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Abstract: The system of reinforced concrete paneled beams is used in large areas as large
span halls and mosques and churches. Now days it is considered a first option for high height
plus large span structures.

The design of reinforced concrete simple paneled beams depends mainly onthe behavior
of the grid action of the reinforced concrete beams with same depth.

The bending moment considered in the design depends on the deflection of the paneled
reinforced concrete beams with same depth, where a reduction factor will be considered in the

design of a simple reinforced concrete paneled beam.



Proceedings of the 12" ICCAE-12 Conference, 3-5 April, 2018

CS |1

The case of the reinforced concrete continuous paneled beam and the skew paneled beam
both cases can’t be considered as the simple case and has to be solved by a computer. In this
study the continuous paneled is analyzed as a grid element and a design procedure is considered
depending on the behavior of the continuous paneled concrete beam.

The analysis will be considered the effect of the two way deflection of the paneled
reinforced concrete beams and the grid action stiffness in both directions taking the effect of both
perpendicular beams as being supporting to the other beam.

A verification with the results of a commercial computer software will be considered in
this study and a parametric study will be done. This method will be considered as a simple

approach in the analysis and design of continuous concrete paneled beams slab system.

Keywords: Continuous Paneled, Skew, Grid action, Same depth beams, deflection, multi

span structures.

INTRODUCTION
The design of continuous paneled beams structures is sophisticated if compared to the
empirical design method of the simple paneled beam. Which is analyzed as a simple beam two
way deflection and the deflection is the same at the point intersecting both beams in the simple

paneled grid as shown in figure(1).
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Figure (1) simple paneled grid beams

A reduction factor is taken according to the deflection line and its similarity to the sin

curve thus the reduction factor of R = % is considered in calculating the flexure moment of

the paneled simple beam.
The continuous beam case must be solved by any structural analysis method as stiffness

method for grid beam or finite element method using computer.
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Figure(2) various types of reinforced continuous paneled beams.

In order to simplify the analysis procedure for the aim of concrete design basis, a
simplified charts are used for different paneled beams types as the case of continuous from one
direction as shown in the previous figure or continuous from both direction paneled beam slab or
simple at edge ends.

And also the case of continuous at all directions or continuous in 3 directions and simple

in one direction or all fixed support paneled beam slab as shown in figure(3).
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Figure (3) Continuous paneled beam (two ,three and four directions).
A design charts based on the stiffness method and finite element is presented in order to
simplify the computing the flexure moment in the continuous paneled beams in one direction.
METHOD

The analysis:

The analysis of the grid paneled beam is considered using stiffness method,

Stiffness method or displacement method is an important approach to the analysis of
structures .This is an important approach to the analysis of structures. This is used in its basic
form for the analysis of structures that are linear and elastic although it can be adapted to non
linear analysis. This method in its basic form considers the nodal displacements of the structures

as unknown.
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Figure (5) The grid stiffness matrix
Verifications:

The results were verified using commercial software program for analysis of slab
(SAFE),and design charts were presented in order to simplify the design of reinforced concrete
paneled beams.

The paneled beam considered in the research is similar in the two directions and of total
span from 6 meters till12 meters, which is considered the optimum distance to design the paneled

beams.

From similarity of the paneled the deflection of the similar point and the slope in x and y

direction were considered equal.
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It was concluded the commercial software is capable of estimating the real behavior of
the paneled beam grid system.

As an example for verification a slab taken in the design was 120 mm thickness and the
dead load as floor cover was considered 3KN/m? (without own weight) and the live load was
considered to be 2 KN/m?.

The paneled beams were considered (300x800) mm? and the main beams (400x1000)
mm? .The ultimate case was considered according to ACI code (1.2D.L+1.6L.L).

The points that are mainly important in the design of the paneled are given as:

The points of intersection and midpoint of the paneled beam shown in figures (6),(7).
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Figure (6)Flexure bending moment for paneled at the intersection.(M2)
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Figure (7) Mid flexure bending moment for paneled. (M1)

Parametric Study:

A study was done for the case of simple paneled concrete beams and continuous from
one end and both ends and also the case of continuous from 3 sides and simple in the fourth and
also the case of continuous from the 4 directions.

In this research work it is only presented the design charts of the case of simple paneled
and the case of continuous from one end.

Where an equation is presented in order to be used directly for the design of reinforced
concrete simple and continuous paneled beam.

— ycx(ultimate F.S of D.L)
My mia = WusiabXK1factor +b x tx X

L? (1)

Kzfactor

Where Mymig the ultimate moment at the mid of the paneled beam.
8
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Wsiap 1S the ultimate load acting on slab including dead load and live load.

b is the paneled beam breadth

t is the paneled beam total depth including the cover

L is the total span of the paneled beam.(not the spacing)

K1 and K2 factors are factors taken from the design curves.
VLS the weight per unit volume of concrete.

As an example for the usage of these charts and equation, we can consider the case of

paneled 12 meter length.

- "

M1
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Figure(9)Simple paneled with selected points
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Figure (10) relation between paneled spacing and K1 factor .
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Figure (11) relation between paneled spacing and K2 factor .
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Figure(12 )Continuous paneled with selected points.
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Figure (13) K1 factor for different paneled spacing M1.
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Figure (14) K2 factor for different paneled spacing M1.
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Figure (16) K2 factor for different paneled spacing M2.
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Figure (17) K1 factor for different paneled spacing M3.
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Figure (18) K2 factor for different paneled spacing M3.

In order to calculate the flexure bending moment for the simple paneled beams we can
use the design equation with the figures (9), (10) and (11) and the figure (12) describes the
critical points taken for the design of continuous beams.

The figures (13),(14) shows the K1 and K2 factors used for the design of continuous
paneled beam to calculate the mid bending for the continuous paneled with the next slab.

The figures (15),(16) shows the K1 and K2 factors used for the design of continuous
paneled beam to calculate the negative bending for the continuous paneled with the next slab.

The figures (17),(18) shows the K1 and K2 factors used for the design of continuous

paneled beam to calculate the mid bending for the simple direction paneled beam.

15
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RESULTS
A design charts was presented in order to simplify the calculations of straining action
affecting the reinforced paneled grid system of either simple or continuous type.
The design charts unable the designer to calculate from the charts the flexure moment at
different sections especially at the intersection of beams and in the mid span, also the charts
simplify the design by calculating the moment in the external beams, taking an assumption of

greater inertia than the paneled beams.

DISCUSSION
The design of simple paneled beam was considered taken a reduction factor for the
similar deflection in the intersection.

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 Figure (1).The spacing of ribs are
given by al and b1 in the x and y directions respectively.

The deflections of ribs at junctions are made equal and is given by

- 4 4
Sq,a S5q,b

384 T 384 (y
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where, g1 and g2 are the loads shared in X and Y directions, respectively and is given by

»* . _rz a
(}1=(j[m irl q (F4+E)4

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

g,ba’ g,a,b’
.'.'1{_5_5 = [ =L Sl J .'.'1ftrBD :[ — 81 ]

Timoshenko’s Plate theory:
The vertical deflection at the middle is expressed as

CrTIx |
~ 5111[ ]5111[ - ]
A — 16g X b
- 1I° I 2 Ih
3 vt 373t 73
b = b & 3)

where q 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 b1 are the spacing of ribs in x and y directions, then the relations are

Dy = £h
by
ljj' — EI:
a,
Cx = <AS |
b
Cx = A
o
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where EI1 and EI2 are the flexural rigidity and GC1 ,GC2 are the torsional rigidities. The
bending moments, torsional moments and shears are computed using the following expressions.
A design charts is presented to solve the continuous one direction and simple type for the grid
paneled beam and a design procedure was presented also for the two , three and four directions
and a similar procedure need to be taken for the skew paneled beam, and a design charts is
needed for the case of different spacing of grid beams.

P Desayi, K Muralidharan(1974) computed deflections of reinforced concrete grids

Sandesh (2012) has worked on Dynamic Analysis of Special Moment Resisting Frame Building

with Flat Slaband Grid Slab.

CONCLUSION
A design charts is presented to simplify the design of continuous and simple paneled beams and
calculate the maximum flexure moment in the grid system given with the aid of the K factor
chart to change the loading or combination factors.
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