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Abstract: Concrete Filled Double-Skinned
Double
Steel Tubular Columns CFDSST are composite columns
consisting of two concentric circular steel tubes with concrete filler in between. This research studies the
behavior of the CFDSST columns under axial compression load.An
load An experimental program included the
fabrication of scaled columns of (5) CFDSST specimens of an outer tube diameter of (114 mm), and
length of (600 mm). Three of them have three different thicknesses of outer steel tube and two with
different hollowness ratios subjected to axial compression load.
load Making use of its
ts ability to flow under its
self weight, Self Compacting Concrete (SCC) used as the filled concrete. The experimental test results
were presented in terms of load displacement curves and the axial and hoop strains at mid height of the
outer tubes. Effect of the outer steel tube thickness on the axial capacity was studied as well the effect of
Hollowness ratio was taken into account in this study. It was found that the axial load carrying capacity
increased as the thickness of the outer steel tube increased since the confinement pressure increased.
Keywords: CFDSST,, composite columns, Self compacting concrete, experimental,
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1. Introduction
A composite steel-concrete
concrete column can be defined as a compression member,
which may be either a concrete encased steel section or a concrete filled steel tubular
section. During
uring the past decades composite
omposite columns have been used for high-rise
high
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buildings as an alternative to ordinary reinforced concrete. Recently, compositecolumns
have been increasingly used throughout the world, which has been affected by the
development of high strength concrete enabling these columns to be considerably
economized.
Two types of steel concrete composite columns, those with steel section encased in
concrete and those with steel section in-filled with concrete are commonly used in
buildings. Basic forms of cross-sections representative of composite columns are
indicated in Fig. (1) Concrete-encased steel composite columns have become the
preferred form for many seismic-resistant structures. CFST (Concrete Filled Steel
Tubular) columns were used for earthquake-resistant structures, bridge piers subject to
impact loading from traffic, columns considered for supporting storage tanks, decks of
railways, columns in high-rise buildings and as piles. Concrete-filled steel tubes require
additional fire-resistant insulation if fire protection of the structure is necessary [1].

(a) Encased composite steel concrete columns

(b) In filled composite steel concrete columns
Figure (1), Types of concrete steel composite column, [1].

In the recent years, possibility of using self-compacting concrete (SCC) has been
received very favorably by structural engineers. SCC may be considered as a revolution
in the field of concrete technology. The self-compactability of concrete refers to the
capability of the concrete mix to flow under gravity and fill in the formwork in casting
process. Due to its rheological properties, many advantages can be mentioned and new
structural applications can be realized. Among them concrete filled tubes CFT or
concrete filled double skin tubular CFDSST columns.
Elchalakani, et. al [2] reported that CFDSST columns have almost all the same
advantages as traditional CFST members. Moreover, they have lighter weight, higher
bending stiffness, and have better cyclic performance. It is also expected that CFDSST
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columns will have higher fire resistance capacities than their CFST counterparts,
because the inner tubes of the former being protected effectively by the sandwiched
concrete under fire condition.

2. CFDSST Columns under Axial Compression
Axial force is the major force applied to columns in tall buildings. The benefit of
using concrete filled columns is to enhance the load carrying capacity of columns. Many
experiments were conducted on concrete filled columns subjected to axial loads. The
ultimate loads of short columns with stocky tubular sections are considerably larger
than the nominal axial load capacities. The reason for this increase in the ultimate load
is attributed to the strain hardening effect of steel tubes and confinement effect of
concrete [3].
Tomii [4], found that the measured axial load carrying capacities of concrete filled
steel tubes was greater than the nominal capacity, which was defined as the sum of the
compressive strength of the unconfined concrete and steel. This was related mainly to
triaxial containment of the concrete and the strain hardening of the steel.
Han et. al., [5], showed that, when the CFDSST column member is axially compressed,
the three components, inner tube, outer tube, and the concrete, are supposed to be
subjected to the same axial strain. The axial load sustained at this strain is the sum of
the forces acting on the three components.
=

+

+

(1)

where,
A =cross sectional area of concrete,
A =cross sectional area of inner steel tube,
A = cross-sectional areas of outer tube,
=axial stress of the inner steel tube,
= axial stresses of the outer tube.
The nominal strength CFDSST columns calculated from the sum of the strengths of
three components according to equation (1) was verified with that got from
experimental tested by Wei et al., [6]. It was found that due to the confinement effect of
outer and inner tubes, the sum of the strengths of three components agrees with the test
result, as shown in Fig. (2).
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Figure (2), Comparison between analysis and test result for the strength of CFSSDT columnmember,[5]

3. Experimental Works.
3.1 CFDSST Column Details
A set of CFDSST columns with both inner and outer tubes made of steel and have
circular shape have been prepared according to the experimental program to be tested,
Fig. (3), shows a schematic view of the CFDSST specimens.
Outer steel
tube

toto
ti

Do
Di

Sandwiched
Concrete

ti
L

Inner steel
tube

Di
Do
(a) Cross section

(b) Longitudinal section

Fig. (3) CFDSST columns details, (a) Cross section, (b) Longitudinal section
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3.2 Experimental Program.
The experimental program included preparation and testing of five CFDSST
specimens, the hollowness ratios (χ), and the thickness of the outer steel tube are the
parameters investigated throw out this study. Each column has been tested under axial
compression loading which marked as (DSM-Ti-Hi), where, T and H are the thickness
and hollowness ratio respectively. All specimens have the same length of (600 mm),
Table (1) include details of the experimental program and CFDSST specimens' details.
Table (1) Experimental program and CFDSST specimens' details
Column
D (mm)

t
(mm)

D
(mm)

t
(mm)

DSM-T1-H1

114.0

4.5

40

3.0

0.381

600

DSM-T1-H2

114.0

4.5

60

3.8

0.571

600

3.0

0.714

600

designation

L
(mm)

DSM-T1-H3

114.0

4.5

75

DSM-T2-H1

114.0

2.0

40

3.3

0.363

600

DSM-T3-H1

114.0

3.0

40

3.3

0.37

600

D : Diameter of outer steel tube,t : Thickness of outer steel tube, D : Diameter of
inner steel tube,t : Thickness of inner steel tube, L: length of steel tube,
Hollowness ratio =

=

:

.Ti: Thickness No. i (i=1(4.5), 2, 3), Hi: Hollowness

No. i (i =1(0.381),2(0.571),3(0.714))

4. Material properties
4.1. Steel Tubes
Regarding the properties of the steel tubes used as CFDSST specimens, samples were
taken from the original tubes of different thickness. These samples were tested to
examine the chemical and physical properties of the used steel tubes. DIN 50125 [7]
Standard was considered in sampling, getting coupons, and testing steel for getting the
tensile strength of steel. The yield stress and the modulus of elasticity are 375 MPa and
200000 MPa, respectively.
4.2 Properties of Filling Concrete
Self-compacting concrete is considered as the filler concrete to create the CFDSST
column specimens. The properties of the materials needed to have this kind of concrete
are:
4.2.1 Cement:
Ordinary Portland cement (Type-I) was used throughout the experimental program.
The chemical composition and physical properties of the cement used comply with the
requirements of the Iraqi Specification Standards [8] as shown in table (2) and table (3),
respectively.
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Table (2): Chemical composition and main compounds of the cement.
Chemical

%(weight)

Iraqi specification
No. 5/1984

CaO

60.54

-

Silica

SiO2

19.68

-

3

Alumina

Al2O3

5.5

-

4

Iron Oxide

Fe2O3

3.28

-

5

Magnesia

MgO

2.19

max. 5

6

Sulfate

SO3

1.8

max.2.8

7

Loss on ignition

L.O.I

3.72

max.4.0

8

Insoluble residue

I.R

0.54

max.1.5

9

Lime saturation factor

L.S.F

0.93

0.66-1.02

10

Tricalcium silicate

C3S

70.52

-

11

Dicalcium silicate

C2S

2.27

-

12

Tricalcium aluminates

C3A

9.03

-

13

Tricalcium alumina ferrite

C4AF

10.15

-

No.

Compound Composition

1

Lime

2

composition

Table (3) Physical properties of the cement.
Physical properties

Test
result

Limit of Iraqi specification
No.5/1984

Specific surface area (Blaine Method), m2/kg

352

230 (min)

Initial setting, hrs: min

1:44

00:45 (min)

Final setting, hrs: min

4:30

10:00 (max)

Compressive strength, MPa3 days

16.8

15.00 (min)

7 days

24.61

23.00 (min)

Autoclave expansion %

0.24

0.8 (max)

Setting time (Vicat method)

4.2.2 Fine aggregate:
Natural sand was used in concrete mixes for, the fine aggregate had rounded partial
shape and smooth texture with fineness modulus of (2.78).The obtained results indicate
that, the fine aggregate grading is within specification the Iraqi Specification
Standards[9] as shown in Table (4).
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Table (4) – Physical properties of fine aggregate
Physical properties

Test result

Limit of Iraqi specification
No.45/1984

Specific gravity

2.60

-

Sulfate content

0.11%

0.5% (max)

Absorption

0.75%

-

4.2.3 Coarse aggregate:
Crushed gravel brought from Al-Niba’ee region was used, which conforms to the
Iraqi Specification [9] as shown in Table (5)
Table (5) Physical properties of coarse aggregate
Physical properties

Test result

Limit of Iraqi specification
No.45/1984

Specific gravity

2.60

-

Sulfate content

0.0 6%

0.1% (max)

Absorption

0.75%

-

4.2.4 Water:
Ordinary tap water was used for both mixing and curing of all concrete specimens
used in this investigation. It was free from injurious substances like oil and organic
materials.
4.2.5 Limestone powder (LSP):
This material is locally named as “Al-Gubra”. It is a white grinding material from
lime-stones, and is usually used in the construction processes and as filler for concrete
production for many years. In the experimental program, a fine limestone powder, grind
by blowing technique has been used. Particle size of the limestone powder is less than
0.125 mm, it conforms to EFNARC [10]. The chemical composition of LSP is listed in
Table (6).
4.2.6 Superplasticizer:
A superplasticizer type sulphonted melamine and naphthalene formaldehyde
condensates, which are known commercially as Gleniume-51, was used in this work.
Glenium-51 is free from chlorides and complies with ASTM C 494 [11] types A and F.
This admixture provides flowable concrete with greatly reduced water demand.
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Table (6) Chemical composition and physical properties of LSP
Oxides

Content %

SiO2
Fe2O3
Al2O3
CaO
MgO
SO3
L.O.I

1.38
0.12
0.72
54.1
0.13
0.21
42.56

4.3Testing Setup
Axial compression loads were applied to CFDSST specimens according to the
experimental program. All specimens were tested in the vertical position; vertical level
was used to ensure verticality and to avoid any eccentricity. The vertical load was
applied at the top end of the CFDSST specimen using a self-supporting loading frame
through, where thick steel plates were put over and under the specimens to ensure
uniform loading distribution. Safety fence was added to the loading system to prevent
any accidental movement of specimens.
The testing program was performed through universal loading system which
applies the vertical load through a hydraulic jack of 2000 kN capacity. Loading was
controlled through the control box, where load was applied incrementally by subjecting
a constant displacement through each cycle of loading. Load in (kN) and displacement
in (mm) were automatically recorded by the system.
5. Experimental Program Results and Discussion
According to the experimental program the five CFDSST specimens were tested
under axial compression loading, these specimens named as DSM (Double Skin under
Monotonic Loading. These Specimens have the same outer diameter but with three
different thicknesses so as to investigate the effect of outer tube thickness on the
behavior of CFDSST, the hollowness ratio also changed through using three different
diameters of the inner tube. Table (7), presents a summary of the experimental program
results as well as Details of CFDSST specimens' characteristics and material properties
in addition to the ultimate strength of each specimen.
Table (7) Summary of experimental test results
f
(MPa)

f
(MPa)

N
(kN)
Test

N
(kN)

0.381

375

250

1188

927

1.28

40×3.0

0.363

375

295

632

647

0.97

114×3.0

40×3.0

0.37

375

295

838

763

1.09

DSM-T1-H2

114×4.5

60×3.8

0.571

375

375

1210

1030

1.17

DSM-T1-H3

114×4.5

75 ×3.3

0.714

375

375

1070

979

1.09

Column
designation

D ×t
(mm)

D ×t
(mm)

DSM-T1-H1

114×4.5

40×3.3

DSM-T2-H1

114×2.0

DSM-T3-H1
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6.1 CFDSST Modes of Failure.
A single cycle of axial compressions was considered as the monotonic loading
phase. In this types of loading, load was applied through 2000 kN hydraulic jack which
is part of the loading system. Load was applied incrementally by subjecting a constant
displacement
acement through each cycle of loading. Load in (kN) and displacement in (mm)
were automatically recorded by the system. Specimens were tested until failure, which
was considered
onsidered when displacement continued to increase
increase while load was decreasing.
Testing progress
ogress of the five specimens were captured using a fixed camera, pictures
were taken as the test ran at constant rate.
rate Fig. (4)) shows the testing progress pictures,
by examining these pictures, it can be seen that DSM-T1-H1
DSM
H1 failed with overall failure,
whereas DSM-T2-H1
H1 and DSM-T3-H1
DSM
H1 failed with local buckling at the ends and
overall buckling concentrated at the middle of the specimens, this was mainly affected
by the thickness of the outer steel tube and its yield strength.
Even the hollowness ratio changed
c
for specimens DSM-T1-H1,
H1, DSM-T1-H2
DSM
and
DSM-T1-H3,
H3, these tubes failed mainly by the overall buckling mode in addition to
slight bulging of the top and bottom ends which is more obvious in the last specimens ,
as for this specimen the quantity of filled
filled concrete is less than that in the other
specimens resulting in a stress concentration near the outer steel tube which made the
outer steel tube failing locally.
6.2 Effect of Outer Steel Tube Thickness on the Behavior of CFDSST Specimens
Axial load- axial
xial displacement relationships of these specimens
specimens are shown in Fig.
(5),
), in this figure the first specimen with outer tube thickness (t
( o = 4.5 mm) provided the
maximum axial strength of 1189 kN, the other two specimens showed lower axial
strength with 838 kN and 630 kN for DSM-T3-H1
DSM
and DSM-T2-H1,
H1, respectively.

a) CFDSST Specimen no. (1), labeled as (DSM-T1-H1)
(DSM

b) CFDSST Specimen no.
no (2), labeled as (DSM-T2-H1)
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c) CFDSST Specimen no. (3), labeled as (DSM-T3-H1)
(DSM

d) CFDSST Specimen no. (4), labeled as (DSM-T1-H2)
(DSM

e) CFDSST Specimen no. (5), labeled as (DSM-T1-H3)
(DSM
Figure (4)) Testing progress of CFDSST specimens under axial compression load.
1400
1200
Axial load (KN)

1000
800
600
-1DSM-TT
1H
-3DSM-TT
1H

400
200
0
0

1

2

3

4
5
6
7
Axial displacement (mm)

8

9

10

Figure (5) Axial load-axial displacement
isplacement of CFDSST columns under axial loading with thicknesses of outer
tube (T1= 4.5, T2=2.0, and T3=3.0) mm.
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Considering the normalization of the ultimate axial strength is important in
eliminating the effect of yield stress difference, where the selected steel tubes acting as
inner or outer tubes were from different sources, at the other hand coupon tests of these
tubes revealed different values of yield stress. Normalized axial ultimate strength (N )is
considered in studying the effect of (to), this factor is explained in Equation (2). The
variation of ultimate axial strength of the three specimens with the thickness of the outer
steel tube is shown in Fig. (9), which is plotted between the normalized axial strength
factor (Nz) and the outer steel thickness (to).
"# =

"$

(2)

"%

where,
N ∶Normalized axial strength Factor,
N ∶ Ultimate load capacity, Experimental
N ∶ Nominal axial strength, as in Equation (1)

Normalized Axial Strength Factor

1.4

1.3

1.2

1.1
1.5

2

2.5

3

3.5

4

4.5

5

Thickness of Outer Steel Tube (mm)
Figure (6) Variation of Normalized Axial strength factor (Nz ) with the thickness of Outer Steel tube (to)
for CFDSST specimens.

By checking Fig. (9), it can be seen that the variation of normalized axial strength
with thickness of outer steel tube is nonlinearly ascended, whereas an improvement in
CFDSST strength of about 6% when ( to) is increased from 3.0 mm to 4.5 mm.
Increasing the thickness of the outer steel tube means an increase in the cross sectional
areas, and then the axial strength of this tube increases in both cases of acting alone or
in composite action, this is proved making use of the axial strain gauges attached to the
mid span of the outer tube, as shown in Fig. (10).
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1400
1200

Axial load (kN)

1000
800
600
1-H1DSM-T
1-H2DSM-T
1-H3DSM-T

400
200
0
0

0.002

0.004

0.006

0.008

0.01

0.012

Axial strain
Figure (7)Axial Load-Axial mid span strain of CFDSST specimens, under axial compression with outer tube
thickness of (T1= 4.5, T2=2.0, and T3=3.0).

This parameter also affects the amount of confinement subjected to concrete in
between, Fig. (8) presents the relation between the hoop strain at mid span and the axial
load for the three considered thicknesses, DSM-T1-H1, with to=4.5, provided the
highest confinement expressed in terms of low hoop strain development with loading.
1400
1200

Axial load (kN)

1000
800
600
1-H1DSM-T
1-H2DSM-T
1-H3DSM-T

400
200
0
0

0.002

0.004

0.006
Hoop strain

0.008

0.01

0.012

Figure (8)Axial load-hoop mid span strain of CFDSST specimens under axial compression with outer tube
thickness of (T1= 4.5, T2=2.0, and T3=3.0).
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6.4 Effect of Hollowness Ratio on the Behavior of CFDSST Specimens
According to Tao et al.[15], hollowness ratio ( ) is an important parameter that
affects CFDSST columns behaviour. This ratio is defined as

=

(3)

where,
: hollowness ratio
D : diameter of inner steel tube,
D : diameter of outer steel tube
t : thickness of outer steel tube,
If hollowness ratio is equal to zero for a CFDSST column, the column is actually a
conventional concrete-filled steel tube (CFST). This parameter is included in the
experimental program to study its effect on the ultimate axial strength. threeCFDSST
specimens names as (DSM-T1-H1, DSM-T1-H2, and DSM-T1-H3) with the same outer
tube diameter and thickness, but with different hollowness ratios, the values of (χ) are
(0.381, 0.571 and 0.714), respectively. Fig. (9) shows the load-displacement curves for
the three hollowness ratios.
1400
1200

Axial load (KN)

1000
800
600
1-H1DSM-T

400

2-H1DSM-T
200

3-H1DSM-T

0
0

1

2

3

4

5

6

7

8

9

10

Axial displacement (mm)
Figure (9) Axial Load-Axial Displacement of CFDSST Specimens under axial loading with different
Hollowness ratios

Fig. (10), presents the normalized axial strength factor with the hollowness ratio. In
general the axial strength decreased with the increase of hollowness ratio, this
degradation in strength is almost linear when hollowness ratio changed from H1 to H3,
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where about 20% loss in strength occurred. Also it can be observed that the ultimate
load decreases as the hollowness ratio increase.

Normalized Axial Strength Factor

1.5
1.4
1.3
1.2
1.1
1
0.9
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Hollowness Ratio
Figure (10) Variation of Normalized Axial strength factor (Nz) with Hollowness ratio (χ) for CFDSST
specimens.

Hollowness ratio has an effect on the axial and hoop strains measured at mid span
of the outer steel tube, as shown in Figs. (11) and (12), respectively. For the three
specimens at the elastic range of loading, axial strain increased with the increase of
hollowness ratio, this is also true for the yield strain correspondent to that load when the
curve started to bend nonlinearly. Hoop strain-axial load relation for DSM-T1-H1 and
DSM-T1-H2 are approximately close. The difference in behavior is clear with the
specimen DSM-T1-H3, since the quantity of concrete in between tubes is less and
therefore the Axial capacity have been lesser.
1400
1200

Axial load (kN)

1000
800
600
1-H1DSM-T
2-H1DSM-T
3-H1DSM-T

400
200
0
0

0.002

0.004

0.006
Axial strain

0.008

0.01

0.012

Figure (11)Axial load-axial mid span strain of CFDSST columns under axial loading with different
Hollowness ratios,
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1400
1200

Axial load (kN)

1000
800
600
400

1-H1DSM-T
2-H1DSM-T
3-H1DSM-T

200
0
0

0.002

0.004

0.006

0.008

0.01

0.012

Hoop Strain
Figure (12) Axial load-hoop mid span strain of CFDSST columns under Monotonic Loading condition with
different Hollowness ratios,

7. Conclusions
The experimental program yields the following conclusions:
1. The collapse of the CFDSST columns is mainly due to the failure of the outer
steel tube, which is caused by the combined axial compression and concrete
expansion. The failure modes of outer steel tubes included the outward local
buckling, while no failure was found in the inner steel tube.
2. Cross-sectional area of the confined concrete by the outer and inner steel tubes
has the most significant effect on the ultimate axial load capacity and
corresponding axial shortening of CFDSST Columns.
3. There is a linear relationship between the outer steel tube thickness and the
ultimate axial capacity of CFDSST, where an improved of about 8% was
obtained when the thickness changed from 2 mm to 4.5 mm.
4. The axial strength decreased with the increase of hollowness ratio, this
degradation in strength is almost linear when hollowness ratio changed from
0.381 to 0.714, where about 20% loss in strength occurred
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