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Abstract:

Steel plates are subjected to axial or shear loads to see whether
the concepts of complete and partial contact hold up. Structural
and frictional forces between steel and concrete, as well as stud
connections, are all considered in this partial interaction
investigation. The findings of DSC beam tests may be compared
to theoretical predictions using the partial interaction theory. For
DSC beams of any form, the theoretical technique may be
utilised with confidence, according to the results.When it comes
to building procedures, terms like *‘shear connections' and
"'sandwich beams"* are commonplace

INTRODUCTION

DSC structures are those consisting of welded shear
connections and steel plates sandwiched between two
layers of concrete. A more flexible connection allows
for more displacement, even though its design is
identical to double-reinforced concrete components.
This kind of structure has a lot more advantages than
the alternatives.

Steel is a fundamental component in many steel-
concrete composite constructions.  Construction
materials included steel plates, concrete and
reinforcing steel. It is common to employ shear
connections when combining steel and concrete to
get the desired effect. In shear connections, steel-
concrete composites exhibit a high degree of
mechanical interlock.

The flow of shear and the distribution of strain are
affected by steel-concrete contact. The modifications
have an effect on properties such as strength,
stiffness, and mode of failure. Steel and concrete may
interact completely, partially, or not at all (Veljkovic,
1996; Oehlers et al., 2000). In some circumstances,
assumptions might affect structural performance. A
partial interaction assumption may improve
behaviour predictions. Steel-concrete composite
components often meet partial-interaction due to
shear connection deformation and interface slippage

under applied stresses (Johnson, 1994; Dogan, 1997;
Roberts and Dogan, 1998; Oehlers and Bradford,
1999; Jeong et al., 2005; Ranzi et al., 2006; Gara et
al., 2006; Queiroza et al., 2007; Ranzi and Bradford,
2007; Jeong, 2008).

2010 is a holy year for Christians (Sousa Jnr. and
colleagues, 2010). Slippage in steel-concrete
composite systems may go unreported because it is
so little (that is, full interaction). A lower stiffness
connection or fewer connections may be required
when shear connections are not required. A system's
stiffness may be greatly affected by the use of slides
in specific situations (that is, partial interaction). A
composite beam must have strong connections in
order to move and deform. It is possible to assess the
stiffness of shear joints using push-shear testing.

Results from Newmark et altests .'s reveal that
(1951). Analysis may be used to determine the
deflection of concrete and steel T-beams. They were
just partly linked, according to this theory. The
relationship  between the longitudinal forces
transmitted from the concrete slab and the applied
bending moment may be explained by a second-order
differential equation (DDEZ2). After Newmark et al.
had finalised their own version, Yam was the first to
implement it.

Yam (1968) and Chapman (1970) published papers
on non-linear materials and shear connection
behaviour (1968, 1971). (1981). After solving the
non-linear differential equations repeatedly, the
ultimate flexural strength of composite beams was
determined.

Interface slip was revised and updated by Johnson
(1975, 1981) using Newmark's calculations. These
equations were used to investigate the loss of contact
in short-span composite structures.

According to Roberts, partial contact composite
beams may be studied in a novel way (1985). The
equilibrium and compatibility equations of this
approach are described by layer displacements. It is
possible to solve simultaneous differential equations
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derived from finite difference equations. An
innovative technique was devised by Roberts and Al-
Amery by mixing nonlinear materials with shear
connections (1990). Finite difference methods are
used to solve nonlinear differential equations.

There are two layers sandwiched between another
layer in the beam, according to Wright and others.
DSC experiments by Dogan and the fundamental
theory.Dogan made changes to Oduyemi's design
(1991). (1997). The partial interaction study has The
frictional forces between concrete and steel have
been taken into consideration. Steel plates were
decided to be used for the structures' exterior
supports and load zones (Dogan et al. 1997; Dogan et
al. 2010). What if Dogan's theoretical predictions
don't match up with what we see in the data? (1997).
Tensile and shear forces are applied to steel plates
and studs. As part of his research, Dogan looked at
the axial strain of DSC beams (1997).Governing

differential equations

Full interaction

The DSC beam interaction analysis is based on
assumptions at every level, from the simplest to the
most complicated. For those who don't already know,
steel and concrete are both very durable materials.
Linearly elastic materials subjected to tensile stress
testing. The weight can no longer be maintained
because to the collapse of the strain. A shear force
connects the concrete and steel. The right balance of
stiffness and plane ensures that there is minimum
slippage.. Each component is at the same height at
any given time throughout the puzzle. This is taken
into account while trying to estimate the strain. Bent
portions are shown in Figure 1. As shown in Figure
1b, the steel plates and concrete represent the
predicted circumstance. Axial forces make it possible
to create perfect contact between steel plates.

In Figure 1a, Fsc is the compression force in a steel
compression plate, and Fst is the tension force in a
steel tension plate.
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When the steel plate is in tension, its Young's
modulus is Est, while when steel plate is compressed,
its Young's modulus is Asc. These variables are used
to calculate a number that stands for the stiffness of
the steel plate in compression, which in turn is used
to calculate the depth of the concrete section that is
uncracked. Finally, the uncracked depth of the
concrete section is used to calculate the value of dcu
(Dogan, 1997, 2010).

There are two factors that determine the axial force
change in the steel plates: gsc and gst per unit length
(Figure 2a).

dF
o __dF, (5)
A dx
_ . dF st (6}
q st d:‘:

Interaction that is just partial

We are correct, and Oduyemi (1991) provided a
partial interaction approach that takes into account
the influence of other people. between concrete and
the surrounding environment's frictional forces Steel
plates are used to support and distribute the weight.
The following simplification principles are applicable
to partial interactions.

The linear properties of steel and concrete make them
natural candidates for comparison.

Elastic materials, small deflections, and shear are all
examples of (a).

Concrete and steel plates are held together by a shear
connection, making deformations in any material
negligible.

In other words, it runs the whole length of the beam.
alone in the woods Smeared connections between
two places are made possible through connectors (e)
Each layer of a beam is subjected to a linear strain
distribution over its depths, resulting in a linear
connection. The curvature of each layer is the same
as the curvature of the other layers. Because each
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layer deflects the same amount, there is no buckling.
or if the layers separate, the concrete is left open to
exposure to Cracking occurs when the material is
exposed to tensile strain, making it ineffective in
resisting the load. and | keep the neutral axis' depth
constant, which is linked to the beam'’s shape and the
substance's properties. A universal solution to the
problem of partial axial strains in steel plates has
been discovered. interaction is made possible because
to

Fee =A, coshafm, x + A, sinh fm, x+ A cosh Jm_ x + (7)

A, sinh \Jm; x+g, M+g, DM

Fgt =A, 95 cosh Jm, x+ A, g sinh Jm, x + A, g, cosh /m_ x + (8)

A, g, sinh Jm x+g;M+g, DM

The beam's material and section properties are
described by coefficients m1, m2, and g1 to g6, while
boundary conditions provide constants Al to A4.
connections between the studs (Dogan, 1997; Roberts
and Dogan, 1998; Roberts and Dogan, 1998; Roberts
and Dogan, 1998; Roberts and Dogan 2010). There
are two types of shear forces: gsc and gst. There is no
difference between the partial interaction equations 5
and 6.

Material attributes and

assumptions

Numerous assumptions are used in whole and partial
interaction analysis because the behaviour of DSC
beams is so complex. previously indicated, the
mechanism will be sped up. In order to discover
solutions for a basic supported beam as shown in
Figures 1 - 3, with a point load in the midspan, the
spacing between the symmetrical loads is set to zero.
Various The stiffness of the shear is one of the
properties that is being investigated. A filling of
concrete occurs between the steel plates and their
frictional forces. Figures 1-3 show the applied force
on the beam. As a consequence, only half of the
beam has to be considered. All of the beams were
found to have a frictional coefficient g of around
0.25. Findings in both theory and practise were in
agreement. experiment's findings The research was
affected by the presence of outside studs. Tension
steel plate was used to model the supports' axial
tensile force in light of the results of tests at a
suitably applied load level. Full and partial beams are
compared using the assumed geometry. The length L
= 1400 mm and the width b = 200 mm are just partial
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hypotheses. A steel plate on the top and bottom of a
150-mm-deep concrete core.
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b. Support, loading and frictional forces Ff at the
supporis and load poinis.
The stud spacing (st) is 200 millimetres, and the
thickness (ts) is 8 millimetres on both plates. The
Young's modulus of Es steel was evaluated at 210
KN/mma2. In the equation 67, the Young's modulus of
concrete Ec is affected by changes in concrete
compressive strength.

The compressive strength of a concrete cube in
N/mm2 is given by Fcu, whereas the compressive
strength in KN/mm2 is given by Ec. Ec ranged from
25.2 to 30.2 kN/mm2 in this experiment. The
estimated concrete strength of the test beams was
used to divide them into four distinct categories.
There are four groups of Young's modulus (B1 and
B2 with Ec = 25.2 KN/mm2, Group 2: B3 through B6
with Ec = 28.3 kN/mm2, Group 3: B7 and B8 with
Ec = 27.1 kN/mm2, and Group 4: B9 and B10).

RESULTS

As DSC beams' behaviour is exceedingly
complicated, many assumptions are made in whole
and partial order to describe it.
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Figure 4. a Comparison of experimental tension
plate axial forces for the second group of beams B3-6

P = 30 EN). b Comparison of experimental
compression plate axial forces for the second group
of beams B3-6 (F = 30 BN}

Using interaction analysis, the system may be
simplified. When comparing the theoretical findings
with real results, the system geometry and material
characteristics used were the same as those published
by Dogan (1997).

Full and partial interaction models are studied here,
with one neglecting friction between layers at the
supports and the other including frictional forces.
Test results at different applied loads are also
compared. Axial forces in steel plates and shear
forces in studs are studied, and the findings are
presented here.

Axial pressures on steel plates

With and without frictional forces between the layers
at the supports, Figures 4-6 illustrate axial forces in
tension and compression steel plates along beams
B3-10 with connection stiffness K = 50 and 60
kN/mm. These forces grow with increasing shear
connection stiffness until they reach levels consistent
with full interaction theory, which is when the shear
connection stiffness approaches infinity.

Based on partial interaction theory, theoretical results
are quite similar to experimental observations.
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Figure 7. a. Comparison of experimental tension
plate stud shear forces for the second group of beams
B3i-6 (F = 30 EN). b. Comparison of experimental
compression plate stud shear
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Jorces for the second group of beams B3-6 (F = 30
EN). For both temsion and compression plates,
interaction theory predicis stronger axial forces.

Shear pressures in studs

In Figures 7-9, theoretical and experimental stud
shear forces along beams B3-10 at a load level of 50
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kN for connection stiffness K = 50 and 60 kN/mm,
with and without frictional forces at the supports, for
values of K = 50 and 60 kN/mm, with or without
frictional forces. Tension and compression plate
shear forces are expected to grow as the stiffness of
the connection increases. based entirely on
interaction  theory  Overall, theoretical and
experimental results agree.

CONCLUSIONS AND DISCUSSION

A mixture of complete and partial interaction analysis
was used to compare actual data with theoretical
predictions of DSC beam behaviour. Four sets of test
beams were compared in terms of axial forces and
stud shears for each group because of the differences
in cube strength and elastic  modulus.
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Figure 8. a Comparisen of experimental temsion
plate stud shear forces for the third group of

beams B7 & (P = 30 kN). b Comparizon of
experimental tension plate stud shear forces for the

third group of beams B7-8 (P = 30 kN). Forces are
shown.
Concrete fracture depths along the beams and the

distance between the tension steel plates and concrete
infill caused the experimental results to differ from
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those expected. Because of local concrete cracking,
shear forces were redistributed and the distribution of
shear forces was interrupted at the end of the beam.
axial force in the steel plates decreased as the fracture
depth increased, resulting in a rise in the moment
lever-arm. Partially interacting beams have a
significant influence on their behaviour due to
frictional forces at and around their supports and
studs.
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Figure 9. a Comparison of experimental tension
plate stud shear forces for the fourth group of beams

B3-10 ¢F = 30 EN) b. Comparison of experimental
compression plate stud shear forces for the fourth
group of beams B9-10 (P = 50 kN).

The theoretical results based on partial interaction
theory, assuming realistic material and shear
connector properties and incorporating the influence
of interface frictional forces, show satisfactory
correlation with test result.
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Subscripts
A cross-section area of steel plate
c concrete core
cu uncracked concrete core
f frictional force
p partially interactive section
s fully interactive section
sC steel plates in compression
st steel plates in tension
NOTATION

cross-section area

width of beam section

depth of concrete

strain difference at steel-concrete interface
Young's modulus

axial rigidity

flexural ngidity

axial force in steel plates

ultimate strength of concrete
coefficient of friction at steel-concrete interface
second moment of area

curvature

stiffness of shear connector

span of beam

bending moment

number of connectors across the beam
applied point load on beam
longitudinal pitch of connectors

shear force (shear flow) per unit length between
oncrete infill and steel plate

shear force on one connector

stud spacing

thickness of steel plate

distance of point load from support
transverse shear force

co-ordinate axes

distance along beam from support
moment lever arm

deflection

composite stiffness factor

strain

- B
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