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OPINIONS

The graph with the Introductory Note which
explains how it has been prepared, should be of very
great use to those who have to design reinforced
concrete slabs, or to check the designs prepared by
others.

The graph has been very carefully prepared, and
has been found to give accurate results; its general
use can therefore be confidently recommended.

(Sd.) R. F. STONEY,
3rd Dec. 1930. Chief Engineer, P.W.D.
General, Buildings and Roads.

- I have perused with intex\'est the ¢Graph’ pre-
pared by Mr. Mariasusai Pillai for the design of
Reinforced-Concrete slabs as well as the attached
note explaining its application and use. It is an
excellent labour-saving device which gives accurate
results and is recommended for use to all those who
have anything to do with the design of R. C. slabs.

(Sd) N. SWAMINATHA IYER,

CHEPAUK, Chief Engineer for Irrigation,
Madras, } P.W.D., Madras.

16th Sept. 1930.






PREFACE

Reinforced Concrete Work is one of recent
introduction in ‘this land and its general use
is so rapidly recognized that no important
building is now under progress in which it
has not replaced the time-honored Madras
Terracing. It forms a feature chiefly in the
construction of Pillars, Beams and Slabs for
covering terraces. Amongst these the one that
is commouly in use is the Slab.

The stability of Reinforced Concrete Works
depends upon careful design entailing intricate
calculations involving time and labour. The
steady growth of their use demands a relief
iz these directions and that is the author’s
excuse for sending out the ‘ Graph for the Design
of Reinforced Concrete Slabs’ to the press.
The graph is so simple that there is no need
for making any calculations.

The accuracy of the graph has been kindly
testified to by high authorities who have closely
tested its results.

An explanatory note is attached and
examples are worked out to rend:r the use of
the Graph clear to all.






MARIASUSALI .PILLAX'S GRAPH
for the design of
REINFORCED CONCRETE SLABS

DG —
INTRODUCTION

The graph shows at a glance the mini-
mum sizes of reinforced concrete slabs
tequired to meet stresses under the different
.conditions in which they are produced
and obviates the intricate calculations that
have to be made in order to determine
them. The thickness of the slab and the
reinforcement required are read off at a
glance. The author’'s claim for the graph
is its simplicity ; it can be understood even
by a layman so easily that he will be
.enabled to design the slab and fix the
reinforcement himselt without the aid of
Engineers. It is needless to mention that
it will be found useful in all Drawing offices
as it not only saves time, but also gives
accurate results. Executive - officers and
subordinates on the field may, with the
help of the graph, design slabs or check
their correctness, in an instant.
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DESCRIPTION OF THE GRAPH

The graph proper is at the centre of
the drawing, with curved lines, showing
various  thicknesses of slabs. The rein-
forcement diagram is on the right side.
The big table on the left shows spans of
rooms or halls for various ratios of length:
and breadth, which carry slabs supported.
on all the four sides.

DEFINITION OF TERMS

Reinforced concrete slabs are always:
designed to an eftective thickness to suit.
an effective span.

According to the London County Council
(L. C. C.) Regulations the effective thick-
ness is the depth from the top of concrete:
(compression side) to the centre of thé
reinforcement. The effective span is the
distance from centre to centre of bearing
or is the clear span plus the thickness of
the slab, whichever is smaller.

The graph shows only effective depths:
and -effective spans. It is compiled fer a
stress of 600 lbs. per sq. inch on concrete,.
16,000 lbs. per sq. inch on mild steel and
a rteinforcement of 06757, the concrete
being of 1 : 2 : 4 mix.
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THE GRAPH

The dimensions - on the curved lines
indicate the effective thickness of the slab
from 114" to 12".

Of the several columns of figures on
the right of the central graph the twa
immediately close to it show the thickness
of slabs and the area of reinforcement
required for each thickness. The other
columns next to these show the safe spans
against shear for each description of slab
and for different live and super loads. It
will be seen that slabs are always safe
for shear in all general cases.

On the left side of the graph are six
different columns showing effective spans
for various methods of support. The one
close to the graph shows spans falling °
under ‘ Ordinary cases” when the slabs
will be supported on two ends (i.e., under
WL/8). The extreme one (under WL/2)
gives safe spans for * cantilevers’; it
should be remembered that the London
County Council (L. C. C.) Regulations
require that the length of the cantilevers
should not exceed five times the depth.
The figures under columns WL/12 and
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WL 10 refer to safe spans when the slabs
are ‘ fixed ' or are ' continuous over two-
or more supports .

At the right hand top corner is a table:
which shows the live load to be provided
for according to Madras practice.

In designing the slab, its dead-weight
in each case has been taken into account
as it is a definite figure. The super load
alone, being a variable figure, has been
shown as abscissa and the span as ordi-
nate in the graph. The super load consists:
of the live load and the weight of any
other covering material that may be
specified; in fact it is the sum total of
all other loads except the weight of the
slab.

Provided the super load in each case and
the effective span are known, which are
always available in practical cases, the point
of intersection on the graph shows the
effective thickness of the slab.

To the thickness of slabs so obtained
a cover should be added to protect the
reinforcement and to make up the full
thickness of the slab, the cover being not.
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less than 34” up to 5”, not less than 1” up
to 9’ and not less than 114" up to 12"
The slabs for buildings should not be less
than 3" in effective depth.

In the case of reinforced concrete 700fs
it has been recently ordered by the Chief
Engineer of the Madras Province that a
minimum thickness of 8 should be secured
by adding one or two courses of flat tiles
and also ordinary lime concrete if neces-
sary, to mitigate the heat of the sun and
also to secure a fall for draining away
the rain water. In such cases in addi-
tion to the live load of 50 Ibs., an
additional weight to provide for such
covering should be allowed for.

REINFORCEMENT DIAGRAM

The vertical scale on the reinforcement
diagram shows the area of reinforcement
varying from 003 square inch to 5 sq.
inches and the horizontal scale, the distance
between reinforecing bars varying from 27
to 20”. The inclined lines on the diagram
indicate the description of square bars
and round bars in dotted and firm lines
respectively from 14" up to 114" in size.
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Given the area of reinforcement, the hori-
zontal lLine starting from it intersects inclined
lines representing wvarious descriptions of
rods; and the distance at which each rod
is to be placed 1is oblained by following the
point of intersection vertically to the scale
etther above or below.

For the convenience of designers, the
thickness of slab in the main graph is
each connected to this diagram, by lines
ending on the vertical scale at a point
where the area of reinforcement corres-
ponds to the quantity of reinforcement
required. The lines end with an arrow
on the reinforcement diagram. For any
other thickness of slab than those shown
on the graph, the quantity of rein®
forcement required can be obtained by
interpolation. A 434" slab can easily be
found to require 0'344 sq. inch of steel
and so on.

The steel rods should not be nearer than
an inch and not more than 12” or twice
the effective depth apart from each other.

They are always necessary on the ten-
sion side and their ends should be hooked
round to 4 diameters to give sound grip.
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Where the rods available in the market
are short in dimension—and require -leng-
thening, they are lashed together for a
length equal to 40 diameters.

In continuous beams or slabs bending
moments are greater at the points of sup-
port than at the midspans and hence rods
should be bent up to meet them from a point
approximately about the fourth of the span
as shown in the illustrations on the graph.
The following is considered by an eminent
author® as the most popular and superior
arrangement of bars in the case of slabs :—

* G. P. Manning on “ Reinforced Concrete Design ™
pages 182 and 183—1924 Edition.
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Instead of employing one short length
of bar for each span, the bottom bars can
also be laid in long lengths and be lapped
with one another 40 diameters the lap
occurring at any point of a span.

Ezxample 1.—Design a floor slab for an
office room 20’ x 9'.

The effective span is about 9'—4".

The live load for office = 80 lbs.

Treating this as an ordinary case, follow
the span under WL/8; the intersection
with 80 lbs. live load gives an effective
thickness of 4",

The full thickness should be 434"

The quantity of reinforcement required
=07324 sq. in.

It might be.arranged with one or the
other of the following hars :—

1. Square bars 1" at 23" centres (0-33 sq.
in.).
2. = » Blat 5L . (0-325 8q.
in.).
3. Round bars £ dia. at 4" ,, (0'328 s%.
in.).

4, 5 2 b dia At ke i(0:324%8

in.).
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Ezample 2—A hall in a hospital 36’ x 24"
carries a floor slab supported on two in-
termediate girders. Design the slah.

The effective span is about 12/ -214" for
the end span and 12’ for the centre span.

The live load =60 lbs.

As the slab will be continuous the centre
span should be designed for WL/12 and
the two end spans for WL/10. Except in
competitive designs the slabs in a room
are generally cast to be of the same thick-
ness and it is usual in such cases to design
them for WL/10. If they should be sepa-
rately designed :—

The thickness of the end slabs should
b 41" effective and 51" full.

The thickness of the centre slab can be
nearly 4’ effective and 43" full.

The reinforcement for a slab of 44" effec-
tive thickness is 0-364 sqg. inch.

The following rods can be used :—

1. Square bars 1’ at 2” centres (= -375 sq.
in.).

S e o BERtRE RS (=364
in.)
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3. Square bars " at 8L centres (=-364

8q. in.).
4. Round bars £’ Dia. at 387 » (=364
8Q. in.).
5. 5 By G b (=BG
sq. in.).

GRASHOF AND RANKINE’S DESIGN OF
SLABS SUPPORTED ON ALL THE
FOUR SIDES

A slab supported on all the four sides
is reinforced both longitudinally and cross-
wise and is therefore- stronger-and. stiffer
than one treated as supported on two sides
only. This principle has been Tecognised
by the London County Council (L.C.C.)
Regulations: and the world in -general.

The double reinforcement will be needed
only when the length of the slab does not
exceed twice its width. In such cases the
load to be borne by the slab is modified

4

by a coefficient (a fraction=ﬁ or
B+ c i . :

T+Bi)whlch varies according to the ratio

of the length to the breadth.
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The table at the extreme left shows
ratios of L/B varying from 1 to 1-9. Under
each ratio there are two columns one under
‘f’ and the other under “7”. The figures
under ‘7' show the effective width and
those under “7 " the effective length of
the room or hall. These figures are con-
nected to the central graph by horizontal
guide lines K which help to find out the
thickness of slab required.

In these cases the slab is primarily de-
signed for it$ thickness and reinforcement
with reference to the width in column ‘f’
under the respective L|B ralio.

The thickness is obtained from the cen-
tzal graph and the reinforcement from the
right hand side diagram as already des-
cribed. The longitudinal reinforcement to be
provided for can be obtained by following
the length under column ‘' lo the required
thickness of the slab and thence to the rein-
Jforcement diagram.

~ The longitudinal reinforcement which is
also known as distributors should not be
farther apart than four times the effective
depth or 18"
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Fyample 3—Design a floor slab of a
room in a Residence measuring 18 x 12/

The slab thickness can roughly be found
to be about 4{” from the graph.

The effective span is 12" -43"
= length ,, 18’ —4%",
18-4
LB == 3

< LB 194 °F 1-5 nearly.

The live load is 60 lbs.; if any extra
finish such as tiling etc. is allowed, its
weight should be added on ‘for determin-
ing the slab thickness.

The 12-4’ point in the ‘f’ column under
L/B=15, carried horizontally to 60 Ibs.
live load in the next graph indicates an
effective depth of 44"

The reinforcement required= 0:385 sq. in.
Any of the following arrangements will
suit:— =

i. Square bars %" at 4" centres.

e e e T i T
or iii. Round bars ¥ Dia. at 32"

iv. 5 Wi seDiaciaty 64

Ve » » 715 Dia.at T,

th)

1]
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The longitudinal reinforcement is obtain-
ed by connecting the 184" point under the
“7" column (in L/B=15) to the slab
diagram where d under 60 Ibs. is found
to be 2% and the corresponding reinforce-
ment 0-223 sq. inch; the longitudinal dis-
tributors can be: —

i. Square bars £” at 74" centres.
ii. ) 5 a3 o

2" Dia. at 5" centres.

or iii. Round bars

Ty = 3" Dia. at 104" centres.
FExample 4.—Design a roof slab for the
room in Example 3—above.

The graph shows roughly that an effec-
tive thickness .of 5” slab or a full thick
ness of 6" will be required.

The effective length is 18 — 5",

The effective span 124="5

18"-42"

124y °F 1-48 or say 1-5.

s L/B=
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The weight for designing is reckoned
as follows:—

SLOPELINSO: 2/ COVER.
s Il
L 6R.C.5LAB & 2 COVER.

12-0

I-i%

Live load for roof ... ... =50 1bs.
Extra cover required for protec-

tion from heat (2 of tiling

and concrete to make up 8”) =20
Do. for draining rain water ( of

2" of tiling and concrete) ... =10

1

Total live and extra load. 80 lbs.

The 12" -5’ point under the ‘f’ column
talcen to 80 Ibs, live load on the central
graph gives a depth =51 .. Full depth
may be 6".

The reinforcement required =0-425 Sq.
inch.

The longitudinal reinforcement is obtain-
ed as follows:—

Following the 18 =51 point under the
4.7

7’ column to 80 lbs. d=3-1"
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The reinforcement required will be found
to be about 0-25 sq. in.

For the longitudinal and crosswise rein-
forcement any suitable arrangement of steel
bars as described under Example 3 can be
made.

In such cases where the slabs have to
be reinforced in both the directions the size
of the longitudinal rods is 'kept the same
as far as possible as the main crosswise
bars but the distance apart alone is varied
so as to avoid mistakes on the field.

To the right of the reinforcement dia-
gram is another useful table which gives
the area, the perimeter and the weight per
running foot of reinforcement of square
ahd round bars varying from &’ to 13”.

NOTE (1) For convenience in execution it is usual
to allow the full thickness of slab to vary by 15" only.

(2) In the graph for slabs the various thick-
nesses are found to end at definite spans along the
zero lize of the live load. This indicates that at those
spans the slabs will be able to support their own weight
only.

(3) In applying the Grashof and Rankine’s
coefficients the Bending Moment has been calculated
as WL/8 throughout although for ‘fixed and con-
tinuous conditions it may be reduced. The slabs
supported on four sides designed’ with the graph will
therefore err on the safe side.
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