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Concrete-filled steel tube (CFST) columns offer notable advantages over traditional reinforced concrete columns, including
improved energy dissipation, strength, and stiffness. This research explores the structural behavior of CFST stub columns
under uniaxial compression, focusing on the impact of steel fibers in M30 grade concrete. Nine CFST specimens with different
slenderness ratios were tested to examine their axial load behavior. The study evaluates variables such as ultimate load
capacity, axial load-deformation response, strain characteristics, failure modes, concrete confinement, and axial strength.
Tests included hollow and concrete-filled steel tubes (100 mm inner diameter, 3mm thick) at heights of 200 mm, 300 mm,
and 400 mm, with slenderness ratios of 1.89, 2.83, and 3.77. Three specimens per ratio (hollow, concrete-filled, and fiber-
reinforced) were tested. Vertical deformation, vertical strain, and lateral strain were measured. Confinement factors were
0.708 for plain concrete and 0.574 for fiber-reinforced concrete. Results showed an 8.34% increase in ultimate load capacity
for fiber-reinforced concrete at a 3.77 ratio, while other ratios had marginal gains. Fiber reinforcement improved stiffness by
20.48%, 6.25%, and 0.56% for the respective heights, with ultimate load capacities increasing by 0.96%, 2.46%, and 8.34%.
Vertical shortening varied, and strength indices decreased with height.

Keywords: Concrete-filled steel tube (CFST), Steel fiber reinforced concrete (SFRC), Load-bearing capacity, Stiffness, Strength
enhancement index (SI), Load capacity, Ductility, Poisons ratio.

Introduction steel fiber volume (0%, 0.6%, 0.9%, 1.2%), steel tube
thickness (3, 4, 5 mm), and concrete strength (50-70
Concrete-filled steel tube (CFST) is a highly efficient MPa). Failure modes, ultimate loads, and axial load-

composite structure that involves filling a steel tube with shortening relationships were analyzed [4, 8, 17, 31].
concrete. This combination offers rapid construction and Research on square high-strength steel fiber-reinforced
excellent economic efficiency. The steel tube provides concrete (SFRC) filled steel tube columns under axial
lateral confinement for the core concrete, while the core load tested 13 specimens, examining D/t ratio and bond
concrete limits the inward local buckling of the steel strength effects [5, 6, 23, 32]. Results were compared
tube. This synergistic approach leverages the strengths to Eurocode 4, ACI, AS, and AISC standards. Another
of both materials, significantly enhancing the bearing study investigated the behavior of plain and fiber-
capacity, ductility and stiffness of the structure. As a reinforced concrete filled slender steel tubular columns
result, CFSTs are widely used in high-rise buildings, under eccentric compression, measuring strength, load-
bridges, and large-span structures. strain, load-deflection relationships, and failure modes
Concrete-filled steel tubular (CFST) columns are [6, 16].
increasingly used in high-rise buildings due to their Studies on self-compacting CFST stub columns
superior load-bearing capacity and fire resistance strengthened with carbon fiber-reinforced polymer
compared to traditional steel or concrete columns. (CFRP) laminates found transverse CFRP tubes optimal
CFSTs enhance material performance in composite for circular columns and longitudinal CFRP tubes for
action. Studies on concrete columns confined with square columns. The ultimate load increases with
fiber-reinforced polymer (FRP) tubes show that FRP varying the column type [7, 8, 28]. A total of 114
confinement significantly improves strength, ductility, specimens tested fiber-reinforced concrete (FRC) with
and energy absorption [3, 15, 30]. low and normal strength as infill in CFST columns [8,
Experimental work on short steel tube columns filled 9, 10]. Enhanced flexural and tensile strengths of FRC
with plain and steel fiber-reinforced concrete under improved strain gradient handling, column strength,
axial load involved 36 specimens. Variables included stiffness, ductility, and energy dissipation [11, 12, 14].

In this study the CFST column are cast using M30
*Corresponding author. grade concrete and behavior of columns is analyzed
Tel : 9841442044 against plain concrete and fibre reinforced concrete
E-mail: prabhagandhil985@gmail.com columns.
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Research Significance

Hollow Steel Tube (HT) columns offer a high strength-
to-weight ratio, easily fabricated and cost-effective,
they are economical. HTFC columns enhance load-
bearing capacity and fire resistance, crucial for heavy-
duty applications and seismic zones. The concrete core
prevents steel tube buckling, boosting stability in HTFC.
HTFRC columns, with fiber reinforcement, improve
strength, toughness, and crack control, enhancing
longevity and durability. These columns resist impact
and dynamic loads, suitable for high-impact areas. The
combination of steel, concrete, and fibers allows for
flexible, innovative architectural and structural solutions

Material Properties

The mild steel circular tubes were utilized to construct
the steel frameworks for all samples. The steel tube's
yield strength (fy) and elastic modulus (E;) were
determined through coupon tests, resulting in average
values of 304 MPa and 205 GPa, respectively. The
construction materials included 53-grade Ordinary
Portland Cement with a normal consistency of 30%
and a specific gravity of 3.05. M30 grade concrete with
and without steel Fibers, were investigated in this study
and analyzed against the behavior of concrete filled with
plain concrete. 30mm hooked steel fibres with 1000 MPa
tensile strength are used with aspect ratio of 0.02 for
making steel fibre reinforced concrete.

Specimen Preparation

The mix design M30 grade was carried as per IS:
10262 (2019) to suit severe exposure conditions. The
developed concrete had a slump of 100 mm. For Steel
Fiber-Reinforced Concrete (SFRC) 1% volume of steel
fiber was used to make concrete.

For compressive strength evaluation, cubic specimens

measuring 100x100x100 mm were cast. To determine
split tensile strength 100 mm diameter cylindrical
specimens were cast. Stress-strain behavior were studied
using cylindrical specimens of 150 mm diameter and
300 mm height. Flexural strength testing was conducted
using prismatic specimens sized 100x100x500 mm.

Twenty-seven test specimens, including 9 hollow
steel tube (HT) specimens, 9 specimens with concrete
filled steel tube (HTFC) and remaining 9 with steel fibre
reinforced concrete filled steel tube (HTFRC) specimens,
were tested under axial load. The tested parameters were
type of concrete (plain concrete and FRC) and height
of steel tube (200 mm, 300 mm and 400 mm). All
specimens, steel tube had a thickness (t) of 3 mm and
inner diameter of 100 mm. The height to diameter ratios
is 1.89, 2.83 and 3.772 were studied in this paper.

Experimental Results and Discussion
Mechanical properties of concrete

Concrete specimens were tested to evaluate the
mechanical properties of control concrete and fibre

Fig. 1. Experimental Test Set Up for Column under Uniaxial
Compression.

Table 1. Mechanical Properties of Concrete with and without Steel Fibres.

Mechanical Properties

Conventional Concrete

Fibre Reinforced Concrete

(MPa) (MPa)
Compressive Strength (MPa) 4230 52.20
Cube (100x100x100 mm) (23.40%)
Compressive Strength (MPa) 2828 40.53
Cylinder (150 mm Dia.x300 mm height) (43.42%)
Split Tensile Strength (MPa) 354 5.09
Cylinder (100 mm Dia.x200 mm height) (43.79%)
Flexural Strength (MPa) 320 5.20
Prism (100x100x500 mm) (61.49%)
Rebound Hammer Number 30 4
Cubes (100x100%100 mm)
Ultrasonic Pulse Velocity (m/Sec.) 5339 4804

Cubes (100x100%100 mm)

Note: Values in (---) are the percentage increase in strength of FRC compared to plain concrete
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Table 2. Geometric Properties of Specimens.
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G mdThosDa B DL M £ G b A A
T > Ratio Ratio MPa MPa MPa mm’ mm?>
(mm) (mm) (MPa) (MPa)  (MPa) (mm°) (mm”)
HT 100, 3 200 33.33 1.89 - - 304 970.26 -
HTFC 100, 3 200 33.33 1.89 42.30 52.20 304 970.26 7850
HTFRC 100, 3 200 33.33 1.89 42.30 52.20 304 970.26 7850

f. = compressive strength of concrete, fi.. = compressive strength of fibre reinforced concrete, A; = Area of Steel tube A.= Area of

Concrete core Ag. = Area of fibre reinforced concrete core

reinforced (FRC) concrete mixtures in a 1000 kN capacity
Universal Testing Machine conforming to IS: 516:1959.
The test arrangements for the specimens are shown in
Fig. 1. Three identical specimens of size 100 mm cubes
were tested at the curing age of 3, 7 and 28 days under
compression. Mechanical properties, viz., compressive
strength, split tensile strength and flexural strength of
conventional concrete and fibre reinforced concrete are
presented in Table 1. The percentage increase in cube
compressive strength, cylinder compressive strength,
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split tensile strength and flexural strength in FRC are
23.40%, 43.42%, 43.79% and 61.49%, respectively,
when compared to conventional concrete specimens.

Behavior of Hollow and Concrete Filled Steel Tube
Columns

Hollow steel tube columns (HT), Hollow steel tube
filled with concrete columns (HTFC) and hollow steel
tube filled with fibre reinforced concrete (HTFRC) of
200 mm, 300 mm and 400 mm height were tested under
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Fig. 2. Load Vs Vertical Shortening of Hollow and Concrete/FRC filled Steel Tube Columns.
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universal testing machine of capacity 1000 kN. Vertical
shortening and vertical and horizontal strain values
were observed at different load intervals by using dial
gauge and electrical strain gauges. Table 2 presents the
geometric properties of column specimens. Load-vertical
shortening of 400 mm, 300 mm and 200 high columns
of HT, HTFC and HTFRC and also HT, HTFC and
HTFRC columns at different heights are shown in Fig. 2.

Table 3 displays the ultimate load carrying capacity
of columns tested under uniaxial compression. The

results indicate that the ultimate load carrying capacity
decreases with increasing column height for all types of
columns. Compared to HTFC columns, HTFRC columns
demonstrated an increase in ultimate load capacity across
all specimen heights.

Table 4 presents parameters for concrete and FRC-
filled specimens, along with the ultimate load-carrying
capacity and stiffness of all columns tested under
uniaxial compression. The data shows that as column
height increases, both stiffness and ultimate load-carrying

Table 3. Ultimate Load Carrying Capacity of Columns Tested under Uniaxial Compression.

Type of Height Ultimate load Average stress Increase in load compared to HT
column (mm) (kN) (MPa) (%)
200 3733 42.32° -
HT 300 361.6 41.00" -
400 349.6 39.64" -
200 812.0 92.06 117.53
HTFC 300 771.6 87.48 113.37
400 719.3 81.55 105.73
200 819.8 92.95 119.64
HTFRC 300 790.6 89.64 118.63
400 779.3 88.35 122.88
Table 4. Parameters on Concrete and FRC Filled Column Specimens.
Type of Column Height (mm) & = Af/A Ly DI = 8./80ss ST = Nugined/(Asty/Acfex) SR
200 - 1.95 1.28 1.00
HT 300 - 2.44 1.26 0.97
400 - 2.07 1.19 0.93
200 0.708 1.13 1.30 1.00
HTFC 300 0.708 2.27 1.23 0.95
400 0.574 3.50 1.02 0.96
200 0.574 1.44 1.16 1.00
HTFRC 300 0.574 3.07 1.12 0.97
400 0.708 1.82 1.24 0.88

Note: & — Constraining factor, DI — Ductility index, SI — Strength Enhancement Index, SR — Strength ratio

Table 5. Ultimate Load, Stiffness and Ductility Index of Column Specimens.

Type of column Height (mm) Average Stress (MPa) Stiffness (KN/mm) Ductility Index

200 42.63" 23438 5.23

HT 300 4129 142.86 6.12

400 39.64" 133.33 542

200 92.06 332.00 1.06

HTFC 300 87.48 240.00 4.18

400 81.55 178.50 522

200 9245 400.75 2.80

HTFRC 300 89.64 255.00 4.55
400 88.35 180.00 1.91

Note: “Stress calculated by considering total area including hollow portion of the steel tube
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capacity decrease. Additionally, the results indicate that
the presence of steel fibers in the concrete does not
significantly affect the ultimate load of the columns.

The strength enhancement index (SI) and strength
ratio (SR) decreases by increasing height of the column
in all type. Ultimate stress, stiffness and ductility index
are calculated and presented in Table 5. The stiffness
values are decreased by increasing height of the columns
in the entire category.
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Load and Vertical Shortening Behavior

At different load intervals, vertical shortening of
column specimens was observed by using dial gauge.
Fig. 3 shows the vertical shortening of columns tested
under uniaxial compression. Comparison of vertical
shortening of HT, HTFC and HTFRC columns at
different height and also at 200 mm, 300 mm and 400
mm height columns with hollow, HTFC and HTFRC
specimens separately. The vertical shortening in HT
columns showed marginal difference up to 200 kN
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Fig. 3. Load-Vertical and Horizontal Strain Behavior of Hollow and Concrete Filled Columns.
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load but in HTFC and HTFRC columns the shortening
height are reduced by reducing the height of the columns
right from the load starting point and also the stiffness
is increased. Compared to HTFC, the HTFRC showed
20.48%, 6.25% and 0.56% increased in stiffness for 200,
300 and 400 mm height columns, respectively.

Axial and Horizontal Strain at Different Load Levels

Axial and lateral distortions were detected within the
central segments of the columns at different loading stages
using strain measurement devices that were calibrated
electronically. The relationship between the applied loads
and the resulting axial and lateral strains was illustrated
for specimens composed of High-Performance Concrete
(HT), Hybrid Fiber-Reinforced Concrete (HTFC), and
Hybrid Textile-Reinforced Concrete (HTFRC), each with
varying column heights, as depicted in Fig. 3. However,
the introduction of Steel Fiber-Reinforced Concrete
(SFRC) delayed the occurrence of bulges in the steel
casing. As the axial load grew, the fractured surfaces
of the materials underwent relative sliding motion. This
effect can be ascribed to the alleviation provided by the
steel fibers, which mitigated the expansion pressures
of the cracked concrete on the external steel casing.
Additionally, the HTFRC specimens exhibited a more
gradual reduction in axial load. This behavior could
be attributed to the steel fibers spanning the cracks in
the concrete, effectively forming bridges that sustained
resistance against the axial load.

Nonetheless, once the applied load exceeded a
specific threshold, the lateral strain in HTFC specimens
increased notably faster compared to the corresponding
HTFRC specimens. This phenomenon originated from
the influence of the steel fibers in controlling the
propagation of concrete cracks, consequently impeding
the lateral expansion of the concrete. It is worth noting
that the lateral strain within the steel casing at maximum
load amplified with higher proportions of steel fibers
incorporated.

Poisson’s ratio effect at different load levels
Poisson’s ratio effect at different load levels of HT,
HTFC and HTFRC specimens with height of 200, 300

and 400 mm are presented in Fig. 4. In HT columns
at 100 kN load Poison ratio is marginally increased
by increasing height of the specimens. But in 200 kN
load the poison ratio is reduced, in 300 mm height and
again increase in 400 mm height and lesser than 200 mm
height column. Poison ratio is directly increased when
height of column is increased in 300 mm column. In
HTFC columns poison’s ratio are reduced by increasing
the height of the column up to 400 kN load levels. In
600 kN and 700 kN load levels, enormously increase
in poison ratio in 300 mm and 200 mm column and
marginal reduction in 400 mm height than 300 mm
column.

The trends in HTFRC columns are opposite to
the trends of HTFC columns in poison’s behavior at
different load intervals. The poison’ ratio is increasing
with the increase in load for 200 mm height column.
The poison’s ratio is lower in 300 mm column and again
increase in 400 mm column. The variation in poison
ratio is more in 200 mm column, lesser than 200 mm
in 300 mm column and marginal variation in 400 mm
column at load intervals. Results clearly showed that the
effect of fibre reinforced concrete in steel tube composite
columns.

Failure modes

Failure pattern of HT, HTFC and HTFRC column
specimens loaded up to ultimate loads are shown in Fig.
5. Hollow tube specimens bulging more on the outside
of top and bottom portion the specimens in 200 mm
height and total vertical shortening is 17 mm. In 300
mm minor bulging occurred top and bottom also in
three places in between top and bottom slightly. Minor
bulging occurred at bottom edge and also slight bulging
occurred at 50 mm interval in the middle portion. The
vertical shortening in ultimate load is 16 mm. In 400
mm height hollow tube, inside buckling was occurred
near the middle portion because of slenderness effect.
The total height reduction is 22 mm.

In HTFC 300 mm height column, uniform minor
buckling occurred due to ultimate load. Total shortening
of height is 8 mm. Buckling was occurred at top and
bottom and also at middle portion due to crusting of

400

300

400 400 -+
HT

el 100

s 200

-300
300 | _ 300 -
200 200
0 02 04 06 08 1 0

Fig. 4. Poisons Ratios Effect of Columns under Different Load Intervals.
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Fig. 5. Failure patterns of columns subjected to uniaxial compression.

concrete and concrete internal pressure. Total shortening
of height is 20 mm. In 400 mm height HTFC column
minor uniform lateral buckling occurred many placed
due to pressure developed by the filled concrete after
crushing. Total height reduction is 17 mm.

Uniform expansion taken place on the steel tube
because of uniform pressure developed inside by FRC
core. Same type of failure pattern was observed in all
columns with different heights. Total shortening of
heights in 200, 300 and 400 mm columns are 6 mm, 6
mm and 11 mm, respectively.

The percentage reduction in height 200 mm, 300 mm,
and 400 mm for HT is 3.50%, 5.33% and 5.50%, for
HTFC are 4.00%, 6.67% and 6.75% and for HTFRC are
3.00%, 2.00% and 2.75%, respectively. HTFRC showed
better performance than other columns.

Strength comparison by Design Code

In this section, a succinct outline of the main
mathematical formulas used for designing steel-concrete
composite columns is presented, adhering to both
American and European standards. More comprehensive
guidelines pertaining to the design procedures can be
found in the respective code documents. The design
criteria analyzed in this study provide diverse equations
for evaluating the compressive strength of columns.
However, these equations all rely on integrating the
influences of both steel and concrete to ascertain the
load-bearing capacity of the columns. The obtained peak
experimental values (referred to as Pthe) were calculated
by summing up the individual ultimate axial capacities of
the steel tube and concrete, as defined by the equation.

Pthc = Ac fc +As fy

In the equation, A. represents the cross-sectional
area of the concrete core, A, stands for the cross-
sectional area of the steel tube, F. denotes the concrete
compressive strength, and f, represents the yield stress
of the steel tube. It has been noted that the calculated
outcomes exceed the actual experimental results. As

per the European code (EC04), for columns under axial
compressive loads, the design resistance of circular
concrete-filled steel tube columns is determined by

NED = % * N pIRd 0
Npira = n;:a Nat fc:ijc [1+n (%) J—‘% @)
e ®
@ =051 +a(A—-0.2) + 2| @)

Where 1. is a concrete-confinement factor and 1, is
a steel resistance reduction factor. Ngp is the design
resistance.

Georgios Giakoumelis in 2003 put forth an adjusted
factor for the formula provided by ACI to calculate
the axial load capacity of a concrete-filled tube (CFT)
column, accounting for the influence of concrete
confinement. The altered equation reads as follows

Pacr = 1.3A.f. +Asfy
Nu (ACI) = 0:85Acfc + p As fy

D SE,
[ ( m——
t Fy

For all columns tested in the experimental part of the
investigation, the strength predicted by code resistance
models was determined. Results were compared and
tabulated in Table 6.

Table 7 presents the comparison of compressive stress
with theoretical, ACI and European codes were solved
and found that the error percentage was 0.9 to 0.99
respectively.

In the context of comparing with experimental
outcomes, the equations were solved using unitary
partial safety factors. The percentage of confinement
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Table 6. Comparison of Cracking Load with Various Codes.

Exp. Theo. Theo. Eurocode Eurocode ACI 544.1R-96:2009 ACI 544.1R-
Column Id. Analysis Analysis Error 4:2005 4:2005 Squash Ultimate  96:2009 Ultimate
(kN) (kN) (kN) Error load(kN) Load(kN) Load Error
HTFC-200 608.96 766.68 0.794 8272 0.736 726.6 812.0 0.750
HTFC-300 593.26 728.54 0.814 818.1 0.725 726.6 771.6 0.769
HTFC-400 628.59 679.15 0.927 791.2 0.795 726.8 719.3 0.874
HTFRC-200 695.31 769.93 0.903 887.7 0.783 726.6 819.8 0.848
HTFRC-300 687.46 746.53 0.921 792.6 0.867 726.6 790.6 0.870
HTFRC-400 732.99 735.79 0.996 816.2 0.898 726.8 779.3 0.941
Table 7. Comparison of Compressive Stress with Various Codes.
Exp. . Theo.. Theo. Eurocode Eurocode AR 93‘5?2:& AC91652‘$);R
Column Id. Analysis Analysis 4:2005 ) Squash load .
(N/mm?) (N/mm?) Error (N/mm?) 4:2005 Error (N/mn) Load Ultimate
(N/mm?®) Load Error
HTFC-200 77.57 97.67 0.794 105.38 0.736 92.56 103.44 0.750
HTFC-300 75.57 92.81 0.814 104.22 0.725 92.56 98.29 0.769
HTFC-400 80.07 86.52 0.926 100.79 0.794 92.59 91.63 0.874
HTFRC-200 88.57 98.08 0.903 113.08 0.783 92.56 104.43 0.848
HTFRC-300 87.57 95.10 0.921 100.97 0.867 92.56 100.71 0.870
HTFRC-400 93.37 93.73 0.996 103.97 0.898 92.59 99.27 0.941

was determined by the quotient of the disparity between
experimental and theoretical values, divided by the
theoretical values. This result was then documented in
Table 8.

The confinement percentage range specified by the
ACI Code, ranging from 0.38% to 25.90%, does not
take into account the effect of confinement. Furthermore,
the ACI Code incorporates a factor to account for the
reduction in strength due to the softening influence of
creep in concrete under sustained compressive loads.
However, the ACI approach seems overly cautious
because it does not consider the confinement of concrete,
leading to a potentially conservative estimation of axial
load-carrying capacity.

Conclusions

Based on the experimental results the following

Table 8. Percentage of Confinement of Load with Various Codes.

conclusions are arrived.

e The percentage increase in cube compressive strength,
cylinder compressive strength, split tensile strength
and flexural strength in FRC are 23.40, 40.53,
43.79 and 61.49, respectively, when compared to
conventional concrete specimens.

o When compared to HTFC columns, HTFRC columns
showed increase in ultimate load in all the height
of the specimens. The strength enhancement index
(SI) and strength ratio (SR) decreases by increasing
height of the column in all type.

o Compared to HTFC, the HTFRC showed 20.48%,
6.25% and 0.56% increased in stiffness for 200, 300
and 400 mm height columns, respectively.

e The percentage increase in ultimate load carrying
capacity of HTFRC columns of height 200 mm,
300 mm and 400 mm when compared with
corresponding height of HTFC columns are 0.96,

Column Id. Theoretical Analysis ACI 544.1R-96:2009 Eurocode 4:2005
HTFC-200 25.90038 25.90038 33.34231
HTFC-300 22.80287 22.80287 30.06124
HTFC-400 8.045019 8.045019 144318
HTFRC-200 10.73201 10.73201 17.90441
HTFRC-300 8.592323 8.592323 15.00322
HTFRC-400 0.381384 0.381384 6.318103
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2.46 and 8.34, respectively.

e The vertical shortening of 200 mm, 300 mm and
400 mm height columns are for HT columns 3.5%,
5.33% and 5.50%, for HTFC 4.00%, 6.67% and
6.75% and for HTFRC 3.00%, 2.00% and 2.75%,
respectively.

e The strength enhancement index (SI) and strength
ratio (SR) decreases by increasing height of the
column in all type.

e The reason behind this is that steel fibers play a
crucial role in managing the formation of cracks in
concrete and slowing down the sideways expansion
of the concrete material. It's important to highlight
that the extent of sideways deformation in the steel
tube during peak load rises as the volume fraction
of steel fibers increases.

e The trends in HTFRC columns are opposite to the
trends of HTFC columns in poison’s behavior at
different load intervals.

e Increasing the height of the columns leads to
a reduction in both their stiffness and ultimate
load-carrying capacity. The findings suggest that
the inclusion of steel fibers in the concrete does
not significantly impact the ultimate load-bearing
capacity of the columns. However, it is evident
that steel fiber-reinforced concrete exhibits superior
structural behavior when compared to both hollow
steel tube columns and control columns filled with
regular concrete.

e The load capacities of HTFC columns, HTFRC
columns were verified with predicted values using
Eurocode, and ACI codal provisions.

e Based on the results for HTFC columns, HTFRC
columns, the EC4 gives us lower than that from
experiments. Based on this it was suggested that
ECO04 can reliably predict the axial capacity of CFT
columns using concrete strength.
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