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Abstract A double-skinned composite tubular col-
umn with a corrugated internal tube (DSCT-CT) was
suggested to reduce the thickness of the inner tube
while maintaining the required buckling strength. The
DSCT-CT was studied to evaluate its behavior under
lateral loading, and its lateral behavior was compared
with that of a DSCT column with a flat internal tube
(DSCT-FT). Quasi-static tests were performed by
applying cyclic lateral loadings to the two different
DSCT columns. Their test results were compared to
each other and to those of a solid RC column from
other research. The test results showed that the DSCT-
CT column had larger ductility than the DSCT-FT
column, with an equivalent damping ratio. However,
the DSCT-CT column showed a smaller bending
moment resistance and energy-absorbing capacity
than the DSCT-FT column. Overall, the test results
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showed that the performances of the DSCT columns
were superior to that of the solid RC column in terms
of strength, yield energy, ultimate energy, and energy-
absorbing capacity. As a result of their superior
moment capacities, the DSCT columns absorbed
about 50 % more energy than the solid RC column.
However, the DSCT columns showed lower energy
ductility factors than the solid RC column because of
their high yield energies.
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List of symbols

0.75Vmax 75 % of the maximum load

0.8Vmax 80 % of the maximum load

D Outside diameter of confined concrete or
inside diameter of outer tube

D; Diameter of hollow section or inside
diameter of confined concrete

D, Outside diameter of the outer tube

E Modulus of elasticity

ey Balanced eccentricity

fit Stress acting on the inner tube

fity Yield strength of the inner tube

Jox Buckling strength of the inner tube

Siim Smaller value between yield strength and
buckling strength of inner steel tube

Joty Yield strength of the outer tube

1 Moment of inertia
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M, Nominal moment without axial load

M, Nominal moment under balanced
condition

feq Equivalent thickness of the corrugated
tube

t; Thickness of the inner tube

to Thickness of the outer tube

Required minimal thickness of the inner
tube to prevent its premature yielding

Wwe Height of the wave

w Length of one-half of a wave

Wy Arc-length of one-half of a wave

Py Nominal axial strength without
eccentricity

P, Nominal axial strength under balanced
condition

Ppscr Axial strength of a DSCT column

Psum Sum of individual axial strengths of the
component members of a DSCT column

\Y Poisson’s ratio

1 Introduction

Concrete filled tubular (CFT) members have been
used in many architectural structures because of their
superior performances. However, unlike RC members,
they are not commonly used as bridge piers because a
typical bridge pier has a large cross-sectional diam-
eter. If it were possible to reduce the cross section and
self-weight of a CFT column with no loss in capacity,
it could conveniently be used as a bridge pier. Based
on this concept, a double-skinned composite tubular
(DSCT) column was introduced as shown in Fig. 1 [1].
One steel tube is place inside another, and the space
between them is filled with concrete. Since its
introduction, numerous researchers have studied the
enhanced axial strength of a DSCT column, and the
results of many experiments have shown that the axial
strength of a DSCT column (Ppscr) is higher than the
sum of the individual axial strengths (Psynm) of the
component members (the two steel tubes and the
concrete between them). Wei et al. [2, 3] showed that
the strength of a DSCT member was 10-30 % higher
than the sum of the axial strengths of its individual
components: the concrete, inner tube, and outer tube.
They proposed an empirical formula for the axial
strength of a DSCT member. Other researchers have

studied the axial strength and ductility of a DSCT
column with a square [4] or circular [5] cross section.
Recently, Han et al. [6] proposed a nonlinear concrete
model for a DSCT column that considered the
confining effect by using the unified concrete model
suggested by Mander et al. [7]. They argued that the
confining effect significantly affected the strength of a
DSCT column and that this confining effect generated
the strength difference between Ppgct and Py seen
in the previous studies [2, 3]. Meanwhile, most studies
have focused on the axial strength of a DSCT column.
Recently, the bending strength of a DSCT column has
been studied. Han et al. [8, 9] studied the behavior of
DSCT beam-columns under cyclic bending using an
experimental method and an analytical method. In
their study, DSCT column specimens with circular and
square cross sections were tested under cyclic bend-
ing. But their diameters were very small (114 and
120 mm) [8]. The test results showed that DSCT
columns with circular sections dissipate more energy
than DSCT columns with square sections [8]. They
proposed an analytical model to predict the behavior
of a DSCT column based on other analytical and
experimental researches [9]. They showed the behav-
iors of the moment versus the curvature response and
the lateral load versus the lateral displacement.
Another study by Han et al. [10] proposed a DSCT
column model that considered the confining effect and
material nonlinearity. They also proposed a DSCT
column with a corrugated internal tube and showed its
performance as a beam-column. Moreover, they
analytically showed that a DSCT column with a
corrugated internal tube (DSCT-CT) has a larger
ductility factor than a DSCT column with a flat
internal tube (DSCT-FT).

Recently, ocean renewable energies, which are
offshore wind power, current power, and tidal current
power, have attracted much attention. Therefore, some
ocean energy sites have been surveyed [11-13] and
several ocean energy power plants such as the
Uldolmok tidal current power plant [14] and Shiwha
tidal power plant have been built and are being
operated in Korea. In addition, because of the superior
axial strength and bending resistance capacity of
DSCT columns, many engineers are attempting to
apply them to various structures such as an offshore
wind power tower, the substructures of a tidal current
power plant, and the piers for a light-weight railway
bridge. Therefore, more research on the various types
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of DSCT columns is required to widen the scope of
their application.

In this study, a DSCT column with a corrugated
internal tube was proposed, and its lateral behavior
was investigated using an experimental method. Two
DSCT columns were tested to evaluate their perfor-
mances under cyclic lateral loading. Quasi-static tests
were carried out. The test results were compared to
each other and to those for a solid RC column [15].

2 Experiment

Han et al. [6] defined three failure modes for a DSCT
column by considering the failure conditions of the
inner and outer tubes. They suggested Eq. (1) to
determine the failure mode of a DSCT column, with
consideration given to the stress conditions. The first
failure mode is defined as the inner tube failing by
buckling or yielding before the outer tube yields. The
reverse condition is the second failure mode. In the
second mode, the inner tube does not yield and is not
buckled before the outer tube yields. In the third
failure mode, the inner and outer tubes fail simulta-
neously. In the first failure mode, the concrete of the
DSCT column is in a triaxially confined state before
the inner tube fails. After the inner tube fails, it is
assumed to exert no more confining pressure. In the
second failure mode, the concrete is completely
confined before the DSCT column fails by the yielding
or buckling of the outer tube. In the third failure mode,
the concrete is also completely confined before the
DSCT column fails, but a sudden collapse occurs.
Therefore, it is supposed that the optimum perfor-
mance of a DSCT column will be achieved when the
inner tube does not fail before the outer tube yields.
The yielding failure criterion of the inner tube
determines the limit confining pressure on the concrete

by the inner tube. The buckling failure of the inner
tube results in a loss of confining pressure.

fit > fiim = smaller (fity, fbk) : Failure Mode 1 (1a)
fit <fim = smaller (fyy, fix) : Failure Mode 2 (1b)
fit <fiim = smaller (fyy, fix) : Failure Mode 2 (1c)

It is important to design a DSCT column to have
failure mode 2, and this can be controlled by the
thickness of the inner tube. Han et al. [6] derived Egs.
(2) and (3) to calculate the minimum required
thicknesses of the inner tube to prevent its yielding
and buckling, respectively, before the outer tube
yields. For an inner tube with corrugations, as shown
in Fig. 2, they suggested Eq. (9) to estimate its
minimum required thickness to prevent buckling
failure. A corrugated plate can be analyzed by
replacing the thickness of the plate with an equivalent
thickness [16]. The flexural rigidity values of a plate
for each direction of the x- and y-axes are respectively
given by Egs. (4) and (5) when the corrugation is
described as a sine function. The arc-length of one-
half of a wave (w,) and the moment of inertia (/) can be
approximately calculated by Eqgs. (6) and (7), respec-
tively, using the height of a wave (wy) [16]. By letting
teq be the equivalent thickness of a flat tube with a
buckling strength equal to that of the corrugated tube,
Eq. (8) is given and Eq. (9) is derived.

Difory
ty = t 2
y D 'ﬁty o ( )
6 Difyylo
tok = )/ ——=— 3
bk 227 D-E (3)
W E- t13
g 12(1 —v2) )
Dy = EI (5)
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Fig. 2 Corrugated sheet
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Based on the theoretical failure modes of a DSCT
column [6], two DSCT column specimens were
fabricated for experiments. One DSCT column had a
flat inner steel tube (DSCT-FT), and the other had a
corrugated inner steel tube (DSCT-CT). The two
tested columns had equal heights, inner and outer
diameters, and outer steel tube thicknesses, but had
different thicknesses for their inner steel tubes. The
heights from the top of the footing to the top of the
column and to the center of the loading face were
2,650 and 2,250 mm, respectively. The height of the
footing was 1,000 mm. Quasi-static tests were carried
out. The test results for the two different DSCT
columns were compared with each other. Because RC
columns are most popular for civil structures, the test
results were also compared with those of a solid RC
column [15], which had equal height to the DSCT
column specimens and was tested by same loading
history of them. All of the compared columns had
equal heights and concrete strengths, and the confined
concrete diameters were almost equal.

2.1 Column specimen

The DSCT column specimen was designed to have a
confined concrete diameter of 558.8 mm and a hollow
section diameter of 406.4 mm. The confined concrete
diameter of the DSCT column was determined to be
close to that of the referencing solid RC column
(594 mm). Figure 3 shows the cross-sectional dimen-
sions of the DSCT columns and the solid RC column
for comparison [15]. Two different steel tubes were
used for the DSCT column specimens, which were a
flat inner steel tube for the DSCT-FT column and a
corrugated inner steel tube for the DSCT-CT column.
Their material properties are provided in Table 1. The
outer tube was made of an SM400 steel plate (ultimate
strength = 400 MPa [17]) and was fabricated using
rolling and welding work in a factory. The thickness of
the outer steel tube was determined by Eq. (10), which
was based on the Design Specification for Concrete
Structures of Korea [18]. This equation is a guide for
the steel tube of a CFT column, and it provides the
required minimum thickness for the outer tube to
avoid local buckling failure by axial loading. The
minimum thickness of the outer tube was calculated to
be 8.95 mm using Eq. (10), and the design thickness
was determined to be 10 mm, which was the smallest
thickness for a factory product satisfying Eq. (10).

fory

8E

An electrically welded steel tube pile (ERW, KSF
4602 [17]) was used as the flat inner steel tube because
it had the most appropriate diameter from among
available factory-products for the planned hollow
ratio, which was about 0.7. Its outer diameter and
thickness were 406.4 and 9 mm, respectively. Its

to > (Do + 1o) (10)
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Fig. 3 Cross-sectional
dimensions of designed
columns: a DSCT column
and b solid RC column
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Table 1 Material properties

D19 Rebar

D13 Rebar

Confined Concrete

. Cover Concrete

Outer Tube
(t, =10 mm)
594‘1 mm
700 mm
(b)

Component Yield strength Ultimate strength Modulus of Ultimate
(MPa)* (MPa)* elasticity (MPa)** strain**
Flat inner steel tube 378.2 588.6 206,010 0.16
Corrugated inner steel tube 206.0 274.1 206,010 0.16
Outer steel tube 250.0 400.0 206,010 0.16

* Provided from manufacturer’s material test. ** Manufacturer’s recommendation

required minimum thicknesses to prevent yielding and
buckling were 5.54 and 3.02 mm, respectively. There-
fore, the DSCT-FT column specimen was expected to
have failure mode 2, which was the case where the
outer steel tube would fail before the inner steel tube.
A corrugated inner steel tube with a diameter equal to
that of the flat inner steel tube was selected for the
DSCT-CT column specimen. Its outer diameter was
406.4 mm. Its thickness (#), height of the wave (wy),
and length of one half of a wave (w;) were 2, 6.5, and
34 mm, respectively. Its required minimum thick-
nesses to prevent yielding and buckling were 8.47 and
0.13 mm, respectively. Because its yield strength was
lower than that of the flat inner steel tube, its required
minimum thickness to prevent yielding was found to
be much larger than that of the flat tube. However, its
required minimum thickness to prevent buckling was
found to be smaller than that of the flat inner steel tube.
Because the corrugated inner steel tube had a smaller
thickness than its required minimum thickness
(8.74 mm), the DSCT-CT column specimen was
expected to have failure mode 1, which was the case
where the inner steel tube would fail before the outer
steel tube.

From 28-day tests of three cylindrical molds, the
compressive strength of the concrete was found to be
21.72 MPa by averaging the measured strengths of
21.66, 21.23, and 22.28 MPa. To join the inner tube
and concrete, eight shear connectors were welded
around the outer surface of the inner steel tube in the
circumferential direction, with a spacing of 200 mm
between sets of connectors in the longitudinal direc-
tion, as shown in Fig. 4. The designed shear connector
had a cross-shaped section to play the roles of a shear
connector for the composition and a stiffener to
prevent the local buckling of the inner tube. It was
designed to have an equal cross-sectional area and
height to those of a general shear connector currently
being used in Korea [18]. The spacing was determined
to resist the expected shear force based on the analysis
result. The cross-shaped shear connector was designed
to have sufficient length as a stiffener to prevent the
local buckling of the inner steel tube. After the test, the
specimens were dismantled and its buckling preven-
tion was observed. Figure 5 shows the column spec-
imens under construction. The bottom side of the inner
steel tube was welded onto a steel plate, and the outer
steel tube was set concentrically around the inner steel
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Fig. 4 Shear connectors on inner tubes

tube using spacers. The flat inner steel tube had shear
connectors, while the corrugated inner steel tube did
not.

2.2 Experimental program

Quasi-static tests were performed using the test setup
illustrated in Fig. 6. A cyclic load was applied via a
2,000-kN hydraulic actuator in a displacement-control
manner using the planned drift ratios, which were

-

increased by 0.5 % at a time, as shown in Fig. 7. The
test was performed until the column specimen lost its
stiffness by the rupture of its outer tube. Therefore, the
DSCT-CT column specimen was loaded until its outer
tube tore horizontally at its plastic hinge as shown in
Fig. 8. The DSCT-FT column specimen was observed
to lose its stiffness by its increasing displacement
although is lateral force decreased. Therefore, DSCT-
FT column specimen was loaded until the actuator
reached its stroke limit. The loading speed was 5 min
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Fig. 6 Test setup
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per loading cycle. Using three linear variable differ-
ential transducers (LVDTSs), the deflections of the
column were monitored at heights of 500, 1,300, and
2,250 mm from the top of the footing. At a height of
2,250 mm, which was the loading point, two addi-
tional wire gauges were installed to monitor the
column specimen and prevent it from twisting. To
prevent the footing from sliding, four screw jacks were
installed on the front and rear sides of the footing, as

shown in Fig. 6. Two LVDTs were also installed to
monitor the sliding of the footing. A data logger
recorded and stored the test data for each displacement
increment at a frequency of one reading per 5 s.
Before the test, the axial force-bending moment
interaction was analyzed for the DSCT column
specimens with consideration given to the confining
effect by CoWiTA [19], which is a nonlinear analysis
tool with the consideration of the confining effect of

=
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Fig. 7 Loading history

concrete and material nonlinearities based on the
research results by Han et al. [6, 10, 15, 20, 21]. From
the analysis, the peak axial strengths for the DSCT-FT
and DSCT-CT columns were expected to be 15.677

and 6.840 MN, respectively. Based on the analysis
results, axial loads of 1,567 and 684 kN, which
represented 10 % of the maximum axial strengths,
were applied to the DSCT-FT and DSCT-CT columns,
respectively. The predicted axial strengths and bend-
ing moment resistances are summarized in Table 2.

3 Test results and discussion

In the loading stages, it was observed that the bottom
part of the outer steel tube, which was the compression
zone of the DSCT column, became inflated, as shown
in Fig. 8. By the cyclic loading, the compressed zone
alternated with the tensile zone. This alternation
gradually tore the outer steel tube of the DSCT-CT
column specimen, and it eventually terminated the

DSCT-FT . DSCT-CT
A
Inflation of L g8
A Outer Tube : g
] ] 0
T

Fig. 8 Inflated and torn outer tube

PIEM

oscr.cr|
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Table 2 Expected axial strength and bending moment
Specimen Py (kN) M, (kKN-m) Py, (kKN) My, (KN-m) e, (mm)
DSCT-FT 15,677.24 1,805.79 2,623.67 1,887.99 719.60
DSCT-CT 6,840.24 1,058.90 399.76 1,063.32 2,659.92
Drift Ratio (%) 200
T e e R 2 ;4 s ¢ 800 = S =
800 WWW 00 L
600 7 / &b
400 é‘
— g s00
Z 200 %/ =2 /
= S 400 D S NN S SURSS =
g 0 / P
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Displacement (mm) (a) bscr-Fr
(a) oscT-FT 500
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Fig. 9 Hysteresis loops

test. This termination occurred at a drift ratio of 7 %
by the rupture of the outer steel tube, as shown in
Fig. 8. Pulverized concrete was observed through the
torn and open outer steel tube. Unlike the DSCT-CT
column specimen, the test of the DSCT-FT column
specimen was manually terminated at a drift ratio of

Fig. 10 Strength contribution of component [10]

8 % before its rupture, because of the insufficient
stroke of the actuator. Therefore, no tear in the outer
steel tube was observed in this test.

The load—displacement hysteresis loops of the
DSCT-FT and DSCT-CT column specimens were
acquired from the test results, as shown in Fig. 9. The
maximum applied loads on the DSCT-FT column and
DSCT-CT column were 801.10 and 523.63 kN,
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Fig. 11 Envelope curves

respectively. Therefore, their maximum bending
moments were 1,822.72 kN-m (DSCT-FT) and
1,178.17 kN-m (DSCT-CT). As shown in Fig. 9, they
show significant differences in terms of stiffness and
maximum load by their different failure modes. Before
the test, the DSCT-FT and DSCT-CT columns were
expected to have the failure mode 2 and 1, respec-
tively. Figure 10 shows strength contribution of each
component in DSCT columns and little contribution of
the inner tube in the DSCT-CT column by its
premature failure. As shown in Table 2, the predicted
balanced moments were 1,887.99 and 1,063,32 kN-m
for DSCT-FT and DSCT-CT columns, respectively.
The ultimate displacements for the DSCT-FT and
DSCT-CT columns were 180.38 and 119.00 mm,
respectively. The yield displacements and ultimate
displacements from the experimental results were
calculated using the method suggested by Park [22].
He defined the yield displacement and ultimate
displacement as the displacements corresponding to
75 and 80 % of the maximum load (0.75V,,., and
0.8Vax), respectively. If the final load is larger than
0.8 Vax, the final displacement is taken as the ultimate
displacement.

In Fig. 11, the lateral load-lateral displacement
envelope curves of the DSCT column specimens are
plotted from the hysteresis loops. In addition, the
envelope curve of the solid RC column [15] is also
provided for comparison in Fig. 11. The maximum
loads, maximum moments, yield displacements,

ultimate displacements, yield energies, ultimate ener-
gies, displacement ductility factors, and energy duc-
tility factors of the DSCT columns and the solid RC
column are summarized in Table 3. As can be seen in
Table 3, the DSCT-FT and DSCT-CT columns
showed much higher bending strengths than the solid
RC column—by 171.7 and 77.6 %, respectively. The
DSCT-FT column showed the largest moment resist-
ing capacity (1,802.48 kN-m). The maximum bending
moment of the DSCT-CT column was 1,178.27 kN-m.
This result indicates that the inner corrugated steel
tube contributed little to the moment-resisting capac-
ity because of its small thickness and the accordion
effect of its corrugation. Therefore, the thin corrugated
inner steel tube contributed only to the confinement of
the concrete. However, the outer steel tube of the
DSCT-CT column contributed greatly to the moment-
resisting capacity. Therefore, the DSCT-CT column
showed a much higher strength than the solid RC.

Table 3 shows that the DSCT-FT column had the
largest yield and ultimate displacements. It had almost
double (196.2 %) the yield displacement of the solid
RC column, while its ultimate displacement was
almost equal (102.0 %) to that of the solid RC column.
The DSCT-CT column had a larger yield displacement
(123.1 %) but a smaller ultimate displacement
(67.3 %) than the solid RC column. For these reasons,
the displacement ductility factors of the DSCT-FT and
DSCT-CT columns were almost half that of the solid
RC column, although they had much higher bending
strengths than the solid RC column. The high yield
strength of the DSCT column resulted in a large yield
displacement, which could explain why the DSCT
column specimens had smaller ductility factors than
the solid RC column specimen. However, the dis-
placement ductility factors of the DSCT-FT and
DSCT-CT columns were 3.54 and 3.72, respectively.
These were much smaller than that of the solid RC
column (6.80).

The yield energies of the solid RC, DSCT-FT, and
DSCT-CT column specimens were calculated to be
4.11, 22.58, and 8.46 kN-m, respectively. The ulti-
mate energies were 47.10, 123.25, and 51.39 kN-m for
the solid RC, DSCT-FT, and DSCT-CT column
specimens, respectively. The energy ductility factors
for the column specimens showed the same trend as
the displacement ductility factors. However, they were
larger than the corresponding displacement ductility
factors. The energy ductility factors for the DSCT-FT
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Table 3 Maximum load and ductility factor
Column type Solid RC (Han et al. [1]) DSCT-FT DSCT-CT
Maximum load (kN) 294.83 100.0 % 801.10 271.7 % 523.63 177.6 %
Maximum moment (KN-m) 663.37 100.0 % 1802.48 271.7 % 1178.17 177.6 %
Ultimate displacement (mm) 176.78 100.0 % 180.38 102.0 % 119.00 67.3 %
Yield displacement (mm) 26.00 100.0 % 51.00 196.2 % 32.00 123.1 %
Ultimate energy (kN-m) 47.10 100.0 % 123.25 261.7 % 51.39 109.1 %
Yield energy (kN-m) 4.11 100.0 % 22.58 548.9 % 8.46 205.7 %
Displacement ductility factor 6.80 100.0 % 3.54 52.0 % 3.72 54.7 %
Energy ductility factor 11.45 100.0 % 5.46 47.7 % 6.07 53.0 %
Table 4 Calculated energy
Calculated energy (kN-m) Column Drift ratio (%)
type
P 05 1.0 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Input energy Solid RC 442 1258 2278 3281 5876 84.00 110.03 138.09 161.63 155.02
[1]
DSCT-FT 7.61 23.17 4328 65.87 11699 172.80 223.84 245.10 32325 367.33
DSCT-CT 5.89 19.23 3872 62.63 12441 18641 23493 243.02 205.30 -
Cumulative input energy Solid RC 442 17.00 39.77 7259 13135 21535 325.38 46347 625.10 780.12
[1]
DSCT-FT 7.61 30.77 74.05 139.92 25691 429.71 653.55 898.64 1221.89 1589.23
DSCT-CT 5.89 25.12 63.85 12648 250.88 437.30 67222 91524 1120.54
Absorbed energy per cycle Solid RC 156 470 11.06 19.00 43.01 67.00 91.89 118.89 14235 13835
[1]
DSCT-FT 2.12  7.61 1684 2848 61.37 98.15 13452 150.15 197.32 228.22
DSCT-CT 148 642 19.64 3983 97.17 158.01 212.09 22550 193.74 -
Cumulative absorbed Solid RC 1.56 626 1732 3632 7933 146.32 23821 357.10 49945 637.80
energy [1]
DSCT-FT 2.12 973 2657 55.05 11641 21456 349.08 499.23 696.55 924.78
DSCT-CT 148 7.89 27.54 6737 164.54 322.55 534.64 760.14 953.87 -
Elastic strain energy Solid RC 3.69 10.57 1837 2541 39.03 5273 6500 77.54 87.18 90.86
[1]
DSCT-FT 6.80 21.25 39.11 60.59 100.59 144.38 180.75 218.13 249.74 276.42
DSCT-CT 523 1693 30.69 43.69 70.38 86.58 97.32 94.21 77.58 -

and DSCT-CT columns were 5.46 and 6.07, respec-
tively. These were smaller than that of the solid RC
(11.45) column specimen. The acquired results
showed that the DSCT columns had lower energy
ductility values than the solid RC column, although
they had much higher strengths and ultimate energies.
This resulted from their larger yield displacements and
higher yield energies than those of the solid RC
column. It is supposed that if the thickness of the outer
tube decreases, the ductility factor of a DSCT column

will increase. However, this would make its strength
lower. If a DSCT column has a smaller diameter but a
bending strength equal to that of a solid RC column, its
ductility factor will increase, as argued by Han et al.
[6]. The energies at the drift ratios for the column
specimens are summarized in Table 4. This informa-
tion could be used to calculate the absorbed energies of
the column specimens, as shown in Fig. 12.

Figure 11 shows the energy-absorbing capacities of
the DSCT columns and the solid RC column from the



2866

Materials and Structures (2015) 48:2855-2867

1000

—0—Solid RC (Han et al. [1]) 954 /‘ 925

900 |-=-DSCT-FT

——DSCT-CT
800 760 {

700 / 697
600 /
/

500

400 /

300 // /! 4 /( 4

200 1/ /
e

100 //’(//(

Drift Ratio (%)

638

Energy Absorption (kN-m)

Fig. 12 Energy absorption

—O—Solid RC (Han et al. [1])

0.40 - DSTC-FT

—+DSTC-CT / 0381
0.35

0.397

S
Rt
«
(=4
2 030
.E /( 0.260
O~
g 0.
a 025 / 0 0242
5 o020
5 ]
'S 015
= 0.126 .
3 / . m—W0131
0.10 Za -
0.05 ;j‘é/l
0.00

0 1 2 3 4 5 6 7 8 9
Drift Ratio (%)

Fig. 13 Equivalent damping ratio

hysteresis loops. At the final drift ratio, the absorbed
energies were 638, 925, and 954 kN-m for the solid
RC, DSCT-FT, and DSCT-CT columns, respectively.
These results show that the DSCT column specimens
absorbed 45 % more energy than did the solid RC
column specimen. Figure 13 shows the equivalent
damping ratios for the tested specimens based on the
method suggested by Loh et al. [23]. At the final drift
ratio, the DSCT-CT column specimen showed a larger
equivalent damping ratio (0.397) than the solid RC
column specimen (0.242). However, the DSCT-FT
column specimen showed the smallest equivalent
damping ratio (0.131).

4 Conclusions

The following conclusions were drawn based on the
experimental results, and it was experimentally ver-
ified that a DSCT column has superior moment-
resisting capacity to a solid RC column.

1. The DSCT columns had superior bending
moment resistances to a solid RC column with
an equal outer diameter. The DSCT-FT and
DSCT-CT columns respectively showed bending
moment capacities of 271.7 and 177.6 % relative
to the solid RC column. The moment capacity of a
DSCT column could be enhanced by increasing
the thickness of its outer tube without enlarging
the outer diameter of the column.

2. The DSCT columns showed much smaller duc-
tility factors than the solid RC column. Their
displacement ductility factors were 52.0-54.7 %
compared to that of the solid RC column. In
addition, their energy ductility factors were
48.2-53.5 % compared to that of the solid RC
column. These resulted from their high yield
strength and small yield displacement, even
though they had superior moment-resisting
capacities.

3. Because of their superior moment-resisting
capacities, the DSCT columns absorbed much
more energy than did the solid RC column. At the
drift ratio of 7 %, the DSCT-CT column absorbed
almost double the energy (191 %) of the solid RC
column. At the drift ratio of 8 %, the DSCT-FT
column absorbed 45 % more energy than the solid
RC column.

4. The DSCT-FT column showed a smaller equiv-
alent damping ratio than the solid RC column, but
the DSCT-CT column showed a larger equivalent
damping ratio than the solid RC column.
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