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FOREWORD

Users of various civil engineering codes have been feeling the need for explanatory hand-
books and other compilations based on Indian Standards. The nsed has been further emphasized
in view of the publication of the National Building Code of India 1970 and its implementation,
In 1972, the Department of Science and Technology set up an Expert Group on Housing and
Construction Technology under the Chairmanship of Maj-Gen Harkirat Singh. This Group
carried out in-depth studies in various areas of civil engineering and construction practices.
During the preparation of the Fifth Five Year Plan in 1975, the Group was assigned the task
of producing a Science and Technology plan for research, development and extension work
in the sector of housing and construction technology. One of the 1tems of this plan was the
production of design handbooks, explanatory handbooks and design aids based on the National
Building Code and various Indian Standards and other activities 1n the promotion of National
Building Code. The Expert Group gave high priority to this item and on the recommendation
of the Department of Science and Technology the Planning Commission approved the follow-
ing two projects which were assigned to the Indian Standards Institution:

a) Development programme on Code implementation for building and civil engineering
construction, and

h) Typification for industrial buildings.

A Special Committee for Implementation of Science and Technology Projects (SCIP)
consisting of experts connected with different aspects ( see page viii ) was set up in 1974 to advise
ihe ISI Directorate General in identification and for guiding the development of the work under
the Chairmanship of Maj-Gen Harkirat Singh, Retired Enginecr-in-Chief, Army Headquarters
and formerly Adviser { Construction) Planning Commission, Government of India. The
Committee has so far identified subjects for several explanatory handbooks/compilations
covering appropriate Indian Standards/Codes/Specifications which include the following:

Functional Requirements of Buildings

Functional Requirements of Industrial Buildings

Summaries of Indian Standards.for Building Materials

Building Construction Practices

Foundation of Buildings

Explanatory Handbook on Earthquake Resistant Design and Construction (IS : 1893
IS : 4326)

Design Aids for Reinforced Concrete to IS : 456-1978

Explanatory Handbook on Masonry Code

Commentary on Concrete Code (IS : 456)

Concrete Mixes

Concrete Reinforcement

Form Work

Timber Engineering

Steel Code (IS : 800)

Loading Code

Fire Safety

Prefabrication

Tall Buildings

Design of Industrial Steel Structures

Inspection of Different Items of Building Work

Bulk Storage Structures in Steel

Bulk Storage Structures in Concrete

Liquid Retaining Structures



Construction Safety Practices
Commentaries on Finalized Building Bye-laws
Concrete Industrial Structures

One of the explanatory handbooks identified is on IS : 456-1978 Code of practice for
plain and reinforced conceete { third revision). This explanatory handbook which is under
preparation would cover the basis/source of each clause; the interpretation of the clause and
worked out examples to illustrate the application of the clauses. However, it was felt that some
design aids would be of help in designing 2s a supplement to the explanatory handbook. The
objective of these design aids is to reduce design time in the use of certain clauses in the Code
for the design of beams, slabs and columns in general building structures,

For the preparation of the design aids a detailed examination of the following handbooks
was made :

a) CP: 110 : Part 2 : 1972 Code of practice for the structural use of concrete : Part 2

Design charts for singly reinforced beams, doubly reinforced beams and rectangular
columns. British Standards [nstitution.

b) ACI Publication SP-17(73) Design Handbook in accordance with the strength design
methods of ACI 318-71, Volume 1 ( Second Edition). 1973. American Concrete
Institute,

¢) Reynolds { Charles E) and Steadman ( James C). Reinforced Concrete Designer’s
Handbook. 1974, Ed. §. Cement and Concrete Association, UK.

d) Fintel (Mark), Ed. Handbook on Concrete Engineering. 1974, Published by Van
Nostrand Reinheld Company, New York.

The charts and tables included in the design aids were selected after consultation with
some users of the Code in India.

The design aids cover the following:

a) Material Strength and Stress-Strain Relationships;

b) Flexural Members ( Limit State Design );

¢) Compression Members ( Limit State Design );

d) Shear and Torsion (. Limit State Design);

¢) Development Length and Anchorage ( Limit State Design );
f} Working Stress Method;

g) Deflection Calculation; and

h) General Tables.

The format of these design aids is as follows:

a) Assumptions regarding material strength;

b} Explanation of the basis of preparation of individual sets of design aids as related
to the appropriate clauses in the Code; and

¢) Worked example illustrating the use of the design aids,

Some impurtant points to be noted in the use of the design aids are:

a) The design units are entirely in SI units as per the provisions of IS : 456-1978.

b} It is assumed that the user is well acquainted with the provisions of IS : 456-1978
before using these design aids.

c) Notations as per IS : 456-1978 are maintained here as far as possible,

d} Wherever the word ‘Code’ is used in this book, it refers to IS : 456-1978 Code of
practice for plain and reinforced concrete ( third revision ).

¢} Both charts and tables are given for flexural members. The charts can be used con-
veniently for preliminary design and for final design where greater accuracy is needed,
tables may be used.



f) Design of columns is based on uniform distribution of steel on two faces or on four

g

h)

b))

faces.

Charts and tables for flexural members do not take into consideration crack control
and are meant for strength calculations enly. Detailing rules given in the Code should
be foliowed for crack control,

If the steel being used in the design has a strength which is slightly different from the
one used in the Charts and Tables, the Chart or Table for the nearest value may be
used and area of reinforcement thus obtained modified in proportion to the ratio of
the sirength of steels.

In most of the charts and tables, colour identification is given on the right/left-hand
corner along with other salient values to indicate the type of steel; in other charts/
tables salient values have been given. '

These design aids have been prepared on the basis of work done by Shri P. Padmanabhan,
Officer on Special Duty, I1SI. Shri B. R. Narayanappa, Assistant Director, ISI was also
associated with the work. The draft Handbook was circulated for review to Central Public
Works Department, New Delhi; Cement Rescarch Institute of India, New Delhi; Metallurgical
and Engineering Consultants (India) Limited, Ranchi, Central Building Research Institute,
Roorkee; Structural Engineering Research Centre, Madras; M/s C. R. Narayana Rao, Madras;
and Shri K. K. Nambiar, Madras and the views received have been taken into consideration
while finalizing the Design Aids.
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SYMBOLS

A w Area of concrete
Ay =~ Gross arca of section

A, — Area of steel in a column orin a
singly reinforced beam or slab

A = Area of compression steel
Aw = Area of stirrups

Az = Area of additional tensile
reinforcement

Oec = Deflection due to creep
Qes = Deflection due to shrinkage

b = Breadth of beam or shorter
dimensions of a rectangular
column '

br == Effective width of flange in a
T-beam

. == Breadth of web in a T-beam

b, = Centre-to-centre distance between
' corner bars in the direction of
width

D = Overall depth of beam or slab or
diameter of column or larger
dimension in a rectangular
column or dimension of a
rectangular column in the
direction of bending

D¢ = Thickness of flange in a2 T-beam

d == Effective depth of a beam or slab

d'.d' e distance of centroid of com-
pression reinforcement from
the extreme compression fibre
of the concrete section

d, = Centre to centre distance between
corner bars in the direction of
depth

E. = Modulus of elasticity of concrete

£ w Modulus of clasticity of steel

e = Eccentricity with respect to major
axis (xx-axis)

Lay = Eccentricity with respect  to
minor axis (yy-axis}

fmin = Minimum eccentricity

Jee = Compressive stress in concrete at

the level of centroid of
compression reinforcement

fix = Characteristic compressive
strength of concrete

Jer = Flexural tensile strength
{modulus of rupture) of

congcrete
fs == Stress in steel
S =~ Compressive stress in stcel

corresponding to a strain of

Jue = Stress in the reinforcement
nearest to the tension face of a
member subjected to combined
axial load and bending

5 == Characteristic yield strength of
steel

Sya == Design vield strength of steel
R = Effective moment of inertia

Iye = Moment of inertia of the gross
section about centroidal axis,
neglecting reinforcement

A = Moment of inertia of cracked
section

Ko = Flexural stiffncss of beam

K. == Flexural stiffness of column

k = Constant or coefficient or factor

Ly = Development length of bar

! = Length of column or span of

m
Tox = Fffective length of a column,

bending about xx-axis
oy = Effcctive length of a column,

bending about yy-axis

M = Maximumn moment under service
loads

M, = Cracking moment

M. = Design moment for limit state
Design (factored moment)

Mugim = Limiting moment of resistance of
a singly reinforced rectangular
beam

My = Design moment about xx-axis

M.y, = Design moment about yy-axis

My = Maximom  uniaxizl moment
capacity of the section with

axial load, bending about
XX-2XiS



Mgy, = Maximum uniaxial moment
capacity of the section with
axial load, bending about
yy-axis

M., = Equivalent bending moment

My = Additional moment, M, -~ My

in doubly reinforced beams

My timya= Limiting moment of resistance
of a T-beam

m = Modular ratio

P == Axial load

Py = Axial load correspending to the
condition of maximum
compressive strain of 0-003 5in
concrete and 0002 in the
outermost layer of tension
steel in a compression member

Py = Design axial load for limit state
design (factored load)

P = Percentage of reinforcement

Pe = Percentage of compression
reinforcement, 100 4,./bd

.0 = Percentage of tension reinforce-
ment, 100 4,./bd
Pu = Additional percentage of tensile
reinforcement  in  doubly
reinforced beams, 100 A,;,/bd
Sy = Spacing of stirrups
Tu = Torsional moment due fo
factored loads

1 4 = Shear force
Ve we Strength of shear reinforcement
(working stress design)

Vo == Shear force due to factored loads

Ve = Stret;fth of shear reinforcement
imit state design)

X = Depth of neutral axis at service
loads

xvili

X ~ Shorter dimension of the stirrup

Xu — Depth of neutral axis at the
limit state of ¢collapse

Xumax = Maximum depth of neutral axis
in limit state design

W == Distance from centroidal axis
of gross section, neglecting
reinforcement, to extreme fibre

in tension
Yi = Longer dimension of stirrup
z = Lever arim
« = Angle

Yt = Partial safety factor for load

¥m w= Partial safety factor for material
strength

Ere = Creep strain in concrete

gee == Permissible stress in concrete in
bending compression

O = Permissible stress in concrete in
direct compression

a, == Stress in steel bar

G = Permissible stress in steel in
compression

Gt = Permissible stress in steel in
tension

Gyv == Permissible stress in shear
reinforcement

Ty == Nominal shear stress
tba == Design bond stress

Te == Shear stress in concrete
Tye ~= Equivalent shear stress

%e,mex = Maximum shear stress in concrete
with shear reinforcement

] an Creep coefficient
¢ = Diameter of bar



CONVERSION FACTORS

Conversely
To Convert inte Multiply by Mug’t:ply
Ly
(1) (2) (3) &Y
Loads and Forces
Newton kilogram 01020 9-807
Kilonewton Tonne 0102 0 9-807
Moments and Torques
Newion mefre kilogram metre 01020 9-807
Kilonewton metre Tonne metre 01020 9-807
Stresses
Newton per mm?® kilogram per mm? 01020 9-807
Newton per mm? kilogram per cm?® 10-20 0-0981
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1. MATERIAL STRENGTHS AND
STRESS-STRAIN RELATIONSHIPS

1.I GRADES OF CONCRETE

The following six grades of concrete can
be used for reinforced concrete work as
specified in Table 2 of the Code (IS : 456-
1978%):

M 15 M 20, M25 M 30, M 35 and M 40.

The number in the grade designation refers
to the characteristic comnpressive strength,
J, of 15 cm cubes at 28 days, expressed in
N/mm?; the Ccharacteristic strength being
defined as the strength below which not
more than 5 percent of the test results are
expected to fall.

‘*Code of practice for plain and reinforced concrete
( third revision ).

111 Generally, Grades M 15 and M 20 are
used for flexural members. Charts for flexural
members and tables for slabs are, therefore,
given for these two grades only. However,
tables for design of flexural members are
given for Grades M 15, M 20, M 25 and M 30.

1.1.2 The charts for compression members
are applicable to all grades of concrete.

1.2 TYPES AND GRADES OF
' REINFORCEMENT BARS

The types of steel permitted for use as re-
inforcement bars in 4.6 of the Code and their
characteristic strengths (specified minimum
yield stress or 02 percent proof stress)
are as follows:

Type of Steel

Indian Standard

Yield Stress or 0r2 Percent

: Proof Stress
Mild steel {plain bars) IS : 432 (Part I)-1966* ) 26 kgfimm?® for bars up to
‘:’ 20 mm dia

Mild stegl (hot-rolied deform- IS : 1139-1966% f 24 kgffmm? for bars over
ed bars}) J 20 mm dia

Medium tensile steel {plain IS : 432 (Part 1)-1966* 36 kgf/mm? for bars up to
bars) \ 20 mm dia

34-5 kgf/mm® for bars over

Medium tensile steel Chot- IS : 1139-1966% r 20 mmdia up to 40 mm

rolled deformed bars) | dia
J 33 kef/mm®* for bars over
40 mm dia

High yield strength steel (hot- IS : 1139-19661 425 kgffmm? for all sizes
rolled deformed bars)

High yicld strength steel 1S : 1786-1979% 1 415 N/mm? for all bar sizes
(cold-twisted deformed g 500 N/mm? for all bar sizes
bars) J

Hard-drawn steel wire fabric 1S : 1566-1967§ and 49 kef/mm?

1S : 432 (Part I1)-1966|]
NoTe—SI units havé been used in IS; 1786-19792; in other Indian Standards, SI units will be adopted

in their next revisions.

. *Specification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete
reinforcement: Part I Mild steel and medium tensile steel bars (second revision).

tSpecification for hot rolled mild steel, medium tensile steel and high yield strength steel deformed

bars for concrete reinforcement (revised).

$Specification for cold-worked steel high strength deformed bars for concrete reinforcement (secomnd

revision).

$Specification for hard-drawn steel wire fabric for concrete reinforcement ( first revision ).

iSpecification for mild steel

and medium tensile steel

bars and hard-drawn steel wire for

concrete reinforcement: Part I1 Hard drawn steel wire (second revision).

MATERIAL STRENGTHS AND STRESS-STRAIN RELATIOMNSHIPS



Taking the above values into consideration,
most of the charts and tables have been
prepared for three grades of steel having
characteristic strength /,, equal to 250 N/mm?,
415 N/mm? and 500 N/mm?

1.2.] If the stcel belng used in a design has
a strength which is slightly different from the
above values, the chart or table for the nearest
value may be used and the area of reinforce-
ment thus obtained be modified in proportion
to the ratio of the strengths.

1.2.2 Five values of f, (including{the value
for hard-drawn steel wire fabric) have been
included in the tables for singly reinforced
sections.

1.3 STRESS-STRAIN  RELATIONSHIP
FOR CONCRETE

The Code permits the use of any appro-
.priate curve for the relationship between the
compressive stress and strain distribution
in concrete, subject to the condition that it
results in the prediction of strength in subs-
tantial agreement with test results {37.1{c)
of the Code]l. An acceptable siress-strain
curve (see Fig. I) given in Fig. 20 of the Code
will form the basis for the design aids in this
publication. The compressive strength of con-
crele in the structure is assumed to be 067 fu.
With a value of 1'5 for the partial safety
Jactor v for material strength (354.2.1 of
the Code), the maximum compressive siress
in concrete for design purpose is 0446 fu
(see Fig. I).

1.4 STRESS-STRAIN
FOR STEEL

RELATIONSHIP

The modulus of elasticity of steel, E, is
taken as 200 000 N/mm? (4.6.2 of the Code).
This value is applicable to all types of
reinforcing steels.

The design yield stress {or 02 percent proof
stress) of steel is equal to fy/ym. With a value
of 1°18 for ym (35.4.2.1 of the Code), the
design yield stress fyy becomes 087 fy. The
stress-strain relationship for steel in tension
and compression is assumed to be the same.

For mild steel, the stress is proportional
to strain up to yield point and thereafter the
strain increases at constant stress (see Fig. 2).
For cold-worked bars, the stress-strain
relationship given in Fig. 22 of the Code will

4

FARABOLIC CURYE
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F1G. 1  DpsIGN STRESS-STRAIN CURYE FOR

CONCRETE

--------

[ S

- I L P e L

STRESS

E,s 200000 N/mm'

STRAIN

F1G. 2 STRESS-STRAIN CURVE FOR MILD STEEL

be adopted. According to this, the stress
is proportional to strain up to a stress of
08 fy. Thereafter, the stress-strain curve is
defined as given below: :

Stress Inelastic straf
0-80 fy Nil
0-85 7y 000 1
090 5 00303
0951, 0000 7
0:975 £ 00010
104 Q0020

The stress-strain curve for design purposes is
obtained by substituting fra for f; in the
above, For two grades of cold-worked bars
with 0-2 percent proof stress values of
415 N/mm? and 500 N/mm? respectively,
the values of total strains and design stresses
corresponding to the points defined above
are given in Table A (see page 6). The stress-
strain curves for these two grades of cold-
worked bars have been plotted in Fig. 3.

DESIGN AIDS FOR REINFORCED CONCRETE
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TABLE A SALIENT POINTS ON THE DESIGN STRESS-STRAIN CURYE FOR
COLD-WORKED BARS

{ Clapse 1.4)

STRESS LEvEL Sy = 415 N/mm’? Sy = 500 Nfmms

r - ] F - A |

Strain Stress Strain Stress

(1 Q) 3) @ &)
N/mm? Nfmm?

080 fyu 0-00]1 44 2887 000t 74 347-8

0-85 fys 0-001 63 3067 0-001 95 3696

090 fya 0001 92 3248 0-002 26 391-3

095 fya 0002 4t 3428 000277 4130

0975 fra 0-002 76 3518 0-003 12 4239

10 fya 0003 80 360-9 0-004 17 4348

NoTE — Linear interpolation may be dene for intermediate values.

DESIGN AIDS FOR REINFORCEL CONCRELVE
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2. FLEXURAL MEMBERS

2.1 ASSUMPTIONS

The basic assumFtions in the design of
flexural members for the limit state of col-
lapse are given below (see 37.1 of the Code):

a) Plane sections normal to the axis of
the member remain plane after bending.
This means that the strain at any point
on the cross section is directly propor-

. tional to the distance from the neutral
axis,

b) The maximum strain in concrete at
the outermost compression fibre is
0003 5.

c¢) The design stress-strain relationship
for conerete is taken as indicated in
Fig. 1,

d) The tensile strength of concrete is
ignored,

¢). The degign stresses in reinforcement
are derived from the strains using
the stress-strain relationships given-in
Fig. 2 and 3.

f) The strain in the tension reinforcement
is to be pot less than

O8S . o002
—g = +0002.

This assumption is intended to ensure
ductile failire, that is, the tensile
reinforcement has to undergo a certain
degree of inelastic deformation before
the concrete fails in compression.

—b—

2.2 MAXIMUM DEPTH OF NEUTRAL
AXIS

Assumptions (b) and (f) govern the maximum
depth of neutral axis in flexural members.
The strain distribution across a member
corresponding to those limiting conditions
is shown in Fig. 4. The maximum depth of
neutral axis xy, max i8 obtained directly from
the strain diagram by considering similar
triangles.
Xoymax 0003 5
d {00055+ 037 f/E)

The values of P for three grades of
reinforcing steel are given in Table B.

Xusmax

TABLEB VALUES OF %22 pop
DIFFERENT GRADES OF STEEL
_ (Clause 2.2)
£, Njmmt 250 ats 500
x"—’:“—‘ 0531 0479 0-456

0-003%

2.3 RECTANGULAR SECTIONS

The compressive stress block for concrete
is represented by the dem%n stress-strain
curve as in Fig. 1, It is.seen from this stress
block (see Fig. 4) that the centroid of com-
pressive force in a rectangular section lies

0446 fy

.' max

41 4
O-BE':H!‘_O 002 0-87 ¢,
| }
STRESS
STRAIN DIAGRAM
DIAGRAM

Fic. 4 SmNaLy REINPORCED SECTION

FLEXURAL MEMBERS



at a distance of 0-416 x, (which has been
rounded off to (-42 x, in the code) from the
extreme compression fibre; and the total force
of compression is 0°36 fo bxa, Thelever arm,
that is, the distance between the centroid
of compressive force and centroid of tensile
force is equal to (d — 0-416 xu). Hence the
upper Jimit for the moment of resistance of a
singly reinforced rectangular section is given
by the following equation:
Mu,lim = 0'36fck bxu,m“
}((d — 0416 xn,mﬁ)

Substituting for Xumsx from Table B and
transposing fu bd?, we get the values of
{de limiting moment of resistance factors for
singly reinforced rectangular beams and
slabs. These values are given in Table C.
The tensile reinforcement percentage, pr,lim
corresponding to the limiting moment of
resistance is obtained by equating the forces
of tension and compression,

pe1ims b (0
Pyl bwg] 874) = 036 fixe bXuymax

Substituting for Xxumx from Table B, we get
" the values of p,um fy/fex as given in Table C.

TABLE E MAXIMUM PERCENTAGE OF
TENSILE REINFORCEMENT p,y., FOR

SINGLY REINFORCED RECTANGULAR

SECTIONS
(Clause 2.3}
e, fy Nimm*
N/mmt — e y
250 415 500
15 1-32 072 057
20 1-76 056 076
25 220 1'19 094
30 264 r43 113

TABLE C LIMITING MOMENT OF
RESISTANCE AND REINFORCEMENT INDEX
FOR SINGLY REINFORCED RECTANGULAR

SECTIONS
{Clause 2.3)
£, Nfmm# 250 415 500
Mastien 0149 w138 0133
Jex bd?
Putim fy 21-97 1982 1887
Jex

The values of the limiting moment of resis-
tance factor M,/bd? for different grades of
concrete and steel are given in Table D. The
corresponding percentages of reinforcements
are given in Table E. These are the maximum
permissible percentages for singly reinforced
sections.

TABLE D LIMITING MOMENT OF
RESISTANCE FACTOR M, i /bd%, N/mm? FOR

SINGLY REINFORCED RECTANGULAR

SECTIONS

(Clause 2.3}
Jek, Sy Nimm®
N/mm* p — _

250 415 500

5 224 207 2400
20 298 276 2'66
25 373 345 333
30 4-47 4:14 399
10

2.3.1 Under-Reinforced Sections

Under-reinforced section means a singly
reinforced section with reinforcement per-
centage not excesding the appropriate value
given in Table E. For such sections, the
depth of neutral axis x, will be smaller than
Xo,maz. The strain in steel at the limit state
of collapse will, therefore, be more than

0.';. Iy -+ 0-002 and, the design stress in

steel will be 0-87 f;. The depth of neutral
axis is obtained by equating the forces of
tension and compression.

*"l‘—obg (087 £) = 036 fix b Xu

Xa (P 087%
d 100) 036 jx

The moment of resistance of the section is
equal to the product of the temsile foree
and the lever arm.

My "-l‘-o%-"' (087 £) (d — 0416 x.)

. P Y1 041628
=0 87}}(100) (1 0416 d)bd!
Substituting for ? we get

M. = 087, (1%‘5)

— 1 f;' ( P ] /]

x [1 1005 4= 100) bd

2.3.1.1 Charts 1 to 18 have been prepared
by assigning different values to Mufb and
plotting d versus p,. The moment values in
the charts are in units of kN.m per metre
width., Charts are given for three grades of
steel and. two grades of concrete, namely
M 15 and M 20, which are most commonly
used for flexural members. Tables 1 to 4
cover a wider range, that is, five values of
Jy and four grades of concrete up to M 30.
In these tables, the values of percentage of

reinforcement p, have been tabulated against
Mujbd?,

DESIGN AIDS FOR REINFORCED CONCRETE



2.3.1.2 The moment of resistance of slabs,
with bars of different diameters and spacings
are given in Tables 5 to 44, Tables are given
for concrete grades M 15 and M 20, with
two grades of steel. Ten different thicknesses
ranging from 10 cm to 25 c¢m, are included.
These tables take into account 25.5.2.2
of the Code, that is, the maximum bar
diameter does not exceed one-eighth the thick-
ness of the slab. Clear cover for reinforce-
ment has been taken as 15 mm or the bar
diameter, whichever is greater [see 25.4.1(d)
of the Code]. In these tables, the zeros at
the top right hand corner indicate the region
where the reinforcement percentage would
exceed piiim; and the zeros at the lower
left hand corner indicate the region where
the reinforcement is less than the minimum
according to 25.5.2.] of the Code.

Example 1 Singly Reinforced Beam

Determine the main tension reiniorcement
required for a rectangular beam section
with the following data:

Size of beam 30 x 60 cm

Concrete mix M 15

Characteristic strength 415 N/mm?*
of reinforcement

*Factored moment 170 kN.m

sAssuming 25 mm dia bars with 25 mm
clear cover,

Effective depth m 60 — 25 — 52w 56:25 om

From Table D, for f; = 415 N/mm" and
Jx = 15 N/mm?

Molimfbd? = 207 N/mm’.
— 28 qony
= 207 x 10 kN/m?
= 2:07 x 10%hd? .
30 56-254*
—207 X 10% X - (W)

100 %
- [96'5 kN.m
Actual moment of 170 kN.m is less than
M,,.=. The section is therefore to_be designed
as a singly reinforced (under-reinforced)
rectangular section.

M, ki

MeTHOD OF REFERRING TO FLEXURE CHART

For referring to Chart, we need the value of
moment per metre width.

Mafb = 129 =567 KN.m per metre width,

03
*The term ‘factored moment' means the moment

due to characteristic joads multiplied by the appro-
priate value of partial safety factor. vy,

FLEXURAL MEMBERS

Referring to Chart 6, corresponding to
M,/b == 567 KN.m and 4 = 56'25 c¢m,
Percentage of steel p; = 102;4, = 06
06bd _ 06x30%5625
00 100

METHOD OF i?uammnc TO TABLES

e As = =101 cm?

For referring to Tables, we need the value

- 170x10
bd* 30% 5625%x 5625 x10?
= 1-79 N/mm?
From Table 1,
Percentage of reinforcement, py == 0-594

. 0594 % 30 % 5625 . s
. Ag 100 = 1002 cm
Example 2 Slab
Determine the main reinforcement re-
quired for a slab with the following data:
Factored moment 9-60 kN.m
per metre
width
Depth of slab 10 cm
Concrete mix M 15
Characteristic strength a} 415 N/mm?

of reinforcement b) 250 N/mm?

METHOD OF REFERRING TO TABLES FOR SLABS

Referring to Table 15 (for f, = 415 Nfmm?),
directly we get the following reinforcement
for a moment of resistance of 9'6 kN.m
per metre width:

8 mm dia at 13 cm spacing
or 10 mm dia at 20 cm spacing

Reinforcement- given in the tables is- based
on a cover of 15 mm or bar diameter which-
ever is greater.

METHOD OF REFERRING TO FLEXURE CHART

Assume 10 mm dia bars with 15 mm cover,
dm10 =15~ 20 mgom
a) For f; »= 415 Nfmm?
From Table D, Mu,ymfbd? = 2-:07 N/mm*

100 8y
- - 3 —_— e
S Mouw =207 x 10% x 160 X (100)
= 1325 kN.m

Actual bending moment of 9:6) kN.m is less
than the limiting bending moment,

11



Referring to Chart 4, reinforcement per-
centage, py = 0475

Referring to Chart 90, provide
8 mm dia at 13 cm spacing
or 10 mm dia at 20 cm spacing.

Alternately,
Ag = 00475 X 100 X

metre width.
From Tabie 96, we get the same reinforce-
ment as before.

b) For f, == 250 N/mm?
From Table D, My,un/bd® = 2-24 Nfmm?

8 3
o 3
Mo, lim 224 x 107 x 1 )((100)
= 14-336 kN.m

Actual bending moment of 9-6 kN.m is less
than the limiting bending moment,
Referring to Chart I, reinforcement per-
centage, pr = 0°78

Referring to Chart 90, provide 10 mm dia
at 13 cm spacing.

2.3.2 Doubly Reinforced Sections — Doubly
reinforced sections are generally adopted
when the dimensions of the beam have been
predetermined from other considerations
and the design moment exceeds the moment
of resistance of a singly reinforced section,
The additional moment of resistance needed
is obtained by providing compression re-
inforcement and additional tensile reinforce-
ment. The moment of resistance of 2 doubly
reinforced section is thus the sum of the
limiting moment of resistance My,um of a
singly reinforced section and the additional
moment of resistince My,. Given the values
of M, which is greater than Mo,jim, the value
of My, can be calculated.

Mng = Mu - Mu,lim

—-—-38 cm?t

100 per

The lever arm for the additional moment of
resistance is equal to the distance between
centroids of tension reinforcement and com-
pression reinforcement, that is (d—d’) where
d’ is the distance from the extreme compres-
sion fibre to the centroid of ¢ompression
reinforcement, Therefore, considering the
moment of resistance due to the additional
tensile reinforcement and the compression
reinforcement we get the following:

Mn: - Alti (0.87};') (d - d')
also, Mn; = As (flc —fou) (d - d')

where

Asz is the area of additional tensile rein-
forcement,
is the area of compression reinforce-
mcnt,
is the stress in compression reinforce-
ment, and
is the compressive stress in concrete at
the level of the centroid of compres-
sion reinforcement,

A
Je
Jee

Since the additional tensile force is balanced
by the additional compressive force,

Ase (fsc "‘fcc) = Auy (0'87‘&)
Any two of the above three equations may
be used for finding Ax, and A.. The total
tensile reinforcement A.. is given by,

Ast = Pulim % -+ Ast-_b

It will be noticed that we need the values of
fic and f before we can calculate As.
The approach given here is meant for design
of sections and not for analysing a given
section. The depth of neutral axis is, therefore,
taken as equal to Xu,max. As shown in Fig. 3,
strain at the level of the compression reinforce-

ment will be equal to 0-003 5 (1 -4 )

Uymax

l-—-—b—-—-- d’
' 0-0035
* 7 ' xu;!nu d'
| 0-0035 (1- 35—
d : ’
—® & & &
9:87% , 0.002

STRAIN DIAGRAM
Fic. 5 DousLy REINFORCED SECTION

12
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For values of 4'/d up to 0-2, f. is 2qual to
0446 fu; and for mild steel reinforcement
fio would be equal to the design yield stress
of 0'87 f,. When the reinforcement is cold-
worked bars, the design stress in compression
reinforcement f,. for different values of
d'/d up to 0-2 will be as given in Table F.

TABLE F STRESS IN COMPRESSION
REINFORCEMENT fic, N/mm* IN DOUBLY
REINFORCED BEAMS WITH COLD-
WORKED BARS

{Clause 2.3 2)
L d'/d
N/mm? P - \
Q05 010 015 020
415 355 353 342 329
500 424 412 395 370

2.3.2.1 Au, has been plotted against (d -d')
for different values of My, in Charts 19 and
20. These charts have been prepared for
Jo=2175 N/mm? and it is directly appli-
cable for mild steel reinforcement with yield
stress of 250 N/mm?. Values of 4y, for other
grades of steel and also the values of A, can
be obtained by multiplying the value read
from the chart by the factors given in Table G.
The multiplying factors for A4, given in
this Table, are based on a value of fi corres-
ponding to concrete grade M 20, but it can
be used for all grades of concrete with little
error,

TABLE G MULTIPLYING FACTORS FOR
USE WITH CHARTS 19 AND 20

Clause 2.3.2.1)

So> FacTorR FACTOR FOR A, FOR d'/d
N/mm? FOR - A .
Ags 005 010 015 020
250 1-00 1-04 104 104 1-04
415 0-60 063 0-63 065 068
500 0-50 Q52 054 056

060

2.3.2.2 The expression for the moment of
resistance of a doubly reinforced section may
‘also be written in the foliowing manner:

Ma = Mugim + 2229087 ) (d= )

100
Mo _ Mn,lim Pra . d
- e + Byomn(-)
where

i, is the additional percentage of tensile
reinforcement.

P = Pulim + Py
_ 0-87 j;__]
P = Ptz Foo = fo

FLEXURAL MEMBERS

The vailues of p. and p. for four values of
d’/d up to 02 have been tabulated against
Myfbd? in Tables 45 to 56, Tables are given
for three grades of steel and four grades
of concrete.

Example 3 Doubly Reinforced Beam

Determine the main reinforcements re-
quired for a rectangular beam section with
the following data:

Size of beam 30 x 60c¢m

Congcreie mix M 15

Characteristic strength of 415 N/mm?
reinforcement

Factored moment 320 KN.m

Assuming 25 mm dia bars with 25 mm
clear cover,
25

d=6) - 25— 5 = 5625¢cm

From Table D, for f, = 415 N/mm?® and
fee = 15 N/mm?

Min/bd?=2-07 N/mm? == 2-07 x 10* XN/m?
' Muiim =207 x 103 bd?

. 30 5625
EZOTX]OsXm X -TOO—X
= 1965 kN.m

Actual moment of 320 kN.m is greater
than Muy,iim

The section is to be designed as a doubly
reinforced section,

56:25
100

Reinforcement from Tables
M. _ 320
bd® — 03 % (0°562 5)E x 10°
, 2:5 4125 ]

Next higher value of d'/d = 0-1 will be used
for referring to Tables.

=337 N/mm?*

Referring to Tahle 49 corresponding to
Myjbd® = 3:37 and %— =01,
o= 1'117, p. = 0-418
Asp = 1885 cm?, A = 705 cm?

REINFORCEMENT FROM CHARTS

(d—d") = (5625 — 375) = 52'5 cm

My, =a (320 — 196'5) = 1235 kN.m
Chart is given only for fy = 250 N/mm?;

therefore use Chart 20 and modification
factors according to Tuble G.

Referring to Chart 20,
Ay (for f;, = 250 N/mm?)} = 10+7 cm?

13



Using modification factors given in Table G
for f, = 415 N/mm?,

Aag = 10°7 X 0°60 = 642 cro®

A == 10°T % 063 = 674 cm*
Referring to Table E,

Pyl ™= 0.72 56-25 30
At = 0°72 X —-1-03‘— = 1215 cm®

A = 1215 4 642 wo 18:57 cm*

These values of A, and A. are comparable
to the values obtained from the table.

2.4 T-SECTIONS

istance of & T-beans can
be considered as the sum of the moment of
resistance of the concrete in the web of width
b and the contribution due to flanges of
width b

The maximum moment of resistance is ob-

. tained when the depth of neutral axis 1S Xg,max.
When the thickness of flange is small,
that is, less than about §-2 d, the stress in the
flange will be uniform or searly uniform
(see Fig. 6) and the centroid of the compres-
sive force in the flange can be taken at Dy/2
from the extreme compression fibre. There-
fore, the following expression is obtained for
the limiting moment of resistance of T-beams
with small values of Dg/d.

MulimT = Mylimwer + 0446 foc
x (he—b) D¢ (4-— 4r
\ /)
where Ma,lim,web
=036 fox BuXo,max (d—0°416 Xn,00).

The equation given in E-2.2 of the Code is the
same as above, with the numericals ronnded

distribution in the flange would not be uni-
form. The expression given in £-2.2.7 of the
Code is an approximation which makes allo-
wance for the variation of stress in the flange.
This expression is obtained by substituting
e for D¢ in the equation of E-2.2 of the Code;
W being equal to (015 xg,max + 065 Dr)
but not greater than Dy. With this modifica-
tion,

Maytim,1 = Muiim,wes + 00446 fox
x(e-upe (4~ 5 )
Dividing both sides by fox bw 4%,
Mutinr_  Mujimwen_ | o
Tabedt ™ fubear TOME
X! br i'\l',rfi" _n)
\&w — A\ ~ir)
where
Xusmax

d

-'g,!‘ = {15
Y D
but 7 w =

< D

Using the above expression, the values
of the moment of resistance  factor
Mo imi1lfic bwd? for different values of befbw
and Dr/d have been worked out and given in
Tables 57 to 39 for three grades of steel.

2.5 CONTROL OF DEFLECTION

2.5.1 The deflection of beams and slabs
would generally be within permissible limits

P the rntin Af cman ta afastive Asnih Af the
11 bW LGV W BPﬂJ—I LY WEiWrbl T \.IU*JII.-I WAL MAINS

member does not excesd the values obtained
in accordance with 22.2.1 of the Code. The
following basic values of span to effective
depth are given:

off to two decimals. When the flange thick- Simply supported 20

ness is greater than about 0-2 d, the above Continuous 26

expression i not correct because the stress Cantilever 7

by :

) 0-:0035 0-448 1,
Df ‘ '
l x!.ﬂll

g {

‘L ssee j

087ty o 002 0-871,
L‘——-b*—-l :

STRAIN DIAGRAM STRESS DIAGRAM

Fig. 6 T-SecTioN
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Further modifying factors are given in
order to account for the effects of grade and
percentage of tension reinforcement and
percentage of compression reinforcement.

2.5.2 1In normal designs where the reinforce-
ment provided is equal to that required from
strength comsiderations, the basic values of
span to effective depth can be multiplied by
the appropriate values of the modifying
factors antr given in a form suitable for direct
reference, Such charts have been prepared
as explained below:

a) The basic span to effective depth ratio
for simply supported members is multi-
plied by the modifying factor for ten-
sion reinforcement (Fig. 3 of the Code)
and plotted as the base curve in the
chart. A separate chart is drawn for
each grade of steel, In the chart, span
to effective depth ratio is plotted on
the vertical axis and the tensile
reinforcement percentage is plotted on
the horizontal axis.

b) When the tensile reinforcement ex-
ceeds pi,um the section will be doubly

- reinforced. The percentage of compres-
sion reinforcement is proportional te
the additional tensile reinforcement
(Pr — Puum) 28 explained in 2.3.2.
However, the value of pi,im and p;
will depend on the grade of concrete
also. Therefore, the values of span to
effective depth ratio according to base
curve it modified as follows for each
grade of concrete:

1} For wvalues of p, greater than
the appropriate value of pi,lim,
the value of (p. — pi,um) is cal-
culated and then the percentage of
compression reinforcement p. re-
quired is caiculated. Thus, the
value of p. corresponding to a value
of p: is obtained. (For this purpose
d’'/d has been assumed as O*[0 but
the chart, thus obtained can gene-
rally be used for ali values of d'/d
in the normal range, without signi-
ficant error in the value of maximum
span to effective depth ratio.)

2} The value of span to effective depth
ratio of the base curve is multiplied
by the modifying factor for com-
pression reinforcement from Fig. 4
of the Code.

3) The value obtained above is plotted
on the same Chart in which the base
curve was drawn ecarlier. Hence
the span to effective depth ratio for
doubly reinforced section is plotted
against the tensile reinforcement
percentage p. without specifically
indicating the value of p. on the
Chart.

FLEXURAL MEMBERS

2.5.3 The values read from these Charts
are directly applicable for simply supported
members of cr(ioss sectio:;d for
spans up to 10 m. For simply supported or
continuous spans larger than 10 m, the values
should be further multiplied by the factor
{10/span in metres). For continuous spans
or cantilevers, the values read from the charts
are to be modified in proportion to the basic
values of span to effective depth ratio. The
multiplying factors for this purpose are as
follows:

Continuous spans 13

Cantilevers 0-35
In the case of cantilevers which are longer
than 10 m the Code recommends that the
deflections should be calculated in order to
ll:‘ll:lmfurc that they do not exceed permissible
imits.

254 For fanged beams, the Code recom-
mends that the values of span to effective
depth ratios may be determined as for rectan-
gular sections, subject to the following modi-
fications:

&} The reinforcement percentage should
be based on the area bed while referring
the charts, _

b) The value of span to effective depth
ratio obtained as explained -carlier
should be reduced by multiplying by the

following factors:
befbe. Factor
10 10
»333 08

For intermediate values, linear interpola-
tion may be done.

Note — The above method for flanged beams
may sometimes give anomalous results. If the flan
arc ignored and the beam is considered as a rectan
section, the value of span to effective depth ratio thus
obtained (percen of reinforcement being based
on the area bywd) should always be on the safe side.

2.5.5 In the case of twp way slabs supported
on all four sides, the shorter span should be
considered for the purpose of calculating the
2oan to effective depth ratio (see Note 1 below
23.1 of the Code).

2,56 Inthe case of flat slabs the longer span
should be considered (30.2.7 of the Code).
When drop panels conforming to 30.2.2 of
the Code are not provided, the values of span
to effective depth ratic obtained from the
Charts should be multiplied by 09,

Example 4 Control of Deflection

Check whether the depth of the member
in the following cases is adequate for control-
ling deflection:

a) Beam of Example 1, as a simply suppor-

ted beam over a span of 7"5 m

15



b} Beam of Example 3, as a cantilever beam
over a span of 40 m

c¢) Slab of Example 2, as a continuous
slab spanning in two directions the
shorter and longer spans being, 25 m
and 3'5 m respectively. The morhent
given in Example 2 corresponds to
shorter span.

. Span
a) Actual ratio of Eftective depth
75 .
Percentage of tension reinforcement
required,
p=06
Referring to Chart 22, value of Max S—’i—?—‘-‘)

corresponding to pp = 06, is 22:2,

Actual ratio of span to effective depth is less
than the allowable value. Hence the depth
provided is adequate for controiling defiec-
tion.

Span
Effective depth

40 .
- ( 5_635;'—105) = 711
Percentage of

m= 1117
Referting to Chart 22,

b} Actual ratio of

tensile reinforcement,

Max value of(_“iﬂ;ﬂ) = 210
£

For cantilevers, values read from the
Chart are to be multiplied by 0°35.

. Max value of
ljd for P =210%035=735
cantilever J

16

.. The section is satisfactory for control

of deflection.
. Span
¢) Actual ratio of ‘Effective depth
25
=gog = 3125

(for slabs spanning in two directions,
the shorter of the two is to be con-
sidered)
(i) Forfy = 415 Nfmm?
pe = 0475
Referring to Chart 22,

Max (s]?n) =236

For continuous slabs the factor
obtained from the Chart should be
multiplied by 1-3.

. Max SI?H for continuous slab

=236 % 1'3 = 3068
Actual ratio of span to effective depth is
slightly greater than the allowable. Therefore
the section may be sfightly modified or actual
deflection calculations may be made to as-
certain whether it is within permissible limits.
(il For fy = 250 N/mm?
=078
Referring to Chart 21,

Max (S—pi‘—“) =313

P
.. For continuous slab,
Max s—%’ﬂ- = 313 % 13 = 4069

Actual ratio of span to effective depth is
fess than the allowable value. Hence the
section provided is adequate for controlling
deflection.
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fo4= 15 N/mm'

Chart 4 FLEXURE — Singly Reinforced Section
Moment of Resistance KN.m per Metre Width

f, =415 N/mm’

WP 'HL 30 FAILITSST

REINFORCEMENT PERCENTAGE 100, A, /bd

FLEXKURAL MEMDERE



Chart 5 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Metre Widih
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Chart 6 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Width
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Chart 7 FLEXURE — Singly Reinforced Section
Momen! of Resistance kN.m per Melre Width
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Chart 8 FLEXURE — Singly Reinforced Section
Moment of Resistance kM.m per Metire Width

f,2500 N/mm' fu=15 N/mm

) iy
sng

kid
510

0g =
&iQ
LEE
(R 1.
i
oo
g
L8

il

T —

EFFECTIVE DEPTH, d, ecm

gl [ ] (T | Ded 45 N

REINFORCEMENT PERCENTAGE, 'W00A; /bd



Chart 9 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Melre Width
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Chart 10 FLEXURE — Singly Reinforced Section ck
Moment of Resistance kN.m per Melre Width 2[]
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Chart 13 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Melre Width
f, =415 N/mm' bexr20 N/mm’
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Chart 15 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Width
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Chart 17 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Melre Width
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Chart 18 FLEXURE — Singly Reinforced Section

Mement of Resistance kN.m per Metre Widih
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Chart 19 FLEXURE — Doubly Reinforced Section
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Chart 20 FLEXURE — Dowbly Reinforced Section
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Chart 21 CONTROL OF DEFLECTION 15
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Values for ;pm,nl':l!.'wti.v: depth ratio given in this chart are for simply supported spans up to 10 m.
For spans over 10 m, multiply the values by 10/span In metres

For continuous beam or slab, multiply the valoe for simply supported condition by 1.3,
For cantilevers up 10 10 m, multiply the value from the chart by 0.35,
For cantilevers over 10 m, this chart is not valid.



15 Chart 22 CONTROL OF DEFLECTION
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Chart 23 CONTROL OF DEFLECTION
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f}’

240
{ 250
415

TABLE 1 FLEXURE — REINFORCEMENT PERCENTAGE, p« FOR SINGLY 48 0
REINFORCED SECTIONS 5 U U
| e ———

fix = 15 Nmm?
fck
2 . N/mm? 2 5
M,jba3, fy» Nimai Myjbd?, & N .
1 r i L
Njmod 20 250 45 480 soo | /Mmoo Com 250 415 430 500
030 0147 0141 0085 0074 0071 | 156 0829 0796 0480 0415 0398
035 0172 0166 0100 0086 Q083 | I'2 0842 0809 0487 0421 0404
040 0198 019 0114 0099 0095 | 14 085 0821 0495 Q428  04l1
045 0224 0215 0128 0112 0107 | 156 086 0834 03503 0414 0417
050 0250 0240 0144 0125 0120 | 158 0882 0847 0510 044l 0423
055 0276 0285 0159 0138 0132 | 1460 0:8% 0860 0518 0448 0430
060 0302 029 0175 0151 0145 | 162 0909 0873 0526 0455 0436
065 0329 0316 019 0164 0158 | 164 0923 0886 0534 0461 0443
070 0356 O0M2 0206 0178 0171 | 166 0936 0899 0542 0468 0449
075 0383 0368 0220 0191 0184 | 168 0950 0912 0550 0475 0456
080 0410 0394 0237 0205 0197 | 10 0968 0925  0SS8 0482 0463
082 0421 0405 0244 0211 0202 | T2 0978 0939 0566 0489 046D
084 0433 0415 025 0216 0208 | L4 0992 0952 0574 049 0476
086 0444 0426 0257 0222 0213 | 176 1006 0966 0582 0503 0483
088 0455 0437 0263 0227 0218 | 178 1020 0S80 0390 0510 0490
09 0466 0448 0270 0233 0224 | 180 1035 0993 098 OSIT 049
092 477 0-458 0276 0239 o-229 1-82 1049 1007 0607 0525 0504
094 0489 0469 0283 0244 0235 | i84 1064 1021 0615 0512 0511
0% 500 0480 0289 0253 0230 | 186 1078 1035 0624 0539 0518
098 0512 0491 0296 025 0246 | I'88 1093 1049 0632 056 0525
100 0523 0502 0303 0262 0251 | 190 1108 1063 064l 0554 0532
102 0535 0513 0309 0267 0257 | 192 1123 1078 0649 0561 0539
104 0546 0524 0316 0273 0262 | 194 1138 1092 0658 0369  0-546
106 0358 053 0323 0279 0268 | 196 1153 1107 0667 0576 0553
108 0370 0547 0320 0285 0273 | 198 1168 1121 0676 0584 0561
110 0581 0558 0336 0291 0279 | 200 1184 1136 0685 0592
112 0593 0570 0343 0297 0285 | 202 1199 1151 0693
114 0605 0381 0350 0303 0290 | 204 1215 116 0703
116 0617 0592 0357 0309 0296 | 206 1231 1181 0712
118 0629 0604 0364 0315 0302 | 208 1247 1197
120 o841 0615 0371 0321 0308 | 210 1263 1212
122 0653 067 0378 0327 o314 | 212 1219 1228
124 0665 0630 0385 0333 0319 | 214 1295 1243
126 0678 0650 0392 0339 0325 | 216 1312 1259
128 0690 0662 0399 0345 0331 | 218 1328 1275
130 0702 0674 0406 0351 0337 | 220 1345 1291
132 0715 0686 0413 0357 0343 | 222 1362 1308
134 0727 0698 0420 0364 0349 | 224 1379
136 0740 0710 0428 0370 0-355
138 0752 0722 0435 0376 0361
140 0765 0T34 0442 0382 0367
142 778 0747 0450 0389 0373
144 079 0750 0457 0395 0379
146 0803 0771 0465 0402 0386
148 0816 0784 0472 0408 0392

Nore — Blanks indicate inadmissible reinforcement percentage (see Table E).
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Note — Blanks indicate inadmissible reinforcoment percentage (see Table E).



TABLE 3 FLEXURE — REINFORCEMENT PERCENTAGE, p. FOR SINGLY
REINFORCED SECTIONS

fx = 25 N/mm®

2z 2

Mubes?, fy Njmm Mo, o Nimm

s f Ll 2 f ]
Nimm® 50 250 415 480 so0 | TWmm 250 415 480 500
030 0146 0140 0084 0073 0070 | 255 1415 1358  O8I8 0708 0679
035 0171 0164 0099 0085 0082 | 260 1448 1390 0837 0724 0695
040 0195 0188 0113 0098 0094 | 265 1482 1422 0857 0741 071
045 0220 0211 0127 0110 0106 | 270 1515 1455 0876 0758 0727
050 0245 0236 (142 0123 0118 | 275 1549 1487 0896 0775 0744
05 0271 0260 015 0135 0130 | 280 1584 1520  09i6 0792 0760
060 029 0284 0171 0148 0142 | 285 1618 1554 0936 0809 0777
065 0321 0309 0186 0161 0154 | 290 1653 1587 0956 0827  0-7%
070 0347 0333 000 0174 0167 | 295 1689  i621 0977 084 0811
075 0373 0358 0216 (186 0179 | 300 1724 1655 0997 0862  0-828
080 019 0383 0231 0199 0191 | 305 1760 1690 1018  0-880 0845
085 0425 0408 0246 0212 0204 | 310 1797 1735 1039  0-898  0-863
090 . 0451 0433 0261 0225 0216 | 315 1834 1760 1061 0917  0-880
095 0477 0458 0276 0239 0229 | 320 1871 179 1082 0936  0-898
100 0504 0483 0291 0252 0242 | 325 1909 1832 1104 0954 0916
195 0530 0509 0307 0265 0255 | 330 1947 1869 1126 0973 0935
1’10 0557 0535 0322 0279 0267 | 332 1962 1884  I'135 0981 0942
115 0584 0561 0338 0292 0280 | 334 1978 1899 1144 0989
120 0611 0587 0353 0306 0293 | 336 1993 1914  1-153
125 0638 0613 0369 0319 0306 | 338 2000 1929 1162
130 0666 0636 0385 0333 0320 | 340 2025 1944 1174
135 0693 0666 0401 0347 0333 | 342 2040 1959 1-180
140 0721 0692 0417 0360 0346 | 344 205 1974  1-189
145 0749 0719 0433 0374 0359 | 346 2072 1989
S0 0777 0746 0449 0388 0373 | 348 2088 2005
155 0805 0773 0466 0403 0387 | 350 2104 2020
160 (834 0800 0482 0417 0400 | 352 2120 2036
165 0862 0828 0499 043 0414 | 354 2037 2081
170 0891 0856 0515 0446 0428 | 336 2:153 2067
175 0920 0883 0532 0460 0442 | 358 2170 2083
180 0949 0911 0549 0475 0456 | 360 2186 2099
185 0979 0940 0566 0489 0470 | 362 2203 2115
190 1009 0968  0-583  0-S04 0484 | 364 2219 2131
195 1038 0997 0601 0519 0498 | 366 2236 2147
200 1 1026 0618 0534 0513 | 368 2253 2163
205 109 1055 0635 0549 0527 | 370 2270 2179
210 11129 1084 0653 0565 0542 | 372 2287 2196
315 1160 1114 0671 0580 0557 | 374  2-304
220 1’191 14143 0689 0596 0572
225 1222 1973 0707 06l 0587
230 1254 1204 0725 0627 0602
235 1285 1234 0743 0643 0.617
240 1317 1265 0762 0659 0632
245 1350 1296 078l 0675 0648
250 1382 1327 0799 0691 0662
Note — Blanks indicate inadmissible reinforcement percentage (see Table E).
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240
250
415
480

500

30

TABLE 4 FLEXURE — REINFORCEMENT PERCENTAGE, p. FOR SINGLY

REINFORCED SECTIONS

fx = 30 N/mm?
] 2
My, o Njmn Mo, fy. Nim
s ' 8 Iy
Njmm? 340 250 455 480 soo | Nmm® Toy 20 415 450 500
030 0145 0140 0084 0073 0070 | 255 1374 1319 0794 0687 0659
035 G170 0163 0098 0085 0082 | 260 1404 1348 0812 0702 0674
040 0195 0187 0113 0097 0093 | 265 1435 1378 080 0718 0689
045 0219 0211 0127 0110 0105 | 270 1467 1408 0848 0733 0704
00 0244 0235 0141 0122 0117 | 275 1498 1438 0866 0749 0719
Os5 0269 028 01s6 013 01d | 280 IS0 146 0B 0765 07
060 0294 023 0170 0147 0141 | 285 162 1499 0903 0781 0750
065 0320 0307 0185 0160 0153 | 290 1594 1630 0922 0797 0785
070 0345 0331 0200 OI72 0166 | 295 1626 1561 0940 0813 0781
075 0370 0356 0204 0185 0178 | 300 14659 192 0959 0825 0796
080 039 0380 0229 0198 019 | 305 1691 1624 0978 0846 0812
085 0422 0405 0244 020t 0202 | 310 1725 1656 0997 0862 0828
090 0447 0420 0259 0224 0215 | 315 1758 1687 1017 0875 0844
005 0473 0454 0274 0237 0227 | 320 1791 1710 1036 089 0860
100 0499 0479 0289 0250 0240 | 325 1835 1752 1055 0913 0876
105 0525 0504 0304 0263 0252 | 330 1859 1785 1075 0930 0892
110 0552 0529 0319 0276 0265 | 335 1893 1818 1095 0947  0-99
115 0578 0555 0334 0289 0277 | 340 1928 1851 1115 0964 0925
120 0604 0580 0350 0302 0290 | 345 1963 1884 1435 0981 0043
125 0631 0806 0365 0315 0303 | 350 1998 1918 1155 0999 0959
130 0658 0631 0380 0329 0316 | 355 204 1952 1176 1017 0976
135 0685 0657 0396 0342 0329 | 380 2060 1986 1197 1035 0993
140 0712 0683 0411 035 0342 | 365 2105 2021 1218 1053 1011
145 073 0709 0427 0368 0355 | 370 2142 2086 1239 1071 1028
150 0766 0735 0443 0383 0368 | 375 2178 2091 1260 1089 1046
155 0793 0762 0459 0397 0381 | 380 2215 2127 1281 1108 1063
160 0821 0788 0475 0410 0394 | 385 2253 3163 1303 1126 1081
165 0849 0815 0491 04 0407 | 390 2301 2199 1325 1145 1099
170 0876 0841 0507 0438 0421 | 395 2329 2236 1347 1164 L1112
175 0904 0868 0523 0452 0434 | 400 2367 2273 1369 1184
180 0932 0895 0530 0466 0448 | 405 2406 2310 1391
185 0961 0922 0556 0480 0461 | 410 2445 2348 1-414
190 0989 0950 0572 0495 0475 | 415 2485 286
195 1018 0977 0589 0509 0488 | 420 3525 2424
200 1046 1005 0605 0523 0502 | 425 2366 2463
205 1075 1032 0622 0538 0516 | 430 2607 2502
210 1104 1080 0638 0352 0330 | 435 2648 3542
215 1134 1088 0656 0567 0344 | 440 2690  2-583
220 1163 1116 0673 0581 03558 | 445 2733 2623
225 1192 1145 (690 0396 0572
230 1922 19713 0707 0611 0587
235 1252 1202 0724 0626 060l
240 1282 1231 0742 064 0615
245 1312 1260 0758 065% 0630
250 1343 1289 0777 0671 0645

NoTe-— Blanks indicate inadmissible reinforcement percentage (see Table E).
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TABLE 3 FLEXURE — MOMENT OF RESISTANCE OF SLABS. kN.m
PER. METRE WIDTH
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TABLE 6 FLEXURE — MOMENT OF RESISTANCE OF SLABS, EN.m

PER METRE WIDTH
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TABLE 7 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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TABLE ? FLEXURE —MOMENT OF RESISTANCE OF SLABS, kMN.m PER METRE WIDTH
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S = 13 Mimpt
fp = 250 Nmm"
Thickmen = 150em

Han Fan Driuneres, min
BrarIrE, r e -
= & L] fEi ] 12 16 1w
5 1505 2408 ¥ a3 Ligii]
f | 413 i o] [y nﬁ Q-
T 10 1857 a1y 15-51 (i i} -0
L DA 144 Ta-34 12037 a1 ] fi-dd
: Bkh 77 =IER 2 [igh ] o
pL] Tl 1350 198 TG
H T 1225 1533 Iyl gﬁ RE
W SE 11-29 1&4d 21-20 [151] i 3o
i3 orod Wkt 1578 Tl EEh- i
1L Oriocd *74 71 3iri Ir-Es aron
14 e ains 1380 19
16 =00 i 1340 1Hﬂ ?I'-FI SE-E
1T 0l i-1o 1308 1738 TN 3y-87
11 e TE7 114 (LML 200 3A
(L] (181K} parl.] 114065 5an 481 I¥ IR
n v (% 1] 154 14-&8 :
E 1) (H0 | 10 14404 Eﬁ %-ﬁ
e ER ] ] 63 114¥ AR 2504
i | g} i) i3 11491 1t'IF 251
M (i g1 ] [igEH] E6E L2441 2009 2 IH
1% i3 igi i) 111 1154 1%aT 248
25 et i 3 1R 15+ 1168
Ir Or G i) Tl 18-38 257
In I+ -0 T-64- 1T 177 Ilae
o) i1 1] i T 1o T4 HrAf
an [ERLK] [ b AL ) 103 T2 1 L
i3 ] O O -0 | R 1453 1752
& o T ] T [F3-E L]
45 cH o i ] g7 s 1396
Fhrie 1 — Fercy ndlease inadmisadble refsformaned i
hkm. T — B apracings beiow mudt:}dm;" hmlw

FLENLRAL MEMAERS 53



= §883% 3838 S33E; Densy mres

£, = 130 1/

Fi = 13 Nimoed
Thicknaty — 173
L

SEEIC EEREy SEEN BN AR

1%

3835% BILOE I3nEE RREE IEEE

FER METRE WIDTH

Znaco S223% SER3E 2338% 33gEE

TABLE 11 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m

.....m_ nerus SoHns aSren SngOd SASAR

17.5

DENMIN ATDE A RENORECED CONCRETE

s — Tered indicate inddnvivlble reinforoement porcenbigs.



AROE
aTar
M

LoEL

-gli
l-i'!l
BT

e
Thos
EEi
gge8

1434

Ipstlets inmibnbdhle reinfprement parcentags.

3833
gngR _M























































































































































































































































































































































































































































































































































	Title Page
	Foreword
	Contents
	Symbols
	Conversion Factors
	Material Strength and Stress-strain Relationships
	1. Material Strengths and Stress-strain Relationships
	Fig. 1
	Fig. 2
	Fig. 3
	Table A


	Flexural Members
	2. Flexural Members
	Table B
	Fig. 4
	Table C
	Table D
	Table E
	Fig. 5
	Table F
	Table G
	Fig. 6
	Chart 1
	Chart 2
	Chart 3
	Chart 4
	Chart 5
	Chart 6
	Chart 7
	Chart 8
	Chart 9
	Chart 10
	Chart 11
	Chart 12
	Chart 13
	Chart 14



