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Abstract: Composite sections are found to be a novel
technique in modern day scenario of construction. This
stands tall than the ordinary and conventional type of
constructions. Columns as a structural element play a
vital role in structural frame. This research comments
on the behavior of composite columns. The main objec-
tive of this study is to analyze the behavior of steel-
encased concrete composite columns as experimentally
under axial compression and the mode of failure under
ultimate failure and yield point. The steel-concrete com-
posite system combines the formability and rigidity of
reinforced concrete with the ductility and strength of
structural steel to meet the demand for earthquake-resis-
tant constructions. Three specimens were chosen for this
study: one was a composite column, the other two were
ordinary RC columns and structural steel columns. The
raw materials' natural properties are assessed. As a result,
material testing for cement, fine aggregate, and coarse
aggregate was completed, as well as a concrete mix design.
A comparative analysis of the local and post-local buckling
behavior of different composite sections has been studied
and the column sections have been designed according to
Eurocode 4 (ENV 1994) to determine the plastic resistance of
the section. These three specimens underwent compression
test and the results are tabulated and compared. The corro-
sion resistance and fireproof nature (resistance to fire at

higher temperatures) that are transmitted into the member
are related to the steel being encased within the concrete.
These are the twomajor drawbacks of any steel construction
combined with an earthquake-resistant structure. Rather
than a traditional steel construction, earthquake structures
benefit from this type of load handling capabilities. The
portion can be used before it completely collapses if proper
design factors are taken into account.
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1 Introduction

Composite construction development is inevitable due to
its performance, behavior, and its load carrying capacity.
Although, the composite construction reduces the time
and cost for the medium-rise to high-rise buildings, the
usage of different materials in combination yields better
results than conventional. In particular, composite beams
and slabs are used in the construction places wherever
required, since the connections are employed to act together
as monolithic. Usually, the composite columns are found
either in the form of rolled steel sections embedded in
concrete or hollow sections with in filled concrete [1].
Furthermore, the design for evaluating the strength of
the components takes into account the composite action
in contemporary practice. Since there is no provision for
strength, steel column components encased in concrete
were used in the fire and corrosion protection of the
structural components. In contrast to ordinary joists,
rolled steel joists were employed in the column so that
the lateral ties offers confining effect in the conventional
columns [2–4].

In the composite construction, the plain steel sections
usually act as a support to resist the pre-construction loads
including with the dead weight of the structure at the stage
of construction like a scaffolding. Light weight and high
strength could be driven through composite components.
Further, it was reported that the steel-encased concrete
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composite structural systems increased extensively in the
tall building construction and it was also found that the
fire resistance of the encased steel tubes with concrete
offers is well [5,6]. Marine buildings built with composite
materials may be more cost-effective and easier to main-
tain. Steel stanchions encased in steel reinforcement and
concrete are used to protect structural components against
fire in steel frame construction [7]. By properly distributing
the inducing stresses in the composite column, reducing
the column's effective slenderness can increase its buck-
ling load capacity. Figure 1 explains about the application
area of composite in the field of civil engineering. In some
other study, it was recommended that the composite struc-
tural components for the construction of high-rise and
medium-rise construction without any justification. Steel-
encased concrete composite construction does not gain
much attention than conventional one due to its construc-
tion and design practice [8], and the composite column
made of I-shaped thin-walled steel section embedded in
concrete [9]. In most of the study, in order to prevent and
improve the performance of local buckling the transverse
links was used to connect the flanges at regular inter-
vals [10].

Hence, it could be suggested that the implementation
of steel-encased concrete composite column for multi-
storey buildings is proposed to carry the axial and lateral
loads developed in the structural systems which were
resisted by shear walls. Composite construction offers
much on ductility, strength, and stiffness of the structural
components. Steel tube with infilled concrete avoids the
formwork and causes reduction in construction time
automatically [11]. The confinement effect also boosts

the load carrying capability of the infilled concrete tubes.
Confinement efficiency is determined by the shape of the
steel tube and column, structural steel yield strength, and
concrete's characteristic compressive strength [8]. Addi-
tion of steel plates in the composite structures made of
steel sections infilled with concrete is increased tremen-
dously under seismic action due to its high stiffness,
energy absorption capacity and strength, and ductility.
Mirza et al. found that the addition of steel plate as con-
finement in composite component enhances the ductility
in which the inward buckling is observed in the steel
plate may leads high impact resistance. Hot rolled steel
sections with concrete is advisable in the composite con-
struction. No formwork could be required in the compo-
site construction with efficient time management [12,13]
and the properties were investigated using finite element
analyses on composite column [14–16].

Indian standard medium beam (ISMB) 100 is inserted
into concrete with a circular section in this study to prop-
erly transmit the load with higher load carrying cap-
ability and to advise design practices from various codes.
The effectiveness of the composite effect will also be eval-
uated in comparison to traditional reinforced concrete
and steel columns.

2 Experimental investigation

Concrete mix in the proportion of 1:1.6:2.56 is used and
designed using IS 10262 (2009) in which water–cement
ratio is 0.45. Cement (OPC 53) and aggregates confirming

Figure 1: Geometrical configurations in modeling.
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Indian Standards IS 4031-6 (1988) and IS 2386 (1963),
respectively, are shown in Table 1. The characteristic com-
pressive and split tensile strength at 28 days are 32.8 and
3.18MPa. Specimen details of the experiment are given in
Table 2 and are subjected to axial compression.

Both ISMB sections and reinforcement yield stress
(fy) are 250 and 415 MPa, respectively. The characteristic
compressive strength of concrete (fck) is 30 MPa. Concrete
effective cover is 25 mm. Strain gauges were located at the
middle of the specimen along the length.

3 Analytical studies

Designs of the columns PC*, C1, and C2 were carried out
by confirming Eurocode 4 (1994), IS 456 (2000), and IS
800 (2007), respectively [17].
Case 1 – Conventional RCC column (C1):

Factored axial load of the RC column is as follows:

P f A f A0.4 0.67 .u ck c y sc= +
 

(1)

Area of concrete (Ac) and steel (Asc) are 22,500 and
314.15 mm2, respectively.

Length (l), breadth (B), and depth (D) of the column
are 600, 150, and 150mm, respectively. Four numbers of
longitudinal reinforcement (dia. 10mm) are provided.

l
D

4 12, Short column, IS 456 .e
( )= <

Case 2 – Conventional steel column (C2):
Factored axial load of steel column (ISMB 150) is as

follows:

P A F .d c cd= (2)

Length (l), area (Ae), non-dimensional parameter (λ),
ϕ, reduction factor (χ), and Fcd are 600mm, 1,900mm2,
0.406, 0.617, 0.92, and 170MPa, respectively (IS 800).
Case 3 – Proposed composite column (PC*):

Plastic resistance of composite column is as follows:

P
A f

γ
A f
γ
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a
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c
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  (3)

Area and partial safety factors in equation (1) are
presented in Table 3.

4 Numerical analysis

Finite element analysis (FEA) is carried out on the speci-
mens given in Table 4 under axial compression using
commercial FE tool (Abaqus). Concrete damaged plasti-
city model is used for the concrete, since steel follows the
bi-linear stress–strain curve. Bottom of the specimen is
pinned, since it is in practice during experimentation. For
convergence of the solution to appropriate conclusions,
the physical domain under inquiry is subjected to limita-
tions, called boundary conditions, in FEA. In FEA, sym-
metric boundary conditions are constraints that reduce
the amount of computer memory and simulation time
used. Steel and concrete properties were taken, respectively
[18,19]. Newton–Raphson method is used in the numerical
increments. ISMB sections were modelled using shell
elements, and the shell element analysis produced solid
elements that were very close approximations. Hence,
employing shell elements instead of solid elements
could reduce much on computational cost. Reinforce-
ment and ISMB 100 were embedded in concrete to simu-
late the effect of composite in C1 and C2, respectively.
Element size is fixed based on the mesh sensitivity ana-
lysis and experimental results [20]. Figure 1 depicts the
geometrical configuration of composite modeling. Ele-
ment size of concrete, ISMB sections, and reinforcement
is 20 mm for all C1, C2, and PC*. Eight noded solid element
with reduced integration, four noded shell element with
reduced integration, and two noded beam element are
employed for concrete, ISMB sections, and reinforcement,
respectively.

Table 1: Properties of materials

Test Cement Fine aggregate Coarse aggregate

Consistency, (%) 33 — —
Initial setting time, (min) 42 — —
Final setting time, (min) 275 — —
Specific gravity 3.15 2.6 2.65
Fineness 2.9 3.07 7.3
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5 Results and discussion

Factored axial load of PC*, C1, and C2 are 607.46, 498.06,
and 515.91, respectively. It can be clearly noted that the
factored axial load of PC* is increased by 71.8 and 88.1%
with respect to C1 and C2, respectively. From Table 4, it

can be observed that the increase load carrying capacity
of PC is 16 and 12, and 35 and 48.9 % for C1 and C2,
respectively, with respect to numerical and experimental.
So, the composite effect can be found from analytical
equation itself and the same is reflected in the experi-
mentation and FEA. Ultimate load of the specimens are
tabulated in Table 4. So, the proposed composite column
(PC*) is exhibiting the higher load carrying capacity than
others. Table 4 details the ultimate load carrying capacity
of the specimens investigated.

Table 2: Experimental details

Specimen ID Depth (mm) Width (mm) Thickness (mm) Remarks

Flange Web

C1 150 150 — — Conventional RC** column, 4# 10mm dia.
C2 150 80 7.6 4.8 Conventional steel column, ISMB 150
PC* 100 75 7.2 4.0 Column— ISMB 100 encased with concrete

* Proposed composite column; **Reinforced concrete.

Table 3: Area and partial safety factors of materials

Properties Structural steel Concrete

Partial safety factor γa = 1.10 γc = 1.5
Area (mm2) Aa = 1460 Ac = 16211.46

Table 4: Ultimate load carrying capacity of specimens

Specimen ID Ultimate load (kN)

Experimental Analytical Numerical

PC* 637.6 607.46 577.41
C1 471.8 353.57 498.06
C2 428.2 323 515.91

* Proposed composite column.
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Figure 2: Stress–strain behavior.

Figure 3: Stress distribution at peak load: (a) C1-Concrete, (b) C1-Rebar, (c) C2-Web, (d) C2-Flange, (e) PC-Concrete, (f) PC-Web, and
(g) PC-Flange.
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The stress–strain behavior of the specimens is exhib-
ited in Figure 2. FEA resulted in good agreement with
the experimentation. From Figure 2, it can be noted that
experimentally measured stress values of C1, C2, and PC are
20.71 19.1, and 28.45MPa, respectively, whereas the char-
acteristic compressive strength of concrete is 32.8MPa.
Also, it can be clearly noted that the numerically obtained
stress values of C1, C2, and PC are 28.3, 28.66, and 31.28MPa,
respectively from Figure 2. The ultimate strain difference (at
peak stress) between the experimentation and numerical

is very minimal. Especially, the obtained numerical result
is in better agreement with the experimental result. So, the
numerical models constructedwere well suited and could be
used to capture other physical quantities.

Figure 3a–g exhibits the stress distribution at peak load
for C1-Concrete, C1-Rebar, C2-Web, C2-Flange, PC-Concrete,
PC-Web, and PC-Flange, respectively [21]. Stress reaches
around 30MPa in concrete for C1 and PC specimens in
Figure 3a–e. Observed maximum stress in reinforcement
(C1), ISMB 150 (C2), and ISMB 100 (PC) is 264.6, 283.1 and

Figure 4: Strain distribution at peak load: (a) C1-Concrete, (b) C1-Rebar, (c) C2-Web, (d) C2-Flange, (e) PC-Concrete, (f) PC-Web, and
(g) PC-Flange.

Figure 5: Final failure profile: (a) C1, (b) C2, and (c) PC.
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257.7MPa, respectively. Stress in PC varies from 8 to 25MPa
lesser than C1 and C2, respectively, due to the development
of composite effect and the geometrical effect [22].

Figure 4a–g exhibits the strain distribution at peak
load along the length of the specimens C1-Concrete, C1-
Rebar, C2-Web, C2-Flange, PC-Concrete, PC-Web, and
PC-Flange, respectively. Strains in concrete and reinfor-
cement are 0.0017 and 0.0013, respectively, since the
maximum load reaches lateral tie confinement before
yielding strain in concrete of 0.002. Strains in ISMB 150
and 100 are 0.0015 and 0.0013, respectively, whereas the
change in strain is in negligible amount. It reveals that
the maximum usage of ISMB 100 in the PC is due to
composite effect. At the same time, the maximum strain
of 0.0026 is observed in PC-Concrete. So, the yielding
point beyond 0.0026 is found to be achieved due to the
compatibility between the ISMB 100 section and concrete
and leads to better composite effect with almost no con-
finement [23]. Figure 5 shows the final failure profile of
the specimens.

6 Conclusion

Experiments have been carried out on conventional RC
column, conventional steel column, and the composite
column to increase the ultimate load carrying capacity
in which the composite column is the proposed one.
Analytical evaluations on load carrying capacity based
on the codes IS 456, IS 800, and Eurocode 4 were carried
out. The composite column is found to be a better load
carrying specimen PC than the other from the analytical
solution which itself reveals the high load carrying capa-
city due to the composite effect and the same is resulted
from experiment and FEA. It can concluded that the
increase in load carrying capacity of the proposed section
is quite high than the conventional concrete and steel
columns. Also, from the FEA results, the stress and strain
distribution along the length exhibits the pattern in prac-
tice and the observed values also indicate the composite
effect of the proposed column in good manner.
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