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The aim of this study was to compare the moment—cur-
vature (M—¢) characteristics of a solid composite section
(SCS) and cellular composite section (CCS) of a beam
under a sagging moment. The strip method, based on
the principles of fundamental mechanics that consider
linear strain variation across composite sections, was
used to determine M—¢. It was first developed for SCS
for different parameters, i.e. the grade of concrete, un-
confined and confinement strength of concrete, and ef-
fective width of a concrete slab, and then extended for
CCS. CCS had a 50% depth enhancement over the steel
section of SCS. Full interaction between the steel beam
and the concrete slab up to the failure of the slab was
assumed in the analysis. According to the M—¢ analysis,
CCS enhances the ultimate moment capacity and ulti-
mate curvature for unconfined and confined concrete.
Concrete confinement for CCS effectively boosted steel
material utilization and resulted in higher curvature
ductility before failure. The high concrete strength and
wider effective flange width of the slab resulted in high
ultimate moment capacity and ultimate curvature for
SCS and CCS for unconfined and confined concrete.

Keywords: Composite beams, concrete confinement,
moment—curvature characteristics, solid and cellular steel
sections.

THE use of composite beams in construction is common due
to their advantages. These beams are generally made up of
steel-concrete material such that the concrete resists com-
pression generated due to bending. The reduced height
from floor to floor due to the shallow depth of the composite
beam is one of the advantages of such construction. Often
utility ducts are required to pass from one in the other side
in the composite beams. Passing these ducts through the
web of a steel-rolled section of the composite beams reduces
ultimate strength. Higher ultimate strength can be obtained
by replacing the rolled steel section (parent section) with a
cellular-steel beam having greater depth compared to the
parent section. Thus, the use of a cellular composite section
(CCS) results in strength enhancement and provision to
pass the utility ducts simultaneously.
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Achieving higher ultimate moment (M,) and ultimate
curvature (¢,) is the main prerequisite for composite beam
sections. However, the current design codes do not contain
any guidelines for proportioning composite beam sections'~.
Utilization of composite action has been recognized as an
effective way of enhancing structural performance’. A good
designed composite member can lead to significant savings
in terms of section depth, material consumption and overall
cost, lower environmental pollution and reduced energy
consumption®. An effective composite action is formed at
a sagging location. This location shows that each material
is used to take advantage of its best attributes, making the
composite section efficient and economical’. It has been
proposed that under positive bending, the concrete slab
provides buckling resistance to the top flange when subjected
to compression’, and that the ductility of the steel allows
for the achievement of high curvature’. The behaviour of the
composite beam under negative moment is reversed, which
results in cracking in the slab and local buckling of the
steel profile, influencing the strength and ductility of the
beams™’. The ability of the steel flange or web to resist
compression depends on its slenderness value, which is
represented by its width-to-thickness ratio'®''. A simple
rigid-plastic analysis of the section was carried out, which
showed that the positive moment capacity of a member
could be increased by as much as 120% over the plain steel
beam through composite action'>. Analytical and experimen-
tal work was carried out to predict the ultimate strength
and ensure the ductility of composite girders constructed
using 250, 345 or 485 MPa grades steel”’. This study
showed that a higher grade of steel enhanced the moment
capacity but resulted in limited ductility of the composite
section". A study reported the failure of a composite beam
with high-strength steel or concrete compared to those with
normal-strength steel and concrete'*. A method was present-
ed for the ultimate strength analysis of composite beams
with unreinforced rectangular web openings'”. It was obser-
ved that the strength of a composite beam decreases with
an increase in opening length and height. The location of
the concentric web holes also plays an important role in
resisting the vertical load of the composite beam. An ex-
perimental study examined the effect of concrete and steel
strength, and concrete slab thickness on both buckling and
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Figure 1.

the overall structural behaviour of composite beams under
vertical load’. Results proposed a 25% increment in the
ultimate load-carrying capacity of the composite castellated
beam if web opening was provided after the negative moment
region. To examine the effect of castellation (hexagonal
opening) on moment capacity and mid-span deflection of
the composite beam, different castellation ratios were consi-
dered'®. The results showed a reduction in mid-span deflec-
tion and improvement in moment capacity with an increased
castellation ratio'®. Ferreira et al.'” provided more details
about the cellular composite beams. Concrete confinement
also plays an important role in increasing the compression
resistance of concrete according to the stress—strain equa-
tion'®"’. Ductility is a linear function of lateral confining
pressure’’. The confinement can be achieved by varying
the spacing of the stirrups. The ultimate strength capacity
and ductility of concrete beams increase as the stirrup
spacing decreases. Stirrups that enclose concrete in the
compression zone are more efficient than those that run
around the entire beam cross-section®'*>. To achieve satis-
factory flexural strength and ductility, it was proposed to
stirrups be effectively placed in the bending zone™**.
Recent studies have concentrated more on the behaviour
of web posts of the cellular composite beams, high-strength
material and buckling behaviour. It is still necessary to study
how the composite beam cross-section performs under the
influence of confined or unconfined strength of concrete
and structural steel with the cellular opening provided in
the web. The present study particularly focused on exploring
this behaviour in the form of the moment—curvature (M—¢)
relationship of CCS and SCS. A cellular beam section is
defined as a steel beam with repeating concentric circular
web openings. It is assumed to be made up of its parent
rolled parallel flange section with a depth enhancement of
50%. It can be made from hot-rolled profiles by double-
cutting and rewelding processes. Figure 1a and b show
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Typical cross-section of composite beams. () Solid composite section (SCS) and (b) cellular composite section (CCS).

the typical cross-section of SCS and CCS respectively. For
developing an M—@ relationship, full interaction without
any slip between steel and concrete is assumed. The M—@
characteristic of the composite beam was first developed
for SCS and later for CCS.

Algorithm of the developed program

The M-® analysis was performed based on the structural
principles of mechanics. Figure 2 is a flowchart of the deve-
loped program for M—@ analysis, including iterative calcu-
lations. The variation of strain across the cross-section of
SCS and CCS was considered linear (Figure 3 a and b).
The analysis was first carried out for SCS for unconfined
and confined concrete. The same procedure was modified
and used for CCS by neglecting the contribution of web
opening and assuming linear strain variation across the
depth of the section.

The effectiveness of different cross-sections used for
analysis was expressed in terms of the percentage utiliza-
tion of steel and concrete respectively. Percentage utilization
of steel is the ratio of total tensile and compressive forces
resisted by the steel section at the failure stage to its capacity
when all fibres are yielded. Similarly, the percentage utili-
zation of concrete is the ratio of the area of concrete under
compression at the failure stage to the total area of concrete.
These utilization ratios give an idea to effectively propor-
tionate the cross-section area of steel and concrete for
maximum use, and make the section economical and effi-
cient.

Reliability of the developed program

Numerical simulation for CCS beams was done before the
start of the parametric analysis. The finite element model
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Figure 2. Flowchart of the developed program for moment—curvature analysis.
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(FEM) for the developed program was generated using the
same model setup as the numerical simulation, which was
successful. The results of the developed program and FEM
can be used for parametric analysis once they have been
verified.

Numerical validation

The findings of cellular composite beams were used to vali-
date the present FEM through deflection response (drpy)™.
The present FEM of the beam is a supported cellular com-
posite beam subjected to a concentrated load at mid-span
(Figure 4). The shear connectors embedded in solid con-
crete slabs are used. Four-noded shell elements and four-
noded multi-layered shell elements are used for the steel
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Strain variation in composite cross-sections at the intermediate stage. (a) SCS and (b) CCS.

beam and concrete slab, while two-noded beam elements
are used for connectors. The steel, concrete and studs are
characterized by linear elastic behaviour. The deflection
response of the present FEM was validated with that re-
ported in the literature®, which incorporated the additional
deflection due to cellularity, and with the equation pro-
posed for cellular composite beams™ *’. Compared to the
present FEM, the deflection predicted by the equation was
consistent (Table 1).

Validation of the developed program
To validate the developed program, solid 3D FEMs of later-
ally restrained composite beams with 600 mm effective

width of the slab (b.g), 200 mm slab thickness and 6000 mm
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supported span were developed for different SCS and CCS
(Figure 5). These FEMs were then subjected to uniform
moment loading conditions to avoid any shear deformation
in the beams. The parent NPB sections had a depth (H)
upsurge of 50% (H = 1.5D) over their original depth (D)**,
and the diameter of the provided web opening (dy) was
67% of their enhanced depth (dy = 0.67H). Figures 6 and 7
show the response of composite beams in terms of stress
and strain. Figure 8 shows the M—g relationship. The M—¢
behaviour of composite beams as determined by present
FEM and the developed program shows good agreement
for all the considered beams (Figure 8). All the behaviour
shown is captured at the maximum allowable strain level
of 0.0035 of concrete, which is also the threshold for failure
for composite beams. Using this validated FEM set-up, the
results of M—g of SCS and CCS, proposed using the deve-
loped program, were thus verified.

Parametric details

The aforementioned algorithm was used for analysing the
M- relationship of composite beams considering different
parameters, i.e. the strength of unconfined concrete, degree
of confinement to the concrete and effective flange width
of the slab.

Figure 4.
site beams.

The present finite element model (FEM) of cellular compo-

Table 1. Total deflection of cellular
composite section (CCS) beam

Specimen Deflection (mm)  drem/d;
drgm 18.15 1.00
d, (ref. 25) 18.00 0.99
d; (ref. 26) 18.00 0.99
ds (ref. 27) 16.70 0.92
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Geometric characteristics

Hot rolled parallel flange NPB 350 x 250 x 79.18 section
was considered as the parent steel section for the compo-
site beam”®. The cellular beam used was obtained from the
parent section and had a 50% depth enhancement without
any increase in the total weight of the beam compared to
the parent section. To avoid the practical challenges of in-
stalling confining reinforcement to concrete, a minimum
200 mm depth of concrete slab was considered. Table 2
shows the parameters considered along with their variation
for analysis. The strength and ductility of the confined con-
crete depend on the arching action between the longitudinal
bars and between transverse stirrups and links. Three dif-
ferent grades of concrete were considered to determine the
effect of concrete grade on confinement (Table 2)*°. The
assumed reinforcement for providing confinement effect
to the concrete slab is as per Table 3.

The steel and concrete grades, as listed in Table 2, were
considered for analysis to examine their effect on composite
beams. The stress—strain curve for concrete was developed
based on its characteristic material strength”’. The material
characteristics used for the study did not include the cor-
responding material safety factors. However, a size and
shape correction factor of 0.85 was applied to the concrete
used in the present study. The tensile strength of concrete
was also neglected. Without considering the material safety
factor, the bi-linearised material stress—strain characteristics
were used for structural steel beams, both in tension and
compression.

Structural steel: Steel E250 grade was considered for M—@
analysis®’. The bi-linear stress—strain curve shown in Fig-
ure 9 was used without considering the effect of strain hard-
ening. Failure of the composite section is bound to occur
when strain at the top fibre of the concrete slab reaches its
ultimate strain value (g,), i.e. 0.0035. The corresponding
value of ultimate strain in steel at the ultimate stage never
reaches up to the strain hardening value, and hence strain
hardening effect in steel was neglected during analysis.
Furthermore, it was assumed that the stress—strain charac-
teristics of steel are the same in both the compression and
tension zones.

Unconfined concrete: In the present study, idealized stress—
strain properties of unconfined concrete were considered
for M25, M35 and M50 grades of concrete (Figure 10). The
maximum flexural stress in concrete was considered 0.85f"c
(where f'c =0.8 X fi, fox 1s the characteristic strength of
concrete cube)”. The obtained unconfined compressive
strength for M25, M35 and M50 grades of concrete was
16.75, 23.45 and 33.50 MPa respectively. The maximum
stress in concrete was at a strain value of 0.002, after
which the stress was constant up to the ultimate strain of
concrete. Figure 10 shows the behaviour of concrete at the
yield and ultimate point for all the considered grades.
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FEM of composite beams. @, SCS beam, unconfinement; b, CCS beam, unconfinement; ¢, SCS beam, confinement; d, CCS beam, con-

Figure 5.
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Figure 6. Stress variation in composite beams. a, SCS beam, unconfinement; b, CCS beam, unconfinement; ¢, SCS beam, confinement; d, CCS

beam, confinement.
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Figure 7. Strain variation in composite beams. a, SCS beam, unconfinement; b, CCS beam, unconfinement; ¢, SCS beam, confinement; d, CCS

beam, confinement.
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Figure 8. Moment—curvature behaviour of composite beams. a, SCS beam, unconfined; b, CCS

beam, unconfined; ¢, SCS beam, confined; d, CCS beam, confined.
forcement by equating the strain energy capacity of the
transverse reinforcement to the strain energy stored in con-

Confined concrete: The energy-balanced concept was used
to predict the longitudinal compressive strain in concrete
crete as a result of the confinement'. In the present study,
1405

corresponding to the first fracture of the transverse rein-
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Table 2.

Parameters considered for solid composite section (SCS) and cellular composite section (CCS)

Cellular steel section

Slab geometry (mm) Material grade (MPa)

Solid steel section
Details of NPB 350 x 250 x 79.18 (mm) Desr 1, Concrete Steel
Depth (D) =340
Width of flange (by) = 250 Enhanced depth (H)=1.5 x D 600 200 M25, M35 and M50 E250
Thickness of flange (¢;) = 14 Diameter of web opening (D,) = 0.67 x H 800
1000

Depth of web (d,) = 312 d,p, =482 mm

Thickness of web (z,) =9

t;, Thickness of slab; d,,, Depth of web post.

Stress (MPa)

>

Strain &

Figure 9. Bi-linear stress—strain curve of steel for both tension and

compression.
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Figure 10. Idealized stress—strain curve of concrete in compression.

to find the confined strength of concrete, a stress—strain
model was used'’. The model included strength degradation
characteristics after attaining the maximum confining
strength and increased strain value. Confinement of con-
crete by suitable arrangement of transverse reinforcement
resulted in a slight increase in the flexural strength and a
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significant improvement in strain ductility of compressed
concrete. The effectiveness of transverse reinforcement
depends on the size of the confining core, which depends
on the spacing between the longitudinal reinforcement. For
this, we considered different assumed longitudinal rein-
forcement details and the corresponding transverse rein-
forcement thereof for different flange widths of the concrete
slab (Figure 11). An earlier proposed equation was used to
generate the confined stress—strain curve for the considered
grades of concrete'’. The basic expression representing
the proposed stress—strain relation is presented below.

For a monotonic loading, the longitudinal compressive

stress f; is given by
’
XTI

(M

c s

B r=1+x"
L @)

where x is the ratio of compressive strain in concrete to
the strain at peak stress and ¢, is the longitudinal compressive

concrete strain.
_lj ,

where f, and &, are the unconfined concrete strength and
the corresponding strain (&, = 0.002 is used) respectively.

Eoo = Egg 1+5[JJ:°,°

co

3)

re—te @
Ec - Esec
E, =5000y/ ), (5)

where E. is the tangent modulus of elasticity of concrete
and E. is the tangent modulus for confined concrete

£, =l (6)

sec s
6‘CC

where f_. is the compressive strength of confined concrete.
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Table 3. Details of reinforcement in the concrete slab of the composite section
begr (Mm) Assumed reinforcement on each face along the beam Confining reinforcement of 8 mm diameter @ 175 mm c/c
600 4 bar 12 mm in diameter Two numbers of two-legged stirrups
800 S bar 12 mm in diameter Two numbers of two-legged stirrups + two links
1000 7 bar 12 mm in diameter Three numbers of two-legged stirrups + three links
~ 600 - ~ 800 -
‘ —175— ‘ | =185~ ‘
: —
i\\ ® 8] ‘ . ® © [ ] 7 W
200 200
° o ° ‘ ° °® ° ® o l
= 1000 =
F* 155—
Q\ [ [ ] &) 9 ® % 4 ‘
200
[ ) @ [ o  J @ [ ‘
Figure 11. Arrangement of reinforcement in the concrete slab for a different bes values. a, ber = 600 mm; b, ber = 800 mm; ¢, ber = 1000 mm.

Ifi/

fL=fn (—1.254+2.254 /1+L‘,‘fl-2—,],
Joo o Jeo

where f; is the effective lateral confining stress on concrete.
Using eqs (1)—(7), the confined compressive stress—strain
characteristics for different grades of concrete and differ-
ent effective widths were obtained (Figure 12).

From Figure 12 a—c, it is clear that a concrete slab with
an effective flange width (beg) of 1000 mm with 155 mm
centre-to-centre longitudinal bar spacing shows higher
confined strength and failure strain than the others. This is
due to the accessibility of high confining reinforcement
available for the core concrete section. The strength and
ductility of the section are increased, as they are directly
related to the amount of confinement available. Likewise,
a lower grade of concrete has a higher percentage increase
in strength and ultimate strain than a higher grade of con-
crete.

(7

Behaviour of composite cross-section

All the possible combinations of the parameters mentioned
in Table 2 were used to determine the cross-sectional be-
haviour of SCS and CCS through the M—¢ relationship.
The analysis was divided into two stages based on the strain
value of the cross-section, i.e. elastic stage and inelastic
stage. In the elastic stage, linear stress—strain behaviour
was adopted for analysis, while in the inelastic stage, the
yielding started from the extreme fibre towards the neutral
axis (NA). The analysis was terminated when the concrete

CURRENT SCIENCE, VOL. 124, NO. 12, 25 JUNE 2023

material reached its ultimate failure strain. Analysis results
were compared based on M,, ¢,, and percentage utilization
of steel and concrete material of the cross-section. All the
composite sections showed initiation of yielding strain in
the bottom flange of steel before attaining the 0.002 strain
level at the top fibre of concrete. For plotting the analysis
results, a non-dimensional ratio between the moment capa-
city of section (M) and moment capacity at the yielding of
section (M,), and similarly, for the curvature of section
(¢ ¢y) was determined.

Effect of unconfined and confined strength of
concrete

The composite section was analysed for the effect of uncon-
fined and confined strength of different grades of concrete
on SCS and CCS (Table 4). From Table 4, it can be observed
that M, and ¢, are improved for CCS compared to SCS.
The composite beam with CCS exhibited improvements in
M, and ¢, of 18% and 12% respectively, over SCS for a
600 mm wide concrete slab for unconfined M25-grade
concrete. For higher grades of concrete, i.e. M50, improve-
ment in M, and ¢, was 10% and 17% respectively. This ex-
emplifies how more ductile sections can be attained with a
relatively low improvement with higher-grade concrete.
Table 4 clearly shows that CCS exhibits better ductility
and moment resistance capacity when taking into account
the confined strength of concrete for cross-sectional per-
formance. CCS exhibits a 17% and 5% improvement in
M, and @, of the section respectively, in comparison to
SCS for a 600 mm wide concrete slab when confinement
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Figure 12. Stress—strain curve for confined concrete. @, besr = 600 mm; b, berr = 800 mml ¢, beir = 1000 mm.
Table 4. Effect of the strength of concrete
SCS CCS
Unconfined Confined Unconfined Confined
Grade of concrete  begr (mm) M, (KN-m) o M, (kKN-m) & M, (kKN-m) b M, (KN-m) /8
M25 600 600 0.017 647 0.042 708 0.019 758 0.044
800 657 0.019 719 0.058 762 0.021 808 0.069
1000 708 0.021 763 0.098 809 0.023 839 0.116
M35 600 668 0.019 713 0.039 772 0.021 805 0.046
800 737 0.022 765 0.063 824 0.025 840 0.075
1000 775 0.027 797 0.100 848 0.032 864 0.12
M50 600 753 0.023 760 0.045 832 0.027 838 0.054
800 792 0.031 797 0.069 852 0.037 864 0.083
1000 815 0.038 823 0.106 876 0.045 882 0.127

M, is the ultimate moment; ¢, is the ultimate curvature.

is provided to M25-grade concrete. When the confinement
is through an M50-grade concrete, improvement in M, and
@, is 10% and 20%, respectively (Table 4). M, of CCS shows
less improvement than SCS under confinement, but ¢, shows
significant improvement. The impact of the effective flange
width of concrete slab on M, and ¢, of CCS and SCS is
also noticeable. This demonstrates that increasing b.g im-
proves M, and ¢, of the cross-section for both the con-
fined and unconfined strength of concrete.

M=@ relationship for different grades of concrete

For determining the effect of the grade of concrete on the
M-@ relationship of SCS and CCS, the parameters men-
tioned in Table 2 and their combinations were examined.
Analysis results obtained from the program were expressed
in terms of a non-dimensional plot, i.e. M,/M, and @,/
(Figure 13 @ and b). Besides, the analysis was performed
for each slab width listed in Table 2, and the outcomes of
composite sections with slab width of 1000 mm alone are
presented here.

For SCS, M,/M, after attainment of yielding of the cross-
section was always higher than CCS for the unconfined
strength of concrete. CCS with M50-grade concrete resulted

1408

in a remarkable improvement in ¢,/¢, after attaining yield-
ing in cross-section compared with SCS. Considering the
confined strength of concrete, M,/M, and ¢,/¢, ratios after
yielding the cross-section had improved for SCS and CCS
(Figure 13 b). Confinement strength resulted in dynamic
improvement of ¢/ ¢, in CCS when compared with SCS for
a higher M50 grade of concrete.

Material utilization for different grades of concrete

The material utilization of the cross-section at the ultimate
stage is influenced by the grade of concrete used for the
composite beam. Figure 14 a shows the percentage of ma-
terial used for beams having effective flange width of
1000 mm and unconfined concrete strength. Figure 14 b
shows similar material utilization under confined concrete
strength. In Figure 14a and b, ‘S’ represent SCS, ‘CL’
represent CCS, ‘st is steel material, and ‘c’ is concrete mate-
rial. Thus, for example, ‘S-st’ is the symbol used for repre-
senting the percentage utilization of steel material for SCS.
Figure 14 a shows that as the grade of concrete increases,
the percentage of concrete utilization decreases, while the
percentage of steel utilization increases. Achieving higher
percentage utilization of steel material is preferable

CURRENT SCIENCE, VOL. 124, NO. 12, 25 JUNE 2023
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Figure 14. Effect of different grades of concrete on material utilization of the composite section with besr = 1000 mm.

(a) Unconfined and (b) confined strength of concrete.

because of its higher cost, resulting in the required ‘duc-
tile failure’ mode. The percentage utilization of concrete ma-
terial was observed to be the least for the composite beam
with a cellular steel section. The material utilization was sig-
nificantly influenced by the effect of the confinement of
concrete. Figure 14 b shows that the steel cross-section is
100% utilized for all the grades of concrete, while the uti-
lization of concrete material keeps decreasing. This shows
that the increased strength due to confinement provided to
concrete results in a greater reduction of neutral axis depth
(measured from the top fibre of the composite section) for
a higher grade of concrete.

M-@ relationship for different effective widths of
the slab

Although all the concrete grades listed in Table 2 were
considered, only the analysis results of composite sections
with M25-grade concrete for various flange widths of the
slab are presented here for comparison purposes. Figure
15a and b shows the influence of beg on M/M, and ¢/¢y
ratios of the SCS and CCS cross-sections.

CURRENT SCIENCE, VOL. 124, NO. 12, 25 JUNE 2023

For SCS, the moment capacity ratio (M,/M,) after yielding
the cross-section is always higher than that of CCS for all
the considered b.¢r values and concrete strength. CCS with
a higher b results in a remarkable improvement of curva-
ture ratio (4/¢y) after yielding in cross-section compared
with SCS for the respective effective flange width of the
concrete slab. The availability of a higher b.¢ and confine-
ment results in a higher compressive force that concrete
can bear before failure. Therefore, for higher bes, M/M,
and ¢/¢, after yielding the cross-section are improved for
SCS and CCS respectively. Confinement to concrete re-
sults in drastic improvement of ¢/, of CCS when com-
pared with SCS for higher beg.

Material utilization for different effective flange
widths of the slab

Figure 16 a and b shows the percentage utilization of ma-
terial for composite beams with unconfined and confined
strength of concrete respectively. Moreover, these results are
presented here for all considered composite beams having
concrete of M25 grade with different b values. From
Figure 16 a, the percentage utilization of concrete (for S-c
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versus CL-c) is reduced, and for steel (for S-st versus CL-
st), it is increased for higher b.g. This results in the least
percentage utilization of concrete material for CCS.

The higher b.s value gives a high confined strength to
the concrete. Figure 16 b shows that the steel cross-section
is almost 100% utilized for only higher b, while utilization
of concrete material keeps reducing for confined strength
of concrete. This effect is enhanced for CCS, and hence
concrete utilization is minimum for a composite beam
with a higher b of a slab and cellular steel combination.

Conclusion

A strain compatibility based moment—curvature program for
SCS and CCS has been developed and verified with FEM.
The effect of cellularity and concrete confinement on the
behaviour of solid and cellular composite beams was exam-

1410

ined through parametric analysis. Based on the analysis
results, the following conclusions are drawn.

e From the parametric study, it is observed that the be-
haviour of composite sections is enhanced under the
effect of the confined strength of concrete and the use
of cellular steel sections.

e In the case of unconfined SCS, increasing the slab’s
effective width (bsr) helps improve the ultimate moment
capacity (M,) of composite sections. This impact is
limited to certain higher grades of concrete. While in the
case of ultimate curvature (¢,), the impact of varying
besr improves the ductile behaviour of composite sec-
tions.

e In the case of unconfined CCS, similar behaviour as
shown by unconfined SCS is observed for ultimate
moment capacity. However, compared to unconfined

CURRENT SCIENCE, VOL. 124, NO. 12, 25 JUNE 2023



RESEARCH ARTICLES

SCS, an improvement in ¢, is seen as a result of increa-
sed effective slab width and escalating concrete grade.
Concrete with confined strength impacts ¢, of SCS and
CCS. For each considered increase in b.s of confined
CCS, a minimum of 1.5 times improvement in ¢, is obtai-
ned, while this improvement in the case of confined
CCS is at least two times when compared with uncon-
fined CCS.

For CCS, the confinement given to concrete allows for
the most efficient use of the steel material and results
in higher curvature ductility before failure than with
unconfined SCS.

A higher grade of concrete and higher b.s; whether un-
confined or confined, result in better utilization of steel
material for CCS than for SCS.
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