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Abstract: - This paper deals with the influence of various parameters on the economical spacing of the
transverse beams in grid floor. The parameters considered in this study are span to depth ratio, spacing of
transverse beams, thickness of web and thickness of flange. The magnitude of span to depth ratio considered is
16 to 60. The spacing of transverse beams is varied from 0.5m to 2.0 m. Thickness of slab and the rib are made
constant and are equal to 0.1m and 0.15m respectively. The bending moment, the shear force and the mid span
deflection developed in grid floor beams have been predicted by conventional and numerical methods and the results are
compared. The parametric study is carried out using the model proposed by ANSYS 12.0 software. The results
of the study give an insight to the range for the magnitude of the various parameters to be considered for the
optimum performance of grid floors.
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l. INTRODUCTION

Grid floor system consisting of beams spaced at regular intervals in perpendicular directions and
monolithic with slab are used for large rooms such as auditoriums, vestibules, theatre hall , show room shops
etc., Different patterns of grid are possible namely, rectangular, square, diagonal , continuous etc.,[1]. Grids are
found to be very efficient in load transferring. It is generally adopted when large column free space is required
and reduces the span to depth ratio of rectangular grids. It leads to reduction in dead load due to voids and is
suitable for longer spans with heavy loads. It also offers reduction in cost and exhibits good resistance to
vibration. Grid floors can be analyzed by conventional methods namely Rankine-Grashoff’s method [2] and
Timoshenko’s plate theory[3] The grid floors can also be analyzed by numerical methods. The grid floors
system can also be analyzed using energy based approach, where the polynomial functions are used to model the
mid span deflection and moments in the grids[4] A typical grid floor system is analysed by Muhammed [5]using
MCAD(math computer aided design) program and compared the results with approximate methods and plate
theory. Large deflection of plates, which are strengthened by parallel beams are analysed by Sapountzakis [6]
using ANSYS software. Limited studies have been reported on the influence of various parameters on the
economical spacing of the transverse beams in grid floor. In this paper, a typical grid floor of standard
dimension adopted in practice has been considered. The bending moment, the shear force and the mid span deflection
developed in grid floor system have been predicted by classical and numerical methods and the results are compared. The
classical method proposed by Rankine-Grashoff and Timoshenko’s plate theory have been considered for the
manual analysis. The numerical method proposed by ANSYS software has been considered for the computer
analysis. The comparison is done to check the validity of the application of ANSYS software for the present
parametric study. In this paper, the influence of various parameters, namely, span to depth ratio, spacing of
transverse beams, thickness of web and thickness of flange on the bending moment, shear force and the mid
span deflection developed of grid floor have been reported. The parametric study is carried out using ANSYS
software.
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1. ANALYTICAL MODEL

2.1 Rankine — Grashoff’s method
The Rankine — Grashoff’s method is an approximate method which equates the deflection of ribs at junctions. A
typical grid floor pattern is given in Fig.1.The spacing of ribs are given by al and bl in the x and y directions

respectively.
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Fig.1. Grid floor pattern
The deflections of ribs at junctions are made equal and is given by
A= 5g,a* 5q,b*

384 384 1)
where, gl and g2 are the loads shared in X and Y directions, respectively and is given by
b* a*
" (m] - q[m] "

where ,q is the total load the slab per unit area.
The bending moments for the central ribs are given by

a’ b?
MABZ(ql% j MBD:(QZZ1 J

@)
2.2 Timoshenko’s Plate theory:
The vertical deflection at the middle is expressed as
A — 169 ax by
T r1I1° Dx 2H Dy
a* " a’b? ' b*
(4)

where ¢ is the total uniformly distributed load per unit area. ax and by are the plate length in x and y
directions respectively. Dx and Dy are the flexural rigidity per unit length of plate along x and y directions
respectively. Cx and Cy are the torsional rigidity per unit length along x and y directions. If al and bl are the
spacing of ribs in x and y directions, then the relations are

Dx = i
b,
Dy = El:
a
Cx = GG,
b,
Cx = GG,
% ®)

where El; and El, are the flexural rigidity and GC; GC, are the torsional rigidities. The bending
moments, torsional moments and shears are computed using the following expressions.
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where Mx is the moment
developed in the X direction and My is the moments developed in Y direction. The torsional moments( Mxy
and Myx) are generated at the corners of the slab. Qx and Qy are the shear forces acting in X any Y direction
respectively.

2.3Analysis using ANSYS

ANSYS is a UNIX or Windows program. In a UNIX environment it usually uses the X-Windows GUI
(Graphical User Interface). ANSYS can be run interactively, but is usually run by providing input in the form of
text file. ANSYS offers a comprehensive range of engineering simulation solution system providing access to
virtually any field of engineering. For slab portion plate element SHELL 63 is used and for beam portion BEAM
188 element is utilized.
2.3.1.Shell 63

Shell 63 has been used as the element in the computer analysis. It has both bending and membrane
capabilities. Both in-plane and normal loads are permitted. The element has six degrees of freedom at each
node: translations in the nodal X, y, and z directions and rotations about the nodal X, y, and z-axes. Stress
stiffening and large deflection capabilities are included. The geometry, node locations and the coordinate system
for Shell 63 are given in Fig.2. The element is defined by four nodes, four thicknesses, elastic foundation
stiffness, and the orthotropic material properties. Orthotropic material directions correspond to the element
coordinate directions. The element coordinate system orientation is as described in coordinate Systems. The
element x-axis may be rotated by an angle THETA (in degrees).The thickness is assumed to vary smoothly over
the area of the element, with the thickness input at the four nodes. If the element has a constant thickness, only
TK(I) need be input. If the thickness is not constant, all four thicknesses must be input.

%= Element x-axis if ESYS s not supplied.

x = Elementx-axis ifESYS is supplied.

Fig.2.Geometry of Shell 63
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2.3.2 .Beam 188

The grid floor beam is modeled using an element called BEAM 188 and is given in Fig 3. It is suitable
for analyzing slender to moderately stubby or thick beam structures. The element is based on Timoshenko’s
beam theory which includes shear-deformation effects. The element provides options for unrestrained warping
and restrained warping of cross-sections. The element is a linear, quadratic, or cubic two-node beam element in
3-D. BEAM188 has six or seven degrees of freedom at each node. These include translations in the x, y, and z
directions and rotations about the X, y, and z directions. A seventh degree of freedom (warping magnitude) is
optional. This element is well-suited for linear, large rotation, and/or large strain nonlinear applications.

Fig.4.Bottom view of grid model Fig.5.Loaded structure with constraints

1. DETAILS OF GRID FLOOR SYSTEM FOR THE ANALYSIS

A typical grid floor system of standard dimensions adopted in practice has been considered. A
rectangular grid floor of size 9m x 12m with centre to centre spacing of ribs at 1.5m in both ways having simply
supported ends on two adjacent sides and fixed ends on the other two sides have been assumed. The thickness
of the slab is assumed as 0.1m and the overall depth of the grid beam is assumed as 0.55m.The width of the grid
beam is assumed as 0.15m. The live load on the floor is assumed as 1.5 kN/m? as given in 1S 875-part 2 (1987).
The grade of concrete M20 and steel of grade Fe 415 are assumed. The maximum bending moments Mx and My
developed at the centre of span, the maximum torsional moments Mxy and Myx developed at the ends of the
grid and the shearing forces Qx and Qy developed at the supports are predicted using the models proposed by
Rankine’s Grashoff method, Timoshenko’s plate theory and ANSYS software. The analysis using ANSYS is
involved with meshing(repeating sentence). The meshed view of grid floor is given in Fig.4. The loaded
structure with constraints is given in Fig.5. The predicted results obtained by the classical methods are compared
with the corresponding analytical results obtained by the numerical method. The analytical results are given in
Table 1. The results obtained by Rankine Grashoff theory is not in good agreement with the results obtained by
numerical method. However the analytical results predicted by the numerical model is in good agreement with
the analytical results predicted by the model proposed by Timoshenko’s plate theory. This indicates that the
application of shell element 63 and the beam element 188 adopted in ANSYS software is valid for further
parametric studies.
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Table 1 Comparison of analytical results

Maximum ANSYS 12.0
values Timoshenko’s plate  Rankines Grashoff
theory theory
Deflection 7.33mm 4mm 7.4mm
Bending Moment Mx 67.94 KNm 83.87 kNm 64.525kNm
Bending Moment My 38.219kNm 47.169kNm 35.165kNm
Shear force Qx 24.35kN 37.27kN 27.031 kN
Shear force Qy 10.854kN 15.723 kN 7.71 kN
Torsional moments Mxy 2.4307kNm Not considered 1.732kNm
V. PARAMETRIC STUDY

The parametric study is carried out by assuming a typical rectangular grid floor given in Fig.1.The
influence of various parameters namely span to depth ratio, spacing of transverse beams, thickness of web and
thickness of flange on the bending moment, shear force and the mid span deflection developed on grid beams
have been studied. The parametric study is carried out using ANSYS 12.0 software.

4.1 Influence of spacing of grid beams on the mid span deflection response of grid floor beams  for
different span to depth ratios (L/D); keeping span (L) constant

In this study a rectangular grid slab is assumed. The span of the grid beam in both X and Y direction
Lx and Ly are made constant and is equal to 9m and 12m respectively. The depth of the grid beam (D) is varied
from 0.55m to 0.15m. The spacing of grid beams is varied from 0.5m to 2.0 m. Hence the span to depth (L/D)
ratio is varied from 16 to 60. Fig.6 shows the influence of spacing of grid beams on the mid span deflection
response of grid floor beams for different span to depth ratios (L/D).
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Fig.6.Spacing of grid Vs Mid span deflection

From Fig.6, it is found that when the spacing of grid beam increases, the mid span deflection also
increases. The deflection is found to be more when the span to depth ratio (L/D) is increased to 60. The
deflection is found to be depleting when the span to depth ratio (L/D) is reduced to 16.

4.2 Influence of spacing of grid beams on the moment Mx developed for different span to depth ratios
(L/D); keeping span (L) constant

The influence of spacing of grid beams on the bending moment Mx developed in grid beams for different
span to depth ratios (L/D) is given in Fig.7. It is found that from Fig.7, when the spacing of grid beam increases
bending moment Mx developed in the beams also increases. The bending moment Mx is found to be more when
the span to depth ratio (L/D) is reduced to 16. The bending moment Mx developed in grid beams is found to be
decreasing in nature when the span to depth ratio (L/D) is increased to 60.
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Fig.7.Spacing of grid Vs Moment Mx
4.3 Influence of spacing of grid beams on the moment My developed for different span to depth
ratios (L/D) ; keeping span (L) constant
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Fig.8.Spacing of grid Vs Moment My

The influence of spacing of grid beams on the bending moment My developed in grid beams for
different span to depth ratios (L/D) is given in Fig.8. It is found that from Fig.8, when the spacing of grid beam
increases, the bending moment My developed in the beams also increases. The bending moment My is found to
be increasing when the span to depth ratio (L/D) is reduced to 16. The bending moment My developed in grid
beams is found to be decreasing, when the span to depth ratio (L/D) is increased to 60.

4.4 Influence unit cost of grid floor on Spacing of grid beams different span to depth ratios (L/D)
keeping span constant
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Fig.9. L/D ratio Vs Unit cost
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Fig. 10. Monogram indicating the cost implication of spacing ratio of grid beams

In this study, the influence of unit cost of grid floor on the spacing of grid beams for different span to
depth ratios (L/D) is analysed. The span(L) of the beams are made constant and is equal to 9 m and 12 m in X
and Y directions respectively. The cost of beam per unit length is taken as unit cost. The cost of grid beam per
unit length is arrived by accounting the current Indian market rate for the materials, the cross section of beam
and one metre length of grid beam. In the current Indian scenario, the present market rates for steel and concrete
have been assumed. Cost of steel per kilogram is taken as 75 Indian rupees and the cost of 1m* of concrete is
taken as 10,000 Indian Rupees.

The unit cost in Indian rupees verses span to depth L/D ratios is given in Fig.9. The figure can be used
as design aid for engineers for arriving at economical spacing of grid beams for the design of grid floor slabs.

V. CONCLUSIONS
Based on the present study, the following conclusions are arrived at.

e The spacing of grid beams influences the mid span deflection and the bending moments developed in the
grid beams

e The span to depth ratio of grid floor slab system influences the mid span deflection and the bending
moments developed in the grid floor beams

It is expected that the monogram developed in this study is useful for arriving at economical spacing of grid
beams for the design of grid floor slabs.
floor slabs.

Abbreviations

Lx = Span of the grid floor in X direction,m
Ly = Span of the grid floor in Y direction,m
D = Overal depth of the grid beam ,m

E Young’s modulus, N/mm?

Moment of inertia of the section considered, mm?*

El = Flexural rigidity,Nmm?

A = Mid span deflection, mm

My = Moment in X direction,kNm

My = Moment in Y direction,kNm

My = Torsional Moment in X direction,kNm

Myx = Torsional Moment in Y direction,kNm

Qx = Shear force in X direction, kN

Qy = Shear force in Y direction, KN

Cx = Torsional rigidities per unit length in x direction
Cy = Torsional rigidities per unit length in y direction
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