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In recent years, concrete-filled steel tube (CFST) has gained attention in the construction sectors due to its unique static and
earthquake resistant properties.)e steel-concrete composite member is formed by filling the concrete inside the hollow steel tube
of various shapes.)e experimental and numerical investigations were carried out for CFSTmembers filled with different types of
concrete of the same grade. )e types of concrete used for this study are conventional concrete, steel fiber-reinforced concrete,
geopolymer concrete, and expansive concrete, respectively. )e concretes were cast in the form of cubes followed by curing
underwater and self-curing conditions.)e specimens cured for 7 and 28 days of age were subjected to axial compressive strength
testing. )e effect of curing conditions on the strength of concrete was evaluated by comparing the obtained results. Self-curing,
the only possible way of curing infilled concrete in the case of CFST columns, was found to have no influence on the strength of
concrete, and the same curing method was adopted for the CFSTcolumns tested in this study. A total of 24 CFSTspecimens were
cast by different types of concrete infill, and their load carrying capacity under axial compression and their bond strength were
determined through experimental investigations.)e characteristic strengths measured for the CFSTcolumns with different types
of concrete infill were compared, and the results are presented.)e analytical investigations were carried out by using Eurocode-4
to predict the load-bearing capacity of CFST columns under axial compression. Finally, the load carrying capacities of CFST
columns under axial compression obtained through experimental and simulation studies were compared and the results
are presented.

1. Introduction

A structural member composed of two or more dissimilar
materials is known as composite members. Since structural
composites exhibit multiple properties, they have superior
properties to the individual elements. )e steel-concrete
composite member is one of the most widely used composite
members in the structural engineering industry [1]. )ough
concrete performs well under compression, they have rel-
atively low resistance towards tension forces. In contrast,
steel is very strong in tension and even used in smaller
quantities. )e combination of steel-concrete composite
members utilizes the concrete’s compressive strength and
steel’s resistance to tension thereby making it an efficient
candidate in the construction industry.

Concrete-filled steel tube (CFST) based composite
structures use the benefits of both hollow structural steel and
concrete core. )e composite action between the constituent
elements present in the CFSTcolumn enhances its structural
system behavior. Due to the high strength, high ductility,
and large energy absorption capacity, CFSTmembers retain
good resistance towards vibrations due to static and
earthquakes. During an axial compression load, concrete
inside the steel tube is confined and thereby improves the
load resistance and ductility of CFST members. CFST ma-
terials fail more favorably by a ductile fracture mechanism
due to the high shear capacity of concrete-filled steel tubular
members. Moreover, the steel tube serves as a permanent
framework for the well-distributed concrete reinforcements.
Since the approach is cost-effective, they substantially
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contribute to the speed of the erection work. )e inward
local buckling observed in bare steel hollow columns is
circumvented by employing concrete-filled steel tubes [2].
)is specific feature in CFST members offers high load-
bearing capacity than the bare steel hollow columns.

As CFST columns require only a small cross section to
withstand the load, they are valued as promising material by
civil engineers and architects. )e adequate confinement
imposed by steel to the infilled concrete delays the local
buckling of the steel tube in CFST columns. )is beneficial
feature makes concrete-filled steel tubes a suitable candidate
in various structural applications such as column supported
offshore platforms, buildings, columns of water tanks, bridge
piers, and piles in both seismic and wind prone zones. A
schematic diagram of a concrete-filled steel tube is shown in
Figure 1.

Prevalent theoretical study and laboratory trials have
revealed the mechanical properties of CFST columns, by
Han et al. [3–7], Guneyisi et al. [8], Abed et al. [9], and Tao
et al. [10–12] and formed a broad theoretical and speci-
fication system for CFST columns. )e structural per-
formance of a loaded CFSTsection can be explained through
concrete microcracking theories and the Poisson effects of
the constituent materials. Since the Poisson ratio of concrete
is smaller than steel, the separation between steel and
concrete occurs during the initial stages of the loading. If the
bond stress between the steel-concrete interface is sufficient
to restrict the separation, therefore, lateral stress is developed
in the outer surface of the concrete core. Since the effect of
bond stress is small, the impact of these interactions is
usually neglected. Hence, both steel and concrete in the
CFST columns are assumed to exhibit combined uniaxial
stress. )e ductility of the column decreases with the con-
crete infill (core concrete) strength and increases for higher
D/t ratio but for lower D/t ratio the converse is true. An
increase in theD/t ratio reduces the CFSTmember’s stiffness
and axial strength of the material. )is is due to the de-
creased confinement of the concrete in the steel tube [9].)e
circular CFST columns perform better than the square
section, and the square section has a stronger bearing ca-
pacity than the rectangular section. Due to the enhanced
confinement effect, the circular section columns outperform
the square and rectangular sections. )e load-bearing ca-
pacity of the CFST columns improves with the grade of the
concrete [10]. )e bond strength and compressive strength
of the CFST columns can be improved by the lower re-
placement using fly ash with cement. Achieving similar
beneficial effects through higher replacement with fly
ash requires a relatively long time [13]. Types of concrete
such geopolymer concrete, steel fiber-reinforced concrete,
expansive concrete, and self-compacting concrete are rec-
ognized as an environmentally friendly, better performing
alternative material to conventional concrete. Geopolymer
concrete is formed by reacting aluminate and silicate bearing
materials with a caustic activator. Usually, unutilized or
waste materials such as slag from iron and metal production
or fly ash are used, which helps lead to a cleaner environ-
ment. Geopolymer concrete-filled steel column exhibits
better strength compared to the conventional CFST

columns. When it is exposed to elevated temperatures, it has
lower strength loss than other columns [14]. Fiber rein-
forcement concrete is an amalgamated material entailing of
cement paste, mortar, or concrete with fibers made of glass,
plastic, carbon, asbestos, or steel. Such concrete may be
suitable where high tensile strength and reduced cracking
are looked for. Fibers when used in concrete are very use-
ful in the development of compressive, split tensile, and
flexural strengths of concrete [15]. Expansive concrete or
shrinkage-compensating concrete is a type of concrete in
which expansion if restrained induces compressive stresses
which approximately offset tensile stresses in the concrete
induced by drying. )e microexpansive concrete fill inside
the steel tube can not only compensate for the conventional
shrinkage but also produces the prestress in the core con-
crete [Cheng et al.].

In recent years, the studies on CFSTcolumns are focused
on high strength concrete, thin-walled steel tubes, the effect
of confinement, behavior of slender columns, and the in-
terface bond behavior.

)ough the recent works of literature emphasizing the
recent technological advancements of CFST columns are
available, an informational insight on the behavior of
concrete-filled steel tube having different types of concrete
infill is still lacking. Hence, in the current study, an attempt
has been made to understand the behavior of different types
of concrete-filled steel tube of the same grade through an
experimental and theoretical approach.

2. Materials and Methods

In this study, the mechanical characterization was per-
formed for different types of concrete infill in the steel tube
to gain insight into the material behavior under axial
loading. )e methodology, materials, and characterization
techniques used are outlined briefly below.

)e fabrication and casting of CFST members were
carried out by using four different types of concretes,
namely, (i) conventional concrete, (ii) steel fiber-reinforced
concrete, (iii) geopolymer concrete, and (iv) expansive
concrete. Initially, two sets of cube specimens were cast.
Followed by this, one set of cubes were water cured, and the
rest were subjected to self-curing by using Concure WB30
(Figure 2). In the case of geopolymer concrete cubes, an
ambient curing method was adopted. All the cured cube
specimens were tested for compressive strength at the age of
28 days. )e obtained results were used for the validation of
samples prepared by the self-curing method.

2.1. Mix Design. )e materials were tested and mix design
for the proportioning of ingredients of concrete was carried
out as per IS 10262:2009 [16]. )e mix proportion was done
in such a way that all types of concrete have almost the same
(with acceptable variation) compressive strength which
could be achieved after making several trial mixes and the
proportions for one meter cube of concrete are listed in
Table 1. )e conventional concrete of grade M-25 was used
as an ingredient with no mineral or chemical admixture. An
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OPC cement of grade 53 was used for this purpose. )e steel
fiber-reinforced concrete of M-25 grade was used with no
additives such as mineral or chemical admixture. )e ce-
ment used was OPC of grade 53. An optimal percentage
(0.75%) of steel fibers was added in steel fiber-reinforced
concrete. )e geopolymer concrete of M-25 grade was used.
)e fly ash and ground granulated blast furnace slag of ratio
50% were used in geopolymer concrete. Along with sodium
silicate, sodium hydroxide of 5M NaOH was used as an
alkali activator solution. )e expansive concrete of M-25
grade was used in this study. To avoid shrinkage and to
achieve a positive expansion in the concrete, a chemical
admixture (expansive agent) Fosroc Cebex 100 was used in
this study. )e dosage used was 0.45% by weight of cement.

For the determination of load carrying capacity under
axial compression and bond strength, the CFST columns of

dimensions 750mm× 75mm x 1.6mm (length x diameter x
thickness) and 500mm× 88mm x 4mm were used, re-
spectively. For bond strength testing, an air gap of 50mm
was provided at the bottom of the CFST specimens to fa-
cilitate the slip of the concrete core. )e cast and self-cured
CFST columns are shown in Figure 3. )e experimental test
results are tabulated, and the graphs are plotted.

3. Experimental and Theoretical Investigation

)e cubes and CFST specimens required for the study were
cast, cured, and tested for their load carrying capacity under
axial compression and bond strength. )e experimental test
results are tabulated and the graphs are plotted. Similarly,
theoretical investigations were carried out using Euro
Code—4 and the results are discussed.

Figure 2: Self-curing of concrete cubes.

Table 1: Details of mix proportions.

Type of concrete Cement
(kg)

Fine aggregate
(kg)

Coarse aggregate (kg)
Water
(lit) Other ingredients20mm

(60%)
12.5mm
(40%)

Conventional concrete(CC) 437.78 650.25 661.5 441 197 Nil

Steel fiber-reinforced concrete
(SC) 437.78 650.25 661.5 441 197

Hook type steel fibers
0.75% by volume of
concrete (18 kg)

Geopolymer concrete (GC) Nil 650.25 661.5 441 Nil

FA and GGBS each 50%
by weight of cement,
5M NaOH and sodium

silicate (197 litres)

Expansive cement (EC) 437.78 650.25 661.5 441 197 Cebex 100, 0.45%
by weight of cement
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Concrete

core
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Steel tube
Concrete

core
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Figure 1: Concrete-filled steel tubes.
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3.1. Validation of Self-Curing Method. A low viscosity
membrane type curing compound (Concure WB 30) was
applied to all the cube specimens externally on the surface.
)e cube specimens of conventional concrete, steel fiber-
reinforced concrete, and expansive concrete cured by water
curing and self-curing were tested for their axial compressive
strength at the age of 7 days and 28 days in compression
testing machine to determine the characteristic compressive
strength of concrete which is shown in Figure 4. For geo-
polymer concrete ambient curing was adopted.

)e details of the cube specimens used for validation of
curing method are presented in Table 2.

)e average values of the characteristic compressive
strength of different types of concrete under water curing
and self-curing are presented in Table 3. )e compressive
strength of conventional concrete, steel fiber-reinforced
concrete, geopolymer concrete, and expansive concrete
cubes cured under water curing and self-curing/ambient
curing at 28 days is presented in Figure 5.

)erefore, it is inferred that there is not much difference
in the compressive strength of different types of concrete
cubes at 28 days when cured under water curing and self-
curing. All types of concrete cubes cured under self-curing/
ambient curing fall within the acceptable criteria. Hence, in
the present study, the method of self-curing was adopted for
CFST columns using the curing agent concure WB 30.

3.2. Test to Determine the Bond and Axial Compression
Strength. )epush-out test and axial compression tests were
carried out for CFST columns to determine their bond
strength. )e experimental setup for the push-out test and
axial compression test are as shown in Figures 6 and 7. )e
details of CFST column specimens used to find out bond
strength and axial compression strength are shown in Ta-
ble 4. )e schematic sketch showing the experimental setup
for the bond strength test and axial compression test are
shown in Figure 6.

)e CFST column to be tested for bond strength and
axial compression test was placed in the loading frame with
the hydraulic jack capacity of 1000 kN. )e loading ar-
rangement was done in such a way that when the load is
applied through hydraulic jack, only the concrete core is
loaded to push the core concrete out from the CFST
specimen. )is was ensured by providing a steel plate of
diameter a little lesser than the inner diameter of the CFST
column. )e slip of the concrete infill was given in in-
crements and the corresponding load taken by the CFST

column was read by the load cell which was placed above
the steel plate as shown in Figure 7. )e experimental values
(average) of the push-out test are presented in Table 5. For
axial compression test, columns with strain gauge fixed at
the mid-height was placed in the loading frame. For the
given load increment, the strain value was read by the strain
indicator to which the strain gauge was attached and the
mid-height deflection was read by the dial gauge placed at
the level of mid-height of the column. )e experimental test
readings of axial compression test are presented in Table 6.

3.3. Estimation of Axial Load Carrying Capacity Using Euro
Code 4. )e axial load carrying capacity for the CFST col-
umns were estimated using Eurocode-4. Comparison of the
estimated values and the experimental results was made.
Table 7 shows the observed axial load from experiment,
predicted axial load using EC4, and percentage variation
between the experimental and predicted values. According
to Eurocode-4, the axial load carrying capacity of CFST
circular column is given by

Npl,Rd � ηaAafy + Acfcd 1 +
ηctfy

D∗fck
  , (1)

where ηa, ηc are the confinement ratios for steel and con-
crete, respectively, Aa, Ac are area of steel and area of
concrete, respectively,D is the outer diameter of steel tube, T
is the thickness of the steel tube, fy is the yield strength of
steel, and fck is the characteristic compressive strength of
concrete.

)e confinement ratio of steel and concrete are based on
relative slenderness (λ). If λ> 0.5, the effect of confinement is
negligible and can be neglected.

ηa � Min(0.25(3 + 2λ), 1.0),

ηc � Max 4.9 − 18.5λ + 17λ2 , 0 ,

λ �

�����
Npl,Rk

Ncr



,

(2)

where Npl,Rk is the characteristic plastic resistance of the
cross section of CSFT.

Npl,rk � Aafy + Acfck, (3)

where Ncr is the elastic critical Euler’s buckling resistance.

Ncr �
π2EIeff

Leff2
, (4)

where EIeff is the effective flexural rigidity of CFST column
and Leff is the effective length of the CFST column.

EIeff � EaIa + 0.6EcIc, (5)

where Ea is the modulus of elasticity of steel tube, Ec is the
modulus of elasticity of concrete core, Ia is the moment of
inertia of the steel section, and Ic is the moment of inertia of
the concrete core.

Figure 3: CFST columns under self-curing.
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Ec � 22
fc d

10
 

0.3

, (6)

where fcd is the design strength of concrete.

4. Results and Discussion

4.1. Bond Strength of CFST Columns. )e bond strength of
the CFSTcolumns was determined from the Bond Strength-
Slip curve plot as shown in Figure 8. )e CCFST series
columns failed at an average slip load of 20.25 tonnes with a
slip of 1.2mm. For SCFST series column specimens, the
failure was observed at a slip load of 17.35 tonnes with a slip
of 1.5mm. In the case of GCFSTand ECFST, the failure was
observed at a slip load of 22.1 and 26.8 tonnes, respectively.
)e slip movement of GCFST and ECFST were found to be
2.3mm and 0.8mm, respectively. )e test results of all the
CFST specimens are provided in Table 5. )e push-out test

results revealed that the highest bond strength was observed
for CFST columns with expansive concrete. )e reason for
increased bond strength may be attributed to the shrinkage
counteracting admixture used in expansive concrete. )e
slip loads measured at the constant slip of 0.5mm for the
various CFST columns are provided in Table 8.

From the comparative studies of bond strength between
CFSTand ECFST, it can be inferred that the bond strength of
CFST columns filled with steel fiber reinforcement, geo-
polymer, and expansive concrete at the slip of 0.5mm differs
with ECFST by 26.62% (lesser), 66.91% (lesser), and 55.39%
(higher), respectively. In Figure 9, the variation of slip with
load for various types of CFST column infills is shown.

4.2. Axial Compressive Strength of CFST Columns. )e axial
compressive strength of CFST columns filled with different
types of concrete infills was investigated, and the results are
discussed. )e Load vs. deflection graph and axial load

(a) (b)

Figure 4: Testing of cubes for their compressive strength.

Table 2: Details of cube specimens.

Concrete type Specimen ID
Number of specimens

Water curing Self-curing
7 days 28 days 7 days 28 days

Conventional concrete CC 9 9 9 9
Steel fiber-reinforced concrete SC 9 9 9 9
Geopolymer concrete GC 9 9 9 9
Expansive concrete EC 9 9 9 9

Table 3: Compressive strength of concrete.

Type of cube Age of testing (days)
Average compressive strength of concrete (MPa)

% Difference
Water curing Self-curing/ambient curing

CC 7 20.24 20.53 1.42
28 32.67 33.68 3.04

SC 7 21.62 23.12 6.70
28 33.50 33.89 1.15

GC 7 — 23.73 —
28 — 33.89 —

EC 7 23.96 26.37 9.53
28 33.90 34.70 2.33

Advances in Civil Engineering 5



carrying capacity of various CFST columns are provided in
Figures 10 and 11, respectively.

4.2.1. CFST Columns Infilled with Conventional Concrete
(CCFST). For conventional CFST columns, the failure was
detected at an ultimate axial load of 256 kN, and the lateral
deflection was measured to be 10.6mm. In the CCFST
column specimen, elephant foot buckling occurred at the
axial load of 160 kN, and a further increase in axial load
resulted in failure by overall buckling mode, as shown in

Figure 8.)e axial stress at failure was found to be 57.98MPa
with the lateral strain of 2.360×10−3 as shown in Figure 11.

4.2.2. CFST Columns Infilled with Steel Fiber-Reinforced
Concrete (SCFST). )e steel fiber-reinforced concrete-filled
steel tube failed at an ultimate axial load of 284 kN with the
lateral deflection of 19.7mm. In the SCFST column speci-
men, local buckling occurred for an axial load of 120 kN,
which was initiated close to the top quarter height of the
specimen, as shown in Figure 12. )e axial stress failure was

CC WC
CC SC

SF WC
SF SC

GC WC
GC SC

EC WC
EC SC

0

5

10

15

20

25

30

35

Co
m

pr
es

siv
e s

tr
en

gt
h 

(M
Pa

)

SF WC

CC WC
CC SC

GC SC

SF SC
GC WC

EC WC
EC SC

Figure 5: Compressive strength of concrete cubes at 28th day.
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Figure 6: Schematic sketch—test setup for bond strength and axial compression strength.
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(a) (b)

Figure 7: Test setup: push-out test and axial compression test.

Table 4: Details of CFST column specimens.

Test details Specimen
ID

Diameter
(mm)

Length
(mm)

)ickness
(mm)

Grade of steel
(MPa)

Grade of
concrete
(MPa)

Number of
specimens

Test for bond strength

CCFST 88 500 4 292.5 33.68 6
SCFST 88 500 4 292.5 33.89 6
GCFST 88 500 4 292.5 33.89 6
ECFST 88 500 4 292.5 34.70 6

Test for load carrying capacity under
axial compression

CCFST 75 750 1.6 281 33.68 6
SCFST 75 750 1.6 281 33.89 6
GCFST 75 750 1.6 281 33.89 6
ECFST 75 750 1.6 281 34.70 6

CCFST—conventional concrete-filled steel column for bond strength SCFST—steel fiber-reinforced concrete-filled steel column for bond strength;
GCFST—geopolymer concrete-filled steel column for bond strength; ECFST—expansive concrete-filled steel column for bond strength.

Table 5: Push-out test results.

Specimen ID Length (mm) )ickness (mm) Outer diameter (mm) Slip at failure (mm) Ultimate slip load (tonnes)
CCFST 500 4 88 1.2 20.25
SCFST 500 4 88 1.5 17.35
GCFST 500 4 88 2.3 22.1
ECFST 500 4 88 0.8 26.8

Table 6: CCR under axial compression test.

Specimen ID Axial load at failure (kN) Lateral deflection at mid-height (mm) Concrete contribution ratio (CCR)
CCFST 256 10.6 1.00
SCFST 284 19.7 1.11
GCFST 302 15.3 1.18
ECFST 331 13.7 1.29

Advances in Civil Engineering 7



Table 7: Axial stress vs. lateral strain under axial compression test.

Specimen ID Axial stress at failure (MPa) Lateral strain at mid-height (×10−3)
CCFST 57.98 2.360
SCFST 64.32 3.646
GCFST 68.39 3.310
ECFST 74.96 3.059

Table 8: Push-out test results for a constant slip.

Specimen ID Slip (mm) Slip load (tonnes)
CCFST 0.5 13.9
SCFST 0.5 10.2
GCFST 0.5 4.6
ECFST 0.5 21.6
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Figure 9: Bond strength vs. slip curve.
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Figure 8: Failure of CCFST specimen under axial compression.
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observed with a lateral strain of 3.634×10−3 for a load of
64.32MPa as shown in Figure 11.

4.2.3. CFST Columns Infilled with Geopolymer Concrete
(GCFST). )e geopolymer concrete-filled steel tube failed at
an ultimate axial load of 302 kN with the lateral deflection of
15.3mm. In the GCFST specimen, local buckling was ini-
tiated at an axial load of 136 kN, which was observed close to
the mid-height of the specimen, as shown in Figure 13. )e
axial stress at failure was found to be 68.39MPa with a lateral
strain of 3.310×10−3.

4.2.4. CFST Columns Infilled with Expansive Concrete
(ECFST). )e expansive concrete-filled steel tube column
failed at an ultimate axial load of 331 kN with the lateral
deflection of 13.7mm. In ECFSTcolumn specimen, elephant
foot buckling occurred at the axial load of 190 kN and with
further increase in axial load, and it showed an overall
buckling mode of failure as shown in Figure 14. )e axial

stress at failure was found to be 74.96MPa with the lateral
strain of 3.059×10−3 as shown in Figure 11.

4.3. Concrete Contribution Ratio (CCR). CCR is the ratio
between axial compressive strength of conventional concrete
(Nu) and axial compressive strength of other concretes (Ndc)
and is considered as replacement infill in CFST.

CCR �
Nu

Ndcu
. (7)

)e concrete contribution ratios exhibited by different
types of infill considered in this study are presented in
Table 6.

)e axial load at failure, lateral deflection, and CCR
under axial compression test are presented in Table 6 and the
stress vs. strain under axial compression test is presented in
Table 7.

)e load vs. deflection graph and axial load carrying
capacity of various CFSTcolumns are provided in Figures 10
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and 15, respectively. From Figures 10 and 15, it is inferred
that the load carrying capacity of ECFST column is 25.55%,
15.28%, and 9.16% higher than the CCFST, SCFST, and
GCFST columns, respectively.

4.4. Estimated Axial Load Carrying Capacity Using Eurocode
4. )e axial load carrying capacity for the CFST columns

were estimated using Eurocode-4 [17]. Comparison of the
estimated values and the experimental results was made.
Table 9 shows the observed axial load from experiment,
predicted axial load using EC4, and percentage variation
between the experimental and predicted values. From Ta-
ble 7, it is evident that the theoretical load carrying capacity
of ECFSTcolumn is 6.16%, 3.04%, and 1.29% higher than the
CCFST, SCFST, and GCFST columns, respectively.

Figure 12: Failure of SCFST specimen under axial compression.

Figure 13: Failure of GCFST specimen under axial compression.
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Table 9: Comparison of test results with predicted EC4 values.

Specimen ID Experimental axial load at failure, PE (kN) Analytical axial load at failure, PEC4 (kN) (%) Difference
CCFST 256 220 16.26
SCFST 284 227 25.17
GCFST 302 231 30.85
ECFST 331 234 41.33

(a) (b)

Figure 14: Failure of ECFST specimen under axial compression.
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5. Conclusion

In this study, the compressive and bond strength behavior of
different types of concrete infilled steel tubes were suc-
cessfully compared and analyzed. )e compressive strength
of concrete cube specimens cured using a self-curing agent
did not show much variation compared with cubes cured
with water. )e highest bond strength and axial compressive
strength were recorded for the CFST column filled with
expansive concrete (ECFST). )e superior increase in
strength of ECFSTcolumnsmay be attributed to the addition
of shrinkage-compensating admixture used in expansive
concrete. )e values of axial load carrying capacity of CFST
column filled with expansive concrete determined through
experimental and analytical methods were found to be
differing by 41.33%. )e observed substantial variation is
due to the exclusion of the expansive agent contributions
during the analytical calculation. )is deviation also indi-
cates the conservative nature of the Eurocode-4 in the design
aspect.
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