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Abstract

This study seports the experimental results on the
behaviors and modes of failure of the circular
concrete specimens preconfined with steel jackets. A
total of 30 specimens were tested in this study. The
dimensions of the specimens were 150 mm in
diameters and 300 mm in height. The main variables
were the ultimate compressive strength of concrete,
the thickness of steel jacket and the preconfining
pressure. From the tests, it was found that the
compressive strength and ductility of the tubed
concrete  specimens are increased  significantly
compared to the reference concrete specimens,
depending on the variables used in this study. The
tubed concrete specimens have a linear -elastic
behavior up to the ultimate compressive strength of
the reference specimens or 50-70% of their first
maximum compressive load. Then, the behavior of
the specimens is nonlinear in the form of elastic-
perfectly-plastic and strain softening with very large
deformation before failure.

1. Introduction

A composite column is defined as a compression
member which may either be a concrete encased steel
column or a concrete filled steel tube (CFT) column.
It is well known that the CFT has the following
advantages over the conventional reinforced concrete
column: (1) higher strength-to-weight ratio and higher
rigidity, (2) higher ductility and toughness for
resisting a reversal loads, and (3) saving in matenal
and construction time {1].

In recent years, a new type of the composite
column, called tubed column, has been increasingly
used in the construction of buildings [2-4]. The term
“tubed column” refers to the function of the tube as
primarily transverse reinforcement for reinforced
concrete (RC) columns and the composite action
between the steel tube and concrete is expected only
in the transverse direction. Thus, compared with the
conventional CFT column, the tubed column is
practically subjected to axially compressive load on
the concrete core due to the connection between the
beams and the tubed column.

In the past few years, a few studies have been
carried out on the tubed columns. Tomit et al. [2]
mvestigated the tubed RC column concept as a

method to prevent shear failure and to improve the
ductility of short columns in RC frame structures. The
stee] tubes are used to transversely confine concrete
and designed primarily as transverse reinforcement.
The longitudinal main reinforcements are still needed
for resisting the flexural stresses. The tbed RC
column must be properly detailed the tube to
minimize the direct transfer of the axial stresses mnto
the tube. This can be done by building gaps between
the tube and the beam or floor or footing at the ends
of the column Seangatith and Thumrongvut {5,6]
reported the structural behaviors and modes of failure
of square tubed concrete columns. A total of 33
specimens were tested under concentrically axial load
applied directly to the concrete core. It was found that
the tubed concrete columns have ductile-like
behavior. They were failed in progressive mode of
failure, which can be considered as localized failure,
with a high axial ductility, compared to the reference
columns. With the increasing of the ultimate
compressive strength of the concrete and the wall
thickness of the steel tube, the axial compressive
strength of the columns increases. However, the ELT.
1008-38(4314) specification for composite "column
was inadequate to predict the strength of the tubed
concrete columns. Also, no full confinement was
developed in the tubed concrete columns used m these
studies. The efficiency of the columns did not reach
its hughest point.

To enhance the efficiency of the tubed concrete
columns, it was proposed that the column should have
a circular cross-section and the concrete should be
subjected to a preconfined pressure, applied to the
column by a mechanical device. Thus, the aims of this
experimental study are to report the behaviors and
modes of failure of the circular concrete steel tubed
specimens preconfined with steel jackets and to
compare the compressive strength between the
reference concrete specimens and concrete steel tube
specimens with different preconfining pressure.

2. Test specimens and Test setup

In this study, a total of 30 specimens were tested.
They were classified into 3 groups: Group 1: the
reference concrete columns (no jacket), as shown in
the Figure 1. Group 2: the concrete specimens with
the steel jackets without the preconfining pressure,
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Group 3: the concrete specimens with steel jackets
with preconfining pressure as shown in Figure 2. The
main variables used in this study were the ultimate
compressive strength of concrete (18, 25 MPa). the
thickness of steel jacket (0. 3.2, 4.5 mm) and the
confining pressurc (0, 0.05 7 MPa). All of the

specimens have the diameters of 150 mm and the
height of 300 mm.

In this study, all circular steel jackets were cold-
formed carbon stecl. Three coupons were randomly
cut from cach type of the stecl tubes and were tested
according to ASTM ES8. The concrete used was the
commercially ready-mixed concrete  produced by
Concrete Products and Aggregate Co., Ltd. (CPAC)
and was designed for at 28 days of approximately 18,
and 23 MPa. Concrete was placed in three layers. and
each layer was compacted by a vibrator. The averaged
compressive strengths of cach type of concrete were
tested according to ASTM C39. The specimen
numbers were identify in the form of A-B-C-D, where
“A” represent to the type of specimens, “B” represent
to the ultimate compressive strength of concrete, *C™
refer to thickness of steel jackets, “D” refer to the
confining pressure. For example, the specimen

number SC-25-4.5-0.05 £/ is the tubed concrete
specimen. having /: =25 MPa, t-3.2 mm and the
preconfining pressure = 0.05 /7. The preconfined
concrete specimens were built by confining the

concrete and the steel jacket with a mechanical device
as shown in Figure 2 to the given lateral pressure.

Then, each parts of the sieel jacket were welded
together by a skilled welder. A summary of the
specimens is presented in Table 1.

Figure 2. Concrete specimens in group 2 and 3

Group Specimen No. B:t L:B Confining P, Concrete Steel
ratio  ratio pressure Al A 7 A 7,
(MPa) (%) __(mm’) (MPa) (mm’) (MPa)
1 C18-0-0 - 17671  20.1 - -
C25-0-0 - 17671 28.6 - -

2 SC-18-32-0.00 /1 46.9 2.0 - 8.02 17671 201 15401 3121
8C-25-32-0.00 /7  46.9 2.0 - 8.02 17671 20.1 1540.1 3121
SC-18-45-0.00 7 333 2.0 - 11.00 17671 286 21842 3216
SC-25-45-0.00 /7 333 20 - 11.00 17671 286 21842 321.6

3 SC-18-32-0.05f, 469 2.0 0.9 802 17671 201  1540.1 3121
SC-25-32-0.05 f.  46.9 2.0 1.25 8.02 17671 20.1 1540.1 3121
SC-18-45-0.05 7 333 2.0 0.9 11.00 17671 286 21842 3216
5C-25-45-0.05 ) 333 20 1.25 11.00 17671 286 21842 3216

Figure 3 shows the picture of the test setup.
Specimens were placed in a 2000 kN SHIMADZU
Universal Testing Machine. The axial compressive
load was applied pass the top and bottom steel bearing
plates directly to the concrete core of the tubed
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concrete column. The steel bearing plates have the
dimension of 140 mm in diameters and 50 mm in
thickness. Two linear variable differential transducers
(LVDTs) were used to monitor overall axial
shortening of the concrete core and to ensure that a
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uniform compression was imposed on the test
specimens.

Figure 3. A picture of the test setup.

Before the beginning of each test, a preload of
approximately 25% of the predicted axial
compressive capacity of the specimens was applied to
settle down the concrete core in order to reduce the
friction between the steel bearing plates ad the
concrete core and to balance the uneven bed surfaces
before subjecting to the applied loads. Then. the

specimen was unloaded to about 5 kN fo seat it to the
testing position. Finally, the specimens were loaded at
a very slow rate such that the local lateral pultrusion
of the steel tube wall could be carefully observed. A
data acquisition system, as shown in the Figure 4, was
used to collect the axial load and axial shortening of
the concrete core. In addition, the local tube wall
pultrusion, the axial compressive capacity and the
modes of failure taken by the specimens were
recorded.

eom
Figure 4. Data Acquisition System (DAQ)

Table 2. Comparison of ultinale stress and their ultimate sirain of the specimens and their behaviors.

Group Specimen No. 7. = fid &, g,/ Nonlinear behaviors of
(MPa) {MPa) }':, s, A Specimen
1. C-18-0-0 20.1 - - 0.0023 - Concrete crushing
C-25-0-0 28.6 = = 0.0022 = Concrete crushing
2. SC~18~32~0.00]: 20.1 70.1 3.48 0.0250 10.87 Strain softening
$C-25-32-0.00 f; 28.6 78.0 2.73 0.0230 10.45 Strain softening
SC-1845-0.00 f; 20.1 91.1 4.53 0.0390 16.95 Elastic-perfectly plastic
S$C-25-45-0.00 f_: 28.6 102.4 3.58 0.0250 11.36 Strain softening
3. SC-18-32-0.05 f; 20.1 78.1 3.88 0.0200 8.70 Strain softening
5C-25-32-0.05 /:_ 28.6 85.6 3.00 0.0190 8.63 Strain softening
SC-18-45-0.05 f; 20.1 99.6 4.95 0.0180 7.82 Strain softening
$C-25-45-0.05 f 28.6 110.4 3.86 0.0220 10.00 Strain softening

3. Result
3.1 Specimen Behaviors

In this paper, the maximum axial shortening was
limited to 20 mm without a complete failure, or
equivalent to the compressive strain of 0.070
mm/mm, which is about 20 times larger than the
strain at the ultimate compressive strength of the
concrete (L‘“‘ ). Also, the *“axial compressive

capacity” of the specimens is defined as the maximum

axial load occurred within 8 mm of the axial
shortening, which is about 10 times larger than the
strain at €, ,.

Figure 5 and 6 show the stress-strain diagrams
obtained from the tests for the specimens, having
= 18 and 25 MPa respectively. It was observed that
the initial slope of the specimen group 2 (confined
specimen without preconfining pressure) are similar
to that of the reference concrete specimens. At this
stage, the Poisson’s ratio in concrete specimen is less
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than that of the steel jacket so that the confining effect
can not be developed between the concrete core and
steel jacket. The linear behavior of the specimens has
been observed up to approximately 50% of their axial
compressive capacity. After that, the behavior of the
specimen group 2 is slowly becoming nonlinear. The
concrete core has more lateral expansion, causing the
wnteraction between concrete core and steel jacket
with strain softening nonlinear behavior, excepting

the specimen SC-18-45-0.00 f7 . However, at the

initial stage of group 3 (confined specimen with
preconfining pressure), the specimens have been

Stress (MPa)

20

0 SC18-45-0 007
/"——

80 //7 SC18-32-0.007%,

&
4
2 f\ C1800

[ +
0000 0010 0020 0030 0040 0050 0060 0070
Strain (mm/mm)

a). Specimen without preconfining pressure

Figure 5. Stress-Strain diagram ( /), ~ 18 MPa,

Stress (MPa)
120

. ST W

mo; ;W%«‘m

0000 0010 0020  DO00 0040 0058 0060 0070
Strain (mmsmm)

a). Specimen without preconfining pressure

Figure 6. Stress-Strain diagram ( f = 25 MPa,

3.2 Modes of failure

Figure 7 to 9 show the failure modes of the
specimens used in this study. The failure mode of
reference specimen group 1 is similar to a typical
fatlure mode of concrete in the form of shear failure
with about 50° shear plane as shown in Figure 7

The failure mode of the specimen group 2 and 3
are similar. At failure, the steel tubes had a significant
outward local protrusion of the steel tube walls in the
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confined by the preconfining pressure and the steel
jacket gives the restraining effect to the concrete core.
Hence, the initial slope of the specimen group 3 is
larger than that of the specimen group 1 and 2. In
addition, the linear behavior has been observed up to
approximately 60-70% of their axial compressive
capacity, which is higher than that of the specimen
group 1 and 2. After that, the behavior of the
specimen group 3 is slowly becoming nonlinear with
strain softening, similar to those of the specimen
group 2.

Stress (MPe)
120
SC18.45.0.05%
100 i
5C18:32.0 037,
80
S v
60 }
40
2015 ci800
o

0.000 0.010 8.020 0.00 0640 0050 0.060 0.070
Strain (mm/mm)

b). Specimen with preconfining pressure at 0.05 f.
t = 3.2 and 4.5 mm thickness of steel jacket)

Stress (MPz)

120 325250 2567 1

FCIN I,

0.000 0010 0020 0.030 2040 0090 G060 (X k]
Steain (muimny

b). Specimen with preconfining pressure at 0.05 £

t=3.2 and 4.5 mm thickness of steel jacket)

area near the mid-height as shown in Figure 8 and 9.
This indicates that the concrete core in this location
was restrained or contained by the steel jacket, in tum
providing a larger axial deformability to the concrete
core, compared to the reference concrete.

In this study, the specimens tend to exhibit the
strain-softening behavior. This is because the steel
tube section, at failure, has insufficient stiffness to
prevent the local protrusion of the wall of the steel




228

N. Namvijitr et al. / TISD2010, Thailand, 4-6 March 2010

jacket due to the lateral expansion of the concrete
core. It should be also observed that the ultimate
compressive strength of concrete and the preconfining
pressure, uscd in this study, have a neghgible effect
on the nonlinear behavior of the specimens.

Figure 9. Failure mode of specimen group 3

3.3 Axial Compressive Capacity "and the
Corresponding Axial Shortening

Table 2 shows the comparisons of the obtained
axial compressive capacity and the corresponding
strain of the specimens group 1 to 3. Compared to the
confined specimens with steel jacket, the axial
compressive capacity and the corresponding axial
shortening of the reference concrcte specimens arc
significantly less than those of the contined
specimens. This indicates that the steel jacket can
increase not only the axial compressive capacity of
the reference concrete specimens but the axial
deformability or ductility as well.

Considering the axial compressive capacity of
the specimen group 2 and group 3 with the same
thickness of steel jacket and the same preconfining
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pressure, it was found that the axial compressive
capacity of the lower ultimate strength of concrete are
less than that of the specimen with higher ultimate
strength of concrete. In addition, it was tound that the
axial compressive capacity and the corresponding
axial shorlening of the contined specimens with
preconfining pressure are higher than that of the
reference  concrete  specimen  and  the  confined
specimen without preconfining pressure.

Finally, the precontining pressure has negligible
etfect on the nonlinear behavior of the specimens.
However, the thicker the steel jacket and the larger the
preconfining pressure increase the axial compressive
capacity of the specimens in the range of 2.73 to 4.53
for the specimen group 2 and 3.00 to 4.95 for the
specimen group 3, comparing to the reference
concrete  specimens, respectively.  Similarly,  the
corresponding axial shortening of the specimens were
increased in the range of 10.45 to 16.95 for the
specimen group 2 and 7.82 to 10.00 for the specimen
group 3. Therefore, it may be primarily concluded
that the concept of strengthening the concrete core
with the steel jacket and the preconfining pressure can
improve the axial capacity and ductility of the
CONCIeiC Core.

4. Conclusions

Based upon the results of this study, the
following conclusions can be drawn:

I. The confined concrete specimens with
preconfining pressure have a lincar clastic behavior
up to the ullimate compressive strength of reference
specimen  or  approximately  50-70% of  their
compressive strength. Then, the behavior of the
specimens is gradually becoming nonlinear with
strain  softening behavior and a larger axial
deformation before failure. - o

2. The precontining pressure has negligible
effect on the nonlincar behavior of the specimen.
However, the thicker the steel jacket and the larger the
preconfining pressure produce a significant increase
in the axial compressive capacity and ductility of the
conerete core.
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Notation
The following symbols are used in this paper

A‘ = concrete cross-section area
A, = gross area of specimen

A = steel jacket cross-section area

B = diameter of concrete specimen
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= modulus of elasticity of concrete

= modulus of elasticity of steel jacket

= yielding stress of steel jacket

= ultimate compressive strength of concrete

= maximum compressive strength of concrete

(With steel jacket and confining pressure)
= length of specimen
= thickness of steel jacket
= ultimate strain of concrete
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ABSTRACT: This paper presents the expenmental results on the compressive strength of the square concrete specimens
preconfined with stee! jackets. The concrete specimens were preconfined with the steel jackets on the sides of the specimens in order
to produce the pre-confining pressure. Consequently, the axially compressive loads were applied directly to the concrete core. From
the tests, it was found that the maximum compressive strength of the specimens was increased significantly up to 50-70% of their
maximum load capacity. Then, the specimens have reached in the nonlinear state with a very large deformation before failure. The
axial and lateral displacements of the columns were increased rapidly. The confined jackets were inflated until the failure of the
columns. In addition, it was observed that the compressive strength and ductility of the preconfined concrete specimens are increased
significantly compared to the reference concrete specimens, depending on the ultimate compressive strength of the concrete, the wall

thickness of the steel jacket and the preconfining forces.

KEYWORDS: Axial compression, Concrete, Steel jacket, Preconfinement
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M0 6 Stress-Strain diagram ( f;_ = 18 MPa. r=3.2mm, 4.5 mm and 6.0 mm thickness of steel jacket)
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Abstract

This paper presents the experimental results on
the compressive behaviors and modes” of failure of
circular concrete specimens preconfined with steel
jackets. A total of 90 specimens were tested in this
study. The specimen’s dimension were 150 mm in
diameters and 300 mm in height. There are 3 main
variables i.e. the ultimate compressive strength of
concrete, the thickness of steel jacket and the
preconfining pressure considered in this study. From
the study, it was found that the ultimate compressive
strength and ductility of the Tubed concrete
specimens are increased significantly compared to
the control specimens, depending on the ultimate
compressive strength of the concrete, the wall
thickness of the steel jacket and the preconfining

pressure. Also, the Tubed concrete specimens have
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a linear elastic behavior up to 50-70% of their
maximum compressive strength. Then, the behavior
of the concrete specimen is nonlinear with a very
large deformation before failure. The nonlinear
behaviors can be classified into 3 types: strain
hardening, elastic-perfectly plastic and strain
softening. For the resuit, it was found that thickness
of steel jacket was 4.5 mm and the preconfining
pressure  was 0.05 fc; were optimum  for
development of Tubed column.

Keywords: Axial compression, concrete specimen,

preconfinement, tubed column, steel jacket
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1 C18-0-0 - - - 17671 19.9 204 - -
C25-0-0 - - - 17671 26.7 24.2 - -
C32-00 - - - 17671 31.9 27.5 - -

2 CS18-32-0 46.9 - 8.02 17671 19.9 20.4 1540.1 3121 201.5
CS§25-32-0 46.9 P 8.02 17671 267 242 165401 3121 2015
€S832-32-0 46.9 P 8.02 17671 319 27.5 15401 3121 201.5
€S18-45-0 333 E 11.00 17671 19.9 204 2184.2 321.6 205.0
€52545-0 33.3 N 11.00 17671 267 24.2 2184.2 3216 205.0
€S83245-0 333 ° 11.00 17671 319 27.5 21842 3216 205.0
CS518-60-0 25.0 - 14.26 17671 199 204 29405 326.1 197.5
C825-60-0 25.0 > 14.26 176711 267 242 28405 326.1 1975
C832-60-0 25.0 5 14.28 17671 319 27.5 29405 326.1 197.5

3 €$18-32-0.05 46.9 0.90 8.02 17671 19.9 20.4 1540.1 312.1 201.5

€S525-32-0.05 46.9 125 8.02 17671 26.7 242 1540.1 3121 2015
€8532-32-0.05 46.9 1.60 B8.02 17671 319 27.5 1540.1 3121 201.5
£S18-45-0.05 333 0.90 11.00 17671 199 20.4 2184.2 32186 205.0
CS525-45-0.05 333 1.256 11.00 17671 26.7 242 2184.2 3216 205.0
C83245-0.05 333 1.60 11.00 17671 319 275 21842 3218 205.0
CS18-60-0.05 25.0 0.90 14.26 17671 189 204 28405 326.1 197.5
CS525-60-0.05 250 1.25 14.26 17671 26.7 242 2940.5 326.1 197.5
€S32-60-0.05 25.0 1.60 14.26 17671 39 278 29405 326.1 197.5
4 £S18-32-0.08 46.9 1.44 8.02 17671 199 204 1540.1 3121 2015
£825-32-0.08 46.9 2.00 8.02 17671 26.7 242 1540.1 3121 2015
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CS532-60-0.08 25.0 2.56 14.26 17671 KER:] 275 2940.5 326.1 197.5
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1 Cc18-00 19.9 - 0.22 - - arushing
C25-0-0 267 - 0.21 - - crushing

C32-00 s - 0.21 - . crushing

2 €518-32-0 58.4 293 0.44 200 215 wuuil 3
©52532-0 69.2 260 0.45 214 254 wuudt 3
C532:32-0 822 258 0.48 229 279 wyui 3
CS1845-0 74.0 372 0.51 232 226 wuud 2
C52545-0 86.1 322 0.49 233 %5 wund 3
CS3245-0 96.7 303 0.51 243 289 Wit 3
C$18-60-0 903 454 0.56 255 23.8 wuuit 1
C525-60-0 100.9 378 054 257 275 wuud 1
C532-60-0 108.7 341 053 252 297 w1
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C525-45-0.05 9.8 360 053 252 279 w3
CS532-45-0.05 104.8 329 053 252 304 vt 3
CS$18-60-0.05 97.1 488 0.58 264 248 wuudt 1
©525-60-0.05 104.5 3.81 0.53 252 293 vy 1
CS32-60-0.05 115.6 362 0.54 257 313 wunit 1
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ABSTRACT

This paper presents experimental results of square concrete specimens preconfined with steel
jackets. The objective of this research work is to study effects of preconfining pressure on
compressive behaviors, modes of failure and compressive strength of the square concrete
specimens. The main variables used in this study were the ultimate compressive strengths of
the concrete, which are 18, 25 and 32 MPa, and the wall thicknesses of the steel jacket,
which are 3.2, 4.5, and 6.0 mm. in this study, the specimens were preconfined with the steel

jackets on the sides of the specimens in order o preduce the preconfining pressure to the
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concrete core. They were divided into 3 groups including: concrete specimens for reference,
steel-encased concrete specimens without preconfining pressure and steel-encased concrete
specimens with preccnfining pressure of 0.1 j:o. A toal of 63 specimens were tested. The
dimensicns of the square concrete specimens were 150 mm wide and 300 mm long. It was
found that the concrete specimens have a linear elastic behavior up to the ultimate
compressive strength of the reference concrete or about 60-80% of their first maximum
compressive load. Then, the behavior of the concrete specimens is nenlinear. The nonlinear
behavicr of the concrete specimens can te classified info 2 types: elastic-perfecily plastic and
strain-scftening. Finally, the concrete specimens were failed in progressive mode of failure

with a high axial dudtility, compared to the reference concrete.

Ghzi'\ﬁ‘xy: Square concrete specimens; Pre-confined pressure; Steel jacket; Compressive load
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Stress, (MPa)
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(1) Concrete specimens with steel jacket at f;o = 25 MPa
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1 CR18-0-0 15.50 - 023 - - crushing
CR25-0-0 21.79 - 028 - - crushing
CR320-0 26.47 - 023 - - crushing
2 SR18-3.20 35.50 229 0.38 1.38 247 $8
SR25-3.2:0 39.90 1.83 0.42 1.52 26.40 88
SR32-3.29 44.72 1.69 0.34 148 28.73 88
SR184.5-0 40.48 2.6% 043 +.53 25.81 88
SR25-4.5.0 48.59 228 045 .67 27.09 ss
SR324.5-0 53.33 204 037 1.6 26.70 ss
SR18-8.0-0 43.74 2.82 0.41 1.58 2623 EPP
SR25.6.00 568.74 2.70 0.55 1.99 2021 EPP
SR32-6.0-0 63.72 241 0.41 1.80 30.92 EPP
3 SR18:3.2-01 £ 39.84 2.57 037 1.44 25.07 ss
SR26:32:01 f 4449 2.04 037 1.33 27.74 s8
SR32:3.2-0.1 fJ,, 4914 1.66 0.42 1.82 31.81 $s
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