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Abstract: This paper discusses the finite elements analysis of composite beams with openings in
metal-ribbed decking slabs. The current study is based on nonlinear three dimensional (3D) finite
elements simulation. The model has been validated using test data. Close agreement has been observed
between the finite element model and experimental results for ultimate load and load-deflection
response. Parametric studies have been performed to investigate variations in opening size. It has been
found that these factors have significantly affected the structural behaviour of the composite beam.
From parametric study, formula to calculate rigidity of composite beam with openings in slab has been
proposed.
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INTRODUCTION

Composite floor system has a widespread use in construction because of the benefits of efficiently
combining the two construction materials, steel and concrete. It is economic in terms of labour saving on site,
construction timing and shallower structural size. A composite slab is normally designed as a deformed deck-
slab by using shear connectors to transfer interface shear to act as the base for the concrete floors. However,
openings frequently occur in commercial or hospital buildings which may contain pipelines, risers, placing
heating, ducts and ventilation. These may require a large opening in the composite slab which has the potential
to reduce composite beam capacities and to have influence on moment resistance of the whole composite
system. In composite beam and slab design, designers are often faced with this problem (Xiao et. al 1998).
The composite floor system relies for its strength on steel beam acting compositely with a concrete slab via
metal ribbed decking and shear connector. Hence, it is clear, when a composite beam is weakened by opening,
this potentially affects the moment resistance of the whole composite system. Only a few of researcher were
concerned with the performance of composite beams containing openings in composite beam flange.

Nie et al. (2006) reported experimental and theoretical study on composite beams with openings in the
solid slab and proposed design equation on the moment reduction of a composite beam. Regression analysis
has been carried out on the test results to find the reduction coefficient. However the result calculated by using
this method has a restriction used since the limited of parameter used in regression analysis. In this paper, the
focus is on the modelling of composite beam with opening in ribbed decking slabs using ANSYS where the
opening is symmetrical on the longitudinal only. A three-dimensional finite element analysis has been carried
in which all the main structural parameters and associated material nonlinearities are included (concrete, steel
beam, steel decking and shear connector). Various parameters such as flanges, parametric study of size,
location and cutting direction have been considered.

Experimental Investigation Review:

Five, full-scale composite beams (SB1 to SB5) were tested by Nie et al. (2005), who used metal-ribbed
decking of 1.0 mm thick. Two types of decking narrow-ribbed and wide-ribbed have been used. The
arrangements for the tests are shown in Fig. 1. Composite beams of 3.9 m span with 0.8 m wide and 105 mm
deep slab, were used. Concrete in the composite slabs had different cube strengths. The steel beam was I-
section (120a) with: total depth = 200 mm, flange = 100 mm wide and 11.4 mm thick, and web = 177.2 deep
mm and 7mm thick. The shear studs were 19 mm in diameter and 90 mm in height, spaced at 390 mm,
welded on the top flange of the steel beams through the profiled steel sheeting.
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Fig. 1: Test arrangement for composite beam.

Finite Element Model:
Material Modelling:
Concrete:

To model the behaviour of reinforced concrete in composite slabs, an eight-node solid element, Solid65,
was chosen to represent the concrete. The element is capable of plastic deformation, creep, cracking in three
orthogonal directions, and crushing in compression. Stress-strain behaviour of concrete in compression can be
represented as shown in Fig. 2.

The first part of stress-strain curve is assumed elastic. The value of the proportional limit stress is taken
as 0.3(f",). The compressive stress, f°, is equal to 0.78 (f,,), where £, is the compressive cube strength of
concrete. The stress-strain curve is assumed parabolic from Point 3 to f°, at Point 4. This part of curve can
be determined from Equations (1) and Equation (2) (Carreira et. al. 1985):
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Where £, is the cylinder strength of concrete in MPa and ¢ is the strain in concrete. The strain (¢’,) at
which the maximum compressive stress occurs, is taken as in Eq. 3 (BSI 1997). Starting from the maximum
stress at Point 4, the curve starts descending, which is the softening branch up to the ultimate strain of
concrete at failure, ¢, at Point 5, taken as 0.0035 (BSI 1997). Eq. 1 is able to simulate the ascending and
descending branch of the stress-strain curve of concrete.

The poisson’s ratio of concrete is taken as 0.2. The young’s modulus is reasonably calculated by the
empirical Eq. 4 (ACI 2000).

E =4730yf, (4)

In tension, the stress-strain curve for concrete is assumed linearly elastic up to ultimate tensile strength,
at Point 1, as shown in Eq. 5. Concrete cracks beyond this point and the strength decrease to zero (ANSYS
Release 10) where,

f=055/f"  [Mpal (5)
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g = us (6)
EC

The material model in ANSYS could predict failure of brittle materials. In ANSYS, the ‘TB, CONCR’
accesses this material model is available with the reinforced concrete element SOLID65. For failure surface
criteria, two constants: ultimate tensile strength (f) and ultimate compressive strength (f°,) need to be input
under the ‘TB, CONCR’ command. The other three constants, ambient hydrostatic stress state (¢%,), ultimate
compressive strength for a state of biaxial compression superimposed on hydrostatic stress state (f;) and
ultimate compressive strength for a state of uniaxial compression superimposed on hydrostatic stress state (f;),
default to William et. al. (1975).

One more constant to be input under the “TB, CONCR’ command is the concrete element shear-transfer
coefficient (f,). This is required to represents a shear strength reduction factor for subsequent loads that induce
sliding (shear) across the crack face. The values range from 0 to 1, where O represents a smooth crack,
meaning a complete loss of shear transfer, and 1 represents a rough crack meaning no loss of shear transfer.
The amount of shear transfer across a crack can be varied between full-shear transfer and no-shear transfer
at a crack section.The concrete element shear-transfer coefficients assumed in this paper are 0.2 for open crack
and 0.3 for closed crack. The last constant is the stiffness multiplier for the cracked condition. This constant
is used as the stress relaxation coefficient, the device that helps accelerate convergence when cracking is
imminent. The default value of 0.6 was used in this analysis.
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Fig. 2: Concrete stress-strain curve for concrete.

Steel Beam, Shear Stud and Steel Decking:

A 4-noded shell element type, with 6 degrees of freedom at each node, has been used in modelling the
steel decking and steel beam. This type of element is well suited to model non-linear, flat or warped, thin-to-
moderately-thick shell structures. For shear stud, solid element was used for the 3D modelling. The element
is defined by eight nodes having three degrees of freedom at each node: translations in the nodal x, y, and
z directions.

The von Mises yield criterion with multilinear isotropic hardening (MISO) is used to represent the steel
beam behaviour. The stress-strain relation used by Gattesco (1999) has been adopted for all models through
out this thesis. Nonlinear equation in strain hardening branch up to ultimate stress is given in this model. The
use of nonlinear curve will increase the degree of accuracy compared with linear curve. The relation is linearly
elastic up to yielding as shown in Eq. 7,

O-S = EY(C"S (7)
and perfectly plactic between the elastic limit and beginning of strain hardening as shown in Eq. 8,
GS =

®)

sy

After the perfectly plastic part, the curve will start to behave as strain hardening and follows the Eq. 9,
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o,=f,+(fu-1,) l—e( ¢ ©)

where f;, and f;, are the yielding and ultimate tensile stress of steel component respectively ; Eg, and g,
are the strain hardening modulus and strain hardening of the steel component, respectively. Strain at ultimate
strength (g,,) is depending on steel ductility. Lower steel strength will give higher steel ductility. For steel beam
properties, elongation at ultimate load and the ratio of ultimate strength to yield strength is taken as 15% and
1.2, respectively Factor k is defined as in Eq. 10,

E, —&
k :kx ( sh su) (10)
(£,,—0.16)
Value of £, is taken as 0.028 (Gattesco, 1999). The complete stress strain curve is shown as in Fig. 3.
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Fig. 3: Stress-strain curve for steel beam.

The shear stud, metal-ribbed decking and steel reinforcement were simulated using a bi-linear stress strain
curve with the BISO option in ANSYS. Bilinear stress-strain curve is capable of representing elastic-perfectly
plastic material behaviour, with equal yield stresses, f;,, in tension and compression as well as with the
hardening option (Fig. 4). The materials behave as linear elastic material, and becomes fully plastic or with
strain hardening beyond this stage.
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Fig. 4: Stress-strain curve for steel decking, shear stud and reinforcing bar.

Modelling of Composite Beam:

The experimental study was undertaken by Nie et al (2005) have been analysed by the finite element
method. Solid element to model headed shear stud in composite beam proposed by Xiao and Baharom (2007,
2009) has been used. The solid element was used to connect the top flange of steel beam and meta-ribbed
decking slab to represent the shear stud.
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The composite beam was modelled with a small gap between the top flange of steel beam and metal-
ribbed decking in order to simulate contact area. It was observed by Jayas ef al. (1998) and Johnson et al.
(1981) that separation of concrete behind the shear connector occurred even at low load levels. Based on this
observation, in FE model, the nodes behind the shear stud from surrounding concrete (in the direction of the
load) has been detached. The same approach was used by Kalfas et al. (1997) and Kim ef al. (2001). Fig. 5
shows the detached nodes in FE model. The nodes are detached from the surrounding concrete nodes with the
other nodes of shear stud. Same nodes for the top surface of shear stud and concrete were used since it is
assumed that the headed shear stud has sufficient resistance to uplift.

Interaction between metal-ribbed decking and steel beams is not fully bonding. Due to this reason, surface
to surface contact element was used as an interface element between the steel decking and the steel beam to
prevent any penetration of steel decking with the steel beam. Modelling based on interaction between two
materials has been used in conjunction with surface interaction technique available in ANSYS. Direct nodal
connection between steel element and steel decking elements was avoided in this technique and, slip between
the two surfaces with a predefined allowable tensile and frictional stresses was allowed. The location of the
interface element is shown in Fig. 5. A 3D contact pair element, namely CONTA173 and TARGE170 were
used as a contact element.

Sarte node for

i e - Shear smd hend
Ehp\*. and comerete
e ¥
Tdehched oy N> I .

gudnodes and \ ‘f
cotwcrete node 8
/ I Samme rods for
Interface Shear dud and
deelheam
N

Fig. 5: Shear stud modelling in composite beam.

Boundary Condition and Symmetry:

Symmetry of the composite beams is taken into account by modelling only one half of the beam span.
All nodes of the concrete, profiled steel sheeting and steel beam which lie on the surface of symmetry at the
mid span position are restrained from moving in the x-axis direction. All nodes for the steel beam which lie
along the line of the symmetry also are restrained from rotation (y and z axis) because of symmetry. A typical
finite element model and the boundary conditions are shown in Fig. 6.

a) Elevation (b) Plan

Fig. 6: Composite beam with metal-ribbed decking FE model

Application of Load:

Concentrated loads are incrementally applied to the model by means of an equivalent displacement to
overcome convergence problems and the similar technique has been used by Queiroz. et. al (2006). By this
approach, the associated error is controlled by comparison between applied forces and reaction forces.

Validation of the Finite Element Model:

To verify the accuracy of the proposed modelling approach, five of the full-scale experimental beams
reported in the literature were analysed and the analytical result compared with the experimental results for
each case. Specimens designated as SB1 to SB5 were reported by Nie et. a/ (2005). The degree of shear
connection &, was varied from 0.315 to 0.666 as defined by EC4 (1994) specifications, with one or two studs
being welded in each trough of the sheeting.
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In order to study the suitability of the non-linear finite element model, key design parameters such as load-
deflection response and ultimate load behaviour, predicted by the non-linear finite element model, were
compared with the experimental data. Fig. 7 show the load-deflection curves the experimental and the finite
element for model SB3.

The load-deflection behaviour results obtained from the analyses are similar to the corresponding
experimental curves in all cases. It was observed that all beams in the experimental tests showed softening
behaviour in the load-deflection curve; the modelling technique could also simulate this behaviour. It was seen
that there were some differences in the softening sections, where the analytical curve deviated away from the
experimental result. This was due to the concrete material modelling used in the finite element analysis (FEA).
Nevertheless the models were also able to simulate closely the transition between linear and non-linear
behaviour of the composite beams. The non-linear finite element predictions for the ultimate load capacity seen
to differ by -8% to 6% compared to the experimental results, as shown in Table 2. It can be observed that,
in most cases, the finite element method overestimates the ultimate load compared to the experimental results
except for model SB2..

The ultimate moment of composite beams can be defined by calculating the load-deflection curve. The
ultimate moment M, obtained from the FE analyses are compared with flexural strength M, ., predicted by
EC4 (1994) specifications for composite beam with a partial shear connection (Table 2). The plastic moments
and design strength are calculated using the measured material properties. The design strengths predicted by
EC4 (1994) are conservative for most cases with 1% to 8% difference compared to FE method. Therefore, the
non-linear finite element modelling can be used in design without any loss of accuracy or of being too
overestimate or conservative. Considering the extent of the assumptions and simplification made in numerical
modelling, the result is satisfactory and can be used in the design of composite beams.

Table 2: Comparison of ultimate moment between experimental, Finite Element and EC4.

Specimen M, (Test) [kN.m] Mg [kKN.m] M, / Mg Mg, (equivalent method) Mgy / Mip
SB1 143.5 146.89 0.98 140.07 0.95
SB2 175.6 169.95 1.06 156.41 0.94
SB3 160.9 169.01 0.95 155.64 0.92
SB4 119.5 128.07 0.93 125.93 0.98
SBS 132.5 144.14 0.92 137.68 0.96

The ultimate moment capacity of composite beams depends on the degree of shear connection, the
compressive resistance of concrete slab and steel beam (where the neutral axis falls within steel section), and
the tensile resistance of the steel beam section. Three flexural modes of failure exist (Chien et. al. 1984), shear
connection failure, crushing of the concrete, and full yielding of the steel beam section. In FE analysis, the
mode of failure can be defined by plotting the yielding sequence (stress versus central deflection) of composite
beam components (concrete and shear stud). In this sequence, if the stud yielding point is located before the
concrete crushing point, then the mode of failure of the composite beams is considered as stud failure.
Conversely, if the stud yielding point is located after the concrete crushing point, the mode of failure is
assumed to be concrete crushing. Fig. 7 shows the yielding sequence for beam SB2 obtained from FE analysis.
The FE contour stress also can be used to confirm the failure mode. In FE modelling, when crushing of
concrete and shear studs occur, this will cause the steel beam sections to reach their ultimate stress and will
cause a large deflection prior to failure. While, the failure modes from experimental observation are described
in details by Nie et. al. (2005). A typical mode of failure from experimental and FE analysis was compared
in Fig. 8 and Fig.9.
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Fig. 7: Stress-deflection curve of composite beam component
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Fig. 8: Typical separation of steel decking and concrete slab.
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Fig. 9: Typical cracking pattern at support area.

Parametric Study:

Due to good agreement between the experimental and numerical models, the computer code ANSYS is
used to carry out parametric studies. Parameters considered include opening sizes in transverse and longitudinal
axis. For simplification in the FE models, openings were assumed to have symmetry on z-axis and x-axis.
Therefore, half the beam was modelled giving due consideration for the boundary conditions of the models
along the line of symmetry. For purpose of standardisation and easy reference, all the numerical models used
a standard steel grade of f, = 300 N/mm? and £, = 415 N/mm?. All numerical models were simply supported,
loaded with single point load at the mid-span of the beam. A total of 45 finite elements models of 4.0 m span
with 1 m slab wide were used for this study. In this research, the focus was only for symmetrical structure
due to location of openings. The model were classified as A, B and C, based on their decking shape as shown
in Fig. 10. The groups were also classified by their concrete strength. Decking-shape B and C were classified
as wide-rib, while decking-shape A was classified as narrow-rib.
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Fig. 10: Metal-ribbed decking dimensions, unit in mm (not to scale).
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Fig. 11 shows the layout of opening size parameters. In the layout, opening size in transverse direction
is denoted as ‘a’; ‘f” refers to openings size in longitudinal direction, B, the width of composite beam flange
and ‘L’ length of composite beam. The opening size in transverse direction, a, was varied while, f, was kept
constant. While for the opening size in longitudinal direction, a, was kept constant, while the opening size in
the longitudinal direction, f varied. Table 3 and Table 4 show the details of the parameters.

Composzite slab
// |"_"'

. - |

Steel beam -\\‘

B e s i Opening

L2

Fig. 11: Layout of composite beam model with different openings size in transverse direction in metal-ribbed
decking slab.

FE RESULTS AND DISCUSSION

Openings Size in Transverse Direction:

A typical load-deflection curves behaviour for A, B and C type model, all the curves are linear up to the
first yield load and become non-linear thereafter. Most of the models sustain the linear stage approximately
up to 80 kN. It can be seen from Fig. 12 that the ultimate loads decrease with the increase of openings size
in transverse direction. As in the case of model A1-3 which has lowest ultimate load for the A group (narrow-
ribbed), the load-deflection behaviour is linear up to the first yield load equal to 77.02 kN and it becomes
nonlinear thereafter. It is observed for model SA1-1, SA2-1 and SA3-1 with opening ratio of 20% in transverse
direction, the ultimate load value were 148.90 kN, 154.71 kN and 162.54 kN, respectively.

The corresponding ultimate load value is 143.49 kN, 147.35 kN and 153.88 kN with the opening size
increased to 50%. The results obtained are shown in Tables 3. In the Table 3, P, is ultimate load for composite
beams with opening while P, is ultimate load for composite beam without openings.

The results show that by increasing the openings size in transverse direction will decrease the ultimate load
of composite beam. The results show that the ultimate load decrease by 2%, 3% and 4% when the opening
size is increased by 20% in the direction of transverse axis for model Al-1, A2-1 and A3-1, respectively. The
corresponding drop in ultimate load is 6%, 10% and 10% when the opening size increased to 50%.

It is observed that B1-1, B2-1 and B3-1 with opening ratio of 20%, ultimate load value is 163.5 kN,
169.78 kN and 178.55 kN, respectively. However for 50% opening ratio, the ultimate load were 144.61 kN,
154.53 kN and 165.53 kN, for B1-3, B2-3 and B3-3, respectively. As in the case of model B1-3, it has lowest
ultimate load value which is 144.61 kN.

The model has 26 MPa cube strength and 50% of opening ratio. The results obtained for B type model
is shown in Table 3. The results show that the ultimate load drops by 4% when the opening size is increased
by 20% in the direction of transverse direction for model Bl-1, B2-1 and B3-1. The corresponding drop in
ultimate load is 15%, 12% and 11% in ultimate load when the opening size increased to 50%.

It is observed that for beam with 20% opening ratio, the ultimate load is 158.82 kN, 164.75 kN and
173.59 kN, for C1-1, C2-1 and C3,-1 respectively. It is observed that model having higher opening ratio which
is 50%, the ultimate load value is, 144.18 kN, 152.57 kN and 161.30 kN , for C1-3, C2-3 and C3-3,
respectively. The results show that the ultimate load drops by 5%, 4% and 4%, when the opening size is
increased by 20% in the direction of transverse direction for model C1-1, C2-1 and C3-1, respectively. The
corresponding drop in ultimate load is 14%, 11% and 12% in ultimate load when the opening size increased
to 50%.The results obtained are shown in Tables 3.
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Table 3: Results for composite beams with different openings size in transverse direction.

Beam Concrete Opening size Ultimate P/P,
cube strength, f,,
[MPa] a [mm] f [mm] Opening ratio Load [kN]
Al 26 0 0 0 152.58 1.00
Al-1 26 100 100 20 148.9 0.98
Al-2 26 170 100 34 146.65 0.96
Al-3 26 250 100 50 143.49 0.94
A3 433 0 0 0 169.04 1.00
A3-1 433 100 100 20 162.54 0.96
A3-2 433 170 100 34 158.05 0.93
A3-3 433 250 100 50 153.88 0.90
Bl 26 0 0 0 169.74 1.00
Bl1-1 26 100 100 20 163.50 0.96
B1-2 26 170 100 34 157.43 0.93
B1-3 26 250 100 50 144.61 0.85
B3 433 0 0 0 185.96 1.00
B3-1 433 100 100 20 178.55 0.96
B3-2 433 170 100 34 173.97 0.94
B3-3 433 250 100 50 165.53 0.89
Cl 26 0 0 0 167.13 1.00
Cl-1 26 100 100 20 158.82 0.95
Cl1-2 26 170 100 34 154.79 0.93
Cl1-3 26 250 100 50 144.18 0.86
C3 433 0 0 0 183.89 1.00
C3-1 433 100 100 20 173.59 0.94
C3-2 433 170 100 34 168.15 091
C3-3 43.3 250 100 50 161.30 0.88
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Fig. 12: Load-deflection curves for composite beams with different openings size in transverse direction, for
different decking type (a,b,c) (f,= 26 MPa).
Opening Size in the Longitudinal Direction:

Increase the openings size in longitudinal axis direction does not affect the ultimate load. This behaviour
is contrary to the results for the models with opening size in transverse axis direction. Negligible effect on
ultimate load is due to the fact that the width of composite beam flange is not reduced. Reduction in stiffness
of the beams is, however, observed in the linear range with increase in the size of openings (f). Reduction is
attributed due to change of geometry of composite beams in the longitudinal axis. Reduction in stiffness can
be associated with opening ratio. Opening ratio is defined by opening size in longitudinal direction divided by
beam length. Table 4 summarise the results from the parametric study. In the table, § is deflection of
composite beam with opening and J,, is deflection for composite beam without opening. The Table 4 show

that ——ratio is increase with the increase of opening ratio (%). With opening ratio of 10%, the reduction of
no

stiffness is approximately 4% compared with composite beam without opening. For opening ratio 40%, the

reduction of stiffness is as high as 22%, as in the case of model B1-f3. From the numerical results, it can be

concluded that the effect is significant when opening ratio is more than 20%.

Calculation of Deflection:

Deflection of composite beam with opening in metal-ribbed decking slab is calculated as recommended
by EC4 (1994). The deflection of beam is considered within serviceability limit state. The effect of slip will
be considered in the calculation. Bending rigidity (EI) of composite beams is calculated using transformed
section. When there are openings in composite beam flange, the effect on rigidity is significant as shown in
results. Before calculation of deflection can be carried out, the rigidity of composite beam with openings need
to be derived.

To calculate the rigidity of composite beam with opening, conjugate beam method has been used due to
its simplicity since this method relies only on the principles of statics. The method can be applied to different
types of loading condition. This method is preferred because of its systematic sign convention and
straightforward application. The moment inertia, I, at a cross section where openings are located is less than
that other cross-section as shown in Fig.13.

EL EL EL}

\bpenmgs position &

Fig. 13: Composite beam rigidity.
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For the case of beam with openings at the mid-span, applied by a point load at the centre, rigidity is
derived as follows by referring on diagram shown in Fig.14,

L[IEI?
M/EL, My/EL,
¥ ]
il fT el | L1l
AN b 2k .“..1_
L

Fig. 14: Load on the conjugate beam.

From the figure, value for M;, M, and / are as follows,

M, :% (11)
M, = Z ? (1-b) (12)
[ :§ (13)
Deflection of the composite beam with openings in the flange can, therefore be obtained as,

Cza( -b)’ + 12E1 (612—6bl+3bl b*) (14)

For beam with no openings in the flange may be obtained from Eq. 15 by putting b=0 as,
_rr
48EI

(15)

Eq. 24 is a typical deflection equation for simply supported beam applied with single point load at mid-
span. After Eq. 23 has been derived for composite beam with openings, prediction of, deflection §, can be
calculated following EC4 standard, as follows (Eq. 16),

K| FEEL | K (16)
5 N, || 5.

The calculated values of deflection using the proposed method are shown in Table 6 and compared with
the numerical results. In the table, §g; is deflection obtained from the numerical method, d., is deflection
predicted using EC4 (1994). Composite beam with different opening size in longitudinal is compared with
result obtained from proposed method. Table 4 shows the comparison of deflection values.

From the result given in the table, the standard deviation between deflection values obtained from finite

EC4 is

element method and EC4 method (8 and dy¢,) is found to vary from 0.12 to 1.46, the average ratio,

FE
0.83. The calculated deflection is generally in good agreement with finite element results. Predicted values from
EC4 (1994) method are lower than those by FE . Result from Table 4 show that the deflection for model Al-
fl to C1-f3 predicted by proposed analytical methods (8yc,), is found to increase with the increase of opening
ratio in longitudinal direction. This is also confirmed by numerical results. Increased in deflection is more
significant when the opening ratio is more than 20%.
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The increased in deflection is due to increased in opening ratio in longitudinal and transverse direction.
The increase in opening ratio will reduce the beam section and consequently reduced the rigidity (EI).

Table 4: Comparison between numerical and predicted values of deflection for composite beam with openings.

Beam Opening Size Opening ratio f, [MPa] &, Load O Deflection Opca/Op
(%) [EC4] [kN] [mm] Brca
a [mm] f [mm] [mm]

Al-fl 250 200 10 434 0.51 70 8.10 6.36 0.79
Al-f2 250 400 20 434 0.51 70 8.40 6.62 0.79
Al1-f3 250 900 45 434 0.51 70 9.00 7.30 0.81
BI1-fl 250 200 10 434 0.76 90 7.80 7.02 0.90
BI1-f2 250 400 20 434 0.76 90 8.30 7.38 0.89
B1-3 250 900 45 434 0.76 90 9.30 8.33 0.90
C1-f1 250 200 10 434 0.54 70 7.50 6.27 0.84
Cl1-f2 250 400 20 434 0.54 70 7.90 6.57 0.83
Cl1-f3 250 900 45 434 0.54 70 8.60 7.43 0.86
Conclusion:

The effect of openings on composite beams with ribbed-decking slabs was studied. A 3D, non-linear finite
element model was developed using ANSYS, to investigate the influence of these openings. There were three
type of decking, A (narrow-ribbed), B (wide-ribbed) and C (wide-ribbed) used in this study base on their
dimension The results show that by increasing the openings size in transverse direction will decrease the
ultimate load of composite beam. Increase the openings size in longitudinal direction does not affect the
ultimate load. This behaviour is contrary to the results for the models with opening size in transverse axis
direction. Negligible effect on ultimate load is due to the fact that the width of composite beam flange is not
reduced. Reduction in stiffness of the beams is, however, observed in the linear range with increase in the size
of openings (f). Reduction is attributed due to change of geometry of composite beams in the longitudinal axis.
Reduction in stiffness can be associated with opening ratio.

Finally, formula to determine rigidity of simply supported composite beam with openings loaded under
single point load at mid-span has been derived. The proposed equation has been combined with formula
proposed by EC4 to calculate the deflection of composite beam. The results by the proposed design equation
were compared with numerical results and were found acceptable to predict the deflection of composite beams
with openings.
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