convincing way.

3. The method for calculating the ultimate bending
strength of the column bases is proposed.

    From above, the square CFTR column bases
proposed in this study are proved to have excellent
seismic performances and are applicable in the
practical structural design.
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