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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

Xix
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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’
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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
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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
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Chart 15 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Width

1 1 of
fy=415 N/mm fexm20 N/mm
K-8
T '
1 -I !
* o LS :
10
™ LD
" _
e Y .
i i A
LB
13
11 - | ' A\
wo {1 AN ok
'I - I - - -
1 4 I' I
S = AN e ——
o BT 1) i } 2 ]
£ ¥ ' 1308
o
(T - .
- Mo, SRl
s |
> 3 . . ! 1160
= % i
u 1 1 l : 1
W oy - | .| )
i - 1§80
- ss || |
w = -
n "l. ) | fign
43 Ry
180 Al
L | ' \ 117
FTTH LY - -
8t - . .
170 \\e\ % L
sl ' - ‘."l-_ | (T
as L BP0 ' a\\% 11
o &b
180
11 i wap
87 140 'lui_;l
L1
58 | . LY 1T
l‘ + L 1 r - "l | ]
B-1 B=% b5 09 [ ] LY |

REINFORCEMENT PERCENTAGE, 100 .lul"hd

FLEXUNAL MEMBERS a5



As in the Original Standard, this Page is Intentionally Left Blank



EFFECTIVE DEPTH, d, cm

¥

In

T

i

T

4

1

T

11

17

il ]

Chart 16 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Meltre Widlh
t,=500 N/mm’'

f.a% 20 N/mm

NS

ria

oo

1T
LL 1

160
L1

tad
e

1@

e
L 1
w0

T8
18
[ 1]
L 11
55

&0
(4

LR o5 -3 o7

REINFORCEMENT PERCENTAGE, 100 A, /bd

FLEAURAL WMEMBERS

5-3I




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

20
fy= 250 MJSmm? 25
]
&0
L1
:|:
|
15
L
]
gy
=
£
bt
{1
REE
[T}
; 25 I
L )
o
]
T8
ﬂ -
o 20
=
af
[+
s
s 5 F -
0 I i | 1 1
i 05 -0 1-:5 20 2.5 30

TENSION REINFORCEMENT PERCENTAGE, 100 Agt/bd

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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MAYX. RATIO OF SPANJ/EFFECTIVE DEPTH
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Chart 23 CONTROL OF DEFLECTION

t, =500 N/fmm’

40 ] L 1 ] | |

5 r ' I
I
"_
(-
(°1]
n o
- 0 _
-
=
L
kil
L
E -
w NI
.
-
o
=8
un

1 | S =
E 20 ™ - Tea= 15 N/mm . ———
o
F
< -
- 4 b M |
L | ) ] | -
o = | ! | . et
% e, = el I I -
b i
{ | I \ i
10 | ]
0 o-5 1-0 15 2:0 5 3D

TENSION REINFORCEMENT PERCENTAGE,100 Agy/bd

Valoes of span/jeffective h ratio given in this chart are for simply supported spans upto 10 m
For spans over 10 m, multiply the valoes by 10/span in metres.

For continuons beam or sluk, multiply the value for simply supported condition by 1.3,
Eor cantilevers up to 10 m, multiply the value from the chart by 0.35,
For-cantilevers over 10 m, this chart is not valid.

FLEKUEAL WMEMBER3 45

¥
50(
":M

15
20
25



As in the Original Standard, this Page is Intentionally Left Blank



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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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).

=0 DESIGN AIDS FOR REINFORCED CONCRETE



15

TABLE 3 FLEXURE — MOMENT OF RESISTANCE OF SLABS. kN.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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TABLE 13 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kM.m
PER METRE WIDTH
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TARLE |4 FLEXURE — MOMENT OF RESISTANCE OF SLARS, EN.m
PER METRE WIDTH
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TABLE 15 FLEXURE —MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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PER. METRE WIDTH
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3. COMPRESSION MEMBERS

3.1 AXIALLY LOADED COMPRESSION
MEMBERS

All compression members are to be designed
for a minimum eccentricity of load in two
principal directions. Clause 24.4 of the Code
specifies the following minimum eccentri
city, emin for the design of columns:

{ D . -
emin=§-06+-%, subject to a minimum of
2 cm.
where

{ is the unsupported length of the column
(see 24.1.3 of the Code for definition of
unsupported length), and

D is the lateral dimension of the column
in the direction under consideration.

After determining the eccentricity, the section
should be designed for combined axial load
and bending (see 3.2). However, as a simplifi-
cation, when the value of the minimum
eccentricity calculated as above is less than or
equal to 005D, 38.3 of the Code permits
the design of short axially loaded compression
membets by the following equation:

Pu=0'4ﬁk Ac'i“o-6?f; Agc

where

P, is the axial load (ultimate),
A is the area of concrete, and
Ase is the atea of reinforcement.

The above equation can be written as

A
Po= 04 fu( As— Bes) + 0611, 438

where

A, is the gross area of cross section, and
p s the percentage of reinforcement.

Dividing both sides by A,

Pa o - P ' P
3;._04;2.((1 100)+067ﬁm

- 04 fu + %} (O67 f, — 04 fu)

Charts 24 to 26 can be used for designing
short columns in accordance with the above
equations. In the lower section of these
charts, Pu/4; has been plotted against
ieinforcement percentage p for different
grades of concrete. If the cross section of
the column is known, P.fA4; can be calculated
and the reinforcement percentage read from
the chart. In the upper section of the charts,
P,j 4y is plotted against Py for various values
of Ag. The combined use of the upper and

COMPRESSION MEMBERS

lower sections would eliminate the need for
any calculation. This is particularly useful
as an aid for deciding the sizes of columns
at the preliminary design stage of multi-
storeyed buildings.

Example 5 Axially Loaded Column

Determine the cross section and the
reinforcement required for an axially loaded
columr with the following data:

Factored load 3000 kN

Concrete grade M20

Characteristic strength of 415 Nfmm?*
reinforcement

Unsupported length of 30m
column

The cross-sectional dimeasions required will
depend on the perceatage of reinforcement.
Assuming 10 perceat reinforcement and
referring to Chart 25,

Required cross-sectional area of columa,
Ag == 2700 cm?
Provide a section of 60 X 45 cm.

60 x 45

Area of reinforcement, 4g =10 x 100

= 27 cm?®

We have to check whether the minimum
eccentricity to be considered is within 0-05
times the lateral dimensions of the column.
In the direction of longer dimension,
! D
emia = 35 ¥ 30
30x102 60 - .
—-—560— + -3-6-=06r20-260m
Of, €min/D = 2:6/60 = (0043

In the direction of the shorter dimension,
o — 30 x 102 +4S
i 500 30
= 2] cm
Or, emin/l = 2:1/45 = 0:047

=06+ 15

The minimum eccentricity ratio is less thaa
0:05 in both directions. Hence the design of
the section by the simplified method of 38.3
of the Code is valid.

3.2 COMBINED AXJAL LOAD AND
UNIAXIAL BENDING

As already mentioned in 3./, all com-
pression members should be designed for
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minimum eccentricity of load. It should
always be ensured that the section is designed
for a moment whick is not less than that due
to the prescribed minimum eccentricity.

3.2.1 Assumptions—Assumptions (a), (c),
{d) and {(¢) for flexural members {see 2.1}
are also applicable to members subjected
tc combined axial load and bending., The
assumption (b) that the maximum strain
in concrete at the outermost compression
fibre is 0-003 5 is also applicabis when the
neutral axis lies within the section and in the
limiting case when the neutral axis lies along
one edge of the section; in the iatter case
the strain varies from (003 5 at the highly

compressed edge to zero at the opposite
edge. For purely axiak compression, the
strain is assumed to be uniformly equal
td (°002 across the section [see 38.7(a} of the
Code). The strain distribution lines for these
;vg: cases intersect each other at a depth of

——.;——from the highly compressed edge. This
point is assumad to act as a fulcrum for the
strain distribution fine when the neutral
axis lies outside the section (see Fig. 7). This
leads to the assumption that the strain at
the highly compressed edge is 0-003 5 minus
075 times the strain at the least compressed
edge [ree 35.1(b) of the Code].

-

e ——
d.- '—.. } -ﬁ
l L L J ._: » i »
’ i ®
L P
' » | L L J § &

\HIGHL\‘ COMPRESSED
EDGE

y

CENTRODAL AXIS

ith ROW OF REINFORCEMENT

STRAIN DIAGRAMS
00035

Neutrol axis
within the section

30/ 7 el

ey

~4 0+ 0035

-

0-002 Neutral axis

outside the section

"

Fig. 7 CoMBINED AXiAL LoAD AND UMIAXIAL BENDING
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3.2.2 Stress Block Parameters When the
Neutral Axis Lies Ousaide the Section — When
the peutral axis lies outside the section,
the shape of the stress block will be-as indi~
cated in Fig. 8. The stress is uniformly

0446 fox for & distance of 22 from the highly

compressed edge because the strain is more
than 0-002 and thereafter the stress diagram
is parabolic,

[hani}
b » L ]
-L———D-‘——-—u—
~0-002
.'_—1:’// | STRAIN DIAGRAM

I——%o—-—-%o—'

PARABOLA

0-448 8,
- STRESS DIAGRAM

Xys kD ———ed

Fic. 8 STRESS BLOCK WHEN THE NEUTRAL
Ax1s Lmes OUTSIDE THE SECTION

Let x, = kD and let g be the difference
between the stress at the highly compressed
edge and the stress at the least compressed
edge, Considering the geometric properties
of a parabola,

g = 0r446 fx [ D——D]

COMPRESSION MEMBERS

Area of stress block
- 1) — -g- 4
0446 fu D — £ ( - D)

- (0446 fix D — 5+ gD

4 1
(‘Hr 3) ]
The centroid of the stress block will be
found by taking moments about the highly
compressed edge,
Moment about the highly compressed edge

=0446fckD(D) 2—3.0

[‘3"“ T (+2)]

— 0446 f.* fg gD

21
- (-446 fa D [1

The position of the centroid is obtained by
dividing the moment by the area. For differ-
ent values of k&, the area of stress block and
the position of its centroid are given in
Table H.

TABLE H STRESS BLOCK PARAMETERS
WHEN THE NEUTRAI, AXIS LIES QUTSIDE

THE SECTION
(Clowse 3.2.2)
k xu  AREA OF STRESS DTANCE oF CENTROID
=T Brock oM HiosLy
CoMeRESSED Epan
1) 2 (3)
1-00 0-361 fox D 0416 D
105 0374 fck D o432 D
1'10 0384 fox D) 0443 D
1-20 0399 fck D o458 D
1'30 0409 fek D o468 D
1'40 0417 fec D 0475 D
1-30 422 fex D 0480 D
2400 0-d35 fixk D 491 D
250 0440 fck D 0.495 D
300 0442 fex D 0497 D
400 0444 fx D 0499 D

NoTe —Values of stress block parameters have
been tabulated for values of & up to 4-00 for informa-
tion only. For construction of interaction diagrams
it is generally adequate to consider values of & up to
about 2.

3.2.3 Construction of Interaction Diagram —

ign charts for combined axial compression
and are given in the form of inter-
action diagrams in which curves for P,/bDfx
versus Mo/bD* fix are plotted for different
values of p{fix, where p is the reinforcement

percentage.
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3.2.3.1 For the case of purely axial com-
pression, the points plotted on the y-axis
of the charts are obtained as follows:

pr

Pu= 0446 fubd + (fic — 0446 fu)

where

Jic is the compressive stress in steel corres-
ponding to a strain of 0-002,

The second term within parenthesis repre-
sents the deduction for the concrete replaced
by the reinforcement bars. This term is
usually neglected for convenience. However,
as a better approximation, 2 constant value
corresponding to concrete grade M20 has
been used in the present work, so that the
error is negligibly small over ane range of
concrete mixes normally used. An accurate
consideration of this term will necessitate
the preparation of separate Charts for each
- grade of concrete, which is not considered
worthwhile.

3232 When bending moments are also
acting in addition to axial load, the points
for plotting the Charts are obtained by
assuming different positions of neutral axis.
For each position of neutral axis, the strain
distribution across the section and the
stress block parameters are determined as
explained earlier. The stresses in the rein-
forcement are also calculated from the
known strains. Thereafter the resultant axial
force and the moment about the centroid
of the section are calculated as follows:

a) When the neutral axis lies outside the

section
n
Py = C, fabD + pibD oo (i =S
i -’-I
where

C; = coefficient for the area of stress
block to be taken from Table H
(see 3.2.2);

b ':; where A4, is the area of rein-

forcement in the ith row;

Ju = stress in the ith row of reinforce-
ment, compression being positive
and temsion being negative;

Jei == stress in concrete at the ievel of
the ith row of reinforcement; and

n = number of rows of reinforcement.
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The above expression can be written as

_ u—fe)

Sk 5 =G+ 2 i00 fic

i=1

Taking moment of the forces about the
centroid of the section,

Mu-C,fcka(-g—C,D.)

+ 2 2D (a— fabw

fm]

where

C,D is the distance of the centroid of the
concrete stress block, measured from
the highly compressed edge; and

y; isthe distance from the centroid of the
section to the fth row of reinforce-
ment; positive towards the highly
compressed edge and negative to-
wards the least compressed edge.

Dividing both sides of the equation by
Jex DR,

My
fox BDE T Ci(0°5-Cy

n
+ E f*pim

i=1

-0(3)

b) When the neutral axis lies within the
section

In this case, the stress block parameters
are simpler and they can be directly incorpora«
ted into the expressions which are otherwise
same as for the earlier case. Thus we get the
following cxpressions:

P,
fubD

n
=036k + Q) jhz Ui = fe)
HES

}i‘%——' - 0'36:’: 05— 0416 k)

+ 2 w U -5 (%)
where

k = Depth of neutral axis
D

DESIGN AIDS FOR REINFORCED CONCRETE



An approximation is made for the value
of fii for M20, as in the case of 3.2.3.1. For
circular sections the procedure is same as
above, cxcept that the stress block para-
meters given earlier are not applicable;
hence the section is divided into strips and
summation is done for determining the
forces and moments due to the stresses in
concrete.

3.2.3.3 Charts for compression with bending —
Charts for rectangular sections have been
given for reinforcement on two sides (Charts
27 to 38 and for reinforcement on four
sides (Charts 39 to 50). The Charts for the
latter case have been prepared for a section
with 20 bars equally distributed on all sides,

but they can be used without significant

error for any other number of bars (greater
than 8) provided the bars are distributed
equally on the four sides, The Charts for
circular section (Charts 51 to 62) have been
prepared for a section with § bars, but they
can generally be used for sections with any
number of bars but not less than 6. Charts
have been given for three grades of steel
and four values of d'/D for each case men-
tioned above.

The dotted lines in these charts indicate
the stress in the bars nearest to the tension
face of the member. The hne for fiu =0
indicates that the neutral axis lies along the
outermost row of reinforcement. For points
lying above this line on the Chart, all the
bars in the section will be in compression,
The line for fi = fya indicates that the
outermost tension reinforcement reaches the
design yield strength. For points below this
line, the outermost tension reinforcement
undergoes inelastic deformation while succes-
sive inner rows may reach a stress of fia.
It should be noted that all these stress values
are at the failure condition corresponding
to the limit state of collapse and not at work-
ing loads.

3.2.34 Charts for tension with bending —
These Charts are extensions of the Charts
for compression with bending. Points for
plotting these Charts are obtained by assum-
ing low values of &k in the expressions given
earlier. For the case of purely axial tension,

Py = *"bD (087 f;)
Py
Jatp = To7a @51

Charts 66 to 75 are given for rectangular
sections with reinforcement on two sides
and Charts 76 to 85 are for reinforcement
on four sides. It should be noted that these
charts are meant for strength calculations
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only; they do not take into account crack
control which may be important for tension
members.

Example 6 Square Column with Uniaxial
Bending

Determine the reinforcement to be provided
in a-square column subjected to uniaxial
bending, with the following data:

Size of column 45 x 45¢m
Concrete mix M 25
Characteristic strength of 415 N/mm?
reinforcement
Factored load 2500 kN
(characteristic load
multiplied by vr)
Factored moment 200 kN.m

Arrangement of
reinforcement: (a) On two sides

(b) On four sides

(Assume moment due to minimum eccentri-
city to be less than the actual moment).

Assuming 25 mm bars with 40 mm cover,
d =40 + 12°5 wa 52-5mm = 525 cm
d'|D = 523/45 =(¢-12

Charts for 4'/D = (15 will be used

P 2500 x 105
Fa BD = 35 % 45 x 45 x 100 = 044
M, 200 % 108
fo DR T 25XA5 x A5 x45x 108 T 0088

a) Reinforcement on two sides,
Referring to Chart 33,
pifex = 009
Percentage of reinforcement,
p=009 x 25 =225
As = p bDJ100 = 225 x 45 x 45/100
= 4556 cm*
b)Y Reinforcement on four sides
from Chart 45,
Pifac =010
p=010 x 25 =25
Ay =25 % 45 x 45/100 = 5063 cm?

Example 7 Circular Cofumn with Uniaxial
Bending

Determine the reinforcement to be pro-
vided in a circular column with the following
data:

Diameter of column 50 cm

Grade of concrete M 20

Characteristic strength 250 N/mm?® for

of reinforcement bars up to
20 mmg¢
240 N/mm® for

bars over
20 mm ¢
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Factored load
Factored moment
Lateral reinforcement :

(2) Hoop reinforcement
(b) Helical reinforcement

(Assume moment due to minimum eccentri-
city to be less than the actual moment),

Assuming 25 mm bars with 40 mm cover,
d' =40 X 12:5 = 52-5mm = 525 ¢cm
d'{D = 5:25/50 = 0-105
Charts for &'/D = 0-10 wiil be used.
(a) Cohlumn with hoop reinforcement

P, 1600 x 102

= — (32
fa D? 20 x 30 x 50 x 103 03
M. 125 x 10¢ =005
fa PP 20 x 50 x 50 x 50 x 10

Referring to Chart 52, for f, == 250 N/mm?3
p=087 x20 =174
Ax = prD*400
= 174 X m x 50 X 50/400 = 34-16 cm?

For f; = 240 N/mm?,
A, == 34'16 x 250/240 = 35-58 cm?®

(b) Column with Helical Reinforcement

According to 38.4 of the Code, the strength
of a compression member with helical re-
inforcement is 1:05 times the strength of a
similar member with lateral ties. Therefore,
the given load and moment should be divided
by 105 before referring to the chart.

Hence,
Py 032
F Db = Tos — 005
M, 0-05
Ju D° = 105 = 0O
From Chart 52, for f, = 250 Nfmm?,
pifax = 0078

p =0078 x 20 = 1-56
As = 1'56 x = x 50 x 50/400
= 30-63 cm?
For f; = 240 Nfmm?, As = 30-63 x 250/240
= 31'9] cm?

According to 38.4.1 of the Code the ratic
of the volume of helical reinforcement to the
volume of the core shall not be less than
0:36 (Ag/dc — 1) fic [fy where A is the
gross area of the section and 4. is the area
of the core measured to the outside diameter
of the helix. Assuming 8 mm dia bars for the
helix,

104

Core diameter - 50—2 (40 — 0+8)
AgfAe == 503/43-6% = 1-315
0-36 (AfAc — 1) falfy

=036 x 0+315 x 20/250

= 00091

Volume of helical reinforcement
Volume of core

— Awmr .(42‘3) — 009 An
@36 s o

where, 4w is the area of the bar forming
the helix and s is the pitch of the helix.
In order to satisfy the codal requirement,

009 Asnfsn 2» 0°0091
For 8§ mm dia bar, Ax = 0°503 cm?®
- 0:09 x 0-503
= 0-0091
T €497cem

3.3 COMPRESSION MEMBERS SUB-
JECT TO BIAXIAL BENDING

Exact design of members subject to axial
load and biaxial bending is extremely
laborious. Therefore, the Code permits the
design of such members by the following
equation:

()™ + (e )™ <
M uxj M Uyl
where

M, Myy are the moments about x and y
axes respectively due to design loads,
Mz, Muy, are the maximum uniaxial
moment capacities with an axial load
Py, bending about x and y axes res-
pectively, and

oy is an exponent whose value depends on

PyfPy; (see table Dbelow) where
Py =045 f;:k A 4 075fy As:
Pn/Pux 'xn
02 10
208 20
For intermediate wvalues, linear interpo-

lation may be done. Chart 63 can be used
for evaluating Pg,.

For different values of PufP,,, the appro-
priate. value of oca has been taken and curves
for the equation

Mux og o Muy oC n .
(F1e) ™+ ()" = 10 have boen
plotted in Chart 64.
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Example 8 Rectangular Column with Blaxial
Bending

Determine the reinforcement to be pro-
vided in a short column subjected to biaxial
bending, with the following data:

Size of column 40 x 0 cm

Concrete mix M1s5

Characteristic strength 415 N/mm?*
of reinforcement

Factored load, P, 1600 kKN

Factored moment acting 120 kN
parallel to the larger

dimension, My,

Factored moment acting 90 kN
parallel to the shorter
dimension, M,

Moments due to minimum eccenfricity are
less than the values given above,

Reinforcement is distributed equally on
four sides,

As a first trial assume the reinforcement
percentage, pm12
Plfec = 1-2/15 = 008

Uniaxial moment capacity of the section
about xx-axis:

. 525 )

d'{D w= o™ 0-087 3

Chart for d'/D = 01 will be used.
1600 x 103
Puffec bD = 15573760 < io®

Referring to Chart 44,
Mujfac bD* == (09

Mux, =009 X 15 x 40 x 603 x 10%/10%
= 194'4 kN.m

Uniaxial moment capacity of the section

about yy-axis:
, 525 o

Chart for d'/D == 015 will be used.

w 0444

Referring to Chart 45,
Mu/fa BD? == (083

S My, = 0083 x 15 x 60 %402 x 103/10°
= 11952 kN.m

Calculation of Py;:

Referring to Chart 63 corresponding to

D= 12, f, =415 and fo == 15,

%'f—u 10:3 N/mm?
]
Py wm 1003 4, = 1003 x 40 x 60 X
104/10° kN
= 2 472 kN
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P, 1600 .
P —idp =04
Mu 120

Moy % .
Referring to Chart 64, the permissible value

of Mux_ corresponding to the above values
uxp
My Pa . .
of H;,T.nd -;-13 equal to 0-58,

The actual value of 0-617 is only slightly
higher than the value read from the Chart,
This can be made up by slight increase in
reinforcement,

dm N2XHOXO g o
12 bars of 18 mm will give 4,=30-53 cm?
Reinforcement percentage provided,
30-53 x 100 .
P=gxa 1%
With this percentage, the section may be
rechecked as follows:
Referring to Chart 44,
M, _
My, = 0095 X 15 X 40 x 60 x 10%/10%
= 2052 kN.m
Referring to Chart 45
M, .
Moy, = 0085 x 15 % 60 x 40* x 10%3/10%
== 1224 kN.m
Referring to Chart 63,
%“— == 10-4 N/mm?
]
Po: = 104 x 60 x 40 x 10%10°
= 2 496 kN

Pu/Puz = %‘gg 0641

Mad My = 20 0585

205.2
90
Mllj'/Mllj'l == m L] 0.?35

Referring to Chart 64,

Corresponding to the above values of

P . .
Tr— =, Ie val
7 and o the permissible value of

gﬂ‘-— is 0-6.
ux1
Hence the section is 0K,
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3.4 SLENDER COMPRESSION
MEMBERS

Ix -
When the slenderness ratio - °f —5—

a compression member emecds 12, it is
considered to be a slender compressien
member (see 24.1.2 of the Code); lx and /oy
being the ‘effective lengths with respect to
the major axis and minor axis respectively.
When a compresston member is slender with
respect to the major: axis, an additional
moment My given by the following equation
(modified as indicated later) should be
taken into account in the design (see 38.7.1
of the Code):

PuD f Il \?
Mu = 350 ("D“)
Similarly, if the column is slender about the

minor axis an additional moment M,; should
be considered.

Pb (i
M, =
Y2 000( b )
The expressions for the additiopal moments

can be written in the form of eccentricities
of load, as follows:

ng= Pn Eax

where
e D _E‘_)s
“"'m(p
e (kY
D 2000\ D

Table [ gives the values %"- or L;’ for

different values of slenderness ratio,

In accordance with 38.7.7.] of the Code,
the additional moments may be reduced by
the multiplying factor & given below:

PUZHPU
k= P—Pbgl

where

.Puz = 0'45 f::l: Ac + 0'75 f;f As, Which
may be obtained from Chart 63, and Py, is the
axial load corresponding to the condition of
maximum compressive strain of 00035
in concrete and tensile strain of 0002 in
outermost layer of tension steel.

Though this modification is optional ac-
cording to the Code, it should always be
taken advantage of, since the value of %
could be substantlally less thar unity.

The value of P, will depend on arlangement
of reinforcement and the cover ratio d'/D,
in addition to the grades of concrete and
steel, The values of the coefficients required
for evaluating Py for various cases are given
in Table 60. The values given in Table 60
are based on the same assumptions as for
members with axial load and uniaxial bending.

The expression for k can be written as
follows:

k = 1 — PufPy
1 — P[P
Chart 65 can be used for finding the ratio

of k after calculating the ratios Py/Pw and
Py/Py..

< 1

TABLE I ADDITIONAL ECCENTRICITY FOR
SLENDER. COMFRESSION MEMBERS

(Clause 3.4)
leo/D eax/D In/D tax/D
or or or
bylb eaylh Loylb taylb
{1 @ 3 4
12 0072 25 0313
13 Q085 30 3450
i4 0098 35 613
15 ril3 40 r300
16 {128 45 1913
17 0145 50 1-250
18 0162 55 1-513
19 rigl 60 1-300
20 0200
106

Example 9 Slender Column (with biaxial
bending)

Determine the reinforcement required for
a column which is restrained against sway,
with the following data:

Size of column 40 x 30 cm
Concrete grade M30
Characteristic strength 415 N/mm?
of reinforcement
Effective length for 60m
bending parallel to
larger dimension, /e
Effective length for 50m
bending parallel to
shorter dimension, L,
Unsupported length 70m
Factored load 1 500 kN

Factored moment in the 40 kN.m at top
direction of larger and 22:SkN.m
dimension at hottom
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Factored moment in the 30kN.m at top
direction of shorter and 20 kN.m
dimension at bottom

The column is bent in double curvature.
Reinforcement will be distributed equally
on four sides.

- 60 x 100 :

5= = 150 > 12

Iey 50 x 1000 .,

= T 167 > 12
Therefore the column is slender about
both the axes.

From Table I,
For »—g w 15, ex/D = 0°113
For %5- w= 167, eyfb = 0°140

Additional moments:

Max = Poey = 1 500 %0113 % %% —67-8kN.m

Mey = Paey == 1 500 014 x 1%%-=63'0 KN.m

The above moments will have to be reduced
in accordance with 38.7.1.71 of the Code;
but multiplication factors can be evaliated
only if the reinforcement is known.

For first trial, assume p = 3-0 (with reinforce-
ment equally on all the four sides).

Ag = 40 x 30 = 1 200 cm?

From Chart 63, PyzjAg = 22'5 Nfmm®

v Pue =225 x 1200 x 103103 =2 700 kN
Calculation of Py:

Assuming 25mm dia bars with 40 mm cover
&'/ (about xx-axis) = 57%3 — 013
Chart or Table for d'/d == 0-15 will be
used.

525
55 = 017

Chart or Table for d'f/d = 0-20 will be
used.

From Table 60,

Py (about xx-axis) == (kl + ky :f?:)fcka
[+

d'[D (about yy-axis) =

. . 3
Pox = (0196+0203 x 30)

x 30 x 30 x 40 x 10%/103
=779 kN

COMPRESSION MEMBERS

Py (about yy-axis) = (0-134 + o»ozsxs)

30
X 40 x 30 x 30
x 10%/10°

Poy = 672 kN

b o Pu—Ps _ 27001500

T Pu = Pe - 2T00-T79
= 0625

. — Pu—Pu _ 2700 —1500

IS Pu;—'Pby 2?“}""672
= 0592

The additional moments calculated earlier,
wfil}c now be multiplied by the above values
of k,

My = 678 % 00625 == 424 kN.m
My = 630 x 0-592 = 373 kN.m

The additional moments due to slenderness
effects should be added to the initial moments
after modifying the initial moments as
follows (see Note 1 under 38.7.7 of the Code):

Mux=(0-6 X 40 — 04 x 22:5) =150 kN.m
M= (06 % 30 — 04 x 20) == 10-0 kN.m

The above actual moments should be com-
pared with those calculated from minimum
eccentricity consideration (see 24.4 of the
Code) and greater value is to be taken as the
initial moment for adding the additional
moments.

I D _ 70 , 40 .
ex_-———-l,--.—_30 -5— —+~§6‘—273Cﬂ]
I b 700,30 .
“=306 T3 =50 T - 2hem

Both e, and ey are greater than 2:0 cm,
Moments due to minimum eccentricity:

273 ,
Mux = 1500 X Tom = 41'0kN.m
> 150 kN.m
24
Moy = 1500 X oo = 360 kN.m

> 10-0 kN.m

s, Total moments for which the column
is to be designed are:

My =410 + 424 = 834 kN.m
Muy = 360 4 373 = 73-3 kN.m

The section is to be checked for biaxial

bending.
1500 % 103
Polfac bl = 55535 =40 » 10%
= 0-417

107



30 _

Referring to Chart 45 (d'/D = 0-15),
Muffa bD? = 0-104

Mux, = 0104 % 30 x 30 x 40 x 40 X
10%/10¢
== 149'8 kN.m

Referring to Chart 46 (d'/D = 0°20),
Mulfa 4D = 0-096

My, = 0096 % 30 x 40 % 30 x 30 x

108/10¢
= ]03-7 kXN.m
Mu: 834 .
Mo = Taog =036

108

Mny 73.3 .

Mo, =037 — 07
1500

Pu!fPuz = m = 056

Referring to Chdart 64, the maximum allow-
able value of Mus/Mux, corresponding to the
above values of Muyy/Myy, and PufPu: is 0058
which is slightly higher thar the actual value
of 0-56. The assumed reinforcement of 3-0
percent is therefore satisfactory.

Ag = pbDj100 = 30 x 30 x 40/100
= 360 cm®

DESIGN ATDS FOR REINFORCED CONCRETE



Chart 24 AXIAL COMPHRESSION
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Chart 25 AXIAL COMPRESSION
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Chart 26 AXIAL COMPRESSION
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Chart 27 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chert 28 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 29 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides

f,= 250 Nimm | 4/0= 015

o] =
T I

| T = 5 W

e 0 O O

. I A O W I
"'.I W, N N Y N

N 2% i = i

BN _B 13 ._.__._':'___....i_l'_'|"'|.‘m
— h I | I.._!...

\ 1

A,=bb0/100

a | o

me-—AX|E OF DENGING

-1. -_ L- N A I.EI

k. ]
ol i

| ]

1]l by (W5 Y W

Ly T

J p———r— ! -

EEER S EY

- Lot e

g ey =P, i

020



Chart 30 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Egually an Two Sides

Reinforcemant Distributed

31 COMPRESSION WITH BENDING — Rectangular
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Section — Reinforcament Distributed Equally on Two Sides

Chart 32 COMPRESSION WITH BENDING —
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Chart 33 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 34 COMPRESSION WITH BENDING —
Section — Reinforcament Distributed Equally on Two Sides
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Chart 35 COMPRESSION WITH BEMDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 36 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Fqually an Twn Sides
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Chart 37 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 38 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 39 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 40 COMPRESSION WITH BENDING — Rectangular
Section — Aeinforcement Distributed Equally on Four Sides
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Chart 41 COMPRESSION WITH BENDING — Rectangular
Section — Reinfarcement Distnibuted Equally an Fpur Sides
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Chart 42 COMPRESSION WITH BENDING — Rectangular
Section — Reinfurcement Distributed Equally on Four Sides
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Chart 43 COMPRESSION WITH BENDING —Rectanguiar
Section — Reinforcement Distributed Equally on Four Sides
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Chart 44 COMPRESSION WITH BENDING —Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 46 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 47 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 48 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Egqually on Four Sides
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Chart 49 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 50 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 51 COMPRESSION WITH BENDING — Circular Section
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Chart 52 COMPRESSION WITH BENDING — Circular Section
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Chart 53 COMPRESSION WITH BENDING — Circular Section
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Chart 54 COMPRESSION WITH BENDING — Circular Section
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Chart 55 COMPRESSION WITH BENDING — Circular Section
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Chart 56 COMPRESSION WITH BENDING — Circular Section
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Chart 57 COMPRESSION WITH BENDING — Circular Section
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Chart 58 COMPRESSION WITH BENDING — Circular Section
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Chart 59 COMPRESSION WITH BENDING — Circular Section
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Chart &1 COMPRESSION WITH BENDINE — Circular Section
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Chart 62 COMPRESSION WITH BENDING — Circular Section
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Chart 64 BIAXIAL BENDING IN COMPRESSION MEMBERS
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Chart 65 SLENDER COMPRESSION MEMBERS —
Multiplying Factor k for Additional Moments
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Chart 56 TENSION WITH BENDING — Rectangular
Swection — Ruinfercament Distributed Equally on Two Sides
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Chart 67 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Twa Sides
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Chart 68 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Twa Sides
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Chart 69 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 70 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 71 TENSION

WITH BENDINE — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 72 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 73 TENSION WITH BENDING — Rectangulas
Section — Reinforcement Distributed Equally on Two Sides
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Chart 74 TENSION WITH BENDING — Rectangular
Saction — Reinforcament Distributed Equally on Two Sides
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Chart 75 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides

P/ BD

fr =500 N/mm® | d/D = 0-20
D-I k. 4
15l A
- I L]
1:0 b | * * | &, =pb0O/100
L L
L] L]
141 =
~+—d| —4—d
poag— AEER OF BEmDiEG
1-2 . -
] 0-1 0-2 03 0-4 -5

160 DENON AIDS FOR REINFORCED COMCRETE



F'u,-"*e B2

P /tn0

Chart 76 TENSION WITH BENDING — Rectangular
Section — Reinforcoment Distributed Equally on Four Sides
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Chart 77 TENSION WITH BENDING — Rectangulas
Section — Reinfercement Distributed Equally on Four Sides
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. BENDING — Rectangular

Section — Reinforcement Distributed Equally on Four Sides

Chart 78 TENSION WITH
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Chart 79 TENSION WITH BENDING — Rectangular
Saction — Aeinforcement Distributed Equally on Four Sides
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BENDING — Rectangular

Section — Reinforcement Distributed Equally on Four Sides

Chart 80 TENSION WITH
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Chart 81 TENSION
Section — Reinforcement Distributed Equally on Four Sides
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Chart 82 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart B3 TENSION WITH BENDING — Rectangular
Section — Reinforcament Distributed Equally on Four Sides
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Chart 84 TENSION

WITH

BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 85 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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TABLE 60 SLENDER COMPRESSION MEMBERS — VALUES OF

Ractaogular Sections;
Polfex D = ky + k3 plfex

Ctreular Sections:
PlfxD? = &y + kapifex

Valoes of k;
Section &iD
008 010 015 020
Rectangular o219 0207 0196 0134
Circular 0172 0160 0149 0138
Values of ky
Section P &iD N
Niams "008 010 015 020
Rectangular; equal reinforcement on 230 -0 045 0045 —0-045 —0-045
two opposite sides 415 096 0082 0045 —-0r022
500 0213 o173 o104 ~0001
Rectapgular; equal reinforcement on 250 0215 0146 0061 =011
four sides 415 o424 0328 0203 o028
: 500 0-545 0425 0236 0-040
Circular 250 0193 0148 o077 ~0r020
413 0410 0323 0201 0036
300 0543 0443 0291 0056
COMPRESSION MEMBERS -m
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4. SHEAR AND TORSION

4.1 DESIGN SHEAR STRENGTH OF
CONCRETE

"The design shear strength of concrete is
given in Table 13 of the Code. The values
given in the Code are based on the following
equation:

0-85 v 08 fuc (VIF58-1)
T =
68
where
g =0-8 £../6'89 p,, but not less thaa 10,
and pr= 100 Au/b.d.

The value of <. corresponding to p. varying
from 020 to 3-00 at intervals of 0-10 are given
in Table 6! for different grades of concrete,

4.2 NOMINAL SHEAR STRESS

The nominal shear stress =, is calculated
by the following equation:

Va
Y=

where

V, is the shear force.

When v exceeds <., shear reinforcement
should be provided for carrying a shear
equal to Vy— 7 bd. The shear stress v should
not in any case exceed the values of o max,
given in Table J. (If ©v> 7cmar, the section
15 to be redesigned.)

TABLE J MAXIMUM SHEAR STRESS rcmax '

CONCRETE GRADE

%, Iax, Nf mmt

M15 M20 M25 M30 M35 M40
25 28 31 35 2T 40

4.3 SHEAR REINFORCEMENT
The design shear strength of wvertical
stirrups is given by the following equation:

087 foded
- Sy

Vus =

where

Asv is the total cross sectional area of
the vertical legs of the stirrups, and

s¢ is the spacing (pitch) of the stirrups.
The shear strength expressed as Vi/d are given

in Table 62 for different diameters and
spacings of stirrups, for two grades of steel.

SHEAR AND TORSION

For a series of inclined stirrups, the value
of Vuw/d for vertical stirrups should be
multiplied by (sine¢ + cosee) where o is
the angle between the inclined stirrups and
the axis of the member. The multipiying
factor works out to 1-41 and 137 for 45°
and 60° angles respectively.

For a bent up bar,
Ve =087 fy Ay sinec

Values of Vi, for different sizes of bars,
bent up at 45* and 60° to the axis of the
member are given in Table 63 for two grades
of steel.

4.4 TORSION

Separate Charts or Tables are not given
for torsion. The method of design for torsion
is based on the calculation of an equivalent
shear force and an equivalent bending
moment. After determining these, some of
the Charts and Tables for shear and flexure
can be used. The method of design for
torsion is illustrated in Example 11.

Example 10 Shear

Determins the shear reinforcement (vertical
stirrups) required for a beam section with
the following data:

Beam size 30 x 60cm
Depth of beam 60 cm
Concrete grade M 15

Characteristic strength 250 N/mm?
of stirrup reinforcement
Tensile reinforcement 08
percentage
Factored shear force, Vo 180 kN

Assuming 25 mm dia bars with 25 mm cover,

d= 60-%5—-2.5= 5625 cm

Ve 180 x 10°
Shear stress, Ty = d =365 <10
= 1'07 Nfmm?

From Table J for M15, te,max = 25 N/mm?
Ty 15 less than t¢,max

From Table 61, for Pi=0'8, =055 N/mm?

Shear capacity of concrele section = <. bd
= ('55X30x 5625 x 10%/103=92"8 kN
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Shear to be carried by stirrups, V=V, —tbd
= 180 -~ 928 = 87-2kN
Voo _ 872 .,
T =535 = 1-55 kN/cm
Referring to Table 62, for steel f; =250 N/mm?,
Provide 8 mm diameter two legged vertical
stirrups at 14 cm spacing,

Example 1] Torsion

Determine the reinforcements reguired for
a rectangular beam section with the following
data:

Size of the beam 30 » 60cm

Concrete grade M i5

Characteristic strength 415 N/mm?
of steel

Factored shear force 95 kN

Factored torsional 45 kN.m
maoment

Factored bending moment 115 kN.m

Assuming 25 mm dia bars with 25 mm cover,
d= 60—25-—:—"-5=56 25cm
Equivalent shear,
T
Ve V165

=954 16 O-ig- == 954240 = 335 kN
Equivalent shear stress.

_ Y, 335 10 ) .
o= Fa = BxsessTor 100 N/mm

From Table J, for M15, 15,max = 25 N/mm?

Tye 15 less than ve.max; hence the section does
not require revision.

From Table 61, for an assumed value of
= 0 5

Te = 0 46 mem? < Tve.
Hence longitudinal and transverse reinforce-
ments are to be designed  Longitudinal
reinforcement (see 40.4.2 ol the Code):
Equivajent bending moment,

M., = M+ M,

3 Tl + Dib)
= Mt 17

= 1944 KN.m
1944 x 10
Malbd® = 5 5635y 5 T0°

176

= 205 Nymm?*

Referring to Table 1,
M, Jbd® we 2:05

Ay = 0-T0B % 30 x 56:25/100 = 11-95 cm?

Provide 4 bars of 20 mm dia (A =12-56 cm?)
on the flexural tensile face, As M, is less
than M,, we need not consider M,, according
to 40.4.2.1 of the Code, Therefore, provide
only two bars of 12 mm dia on the compres-
sion face, one bar being at each corner.

As the depth of the beam is more than
45 cm, side face reinforcement of 0-05 percent
on each side is to be provided {see 25.5.1.7
and 25.5.1.3 of the Code). Providing one
bar at the middie of each side,

corresponding to

Spacing of bar = 53:4/2 = 267 cm
Area required for each bar=o.9_5_xl:£xi
= 0-40 cmn®

Provide one bar of 12 mm dia on each side.
Transverse reinforcement (see 40.4.3 of the
Code}):

Area of two legs of the stirrup should satisfy
the following:

Ao TS, Vu S
= b5d 08T 554, 03T

30 M ————an]
FLEXURAL
e b, = 23 cm——' L TENSION
' # FAcE
L
T ;
\ézo mm ¢y
.-“'I _mM
F stirrUP
G0 cm
¥i<56cm | | PR
<m
2% mm
12 mm B
4 r

pot— =X, w26 ¢ ——a

DESIGN AILS FOR REINFORCED CONCRETE



Assuming diameter of stirrups as 10 mm
dy =60 — (2'5 + 1-0)—(2:540'6)=534 cm
b= —~225+10)=23cm
Aw (0'871) _ 45 X 10¢
Sy 23 x x 10
95 x 10° . ]
+2-5-—-——-4—-——, T 3664 4 71-2
= 4376 N/mm
= 438 kN/cm
Area of all the legs of the stirrup should
satisfy the condition that A,/S, should not

('m—'re)b
be less than —O'TIT,—
From 7Table 61, for tensile reinforcement

percentage of 0-71, the value of < is 0-53
N/mm?®
LT .
- (199 — 0'53)
30 x 10
m 438 N/mm=4-38 kN/cm

SHEAR AND TORSION

Note—Ilt is only & coincidence that the values of
Awe (O 87 SO Svy ulcullwd by the two equa-
tions are the sa

Referring Table 62 (for fy = 415 N/mm").

Provide 10 mm ¢ two legged stirrups at
12:5 cm spacing,

According to 25.5.1.7(a) of the Code, the
spacing of stirry, 3& shall not exceed x;,
(xy + y,)/4 and mm, where x, and
are the short and long dimensions of
stirrup.

X, wa 30 —2(2'5 — 0-5) = 26cm
V;“m—Z(Z'S—O'S)uﬁCm
{(x2 + y,)/4 = (26 4 56){4 = 205 cm

10 mm ¢ two
spacing will satisfy

stirru

at 125 cm
the cod

requircments.
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SHEAR — DESIGN SHEAR STRENGTH OF CONCRETE, =’ N/fmm?

TABLE 61

Sex, N/mm?®
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TABLE 62 SHEAR — VERTICAL STIRRUPS

Values of ¥u/d for two legged stirrups, kNjfem,

Sy = 250 N/mm?

£y = 415 N/mm?

STIRRUP DiaMETER, mm DiaMETER, MM
SPACING, o~ A — .
cm 6 8 10 12 6 8 10 12
5 2:460 4373 6813 339 4083 7-259 11-342 16334
6 2050 3644 5694 8200 3:403 6049 9452 13-611
7 1-757 3124 4-881 7028 2917 5185 8102 11667
8 1-537 2733 4271 6150 2:552 4-537 7-089 10-208
9 1-367 2'429 3796 5-466 2:269 4-033 6302 9074
10 1-230 2'186 3416 4-920 2:042 3630 5671 8167
11 1-118 1-988 3106 4472 1-856 3299 5156 7424
12 1-025 1-822 2-847 4100 1-701 3025 4726 6806
13 0946 1-682 2-628 3784 1-571 2792 4363 6286
14 0879 1-562 2:440 33514 1-458 2:593 4-051 5833
15 0820 1-458 2278 3-280 1-361 2'420 3781 5-445
16 0769 1-366 2:135 3075 1276 2-269 3-545 5104
17 723 1-286 24010 2:394 1201 2:135 3-336 4-304
18 0-683 1215 1-898 2731 1-134 2016 3151 4537
19 o647 1-151 1-798 2-589 1075 1910 2:985 4-298%
20 0615 1-093 1-708 2 1-:020 1-815 2-836 4-083
25 o452 o875 1-367 1-968 0817 1-452 2:269 3267
30 o410 o729 1'139 1640 0681 1-210 1-8%0 2722
35 0351 0625 0976 1-406 0583 1-037 1'620 24313
40 0307 0547 0-354 1230 0510 0907 1'418 2:042
45 0273 0486 0759 1093 0454 0807 1-260 1-815
TABLE 63 SHEAR — BENT-UP BARS
Values of Vi, for singal bar, kN
Bar fy = 250 N/mm? Sy = 415 Njmm?
DIAMETER, ~ A " — ~ y
mm z = 45° a = 60° a = 45° @ = 6°
i0 12-08 1479 2005 2456
12 17-39 21-30 28-87 3536
16 Kl gy 3787 5133 62:87
18 %14 47-93 64:97 79-57
20 48-32 5918 80-21 98-23
22 5846 71-60 9705 118.86
25 7549 92-46 125-32 153.48
28 94-70 11598 15720 192-53
32 123-69 151-49 20532 251-47
36 156'54 191-73 25986 31827
Note — a is the angle between the bent-up bar and the axis of the member,
SHEAR AND TORSION 179

fy
250
415



As in the Original Standard, this Page is Intentionally Left Blank






As in the Original Standard, this Page is Intentionally Left Blank



5. DEVELOPMENT LENGTH
AND ANCHORAGE
5.1 DEVELOPMENT LENGTH OF
BARS
The development length L4, is given by

__950',
= T

Ly

where
¢ is the diameter of the bar,
oy is the stress in the bar, and
Tpd is the design bond stress given in

25.2.1.1 of the Code.

The value of the development Ilength
corresponding to a  stress of (°87 f, in the
reinforcement, is required for determining
the maximum permissible bar diameter for

DEVELOPMENT LENGTH AND ANCHORAGE

positive moment reinforcement [see 25.2.3.3(c)
of the Code] and for determining the length
of lap splices (see 25.2.5.1 of the Code).
Values of this development length for diffe-
rent grades of steel and concrete are given
in Tables 64 to 66. The tables contain the
development length values for bars in tension
as well as compression.

5.2 ANCHORAGE VALUE OF HOOKS
AND BENDS

In the case of bars in tension, a sfandard
hook has an anchorage value equivalent to a
straight length of 16¢ and a 90° bend has
an anchorage value of 8¢, The anchorage
values of standard hooks and bends for
different bar diameters are given in Table 67,
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TABLE 64 DEVELOPMENT LENGTH FOR FULLY STRESSED PLAIN BARS

Jy == 250 N/mm? for bars up to 20 mm dismeter.
= 240 Nrmm? for bars over 20 mm diameter.

Tabulated values zre in centimetres.

TENSION Bars CoOMPRESSION Bars
BAR GRADE OF CONCRETE CiRADE OF CONCRETE
DIAMETER, o= A \ ~ A —
mm M1i5 M20 M25 M30 Mi15 M20 M2s M30
6 ize6 272 233 218 261 218 18-6 174
8 43-5 363 3111 290 34-8 290 249 232
10 544 453 383 363 435 363 A1 290
12 653 544 45'6 435 522 435 373 348
16 870 725 621 580 696 58-0 497 464
18 2719 81-6 699 653 783 653 359 522
20 1088 €06 "7 725 870 72:5 62-1 580
22 1148 957 820 766 219 766 656 612
25 130°5 1088 93-2 8§70 104-4 870 746 696
28 1462 121-8 104-4 974 116:9 974 83-5 780
32 1670 1392 119-3 111~ 1336 1114 955 a%-1
6 1879 1566 1342 125-3 150-3 1253 107-4 100-2

Notg — The development lengths given above are for a stress of 087 fy in the bar.

TABLE 65 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS
Jy == 415 Njmm?

Tabulated values are in centimetres,

TensioN Bars COMPRESSION BARS

Bar GRADE 0 CONCRETE GRADE OF CONCRETE
DIAMETER, ¢ e - - e Y

mm M3 M20 M25 M3Q MIs M20 M25 M30

6 338 28-2 24:2 226 271 226 193 181
8 451 376 322 it 361 0 258 241
10 564 470 403 316 451 376 322 i
12 677 564 484 451 54-2 451 387 361
16 203 752 645 602 722 602 Sk6 48-1
18 101°5 846 25 677 812 6717 580 542
20 1123 940 806 152 903 752 645 602
22 124-1 1034 887 8§27 993 827 70:9 66'2
a5 1410 117-5 1007 94-0 1128 94-0 806 752
28 1580 13146 112-8 1053 1264 105-3 9203 84:2
32 180-5 150r4 1289 1203 144-4 120-3 103-2 961
a5 2031 1693 1450 1354 1625 1354 t16:1 1083

Note—The development lengihs given above are for a stress of 0°87 fy in the bars.
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TABLE 66 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS

S == 500 Wimm?
Tabulsied values are in centimetre,
i o P S o CoHe
._,“ Al aF CinADE OF
Dypisgrem, - . F -

e Mis M0 M3 MM M3 M2 M25 Mi0
& o o 2] 732 126 1732 233 -214
[ 144 a5 e W3 433 33 3} =0

1o B2 566 55 a8y =4 453 3w [P

1 Hi'6 133 L+ 653 F 156 a3

& L | WG w7 T8 BT T3 6211 k] i

T 1223 1020 4 Ri'6 970 R ] 30 833

20 13549 1131 11 EVn ] TE-§ W T T4

12 Jas 1246 eI | "y [ HL°E ] w7 Af4 TR

25 69 15]6 121+ 1133 13549 1153 b A | W&

i | 190-) ESHG 1359 1269 152-3 136-9 ([ ] 110 R

13 TS FAT=Y 1554 1450 1 7a+{ 1450 1243 160

H 24T 20'e I 1631 195-8 181 B ] 1%

Mo — The development fengthe given abave are for & stress. of 087 4 in the bar.
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TABLE 67 ANCHORAGE VALUE OF HOOKS AND BENDS

Tabulated values are in centimetres.

BaRr DIAMETER,

min 6 g 10 12 16 18 20 22 25 28 32 36
Anchorage Value of
hook 96 12§ o 192 256 288 320 352 400 448 512 576
Anchorage Value of
90° bend 48 64 80 96 1228 144 160 176 2000 224 256 288
-I o rninl—-
& @ min
¥ N
&
i? . f
[k.11¢L —t— {k.l}ﬁl—
STANDARD HOOQK STANDARD 90° BEND
STANDARD HOOK AND BEND
Type of Steel Min Va!qe of k
Mild steel 2
Cold worked steel 4

Note 1 — Table is applicable to all grades of reinforcgment bars,

NoTe 2 — Hooks and bénds shall conform to the details given above.
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6. WORKING STRESS DESIGN

6.! FLEXURAL MEMBERS

Design of flexural members by working
stress method is based on the well known
assumptions given in 43.3 of the Code.
The value of the modular ratio, m is given by

280 93 33

3 oe | Gobe

Therefore, for all values of s we have
M Gebe = 93:33

nm o

fotarre |y —— ]

1 .

L- « o0

Fi1G6, 9 BALANCED SECTION (WORKING
StrESS DESIGN)

6.1.1 Balanced Section (see Fig. 9)
Stress in steel = o5 = Mocte (?l; —1 )

Tt Oat

T MOche = 9333
i oot ou 4 9333
¥ = o tl="9533
933
= st o3;m

The value of k for balanced section depends
only on og. It is independent of gepe. Moment
of resistance of a balanced section is given

'
by Mya = %om k(l —_ %) The values

of Mua/bd® for different values of o and
ox are given in Table K.

TABLEK MOMENT OF RESISTANCE FACTOR
Mibd*, Njmm* FOR BALANCED
RECTANGULAR SECTION

Tohe Tg1, N,I’mm’
Nfmm? — A .
140 230 275
50 087 065 058
7-0 1-21 091 08t
85 1-47 1t 099
100 1-73 1-30 1'16

WORKING STRESS DESIGN

Reinforcement percentage py,pg for balanced
section is determined by equating the com-
pressive force and tensile force.

Gebe kdb _ pupur bd oy
2 100
50 kache

Tt

Pubal =

The value of pea for different values of
Sce and o, are given in Table L.

TABLE L PERCENTAGE OF TENSILE
REINFORCEMENT p, 1, FOR SINGLY

REINFORCED BALANCED SECTION

(Clause 6.1.1)

aebe o, N/mm*
Nfmm* —-—————J—______ﬂ_ﬁ
140 275
50 071 0-31 0-23
70 1-00 044 032
85 1-21 053 039
160 1-43 063 0446

6.1.2 Under Reinforced Section

The position of the neutral axis is found
by equating the moments of the equivalent
areas.

kd _ pibd
bk = Too

2
bd%’iz =ba* P21 —k

m(d — kd)

Kt = P‘"‘ {1 —k
. M — Pm
kK 4+ ) = (.
The positive root of this equation is given by
o _ Prm Phomt p; m
k 100 + (106)2 +

This is the general expression for the depth
of neutral axis of a singly reinforced section.
Moment of resistance of an under-reinforced
section is given by

~ bt 235 ( P — )

Values of the moment of resistance factor
M{bd* have been tabulated against p, in

189
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FiG. 10 DouBLY REINFORCED SECTION
{WORKING STRESS DESIGN)

Tables 68 to 71. The Tables cover four
grades of concrete and five values of o,

6.1.3 Doubly Reinforced Section — Doubly
reinforced sections are adopted when the
bending moment exceeds the moment of
resistance of a balanced section,

M=Mum+M

The additional moment M’ is resisted by
providing compression reinforcement and
additional tensile reinforcement. The stress
in the compression reinforcement is taken
as 1'5 m times the stress in the surrounding
concrete, _

Taking moment about the centroid of
tensile reinforcement,

, _pebd o
M ==—10-(j* (lSm l) Tehe
kd —d' .
x( - )(d—d)

Pe . _

x(l -—%f)(l—d—‘;)bdﬁ

Equating the additional tensile force and
iditional compressive force,

bd' (Pt - Pt,bal)

(VN
o 2 s _ &
= 22 (15 m 1)%,(1 kd)
of (pr — Peba)) Ont
dl
= pc {(1I"'5m—1) ocne ( 1 - -E)

190

M= Mb&l'}‘(—%ﬂﬂ“

x (1 - i}) bd?
Total tensile reinforcement A, is given by
Ast = Asu + Ast:

where  Adu; = Pebal i%%
and A"’=at Aiﬂ

The compression reinforcement can be ex-
pressed as a ratio of the additional tensile
reinforcement area As.

Ale - Pc
Asts (pr — Prpa))
—_ d’.t l
g (I'Sm — 1) (1-d'fkd)

Values of this ratio have been tabulated for
different values of ¢'/d and acue in Table M,
The table includes two values of agy. The
values of p. and p. for four values of d4'/d
have been tabulated against M/bd? in
Tables 72 to 79. Tables are given for four
grades of concrete and two grades of steel,

TABLE M VALUES OF THE RATIO 4. /4

ity
(Clause 6.1.3)

w I d'id
N/mm?! N/mm! ., . A \
005 010 015 020
50 1119 138 166 2:07
70 1120 140 168 2-11
140 &s 122 142 170 213
{ioo 123 144 172 215
50 206 261 355 554
70 209 265 360 563
230 85 242 268 364 569
100 2114 271 368 576

6.2 COMPRESSION MEMBERS

Charts 86 and 87 are given for determining
the permissible axial load on a pedestal or
short column reinforced with longitudinal
bars and lateral ties. Charts are given for
two vdlues of o. These charts have been
made in accordance with 45.7 of the Code.

DESIGN AIDS FOR REINFORCED CONCREIE



According to 46.3 of the Code, members
subject to combined axial load and bending
designed by methods based on elastic theory
should be further checked for their strength
under ultimate load conditions. Therefore
it would be advisable to design such members
directly by the limit state method. Hence,
no design aids are given for designing such
members - by elastic theory,

6.2 SHEAR AND TORSION

The method of design for shear and torsion
by working stress method are similar to the
limit state method. The values of permissible
shear Stress in concrete are given in Table 80.

WORKING STRESS DESIGN

Tables 81 and 82 are pgiven for design of
shear reinforcement,

6.4 DEVELOPMENT LENGTH AND
ANCHORAGE

The method of calculating development
length is the same as given under limit state
design. The difference is only in the values
of bond stresses. Development lengths for
plain bars and two grades of deformed bars
are given in Tables 83 to 85,

Anchorage value of standard hooks and
bends as given in Table 67 are applicable
to working stress method also.

L
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WORKING STRESS METHUEY |

Chart 86 AXIAL COMPRESSION (Working Stress Design)
Fee =130 N/ mm?

10000
sooo
g0an
1000
6000
5000
4000

LOAD P, kN

3000
2000

1000 g L[] I

-
(=]

'
o

a2
=]

REINFORCEMENT PERCENTAGE 100 A /ag
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WORKING STRESS METHOD |

Chart 87 AXIAL COMPRESSION (Working Stress Design)

gac =190 N/mm'

10000 }

9000
8000
7000

6000
5000

LOAD P, kN

4000
3000

2000
000

L
o

g
o

REINFORCEMENT PERCENTAGE 100 A, /A
3

0 PR A ot | e SRR
12 13 14 15 16 17 18
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WORKING STRESS METHOD l

TABLE 68 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd* N/mm?! FOR
SINGLY REINFORCED SECTIONS

Ocbe™ 50 N/mm?
Gty Nfmm® 51, N/mm?
P, t r - | P, 1 r A |
130 140 120 230 275 130 140 190 230 275
012 0146 0157 0214 0258 0-30% 047 0-542 0-583
013 0158 0170 0-231 279 0334 048 0-553 0595
014 0170 0183 248 0300 0359 049 o564 0607
15 0181 0195 0-265 0-321 0384 050 0574 0619
(1313 G193 0208 0-282 34l 0-408 051 0-585 0630
017 0205 020 0299 0362 433 052 Q595 0-642
015 0216 0-233 0316 0383 0457 0-53 0607 0654
019 0228 (245 0333 Q-403 0482 054 0618 (665
020 0239 0-258 035G 0423 o506 055 0-629 ocI7
021 0251 0270 0367 0444 0531 056 0640 (-689
022 0262 0282 0383 0464 0555 0-57 0650 0700
023 0274 0295 400 0-434 0579 0-58 0661 0712
024 0285 0307 0417 0505 059 0672 0724
025 0297 0-319 0433 0525 060 0683 0735
026 0-308 0332 0-45Q 345 061 0-693 0-747
0-27 0319 0344 0467 0565 062 0704 0-758
028 0331 0-356 0483 0585 0:63 o718 o770
029 0-342 0368 0500 0605 064 0726 0-781
0-30 353 Qr3g0 516 0625 065 0736 0793
031 0364 0-392 0533 0645 66 0-747 0804
32 G376 0405 0-549 a-67 0758 0816
0-33 0387 0417 0565 063 0768 0327
034 0398 0429 0532 069 &779 0339
035 0409 0441 0598 070 0790 -850
036 0420 0453 0614 071 0-800 0862
037 0431 0-465 0631 072 0-811
038 0443 0477 Gre47 o713 0-821
039 0454 489 0-661 074 832
0r40 0-465 0500 0579 075 0-843
041 476 0512 0695 076 0853
042 0487 0524 o711 077 0-864
043 0498 0536 0728 078 a4
044 0509 0548 079 0-885
0r4s 0520 0560 080 0-895
046 0-531 0572
WORKING STRESS DESIGN 198




| WORKING STRESS METHOD

TABLE 69 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd*, N/mm? FOR
SINGLY REINFORCED SECTIONS

Cebe=T7"0 N/mm?

Gy, N/mm? gy, Nfmm?
P‘ Lo - k] Pt | i e hl
130 140 190 230 275 130 140 190 23¢ 275

020 0242 261 0354 0428 0512 076 0869 0936

R 0266 0286 0388 0470 0562 077 0880 0948

)24 0-289 o 0422 0511 0611 Q78 0-891 0-560

026 0312 0336 0456 0552 0660 &79 0902 0971

028 0335 0361 0490 0593 G709 O-BG 0913 0-983

0-30 0358 0386 o523 0-633 0-757 81 0923 0994

032 0381 0410 0557 0674 0806 082 0934 1006

34 0404 0435 o590 0714 083 0945 14018

36 0427 0459 0623 0-755 084 0956 1029

038 o449 0484 0657 0795 085 0966 1041

040 0-472 0-508 0-690 0835 086 [1e" Fard 1-052

042 0454 0532 0723 875 087 0988 1064

043 0-506 0545 o739 0895 038 0-999 1-075

044 0517 0557 0756 G89 1009 1'087
- 045 0-528 0569 0772 090 1-020 1099

46 0539 0-581 0-788 091 1-031 1-11¢

047 0-551 0553 0805 092 1-041 1'1122

048 0562 0-605 0821 093 1052 1-133

049 o057 0617 0837 094 1-063 1-145

Orso 0584 06X 0854 095 14073 1°156

051 0595 oredl 0870 096 1-084 1168

052 0606 0653 0-886 97 1095 1179

053 0617 0665 0902 0-98 1'105 1190

054 0-628 0677 0919 099 i-116 1-202

0rss 0-640 0689 0935 1-00 1-127

056 0651 0701 0-951 1-01 1137

057 0662 0713 0967 102 1-148

058 673 0724 0933 1-03 1-158

059 0684 0736 0999 104 1-169

060 0695 0748 1015 1-05 1180

061 0706 0760 1-06 1-190

062 o7 o772 107 1-201

063 0728 0784 108 1-211

[Hy 0739 0798 109 1223

065 0750 0807 1-10 1-232

0-66 0-761 0819 111 1243

067 0772 831 1-12 1-254

063 0782 843 113 1-264

069 0793 0854

o010 o804 0-866

o7 0-515 0878

012 0826 0-890

013 0837 0901

074 08438 0913

75 859 0925
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WORKING STRESS METHOD |

TABLE 70 FLEXURE —MOMENT OF RESISTANCE FACTOR, M/bd®, N/mm* FOR
SINGLY REINFORCED SECTIONS

Gebe = 85 Njmm?

ay, N/mm? oy, N/mm?
Py ~ = \ Py r A ,
130 140 190 230 275 130 140 190 230 275

020 0244 0-262 0356 0431 0515 096 1-096 1-180

022 0267 0288 0391 0473 0565 097 1107 14192

24 0291 0313 0425 0-514 6ls 98 1-117 1-203

026 0314 0-338 0-459 0556 o664 099 1-128 1-215

028 0337 0363 07493 0597 0714 1-00 1139 1-227

030 0-361 0-388 o527 0638 0763 1-01 1-150 1-238

0-32 0394 0413 561 0679 0812 1-02 1-161 1-250

0-34 0407 0438 {595 0720 0861 103 1171 1-261

036 0430 0463 0628 0161 0909 1-04 1-182 1-273

038 453 (438 0662 0801 0958 105 1+193 1285

040 0476 0512 O-695 0842 1-06 1-203 1-296

042 0498 0537 o729 (-882 107 1-214 1-308

044 r521 0561 o762 522 108 1-225 1-319

046 0544 -586 0-795 0962 100 1-236 1:331

0-48 0567 o610 0‘82.’8 1-002 110 1:246 1-342

050 0589 634 0861 1042 11 14257 1-354

0-52 0612 659 0894 1-082 112 1-268 1-365
- {54 0634 0683 0927 113 1278 14377

056 0657 0707 0960 1-14 1-289 1°388

58 0679 0731 0992 1-15 1-300 1-400

060 0701 0755 1-025 iI'16 1-310 1-411

062 0723 o779 1-057 137 1-321 1-423

064 0746 0803 1:09%¢ 1-18 1-332 1-434

066 0768 0827 1122 1119 1:342 1-446

068 079 0851 1155 120 1:353 1-457

070 0812 0r875 1-187 1-21 1:364 1468

072 0834 0-898 1-219 1-22 1374

074 0856 0922 123 1-385

076 878 0946 124 1'395

078 0900 0969 1-25 1-406

80 922 0993 126 1-417

082 0944 1-016 1-27 1-427

0-33 0655 1028 1-28 1438

034 0-966 1040 1:2¢9 1-448

0-85 0977 1-052 1-30 1:459

086 0987 1-063 1-31 1469

087 0998 1-075 1-32 1:480

{88 1-009 1-087 1-33 1'491

0-39 1-020 1099 M 1-501

050 1-031 1:110 1-35 1-512

91 1-042 1122 1-36 1522

092 1-053 1-134 1-37 1-533

09 1'063 1145

094 1074 1157

095 1-085 1-169
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WORKING STRESS METHOD

. Trnm$ N frmamad
Vi, + NG Vg, 4vjIL
Py ~— e ] P - A —)
130 140 190 230 273 130 140 190 230 275

020 0245 0-264 o358 0433 0518 1-10 1-257 1-354

0-22 0269 0289 0352 0475 0568 1"12 1279 1377

uUis L ¥y waila el waly UDLe 1714 1730 1401

026 0316 0-340 0461 0559 0668 1-16 1-322 1-424

028 0339 0-365 0496 0600 0718 1-18 1344 1-447

030 0363 0391 G530 0642 0767 1-20 1:365 1-470

032 0386 416 0564 0683 0817 1-22 1-387 1-494

034 0409 0441 0598 OT24 0866 124 1408 1517

036 (432 0466 r632 0765 915 1-26 1430 1:540

038 0456 0491 3666 0-806 0964 1-28 1-451 1-563

Q40 o479 o515 0700 0847 1013 1730 1-473 1-586

042 0502 0540 {733 (388 1:081 1-31 1'4R1 1-597

044 $:525 0565 0767 0528 1-110 1-32 1494 V&

046 0548 0-59G 800 0969 1-158 1-33 1-505 1'620
048 0570 0614 0834 1+ 1-34 1-515 1632

050 0-593 0-639 &B67 1-049 1-35 1'526 1-643

052 0616 0-663 0900 1-090 1-36 1-537 1-655

054 0639 0688 0911 1-130 1:37 1-547 1-666

056 0-661 0712 0 1170 1-38 1-558 1678

058 0684 0736 o 1-210 1-39 1-569 1-689

L 0706 0761 1032 1-250 1-40 1579 1-701

062 o729 o785 1-065 1-289 1-41 1590 1-712

064 0751 0809  1-008 1-42 1600 1724

66 0774 (833 1-13t 1-43 1-611

068 0795 0857 1-163 1-44 1-622

070 0-818 0881 1-196 1-45 1632

72 0341 0-905 1-22% 1'46 1'643

074 130k 0-929 1-261 1-47 1-651

076 0385 0-953 1-294 1-48 1-664

o78 0907 0977 1326 1-49 1-675

080 0929 1-001 1-358 1:50 1-685

082 0-952 1-025 1-391 1-51 1-696

0-84 0974 14048 1-423 1-52 1-706

036 096 1072 1-455 1-53 117

088 1018 1096 1-54 14727

o 1040 1-120 155 1-738

092 1062 1-143 1-56 1-749

94 1-083 1-167 1-57 1-759

096 1105 1150 1-58 1'770

098 11127 1214 1-59 1-780

1-00 11149 1237 1-60 1-7191

1-02 71 1-261

104 1192 1234

1-06 1214 1308

1-08 1236 1331
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| WORKING STRESS METHOD |

TABLE 73 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS

Ocbc = 70 N/mm?
Oy = 140  N/mm?
M, /bd? d&'id f- 005 d {d:s ol10 d'}d‘= 015 d’,"df 0:20
r " ~ ] ~ = ~ ™
N/mm? P, Pe Py P P, P, P, 2,
122 1-005 0006 1-005 0007 1-006 0-009 1-006 0013
1-25 1028 0033 1029 0041 1-031 0052 1033 0069
1:30 1-065 0078 1069 0097 1073 0123 1077 0163
1-35 1103 0124 1-108 0152 1-115 0193 1-122 0257
140 1140 0169 1-148 0-208 1'157 0264 1-167 0351
145 11178 0214 1-188 0264 1199 0335 1-211 0-445
1:50 i-216 0259 1228 0319 1-241 0406 1255 539
155 1253 0305 1267 0375 1-283 0476 1-301 633
1-60 1-291 0350 1307 0431 1'325 0547 1-345 07127
165 1-328 0-395 1347 0486 1-367 0-618 1-390 0-821
1-70 1-366 0440 1-386 0542 1-409 0689 1-435 0915
175 - 1-404 0485 1-426 0598 1-451 0760 1479 1-009
1-80 1-441 0-531 1-466 0653 1493 0-830 1-524 1103
1-85 1479 0576 1-505 0709 1'535 0-901 1:568 1-197
190 1-516 0621 1545 0765 1-577 972 1'613 1:291
195 1-554 666 1:585 0821 1-619 1-043 1-658 1385
200 1-591 0712 1-624 O-876 1-661 1-113 1-702 1-479
205 1-629 0757 1664 0932 1-703 1-184 1:747 1-573
210 1-667 0802 1-704 0988 1745 1-255 1792 1667
215 1104 0847 1-743 1043 1-787 1326 1-836 1-761
220 1742 0892 1-783 1-099 1829 1-396 1-881 1-B55
2:25 1779 0938 1-823 1155 1'B71 1-467 1926 1:949
230 1-817 0983 1-862 1-210 1-913 1-538 1970 2043
2:35 1-855 1-028 1902 1:266 1955 1-609 2:015 2137
2:40 1-892 1073 1942 1-322 1997 1680 2060 2:231
2:45 1'930 1-119 1981 1378 2039 1750 2-104 2:325
2:50 1967 1164 2021 1-433 2081 1'821 2:149 249
2:55 2:005 1-20% 2:061 1489 2123 1-892 2193 2:513
2-60 2043 1-254 2101 1-545 2165 1-963 T 2238 2607
26% 2-080 1:299 2-140 1600 2°207 24033 2:283 2:701
270 2118 1-345 2:180 1-656 2:249 2104 ‘2-327 2:-795
275 2-155 1390 2220 1712 2291 2175 2:312 2'888
280 2193 1-435 2259 1-767 2333 2246 2417 2'982
2:85 2231 1-480 2299 1:823 2375 2316 2-461 3076
290 2:268 1:526 2339 1-879 2:417 2+387 2506 3170
295 2:306 1-571 2:378 1-934 2459 2458 2'551 3264
3-00 2:343 1+616 2-418 1-9%0 2:501 2-529 2'595 3358
305 2-381 1-661 2-458 2046 2543 2:599 2640 3-452
310 2419 1707 2-497 2:102 2-585 2670 2685 3546
315 2456 1-752 2537 2157 2627 2741 227129 3640
320 2:494 1797 2577 2213 2-669 2-812 2774 3734
325 2:531 1842 2616 2:269 2:711 2:883 2:R18 3828
330 2-569 1-887 2656 234 2754 2953 2863 3922
335 2607 1-933 2-696 2:380 2796 3024 2-908 4016
340 2644 1978 2135 2436 2'B38 3095 2852 4-110¢
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| WORKING STRESS METHOD |

- CEMENT PERCENTAGES FOR DOUBLY
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| WORKING STRESS METHOD |

TABLE 75  FLEXURE —REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS

Tehs = J(-0 W/ men?

U5t e (40 B mam?
-irﬂ_:m I"Ffﬂ-ﬂ'lﬂ' fﬂf_ﬂ“lﬂ d'ﬁnl-_nll‘m
m T o e gy s — = o
1M 1434 s IR ' @010 143% @01k
5 1443 - 1:443 m Fd afiel | 1442 o2
ik i 1_-;79 Eﬂ FE LTS EUTI RS a3 JECLE] (8 4 |
1% Ia1A flatd 1-831 113 1=t 1459 1433 BXIA
15 1554 i 1561 190 ] 241 & ol ]|
155 13U N PR Fik] {F 24T l"‘ll aand l'm o417
Fh ] 1625 T 1= F I'GE) r3BG I'&a7T BF1F
05 1667 353 [ =hEd Figl Iis5 s L1 171l g
I-'I_:I 1704 330 "THE 1A 7 @531 11758 oot
2 142 FANE =T rh 1719 S0% I=KH Ly i1
% l?ﬂi {42} -I‘ET"' F53 }'ﬂl rath Lﬁ CrE8T
:‘.h i X1 1-HTH ﬂ'm |ﬁ B2 k] 1
et L 19T Xl ]‘ﬂﬁ [iariT] I“84T g ] = i
s 1] 1930 EET -3 gl o 1] 1989 (1 1] 34 TRl
245 1:687 ot 1947 ALY 1 |08 1-37
150 A E'm 7 Egl ﬂiﬁ =110 113 14T
;‘ﬁ a8 m 077 1 2113 I:iﬂ g 1. 1-571
L] 16 ﬂm FIFT I ¥xn J6hT
4% 211k rid Tile i 3 i 1T 347 1763
m 2394 [iE 5 Fla6 Lo - 1] [E il bt | v 1559
iﬂ! %‘fﬂﬂ- radl Ta%e l‘ﬁ >I53 |=ET2 135 I95E
40 ] oreET e k] i e 5 n 8 (RT3 xR 30141
ﬁ ﬁ 1013 35 I LT I-A17 2436 ol LT
2 [+EE0 il 1330 Jdne I=EED 240 T 1
ﬁ ilil‘i 'I% FRIsE ‘aEy =43j I:;l'ﬂ ;:;_E i:-:;
a3 419 | ] m m [ -SEMy M 512
314 %_-jﬂ bl g | 135 am 1513 T 4m
Fis =Xy 153 14 FRL o 6 TH
I3 271 sk k] &7l 2661 2134 2 TIA Ll
3325 156 I 8 70 Tigs 70 1911
g R |50 267 ThE =TS 22068 bl r | 14013
D Al A H42 TTET %l 182 F e
J40 24H2 2 =T 1E 201y 413 THIY
148 i 1) |- LG FT0L 138 4TI ARG a1 J-3an
T5T ﬁi .;'l].[ :.E'ﬁ 513 2550 ¥ 35T
1 m 2 2855 gk i ] I T 404
T T AT %‘H; g‘ﬂ! .\‘?ﬁ'} I-550
Tas T T4 050 2134 {1 =S 1140 b
m =0T 1M Buge L1 R Y] T-RdR 1:1R5 b B j
j'g m 186G il g i Foe 1 yam 3818
g g hird Fs 353 165 b 134 T4
-RE b =i 125 3108 2412 i S ) 3045
:!ﬂ JeddE 005 3148 i L= TR 1137

N2 DESEO N AIDS FO MEMNFONCED CONCUTTE



WORKING STRESS METHOD |

ol

2
2

Sgaas 22

- 4

g

Boget Bisie

SEGNG SGERE BBOIE

3% Bngss oepmo

B B
BE S

TABLE 76 FLEXURE —REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS
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TABLE 77T FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS
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TABLE 78 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS
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WORKING STRESS METHOD

TABLE 80 SHEAR — PERMISSIBLE SHEAR STRESS IN CONCRETE, <., N/mm?

100 Ast GRADE OF CONCRETR
" ~- - .
MI15 M0 M25 M) M35 M40
020 o220 020 021 021 021 021
030 024 024 025 025 &25 025
040 027 27 028 028 029 029
oS0 oy 030 031 &3l 031 032
60 031 032 033 033 034 034
070 0r33 -y 035 36 036 37
080 0¥ 036 037 038 038 39
050 036 037 039 039 040 041
100 037 039 040 041 042 042
110 038 040 042 043 043 044
120 040 041 043 0rd4 045 045
130 041 43 44 45 46 47
1-40 042 044 045 46 4?7 48
1:50 04z 045 046 048 049 049
160 gks 046 047 049 0-50 0’51
1"70 44 047 048 050 051 052
1'80 044 47 049 051 052 053
190 044 048 o 50 052 053 054
200 044 049 051 53 054 055
210 044 0-50 052 0-54 0-55 056
220 044 051 53 054 056 057
230 0-44 05) 053 0-55 057 0-58
240 044 0-51 054 056 0-57 059
2:50 044 051 055 057 0-58 060
2:60 044 (1313 056 0-57 0-59 0-60
270 044 0-51 056 058 060 061
280 044 051 057 0-59 0-60 62
290 o4 051 057 0-59 06l 063
TABLE 81 SHEAR — VERTICAL STIRRUPS
Yalues of % for two legged stirrups, kN/cm
gay = 140 N/mm" Ty == 230 N/mm?
STIRRUP mm AMETER, frum
SPACING, v e x p A )
cm 6 8 10 12 6 8 10 12
5 1'583 2 815 4398 6313 2-601 4.624 7226 10-405
6 1-314 2-346 3665 5278 2'168 3.854 6021 8671
7 1131 24011 3142 4-524 1-858 3.303 5-161 7432
8 0-990 1759 2:749 3958 1626 2.890 4516 6503
9 0880 1-564 2-443 3519 1-445 2-569 4014 5-781
10 o792 1407 2199 3167 1-301 2-112 3613 5202
11 0720 1279 1-999 2:879 1182 2102 3284 4730
12 0-660 1173 1-833 2639 1-084 1927 3012 4:335
13 0-609 1083 1692 2:436 1-000 1779 2779 4-002
14 0-565 1-008 1-571 2262 0:920 1652 2580 3716
15 0528 0938 1'466 2111 0867 1-541 2:409 3468
16 0495 0830 1-374 1979 0813 1445 2-258 3252
17 0-466 0828 1294 1-863 0765 1-360 2125 3060
18 0440 0782 1-222 1759 0723 1-285 2007 2:390
19 0417 0741 1-157 1667 0608 1-217 1931 2738
20 0396 704 1100 1-583 0650 1'156 1-806 2-601
23 0317 Q563 -850 1267 0320 0925 1445 2-081
10 0264 046 0733 1056 0-432 0771 1-204 1734
s 0226 0402 0628 0905 0372 0661 1-032 1-488
40 0158 0352 0550 0792 0-325 Q578 0903 1-30%
45 0176 o3 0489 0704 0289 0514 0-803 1-15%
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TABLE 82 SHEAR — BENT UP BARS

Valuesof V, for single bar, kN
BAR %y = 140 N/mm? up to 20 mm giameter
DIAMETER, == 130 N/mm®* over 20 mm diameter Fyv= 230 N/mm*

mm —~ ~ y r - v
a=45° a=60° «=45° a=60°
10 778 9-52 1277 1564
12 11-20 13-71 18-39 2253
16 19-9} 24-38 3270 4005
18 2519 3086 41-39 5069
20 31-10 3809 51-09 62-58
2 - 3494 42:80 6182 7572
25 4512 5526 79-83 9177
28 5660 6932 100-14 122.65
2 73-93 90-54 130-80 160,19
36 93-57 11460 165-54 20275

NoTE — « is the angle between the bent up bar and the axis of the member.

TABLE 83 DEVELOPMENT LENGTH FOR PLAIN BARS
a,= 140 Nfmm?* for bars up to 20 mm diameter
«a 130 N/mm? for bars over 20 mm diameter
oy = 130 N/mm?* for all diameter

Tabulated values are in centimetres,

TENSION Bans COMPRESSION BARS

Bar GRADE OF CONCRETE GRADE OF CONCRETE
DIAMETER, = A " — A 3
mm M135 M20 M25 M30 MI15 M20 M25 M3D
6 350 263 233 210 26'0 19-53 17-3 156
8 467 350 31l 2580 347 260 231 208
10 58-3 438 389 350 433 325 289 2640
12 00 52'5 467 420 520 390 347 312
16 933 70:0 622 560 693 520 452 416
18 105-0 788 700 630 780 58-5 520 468
20 1167 875 778 70:0 867 650 573 520
2 1152 894 794 s 953 -5 636 572
25 1354 181°6 90-3 81-3 1083 813 72:2 650
28 151-7 1138 101-1 910 1213 91-0 80-9 728
32 1733 1300 1156 1040 138-7 1040 92:4 832
36 1950 146'3 1300 1170 1560 1170 1040 936
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TABLE 84 DEVELOPMENT LENGTH FOR DEFORMED BARS

Tabulated values are in centimetres.

ag, = 230 N/mm*
o = 190 Nfmm?

TEeNsION BARS CoMpRESSION Bars
Ban GRADE OF CONCRETE GRADE OF CONCRETE

DIAMETER, - A . P " -
mm MI15 M20 M25 M) Ml15 M20 M25 M30

& 41-1 ios 274 246 271 204 181 16
8 548 411 36'5 3129 162 271 241 217
10 68'5 513 456 41-1 452 339 302 271
12 821 616 54-8 49:3 54-3 407 362 126
16 1095 82'1 73 657 724 543 453 434
18 1232 92-4 821 739 814 [N 54-3 489
20 1369 1027 913 82-1 905 679 603 54-3
22 1506 1129 100-4 904 995 746 06'3 597
25 1711 128-3 1141 1027 1131 84-9 754 679
28 191'7 143 127-8 115¢ 126-7 950 844 760
32 2190 164-3 1460 1314 1448 1086 965 86-9
36 246'4 184-8 164-3 1479 162-9 1224 1086 977

TABLE 85 DEYELOPMENT LENGTH FOR DEFORMED BARS

Tabulated values are in centimetyes.

ayy = 275 N/mm?
Oy = 190 N/mm?

__ TensION BARS CoOMPRESSION BARs

BAR GRADE OF CONCRETE GRADE OF CONCRETE
DIiAMETER, = A . — A .
mm Mi5 M20 M25 M3 M1s M20 M25 Mao
6 49-1 368 32-7 29 271 20-4 181 16-3
8 655 49-1 437 393 52 271 24-1 21-7
10 818 61-4 546 49-1 452 339 302 271
12 98-2 737 655 589 54-3 407 362 326
16 1310 98.2 871 786 724 543 48-3 434
18 147-3 1105 98-2 88-4 314 611 543 489
20 163-7 1228 109-1 98-2 905 679 60-3 54-3
22 1801 1350 120:0 108-0 99-5 746 663 597
25 204-6 153-5 1364 1228 1131 84-8 754 679
28 292 171-9 152-8 1375 126'7 950 844 760
32 2619 1964 174'6 1571 144-8 108'6 96'5 869
36 2946 2210 196'4 1768 162'9 122:1 1086 977
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7. DEFLECTION CALCULATION

7.1 EFFECTIVE MOMENT OF
INERTIA

A method of calculating the deflections is
given in Appendix E of the Code. This
method requires the use of an effective
moment of inertia /ar given by the following
equation i

r

. M, z x\ b
‘Z“TI(‘ "d)'s"
L L << Iy

by =

but,
where
I is the moment of inertia of the cracked
section;
M, is the cracking moment, equal to L ‘;’"
t

where

Jur 18 the modulus of rupture of con-
crete, Iy is the moment of inertia of
the gross section neglecting the re-
inforcement and y. is the distance
from the centroidal axis of the
gross section to the extreme fibre in
tension;

M is the maximum moment under service

loads;

z is the lever arm;

d is the effective depth;

x is the depth of meutral axis;

by is the breadth of the web; and

b is the breadth of the compression face.

The values of x and z are those obtained
by elastic theory. Hence 2z =4 — x/3 for
rectangular sections; also b = by for rec-
tangular sections. For flanged sections where
the flange -is in compression, & will be equal
to the flange width 5. The valuc of z for

beams will depend on the flange
dimensions, but in order to simplify the
calculations it is conservatively assumed the
value of z for flanged beam is also 4 — x/3.
With this assumption, the expression effec-
tive moment of inertia may be written as
follows:

T 1

T M x x\ 5
r2-4(1- M)("d)bf
but, ’;“ 51
r

Chart 89 can be used for finding the value of

{,‘“ in accordance with the above equation.
r

DEFLECTION CALCULATION

The chart takes into account the condition
1‘}} > 1. After finding the value of Ly it has

to be corgrared with I and the lower of
the two values should be used for cakula-
ting the deflection.

For continuous beams, a weighted average
value of Jfur should be used, as given in
B.2.1 of the Code.

7.2 SHRINKAGE AND CREEP
DEFLECTIONS

Deflections due to shrinkage and creep can
be calculated in accordance with clanses B-3
and B-¢ of the Code. This is illustrated in
Example 12,

Example 12 Check for deflection

Calculate the deflection of a cantilever
beam of the section designed in Example 3,
with further data as given below:

Span of cantilever 40 m
Benlding moment at service 210 kN.m

Sixty perceat of the above moment is duc to
manent loads, the loading being distri-
uted uniformly on the span,

bD* _ 300 x(600)*

f - =T 3 = 54 x 10* mm*
From clause 5.2.2 of the Code,
Flexura) tensile strength,

fa=07vJx N/mm?
Ja = 07 V15 =2:71 N/mm?

yt-=D/2-=6%0-300mm

Jor Iy - 271 x 54 x 10*

M 300

= 4:88 x 107 N.mm
, 375
d'ld = (5_675_) - 0067
d'fd = 005 will be used in referring to Tables.
From 5.2.3.1 of the Code,
E. = 35700 +/fi N/mm*
= 5700 /{5 = 22:1 x 10° N/mm*

E. =200 kN/mm? =2 x 105 N/mm?

m = EJE: = 2 x 103

M,

P x 108 =00

z13



From Example 3,

po= 1117, p. = 0.418
pm— Dli{p, m)={0.418 X 8.05)/
(1.117 X 9.05) = 0,333

pom = LL1{7 X905 =10.11
Referring to Fable 87,

,;(bd F12y=10.720
A —0?2UX300><{5625);'12

= 3,204 X 10° mm*

Referring to Table 91,

X
5=0338
Moment at service load, M =210 kN.m
=210 X 10' N.mm

. 488 x 10
MM = T0X10 = (.232
Referring to Charr 89.

Lnf}’ =10

Iy = I, = 3.204 X 10° mm® o
For a cantilever with uniformly distributed
load,

1 M1

Flastic deflection = — a El

210X 107 X (4000
4 %221 X 10" % 3.204 X 10°
= ]1.86 mm AN

Deflection due to shrinkage {(see clause B-3
of the Code);

= &y \[J‘m f"
k; = 0.5 for cantilevers
2o= LT, p.= 0418

prope= 1017 — 0418 =0.699 < 1.0
. o P 1Y
V.
g7 x A (1. ]l?__OfHS)
V9117
= (0.476

in the absence of data, the value of the
ultimate shrinkage strain £, is taken as
0.000G 3 as given in 5.2.4.1 of the Code.

£ = 600 mm
" Shrinkagecurvature ¥., = k, %
_ 0476 X 0.0003 _ A
= 400 = 2.38 X 10
=0.5% 2.38 X 107 X (4 000)
= 1.90 mm _ A2)

214

Deflection due to creep,

e (permn — T permy

In the absence of data, the age at loading
is assumed to be 28 days and the value of
creep coefficient, § is taken as 1.6 from

5.2.5.1 of the Code.

a“ {peere|

E.
Eee = 1+8
221 X1
= . . = . x 3 !."I 2
T 16 85X 10" Njmm
E _ 2xX10°
mE T isxiy 203
po=1117, p. =0418

pom = Dyj(pem) = 0.418(23.53 — 1y
(1.117 X 23.53)
= (.358

Referring to Tabie 87,

Li(hd' 12y = 1.497

[ = 1.497 X 300 (562 57712
=6.66 X 10° mm*

!r “-<- lcif = u

6.66[X 10° < [, < 5.4 X 10°

ok = 54 X 109 I'lf'll'lf'l.1

= Initial plus creep deflection due to
permanent loads obtained using the
above modulus of elastcity

MF

[T \prere|

Xm‘
=~

(06)(2[ X 107 (4 000Y
~ 3 85X 10° X 5.4 % 10°
10,98 mm

= Short term deflection due to
permanent load obtained using E.

_ 1, 06x21X 107) (4 000)

47 21X 10° X 3.204 X 10°
=712 mm

1398 — 7.12 =386 -(3)

. Total deflection (long term) due to initial
load, shrinkage and creep

= 1186+ 1.90 + 3.86 = 17.62 mm.

According to 22.2(a) of the Code the final
deflection should not exceed span/250.

a; {permy T

« Becpermy =

-4 000

W = 16 mm.
The calculated deflection is only slightiy
greater than the permissible value and hence
the section may not be revised.

Permissible deflection =
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Chart 88 MOMENT OF INERTIA OF T- BEAMS
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Chart 89 EFFECTIVE MOMENT OF {NERTIA FOR
CALCULATING DEFLECTION
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Chart 90 PERCENTAGE, AREA AND SPACING OF BARS

IN SLABS
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Chart 81 EFFECTIVE LENGTH OF COLUMNS ~
Frame Restrained Against Sway

HINGED 1.0 z
049 B\ \\ \\ -’\ \\o, N
\ \\ < .
ANRSAN No, N\
AN

08

. 0+7 \\\ <
0-6 o,
P o \\ ‘\\\\b"‘;&?”o AN \\
L N N\, s NN
<

0+4

N \\ o\{d;‘: ) \‘ \\ \\ \\ >

042 o

0+ 0‘4;, X \ \
RN XX NN

FIXED O\L( — .
0N 01 02 03 ox 05 06 07 0.8 09 1:0
o o
% P g
™y 3

K, . .
8, and B, are the values of B at the top and bottom of the column where, “‘zx,i "m » the summation being

done for the members framing into a joint: Ko and Xs are the flexura| stiffnesses of column and beam respectively.
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Chart 92 EFFECTIVE LENGTH OF COLUMNS —
Frame Without Restraint to Sway

HINGED 10

09

0-8
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FIXED 0O
01 0s2 03 044 05 06 07 O-8 09 1
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FIXED ©

8,2nd B, are the values of P at the top and bottom of the colemn, where ”:'mi:;%ﬁ » the summation being

done for the members framing into & joint; Kc snd Ko are the flexural stiffnesses of column and beam respectively.
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TABLE 86 MOMENT OF INERTIA — YALUES OF bd%/12 000

b, om

d,cm
10 15 20 25 kK H 35 40 45 50
10 o8 1-2 17 21 2-5 X9 33 37 42
11 111 1-7 22 28 33 39 44 5Q 55
12 14 22 29 36 43 50 538 635 72
13 1'8 27 37 46 55 64 73 82 92
14 23 .34 46 57 69 80 ot 103 114
15 28 42 56 70 84 o8 11-3 127 14'1
16 14 541 68 85 102 119 137 13-4 171
17 41 61 82 10-2 12-3 143 164 184 205
18 49 73 -7 1271 i4'6 170 19-4 219 243
19 57 86 114 143 171 200 29 257 286
20 &7 1000 133 167 200 233 26-7 w0 333
21 it} 116 15:4 193 232 210 309 347 386
22 39 13-3 177 22 266 31°1 355 399 44-4
23 101 152 2013 253 304 355 406 456 5007
24 115 173 230 288 346 403 46°1 518 576
25 13-0 19-5 260 326 391 456 L7Ad | 586 65-1
26 146 220 293 366 439 513 586 65-9 732
27 164 246 328 414D 49-2 574 656 73-8 82:0
28 183 294 366 457 54-9 640 732 8§23 91-5
29 203 ns 40'6 50-8 610 1 313 915 101-6
30 225 338 450 563 675 788 900 101-3 1i2'5
32 273 410 546 683 819 956 1092 122:9 136°5%
34 328 49-1 655 819 933 114-6 131-0 147-4 1638
36 389 583 778 97-2 1166 1361 155-5 1750 194-4
8 457 686 915 1143 1372 1600 182-9 2058 2286
40 533 800 106:7 1333 160-0 1867 2133 2400 2667
42 al-7 92-6 123-5 1543 1852 2161 2470 2778 3087
44 -0 1065 1420 177-5 2130 2485 2839 3194 3549
46 811 12147 1622 202-8 2433 2839 324-5 3650 ADS'6
48 822 138-2 1843 230r4 2768 32246 3686 4147 4603
50 1042 1562 2083 2604 3125 3646 4167 4687 520-8
52 117:2 1758 234'3 2929 51-5 4101 4687 5272 5859
54 132 1968 2624 3280 3937 4593 524-9 5905 6561
56 1463 2195 292-7 3659 439-0 5122 5854 6586 7317
58 1626 2439 3252 406°5 4878 5691 6504 731-7 8130
60 1800 2700 3600 4500 5400 6300 7200 8100 9000
65 228-9 34373 4577 5721 6866 801-0 9154 1029-8 11443
70 2858 4287 5717 7146 8575 10004 1143-3 12862 14292
75 56 5273 7031 8789 1054-7 12305 14063 15820 17578
80 426-7 640'0 8533 1066-7 12800 14933 1706-7 19200 21333
85 511-8 7611 10235 12794 15353 1791-2 20471 23030 25589
90 6075 911'3 12150 15188 1822-5 21263 243040 27338 W3S
95 7145 1071 1429:0 17862 21434 25007 28579 32152 35724
100 8333 12500 16667 20833 25000 29167 33333 37500 41667

220
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TABLE 87 MOMENT OF INERTIA OF CRACKED SECTION —
VALUES OF !,/(%%)

djd=005
pelm—2)(pm)
m e 1
o T o0 01 02 03 04 06 08 10
10 ¢-100 0100 0100 0100 0100 0100 0-100 0100
15 0143 0144 0-144 0144 0144 0143 0145 o145
2-0 0185 0185 0186 0186 0186 0187 0188 ¢188
25 0224 0-225 0-225 0-226 0227 o 0229 230
30 0262 0263 0264 0-264 0265 0-267 0269 0270
35 0298 0295 0-300 o302 0303 0305 0308 0-310
4-0 0332 0334 0336 0-338 0339 0343 346 0348
45 0-366 0-368 0371 0:373 0378 0379 i3s3 0326
50 0398 0-401 0404 0407 0-409 0414 0419 0-424
55 430 0433 0437 0440 0443 0-449 0-45% 0460
60 0-460 0465 0-469 0472 0476 0483 0-490 0496
&5 0490 0495 0500 0504 0509 0517 0-52% 0532
79 0519 0525 0:530 0335 0540 o550 0-559 0567
75 0547 0554 0-560 0-566 0571 0-582 0-592 0-602
80 0575 0-582 0589 0-596 0-602 0-614 0-626 0636
85 0601 0-610 0617 0625 0-632 0-646 0-659 0670
90 0628 0637 0645 0654 0-662 06771 0691 o704
95 0-653 0663 o673 0682 9691 0-768 0723 o138
100 o678 0689 0700 0-710 0-720 0-738 0755 0771
10°5 0703 o715 o727 0738 0-748 0769 o787 0-804
10 0727 ¢-740 07153 0765 0777 0798 0818 837
11-5 0750 0764 0778 0792 o304 828 0850 0369
120 o773 0-789 0804 0-818 0-832 0-857 0380 0-902
125 0-795 o812 0829 0844 0859 0-886 0511 0934
130 0-818 0836 0853 0870 0-885 0-915 0942 0966
135 0839 0-859 0817 0893 0912 0-943 0972 0998
140 0-860 0-881 0-901 920 0-938 0972 1-002 1-030
145 0881 0904 0-925 0-945 0964 1-000 1-032 1-061
150 o2 0926 0948 0969 0990 1027 1-062 1003
155 0922 0947 0971 0-954 1015 1-055 1-091 1-124
160 0-942 0968 1-018 1040 1083 1-121 1-15%
170 0-980 1010 1038 1065 1-090 1137 1-179 1217
180 1018 1-051 1082 11111 1:139 1191 1-237 1278
190 1-054 1'090 1-125 1157 1-188 1244 1294 1-140
200 1-089 1129 1:166 1202 1-23%5 1:296 1:351 1°400
2i¢ 1123 1167 1-207 1-246 1282 1-348 1408 1-461
220 1156 1203 1248 1:289 1328 1400 1+464 1-521
230 1"183 1-239 1287 1332 1374 1-45% 1-519 1-581
240 1-220 1274 1°326 1-374 1-419 1-502 1-575 1-640
250 1:250 1-309 1364 1415 1-464 1-552 1-630 1:699
260 1-280 1342 1-401 1-456 1-508 1-602 1'685 1'758
270 1-308 1:376 1-438 1497 1:552 1651 1-739 1817
2840 1:337 1-408 1'475 1-517 1:595 1101 1794 1'376
290 1364 1-440 1-510 1:576 1638 1-750 1-848 1934
100 1391 1471 1°546 1615 1-681 1798 1902 1-993
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TABLE 88 MOMENT OF INERTIA OF CRACKED SECTION —

AALA L el b e
ALk SLdwS

m--.l-lﬂ\ﬂ‘\

—
RBES Soege ng
hAAS KELRSEL SLALS

T

b
VALUES OF Lf(n—)
Pe(m—1)/(pymi)
-

00 o2 03 04 06 08
0100 0100 0100 0100 0-100 0100
0143 144 0144 0144 0144 0144
o185 0185 0185 0-185 0186 186
o224 0225 0225 0225 0226 0226
0-262 0263 0263 0263 o264 0265
0298 0299 &300 0-300 0302 0303
332 0334 0335 3136 0338 340
0366 o169 370 o3l 0373 0376
0393 0402 0403 0405 0408 o411
0430 0434 0-436 0438 442 0-445
0-460 0466 468 470 475 0479
0490 0496 0-499 0-502 o507 0512
0519 526 530 0533 0539 0545
0547 0-556 0-560 0563 o5 0517
0575 o584 0589 0-593 0601 0609
0601 0612 0618 0622 0632 0-640
06238 0-640 0646 0-651 0662 671
0653 0667 0673 0680 0-6%93 0702
0678 0693 0701 0708 0-720 0732
0703 o720 07 0738 0749 0762
&T27 o745 0754 0-762 o778 0792
0750 o7 0-780 0789 0806 0822
[ s 0805 o815 o834 0-851
o795 0820 0-831 0r84] g6l 0880
0818 0-844 0856 0867 389 0908
o839 0867 0-880 0893 0916 0937
0860 0891 0905 0918 0-943 965
0-881 g914 o929 0943 0-969 0993
0902 0936 0952 0-968 0996 1-021
922 0959 0976 0992 1022 1-049
0942 0981 0999 14016 048 1077
0980 1024 1-045 1064 1099 1-131
1018 1067 1089 1-i11 1-150 1-185
1-054 1-108 1-133 1157 1-200 1-239
1089 i-149 1176 1-202 1-249 1-292
1-123 1 §-189 1-2i8 1-247 1-298 1-344
1156 1193 1-227 1-26D 1-291 1-347 1-396
i'188 1-228 1-266 1-308 1334 1394 1-448
1-220 1-263 1-303 1-341 i-377 1442 1-500
1-250 1-296 1:340 1-38¢ $-419 1489 1-551
1-280 1-329 1376 1420 1+461 1-535 1601
1:308 1362 1412 1-458 1502 1-582 1652
1-337 1:394 1:447 1'496 1543 1-627 1702
1364 1-425 1-481 1534 1-583 1673 1-752
1:391 1-455 1'515 1371 1'623 1718 1-801
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TABLE 89 MOMENT OF INERTIA OF CRACKED SECTION —

bd!
VALUES OF 1/ (*TT)
d'fd=0-15
PoAm—1)/( pym)

m A ~
00 o1 02 03 04 06 08 10

10 0-100 0100 0-100 0100 0100 0-100 0-100 0-100
1°5 0143 0143 0143 0143 0-143 0143 0-143 0-143
20 0185 0185 O-185 0185 0185 o185 0-185 0185
25 0224 0224 0224 0224 0224 0224 0-225 0225
30 0262 0262 0262 0262 0262 0-262 0263 0263
35 0298 0-298 0298 0298 0-299 0299 0300 0-300
30 0332 0333 0-333 0334 0334 0335 0336 0-336
45 0-366 0367 0-367 0-368 0368 0-369 0371 0372
50 0-398 0-399 0-400 0401 0-402 0-403 0-405 0406
55 0430 0431 0432 0433 0434 0-436 0438 0440
60 0460 o462 0463 0465 0-466 0-463 0-471 0473
65 0-490 0492 0-494 0-495 0-497 0-500 0-503 0-505
70 0-519 0-521 0-523 0-525 0-527 0531 0-534 0-537
75 0-547 0550 0-552 0-555 0-557 0361 0565 0-569
80 0-575 0-578 0-581 0-583 0586 0-591 0596 0-600
85 0-601 0605 0-608 0611 0614 0620 0626 063!
90 0628 0632 0-635 0639 0-643 0-649 0+655 0-661
9-5 0-653 0-658 0662 0-666 0-670 0678 0-6585 0691
100 - 0-678 0-683 0-688 0693 0-697 0706 0713 0-721
105 0-703 0-708 0714 0719 0-724 07133 0-742 0750
11-0 0727 0733 0-739 0745 o750 0761 0770 0779
115 0-750 0757 0-764 0-770 o174 0788 0798 0-808
120 0773 D781 0788 07935 0-802 o814 0826 . 0836
12:5 0795 0-804 0-812 0-820 0-827 0-841 0-853 0-865
130 0818 0-827 0-836 0-844 0852 0367 0-880 0-893
13:5 0-839 0-849 0859 0-868 0876 0-893 0-907 0921
140 0-250 0-871 0-882 0-891 0901 0918 0-934 0-948
14-5 0-88] 0-893 0-904 0915 0-925 0-943 0-960 0976
150 0902 0914 0926 0938 0949 0969 0987 1-003
155 0922 0935 0-948 0-960 0972 0993 1-013 1030
160 0942 0-956 0970 0-983 0995 1018 1039 1057
170 0-980 0997 1012 1027 1-041 1067 1-090 BI
180 1018 1-036 1-054 1-070 1-086 11115 1141 1164
190 1054 1-075 1094 1112 1-130 1-162 §-191 1216
200 1-089 1112 1134 1-154 11173 1-208 1-240 1-268
210 1123 1148 1-172 1-194 1-216 1-254 1-289 1-320
220 1-156 1-184 1-210 1-234 §-257 1-300 1337 1-371
230 1-188 1219 1247 1-274 1299 1:345 1385 1-422
240 1:220 1252 1-283 1312 1-339 1-389 14433 1-473
250 1-250 1286 1-319 1350 1-379 1'433 1-480 1-523
260 1280 1-318 1-354 1387 1419 1476 §:527 1573
270 1:308 1-350 1-388 1424 1-458 1-520 1574 1622
280 1-337 1-381 1:422 1°461 1497 1-562 1620 1-672
290 1-364 1-a11 1-455 1-496 1-538 1605 1666 1721
00 1-30 1-441 1-488 1:5312 1-573 1647 1-712 i-770
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TABLE %0 MOMENT OF INERTIA OF CRACKED SECTION —

VALUES OF I,f(

)

d'{d=20
plm~D)f(pm)

o0 o2 03 04 06 o8 1¢
100 0100 0100 0100 G100 0100 o100
0143 0143 0143 0144 0144 0144 0144
Q188 o185 o185 0'185 0185 0185 o185
024 oRA (L2 0224 0224 0224 0224
o262 0262 0262 0262 0262 0262 0262
0298 0298 298 {298 0298 0298 0298
o332 0-333 333 0333 0333 0-333 0-333
0366 0r366 O 367 0367 0367 0367 0368
0398 {399 0399 0400 400 0301 0rd01
0-430 0431 0431 0432 0432 0433 0r434
0460 462 0462 0463 0464 0465 0466
0-450¢ 0492 0492 0493 0495 0496 0497
0519 o3 0522 0523 525 0-526 0528
0547 5350 0551 0552 0554 556 0358
o375 o578 os?9 0-380 r383 0386 0-588
(15 H | 0605 0-607 0-608 6l2 0614 0617
0628 0-632 0634 0636 0639 0643 0-646
0653 0658 0660 0663 0667 0671 0675
0678 0684 0687 0-689 0694 0699 0703
0703 0700 0712 0-715 0121 0-726 0731
0727 0734 0737 0741 0747 07153 0758
o750 0758 0-762 0-766 07173 o779 0185
0773 782 0787 0791 0799 0806 0-812
0795 0806 0811 0815 0r8324 0-832 0-839
0-818 0-829 0834 0839 349 0857 0-865
0839 B52 0858 0-363 0874 0883 0-892
o860 0874 {881 0-B87 0898 0908 0918
0881 0896 0-903 0910 0922 0933 0943
0902 0918 0926 0933 0-946 0958 0969
0922 (948 0955 0970 0983 0994
0942 0961 0969 0978 0993 1007 1020
0980 1002 1012 1022 1039 1-055 14070
1018 1043 1054 1065 1-085 1103 1-119
1054 1082 1-095 1-107 1129 1150 1-168
1089 1'120 1-135 1:148 1173 1196 1:216
1123 1-158 1-1714 1:189% 1-217 i-241 1-264
1-156 1-195 1-212 1229 1-259 1-287 1-311
1188 - 1-231 1250 1268 1-302 1-331 1-358
1-220 1:244 1'266 14287 1-307 1-343 1-376 1-408
1250 1276 1-301 1-324 1-345 1'384 1419 1451
1-280 1-308 i34 1-359 14383 1'425 1-463 1497
1-308 1-339 1-368 1395 1420 1°465 1-506 1-542
1337 1-370 1400 1-429 1°456 1-505 1-549 1-587
1-364 1-399 1433 1-463 1-492 1-545 1-591 1632
1-391 1-429 1464 1-497 1-528 1-584 1633 1677
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TABLE 91 DEPTH OF NEUTRAL AXES — YALUES OF x/d

BY ELASTIC THEQRY

& {d=0-05
pelm=1Y(pym)

pom —~ - Y
00 o1 02 o3 o4 06 o8 10

10 0-132 0:131 0-131 0130 0130 0128 0127 0126
15 o159 0158 o157 o156 0153 0153 0152 0150
240 0181 0180 0-178 0177 r176 01713 0 0-169
25 0200 0198 0197 0195 0194 0190 0187 0185
90 0217 0215 0213 0211 0209 o205 0202 0198
3s 0232 4230 o227 0225 0223 0218 0214 0210
40 0246 0243 0-240 0-238 0235 0230 0225 o221
45 0258 0-255 0-252 0-249 0-246 241 0-235 0230
50 0270 0267 0263 0260 0257 0251 0-245 0239
55 0-281 0277 0274 0270 0-267 0260 0253 0247
60 0292 o287 0284 0-280 0276 0-268 0.261 0255
65 0-301 0297 0293 0-288 0284 0276 0.269 0262
T0 0311 306 0-301 07 0292 0284 0276 0268
75 0319 o34 0309 0-305 0-300 02M 0.282 0274
80 0328 0323 0317 0312 0307 298 0.289 0280
85 0336 0330 0325 0319 0314 0304 0294 0-285
90 0344 0-338 0332 0326 0:321 0310 0-300 0291
95 0351 ¢345 0339 0-333 0327 0316 0305 0295
160 0-358 0352 0345 339 0333 0121 0310 0-300
105 0365 0358 o351 o345 0319 0326 0315 0304
110 0372 0365 0358 o351 0344 0-332 0320 0309
ils 0378 037N 0363 0356 0349 336 0-324 0313
120 0384 0377 0-369 0362 (155 0-341 0-328 0316
12:% 0390 0382 0374 0367 0359 0345 0332 0320
130 0396 03388 o380 0372 0364 0350 0-336 324
135 0-402 0-393 0385 o377 0369 0354 0-340 0327
140 0-407 0398 0390 0381 0373 0-358 0344 0-330
145 413 0403 0394 0186 o178 o362 0347 0-333
150 0418 0408 0399 0350 0382 0365 0-350 0136
155 0423 o413 0404 0395 0386 0369 0354 0339
160 0-428 04138 0-408 0399 0390 0373 0357 0342
170 0437 0427 416 0407 0397 o379 0363 0-347
180 0446 0435 0425 o414 0404 0-386 0-368 0352
190 0455 0443 0432 0421 r41l 0392 0374 0:357
200 0463 o451 0439 0428 0417 0397 o379 0-362
210 0471 0459 0435 424 0403 0-383 0366
2240 0479 0-466 0453 0441 0-429 0408 388 0370
230 0486 0472 0-459 0-447 0435 o4i3 0392 0373
240 0-493 0479 0465 0453 0440 417 0396 0377
250 0:500 0-485 471 0458 0-445 0422 400 0-380
260 a-507 0491 ¢477 0463 0-450 0-426 o404 0384
210 o513 0497 0432 0468 0455 0430 0407 0387
280 0519 0-503 0488 0473 0459 0434 o411 0-390
290 525 508 0493 o478 0464 0437 0414 o392
300 0531 0514 0498 0482 0468 0-441 417 0395
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TABLE 92 DEPTH OF NEUTRAL AXIS — VALUES OF x/d
BY ELASTIC THEORY

d&'1d=0-10
pelm=1)/(pun)

%) o} 02 03 04 06 08 10
0132 0132 o131 o131 0131 0130 0-130 0-130
0-159 0-158 0158 0157 0157 0156 0-155 0-154
0181 0-180 0179 0179 0178 0176 0175 0174
0-200 0199 0198 0197 0196 0194 0192 0-190
0217 0215 0214 0213 021 0209 0-206 0-204
0232 0230 0228 0227 0225 0222 0219 0216
0246 0244 0-242 0-240 0238 0234 0231 0227
0258 0-256 0-254 0252 0-249 0-245 0241 0237
0270 0-268 0-265 0262 0-260 0-255 0251 0246
0-281 0278 0275 0273 0270 0265 0260 0255
0292 0-288 0-285 0-282 0279 0273 0-268 0-263
0-301 0298 0294 0291 0288 0-282 0276 0-270
0311 0307 0-303 0-299 0296 0-289 0283 0277
0319 0315 0311 0307 0304 0-296 0-290 0283
0328 0324 0319 0-315 0-311 0303 0296 0-289
0336 0-331 0327 0322 0-318 0-310 0302 0-295
0344 0339 0334 0-329 0325 0316 0-308 0-300
0-351 0-346 0-341 0336 0331 0322 0313 0-305
0-358 0-353 0347 0342 0337 0-327 0318 0310
0365 0-359 0-354 0-348 0343 0333 0323 0314
0372 0-366 0-360 0-354 0349 0-338 0-328 0319
0378 0372 0366 0-360 0-354 0343 0-333 0323
0384 0378 0371 0-365 0-359 0-348 0337 0327
0390 0383 0377 0370 0-364 0-352 0-341 0-331
039 0-389 0382 0375 0-369 0-357 0-345 0-335
0-402 0-394 0-387 0-380 0374 0-361 0-349 0.338
0407 0-400 0392 0385 0378 0-365 0-353 0.342
0413 0-405 0397 0390 0-382 0-369 0-357 0.345
0-418 0-410 0-402 0394 0-387 0373 0-360 0.348
0-423 0-414 0-406 0-398 0-391 0377 0-363 0.351
0-428 0-419 0411 0-403 0-395 0-380 0-367 0354
0-437 0428 0-419 0411 0-403 0-387 0373 0-360
0-446 0-437 0-427 0-418 0410 0-394 0379 0-365
0-455 0-445 0-435 0-426 0417 0-400 0-384 0370
0463 0-453 0-442 0433 0-423 0406 0-389 0375
0-47) 0-460 0-449 0439 0429 0.411 0-394 0-379
0479 0-467 0456 0445 0-435 0.416 0399 0-383
0-486 0474 0-462 0-451 0-441 0.421 0-403 0-387
0-493 0-481 0-469 0457 0446 0.426 0-408 0-391
0+500 0-487 0475 0463 0-452 0.431 0-412 0-394
0-507 0493 0-480 0-468 0-457 0435 0-416 0-398
0-513 0499 0-436 0473 0-461 0-439 0-419 0-401
0515 0-505 0-491 0-478 0-466 0-443 0-423 0404
a:525 0510 0-496 433 0-470 0-447 0-426 0-407
0-531 0516 0-501 0-488 0-475 0-451 0-429 0410
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TABLE 93 DEPTH OF NEUTRAL AXIS — YALUES OF x/d
BY ELASTIC THEORY

d'jd=013

pe(m—1){( pym)
Ptm A .]
00 01 02 03 04 06 03 10
10 o132 0-132 0-132 0132 0132 0133 0133 0133
15 0159 139 0159 0159 0:159 158 0158 0158
20 o181 0181 0180 0180 0-180 o179 0179 0178
25 0200 0.199 0199 0198 0-198 0157 0-196 0195
30 0217 0216 0-215 0214 0214 0212 0211 0-209
35 0.232 0231 0-230 0-229 06228 0226 0224 0222
40 0.246 0-244 0243 0:242 0241 0-238 0236 0234
45 0258 0257 0:255 0254 0-252 0249 0247 0244
50 0-270 0-268 0:266 0-265 0-263 0-260 0-257 0254
55 0281 0279 o217 0275 0273 0-269 0266 0262
60 0292 0-289 0287 0-285 0-282 0278 0274 0270
65 0-301 0299 0296 0-294 0291 0:287 0-282 0278
70 o311 0-308 0305 0-302 0-299 0-294 0-290 0285
75 o319 0-3t6 0-313 0-310 0307 0-302 0-291 0-292
30 0128 0-324 0321 0318 0-315 0309 0303 0-298
85 0336 0-332 0329 0-325 0322 0315 0-30% 0-304
90 0:344 0-340 0336 0332 0329 G322 0315 0-309
95 0351 0347 0-343 0339 0:335 0-328 0-321 0-315
100 G358 0-354 0-349 0345 0-341 0-334 0-326 0-320
10:5. 0365 0360 0-356 0351 0-347 0-339 0332 0324
110 0372 0367 0-362 0357 0353 0-344 0336 0329
115 0378 0-373 0-368 6-363 0358 0:349 0-341 0-333
12:0 0-384 0379 0-374 0369 0-364 0-354 0346 0338
125 0-390 0385 0379 0-374 0-369 0-359 0350 0-342
130 @396 0-390 0384 03719 0374 0-364 0354 €345
135 0402 0-396 0390 0-184 0378 0-368 0:358 0-349
14-0 0-407 0-401 0395 0389 0-383 0372 0362 0353
14°5 0413 0-406 0400 0-393 0-387 0-376 0366 0-356
150 0418 0411 0404 0398 0392 0-3180 0-369 0360
155 0423 0416 0-409 0-402 0-396 0-384 0373 0-363
160 0-428 0-420 0413 0-407 0-400 0-388 0-376 0-366
1710 0437 0425 0422 0415 0-408 0-395 0383 0-372
180 0446 0-438 0430 0422 0415 0-401 0389 0377
190 455 0-446 0438 0-430 0-422 0-408 0-395 0382
200 0463 0454 0445 0437 0-429 0-414 0400 0387
210 0471 0-462 0-452 0444 0-435 0-419 0-405 0-392
20 0479 0469 0-4359 0-450 0-441 0425 0410 0-396
230 0-486 0476 0-456 0456 0-447 0430 0415 0401
24-¢ 0-493 0482 472 0462 0-452 0435 0-419 0-405
250 0-500 0489 0-478 0468 0458 0-440 0423 0-408
26:0 0-507 0495 0-484 0413 0-463 0-444 0427 0-412
270 513 0-501 0-489 0478 0-468 0448 0431 0-415
28-0 0519 0506 0494 0-483 0472 0453 0:435 0-41%
29-0 0525 o512 0-500 0488 0477 0457 0438 0422
30:0 0-531 0517 0-505 0493 0481 0-460 0442 0-425
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TABLE 94 DEPTH OF NEUTRAL AXIS — VALUES OF x/d
BY ELASTIC THEORY

d'{d=0-20

pelm—1){(p1m)
Pyt v A -—
0.0 0.1 0.2 0.3 0.4 0.6 0.8 1.0
1-0 132 0132 0133 0133 134 0135 0135 0136
1'5 o159 0159 0160 0160 0r160 0.151 0161 162
20 (181 181 0181 0182 0182 0.182 0182 0-183
25 0200 {200 0200 0-200 0200 0.200 0-200 0-200
30 0217 0217 0216 *26 0216 0.216 0215 0215
35 0232 0231 0231 0-231 0230 0-230 0-22% 0228
40 0246 0245 0244 0-244 0243 0242 0241 0240
45 0258 0-258 0257 0256 0255 0254 0-252 0251
50 0270 0(-269 0268 0-267 0266 0-264 0262 0261
55 0281 0280 0279 0277 0276 274 0-272 0270
60 0292 0290 0-289 0-287 (0286 0283 0-280 0278
65 0-301 0-300 0298 0-29. 0295 291 0-289 0286
0 0311 0309 0-307 0-305 0301 G-300 0296 0:293
T5 0319 0317 0315 0313 0311 0-307 0-303 0-300
&0 0-328 0-325 0-323 0-321 0319 0314 0310 0306
85 0336 0333 0331 0-328 0-326 0321 0317 0-313
90 0344 0341 0-338 0-335 0333 0-328 0323 0318
9-5 0-351 0-343 0345 0342 339 0334 0-329 0-324
10-0 (358 355 0352 0348 0345 0-340 0334 0-329
10-5 0365 0362 Q158 0355 0-351 0345 0340 0334
11-0 0372 0368 0364 6361 0357 0351 0-345 0-339
11-5 378 0374 0-370 0366 0363 0356 0-349 0343
120 0384 0380 0376 0372 0368 0-361 0354 0-348
125 0-3%0 0386 0-382 0:377 0-373 0366 0-359 0352
130 0-396 0-391 0-387 0383 0378 0-370 0363 0358
13-5 -402 0-397 0-392 0-388 (383 0-375 0367 0-360
140 0407 0402 0397 0392 0r388 0379 0371 0-364
14-5 0413 0-407 0-402 0397 0392 0-333 375 0-367
150 0418 412 0407 0-402 0-397 0387 0379 371
155 0423 417 0411 0-406 0401 0391 382 0374
160 0-428 0422 0416 0410 0-405 0-395 0186 0-377
1710 0437 0431 0425 0419 0413 0402 0193 0 384
180 446 0439 0433 0-417 0421 0409 0399 0389
19-0 0455 (448 0441 0434 0428 rdl6 04035 0-395
200 0-463 0456 0r448 0441 0434 0422 410 0-400
210 0-471 0463 0455 0-448 0441 0428 r4le 0-405
220 0479 0:470 0462 0454 0447 0-433 0421 0-409
230 0486 0477 0469 0461 0-453 0439 0426 0414
240 0493 0-484 475 o467 459 0444 0430 0418
250 0-500 0450 0481 0472 0464 0-449 0-435 0422
260 0-507 0496 0487 0478 0469 0-453 0-439 0426
270 0513 0-502 0492 0-483 0474 0-458 0443 0429
280 0519 0-508 0498 0488 0479 0462 0447 0-433
290 0-525 0514 0-503 0-493 {484 0466 0450 0436
00 o531 0519 0508 0498 0488 0470 0454 0-439
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TABLE 95 AREAS OF GIVEN NUMBERS OF BARS IN cm?

N Bar DtAHL‘l’!I, mm
A el -
oF Bars: ‘¢ 8 10 12 14 16 18 20 ] 25 28 32 36
i 028 0350 079 1113 154 201 254 314 380 491 616 804 10118
2 056 100 1'S7T 226 307 402 508 628 60 98l 1231 1608 2035
3 084 150 235 339 461 603 T6 942 1~ 1472 1847 2412 3053
4 113 201 314 452 615 804 1017 1256 1520 1963 2463 3217 4071
5 141 251 392 565 769 1005 1272 15 1900 2454 3078 4021 5089
6 169 301 471 678 923 1206 1526 1885 2280 2945 3694 4825 6107
7 197 351 549 791 1077 1407 1781 2199 2660 3436 4310 5629 7125
8 226 402 628 904 1231 1608 2035 2513 3040 3927 4926 6434 8143
9 254 452 70§ 10417 1385 1809 2290 2827 3421 4417 5541 7238 9160
10 282  50% T8S 11431 1539 20110 2544 3141 380! 4908 6157 8042 10178
11 341 552 863 1244 1693 2211 2799 3455 41'81 S5¥99 6773 8846 11196
12 3139 603 942 1357 1847 2412 3053 3769 4561 5890 7389 9651 12214
13 167 653 1021 1470 20001 26113 3308 4084 4941 6381 8004 10455 13232
14 395 703 1099 1583 2155 2814 3562 4398 5321 6872 8620 11259 14250
15 424 754 1178 1696 2309 3015 3817 4712 5702 T¥63 9236 12063 15268
16 452 804 1256 1809 2463 3217 4071 S0-26 6082 7854 9852 12868 16236
17 480 8§54 1335 1922 2617 34E8 4326 5340 6462 8344 10467 13672 17303
18 508 904 1413 20035 27770 3619 4580 S6:54 6842 8335 11083 14476 1832]
19 $37 955 1492 2148 2924 3820 4834 5969 7222 9326 11699 15280 19339
20 565 10005 1570 2262 3078 4021 508 6283 7602 9817 12315 16085 20357
229
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TABLE 96 AREAS OF BARS AT GIVEN SPACINGS

Values in cm2 per Meter Width

SPACING Bar Dmnfm:k, mm
m 8 10 12 14 16 18 20 2 25 28 k}]
5 565 1005  IS71 2262 3079 4021 S508% 6283 7603 9817 12315 16085
6 an 838 1309 885 2566 3351 4241 5236 6336 B8 10268 3404
7 4-04 718 1122 1616 2199 2872 3635 4488  S430 7012 8796 1489
8 353 628 982 1414 1924 2513 3181 3927 4732 6136 769  100°53
9 314 558 873 1257 170 234 2827 3491 4225 5454 6842 8936
10 2:83 503 785 1131 1539 20011 2545 3142 3801 4909 6157 8042
11 2-57 4-57 714 1028 1399 1828 2313 2856 3456 4462 5598 71311
12 236 419 654 942 1283 1675 2121 2618 3168 4091 5131 6702
13 217 187 604 870 1184 1547 1957 2417 2924 3776 4737 6186
14 202 359 561 808 1100 1436 1818 2244 2715 3506 4398  S57T4S
is 1-88 335 524 754 1026 1340 1696 2094 2534 3272 4105 5362
16 1-77 34 491 707 962 1257 1590 1963 2376 3068 3848 5027
17 166 2-96 462 665 905 1183 1497 1848 2236 2887 3622 4731
18 1-57 279 436 628 855 11117 1444 1745 2012 2727 2421 4468
19 149 265 413 595 810 1658 133% 1653 2001 2584 3241 4233
20 1-41 2:51 3-93 565 770 1005 1272 1571 1901 2454 3079 40420
21 135 2-39 374 539 733 957 1212 1496 1810 2337 2932 3830
22 128 2:28 3-57 514 700 914 1187 428 1728 2231 2799 3656
23 123 2-18 341 492 669 874 1106 1366 1653 2034 2677 3497
24 1z 209 327 471 641 838 1060 1309 1584  20-54 2566 3351
25 1413 201 314 452 616 804 10718 1287 1520 1963 2463 3217
26 109 193 302 435 592 773 979 1208 1462 1888 2368 3093
27 1-0 18  29] 419 570 7-45 942 1164 1408 1818 2281 2979
28 1-01 179 280 4 5-50 718 909 {122 1358 1753 2189 286
29 097 173 27 3-90 531 693 877 1083 1311 1693 2123 2773
30 094 1'68 262 377 513 610 848 1047 1267 1636 2052 2681
32 088 1-57 2:45 353 481 628 7-9% 982 1188 1534 1924 2513
34 0-83 148 2-3i 333 4-53 591 748 924 1118 1444 1811 2365
36 078 140 218 314 428 558 707 273 1056 1363 1710 2234
38 074 132 207 298 405 529 670 827 10000 1292 1620 2116
40 o7t 126 196 283 385 503 636 7-85 950 1227 1539 201t
230
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Tabte 97 FIXED END MOMENTS FOR PRISMATIC BEAMS

LOAD TYPE ' My, Mss

C

Pab’ Palbd
* l:

Qf—-l- -—
8

Vo | s ws
| A? /B | +2 [12ab’e 87 (1-3D) ~Z5 120 b 32{1-30)]
a a ‘ b F 121 7

W
1 3
A% !B +1!'1.-r212|l3l-£s)03s’1 —1%1“_3,'
f— 5 -——L—b—-—i
RS p—
A W s
ERETEETERIRIRVIY _wl?
'I-—-«——l E——
w
5w’ 5wl
A Bl* 736 T

pe—ty2 w2 o

P
N Y -M%lz-:‘%’l

y B

4 » 2
}.—CI—-—I-‘ b--!
Note:- w is the load per unit length
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Table 98 DEFLECTION FORMULAE FOR PRISMATIC BEAMS

W ” W .

3 !!!l’
3'53'4"%} 384 El
] l -———-l

r P r

|

] 2 1
4BEL ;. 192 El
t -tz 3 o172 —J—— Y2y
l | S S
P P P P
l ‘ 23p® 7 l ‘ % spL}
648 EI 7 648 El
t- Yaele g ’ra-T T g ahelyy ey
r~ l -1 Pl | i

4. W W
Adiveeeving Wl yREREYREY! wit
7 8El 4 185 El
g | ——> T

.

P

& N oo, e
. E L—I——Tl 6 " €l

Note:~-W is total distributed load
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(7]
—
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