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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 need 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 oot in-depth studies in various areas of civil engineering and construction practices.
Dwuring 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 items 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 in 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 ¢xperts connected with different aspects ( see page viii ) was setup in 1974 to advise
the 151 Directorate General in identification and for guiding the development of the work under
the Chairmanship of Maj-Gen Harkirat Singh, Retired Engineer-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 Buildin ) .
Enplaua;ury Handbook on Earthquake Resistant Design and Construction (IS : 1393
IS : 4326)
Design Aids for Reinforced Concrete to [S : 456-1978
Explanatory Handbook on Masonry Code
Commentary on Concrete Code (IS : 456 )
Concrete Mixes
Concrete Reinforcement
Form Work )
Timber Engimaerlﬁj
Steel Code (IS : }
ng Code
Fire Safety
Prefabrication .
Tall Buldings
Design of Industrial Steel Stroctures
Inspection of Different Items of Building Work
Storage Structures in Steel
Bulk Storage Structures in Concrete
Liguid 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 concrete ( 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 as a supplement to the explanatory handbook. The
objective of these design aids is to reduce design time in the use of certain elauses in the Code
for the design of beams, slabs and columns in general building structures.

Ir;anm preparation of the design aids a detailed examination of the following handbooks
was e

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 Institution.

b) ACI Publication SP-17(73) Design Handbook in accordance with the strength design

;m:thm;ls of ACI 318-71, Volume 1 ( Second Edition). 1973, American Concrete
nstitute,

¢) Reynolds { Charles E) and Steadman ( James C ). Reinforced Concrete Designer's
Handbook. 1974, Ed. 8. Cement and Concrete Association, UK.

d) Fintel ( Mark ), Ed. Handbook on Concrete Engineering. 1974. Published by Van
MNostrand Reinhold Company, Mew York.

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

The design auds cover the following:

a} Material Strength and Stress-Strain Relationships;

b) Flexural Members ( Limit State Design );

c) Compression Members ( Limit State Design );

d} Shear and Torsion ( Limit State Design );

e} Development Length and Anchorage ( Limit State Desiga );
[) 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 uwse of the design aids are:

a) The design units are entirely in 51 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) Motations as per 15 © 456-1978 are maintained here as far as possible,

d) Wherever the word *Code’ 15 used in this book, it refers to IS ; 456-1978 Code of
practice for plain and reinforced concrete { third revision ).

e} 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 necded,
tables may be used.



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

g) Charts and tables for flexural members do not take into consideration crack control
and are meant for strength calculations only. Detailing rules given in the Code should
be followed for crack centrol.

k) 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 strength of stecls,

i) 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, 181, Shri B. R. MNarayanappa, Assistant Director, ISl was also
associated with the work, The draft Handbook was circulated for review to Central Public
Works Department, New Delhi; Cement Research Institute of India, New Delhi; Metallurgical
and Engineering Consultants (India) Limited, Ranchi, Central Building Rescarch Institute,
Roorkee; Structyral Engineering Research Centre, Madras; M/s C. R. Narayana Rao, Madras;
and Shri K. K. MNambiar, Madras and the views received have been taken into consideration
while finalizing the Design Aids,

Wil



.SPECIAL COMMITTEE FOR IMPLEMENTATION OF SCIENCE AND

MMemibers
Sumn A, K, Bangricn

FroF IneesH Moeas

I¥p 5. Mavpcar

Diin M. Ramiaian

AHAEL T, K. Sanan

Bamn T, K. VEmactri

De H. ., VisvEivazaya

Exm D, ANTHA Sasilis
(Momber Secreiur )

Wil

TECHNOLOGY PROJECTS (SCIF)

Chalrman

Mas-0EN HARKIRAT SINGH
WSl Grester Kailagh I Mew Delhi 110048

Melaliergical 2nd Engineering Comsuliants {India) Limited,
Ra n.r:I‘I:F

Central Puilding Research Tnstitule, Roorkes
Depariment of Science and Techno » Mew Dhalhi
Srruciural Engineering Bescarch Cenrre, Madras
Bureaw of ic Enterprises, Mew Drelhi

Central Public Works Depariment, Maw Delli
Cement Research Institune of lndia, ™Mew Delhi
Imdian Standards Instiution, Mew Drelhi



CONTENTS

LIST OF TABLES IN THE EXPLANATORY .TEXT
LIST OF CHARTS

LIST OF TABLES

SYMBOLS

CONVERSION FACTORS

L1
1.2
13
1.4

1
2.2
2.3
23.1
2.3.2
2.4
2.5

3.

3.1
3.2
2.l
322

3.2.3
i3
34

4.1
4.2
43
4.4

Page

.
s e X
T
e XV

T naa XIX

MATERIAL STRENGTH AND STRESS-STRAIN RELATIONSHIPS

Grades of Concrete

Types and Grades of Reinforcement
Stress-strain Relationship for Concrete
Stress-strain Relationship for Steel

FLEXURAL MEMBERS

Assumplions

Maximum Depth of Neutral Axis
Rectangular Sections
Under-Reinforced Sections
Doubly Reinforced Sections
T-Scttions

Control of Deflection

COMPRESSION MEMBERS

Axially Loaded Compression Members

Combined Axial Load and Uniaxial Bending
Assumptions

Stress Block Parameters when the Neutral Axis Lies
OQutside the Section

Construction of Interaction Diagram
Compression Members Subject to Biaxial Bending
Slender Compression Members

SHEAR AND TORSION

Design Shear Strength of Concrete
MNominal Shear Stress

Shear Reinforcement

Torsion

3

T |

we 3
4

4

MEOWD WD =

12
14
14

99

99
s 100
- w101
. w101
104

aes e 175

e LTS
e LTS
175
175



3. DEVELOPMENT LENGTH AND ANCHORAGE

5.1 Development Length of Bars

52  Anchorage Value of Hooks and Bends

6. WORKING STRESS DESIGN i

6.1  Flexural Members

6.1.1 Balanced Section

6.1.2 Under-Reinforced Section

6.1.3 Doubly Reinforced Section

6.2 Compression Members

6.3  Shear and Torsion

6.4 Development Length and Anchorage

7. DEFLECTION CALCULATION

7.1  Effective Moment of Inectia 45

7.2  Shrinkage and Creep"Deflections

LIST OF TABLES IN THE EXPLANATORY TEXT

Table

A Salient Points on the Design Stress Strain Curve for Cgld Worked
Bars

Xizrmax -

B Values of — for Different Grades of Steel

C Limiting Moment of Resistance and Reinforcement Index for Singly
Reinforced Rectangular Sections

D  Limiting Moment of Resistance Factor My j/bd?, N/mm? fq:-r Singli
Reinforced Rectangular Sections

E  Maximum Percentage of Tensile Reinforcement Pyjim l‘ur Singly
Reinforced Rectangular Sections

F  Stress in Compression Reinforcement, fio N/mm® in Duub]}'
Reinforced Beams with Cold Worked Bars .

G Multiplying Factors for Use with Charts 19 and 20

H  Stress Block Parameters When the Neuotral Axis Lies Qutside the
Section

I Additional Fecentricity for Slender Compression Members ...

I Maximum Shear SIress v mm

K Moment of Resistance Factor M/bd?, N/mm® for Balanced
Rectangular Section adi

L  Percentage of Tensile Reinforcement pyow for Singly Run!‘ur-:a-:l
Balanced Section

M Values of the Ratio A/ Auy

Page
183
183

- 183

&

. 1B9

e 213

a8

. 189
189

189
190
190
191
191

213
213

10

10

10

13

101
106
173

89

189



No.

W B =) S U s W R =

e T e T —

Ll s

2R

LIST OF CHARTS

FLEXURE — Singly Reinforced Section

Jex = 15 N/mm?,
Jew = 15 N/mm?,
Sox = 15 N/mm®,
Jee = 15 N/mm?,
Jik = 15 N/mm?,
S = 15 N/mm?®,
Jek = 15 N/mm?*,
Sex = 15 Nfmm",
Jor = 15 N/mm?,
Jee = 20 N/mm?,
Jox == 20 N/mm®,
Jee = 20 N/mm?,
JSe == 20 N/mm?,
Sex w= 20 Nfmm?*,
Jex = 20 N/mm?,
Jex = 20 MN/mm®,
Jox = 20 N/mm?*,

Sy == 250 N/mm?
Jy = 250 N/mm?
Sy == 250 N/mm?
fy =415 N/mm*
Sy =415 N/mm?
Jr =415 N/mm"*
Sy = 500 N/mm®
S5 == 500 N/mm?*

* fy = 500 N/mm?

Sy = 250 N/mm?*
Sy = 250 N/mm?
Sy = 250 N/mm?*
Sy =415 N/mm?®
Sy =415 N/mm"
Sy = 415 N/mm®
JSr = 500 N/mm?
Sy == 500 N/mm?*
fy = 500 N/mm®

de= 5to 30 cm
d = 30 to 55 cm
d == 55 to 80 cm
de= 5 to 30 cm
o == 30 to 55 cm
id == 55 to B0 cm
de 5 to 30 cm
d == 30 to 55 cm
d = 55 to 80 cm

d= 5 to 30 cm

d == 30 to 55 cm
d = 55 to 80 cm
dw 5 to 30 cm
id == 30 to 55 cm
d =355 to B0 cm
d= 5 to 30 cm
d =30 to 55 cm
d =55 to B0 cm

FLEXURE — Doubly Reinforced Section

Sy == 250 N/mm?*,

d-d" = 20 to 50 cm
Sy = 250 N/mm®, d-d* e= 50 to BO cm

CONTROL OF DEFLECTION

Jy = 250 N/mm*
Jy = 415 N/mm®*
Jy = 500 N/mm*

Sz = 250 N/mm*
Sy = 500 N/mm*

AXIAL COMPRESSION

Page

17

.
w18

(R3] 2 l

23
25

29
30
3l

35

s AT

FEw

ol R

e 109
- 110
111

xi



Chart

SO LECSS=EEEY

=&z

42
43

45
47

48
49

51
52
52
55
57
58

61
62

63

63

xii

COMPRESSION WITH BENDING — Rectangular Section —

Reinforcement Distributed Equally on Two Sides

fy = 250 Njmm®
Sy =250 N/mm?
3 = 250 N/mm*
Sy = 250 N/mm*
Sy = 415 N/mm?
[y = 415 N/mm?*
fy = 415 N/mm?
Sy =413 N/mm?
Sy = 500 N/mm?
fy = 500 N/mm?®
fy = 500 N/mm?
_,F;- = 300 N,.fmm'

COMPRESSION WITH BENDING — Rectangular

d'(D = 005
d'|D = 0-10
d'(D w015
d'[D = (-20
d'[D = (405
d'(D == 010
d'/D = (15
"D = (020
d'(D = 005
d'{D = 010
d'{D = (15
d'(D = 020

Section =

Reinforcement Distributed Equally on Four Sides

fy wm 250 N/mm?*
Sy == 250 N/mm?®
f; = 250 Njmm?
Sy =250 N/mm?
Sy m= 415 N/mm?
Sy == 415 N/mm?*
Sy = 415 N/mm?
fy = 415 Nfmm?
Sy = 500 N/mm®
J5 == 500 N/mm*
fe = 500 N/mm?
Sy = 500 N/mm?*

COMPRESSION WITH

Sy = 250 N/mm?
Jf5 == 250 N/mm?*
fy =250 N/mm*
Jy = 250 N/mm?*
fy = 415 Njmm?®
f;. = 4]5 Ni'm.l'l'l.’
Sy =415 N/mm?
Sy =415 N/mm?
Jy = 500 N/mm?
Jy = 500 N/mm?
f; = 500 Njmms
Sy == 500 N/mm?

d'fD = 005
id'fD = 010
d'f{D = (15
d'{D = 20
d'{D = 005
d'fD = 010
d'/D = 015
d'fD = 0r 20
d’ (D w= 0405
d'fD =010
"D = |5
A"/ D == 0-20

BEMDIMNG — Circular Section

d'(D = 005
d'{D = 010
d'|D == (] 5
d'[D = 020
d'[D = 005
d’' (D = 010
d'fD = 015
d'[D = 020
d'[D = 005
d'[D = 010
d'fD = (15
d'{D = 0:20

Values of Py for Compression Members

Biaxial Bending in Compression Members

Slender Compression Members — Multiplying Factor .ﬁ: for ...

Additional Moments

FPage

112
113
114
115
116
117
118
119
120
121
122
123

124
125
126
127
128
129
130
131
132
133
134
135

136
137
138
139
140
141
142
143
144
145
146
147

148
149
150



TENSION WITH BENDING — Rectangular Section —
Reinforcement Distributed Equally on Two Sides

66 Sy = 250 N/mm? d'/D == 015 and 020 ... 151
67 Sy = 250 N/mm* d'[D == 005 and 0-10 ... 152
&8 Jy = 415 N/mm* d'|D = (05 i 153
6  f, =415 N/mm' d'/D = 0-10 . 154
70 J5 = 415 N/mm® d'{D = 015 . 155
71 Jy = 415 N/mm?® gD == 020 es . 156
72 Sy = 500 N/mm"* d'[D w= 005 = i 157
73 Sy = 500 N/mm? d'[D w= (10 wes - 158
T4 Jy = 500 N/mm?* d'/D == 015 . 159
75 Jy = 500 N/mm? d'/D == 020 et b 160
TENSION WITH BENDING — Rectangular Section — Reinforcement
Distributed Equally on Four Sides
76 Jy = 150 N/mm® d'[D = 005 and 0-10 ... 161
(e Sy = 250 N/mm" d'fD =015 and 020 ... 162
8 Jr = 415 N/mm* d'/D = 005 - 163
™ S5 = 415 N/mm? d'[D = (10 i - 164
80 S5 = 415 N/mm?* d'[D == (r15 - - 165
Bl Jfy = 415 N/mm* d'[D == 20 S s 166
82 Sy = 500 Nfmm?® d'[D = 005 167
83 Sy = 500 N/mm?* d'/D = 010 168
B4 Sy = 500 N/mm® d'[D = (15 - - 169
85  f, = 500 N/mm" d'[D = 0:20 i w170
86 Axial Compression (Working Stress Design) o = 130 N/mm® ... 193
87 Axial Compression (Working Stress Design) ow == 190 N/mm®* ... 194
Bg Moment of Inertia of T-Beama 215
£9 Effective Moment of Inertia for Calculating Deflection 216
80 Percentage, Area and Spacing of Bars in Slabs 217
9l Effective Length of Columns — Frame Restrained Against Sway ... 218
x4 Effective Length of Columns — Frame Without Restraint to Sway 219

xiid



Table

No.

o ) s

oo =1 8N Lh

FLU S CBERBEEREBBEBEES

-
=

LIST OF TABLES

FPage

FLEXURE — Reinforcement Percentage, p. for Singly Reinforced Sections

fix = 15 N/mm?
fex = 20 N/mm*
fex = 25. N/mm?
fux = 30 N/mm?

FLEXURE — Moment of Resistance of Slabs, kN.m Per Metre Width-

Jex = 15 N/mm?*
fex == 15 N/mm*
f“ P N}Imi
Sox = 15 N/mm?*
fer = 15 N/mm?®.
fox = 15 N/mm?*
S = 15 Njmm?
Sfoie == 15 N/mm®
fex = 15 N/mm?*
Jox = 15 N/mm?*
fex = 15 N/mm?*
fek = 15 N/mm?*
Jex = 15 N/mm*
Jok == 15 N/mm?
fox = 15 Njmm?®
fex == 15 N/mm?*
Sox = 15 N/mm?*
Jex == 15 N/mm?*
Jfuk = 15 N/mm?
S = 20 N/mm®
Jox = 20 N/mm?*
Jou = 20 Nfmm®
Jex = 20 N/mm?*
Jex = 20 N/mm?
fix = 20 N/mm?*
S = 20 N/mm?
Jex = 20 N/mm?
Jox == 20 Njmm®
Sfex = 20 N/mm*

Sy = 250 N/mm?®
Sy = 250 N/mm?
Jr = 250 N/mm?
Iy = 250 N/mm?*
Ji = 250 N/mm?
fy = 250 N/mm?*
f; = 250 N/mm?
Sy == 250 N/mm*
fy = 250 N/mm*
fy == 250 N/mm®
Sy = 415 N/mm*
Sy == 415 N/mm?*
fy = 415 N/mm®
f, = 415 N/mm?
fy =415 N/mm?*
Jy = 415 N/mm?*
S == 415 N/mm?
Sy =415 N/mm?*
fy =415 N/mm*
Jy =415 N/mm?
fy = 250 N/mm?*
fy = 250 Nfmm?
J5 == 250 N/mm?
J5 = 250 Nf/mm?
Jy == 250 N/mm?
fy = 250 N/mm®
Sy = 250 N/mm?
£, = 250 N/mm*
Sy =230 N/mm*
fy == 250 N/mm?

L1

Thickness == 10-0 ¢m
Thickness == 110 cm
Thickness == 120 cm
Thickness s= 13-0 cm
Thickness = 140 cm
Thickness = 150 cm
Thickness == 17+5 cm
Thickness == 200 cm
Thickness = 22-5 cm
Thickness = 250 cm
Thickness = 10-0 cm
Thickness == 11-0 cm
Thickness = 12:0 cm
Thickness == 130 cm
Theikness = 140 cm
Thickness = 150 cm
Thickness == 17-5 cm
Thickness = 200 cm
Thickness == 22:5 cm
Thickness == 250 ¢m
Thickness = 100 cm
Thickness = 110 cm
Thickness == 12-0 cm
Thickness w= 13-0 cm
Thickness = 1490 cm
Thickness = 150 ¢cm
Thickness == 175 cm
Thickness s 20 cm
Thickness == 225 cm
Thickness == 250 cm

(1]

47

Lex

22883



Table

35
36
£

39
41

42
43

2 823

ae2

A A

L=
=3

JSeu = 20 N/mm?
S = 20 N/mm?
Jex = 20 N/mm?
S = 20 N/mm?
feu = 20 Njmm?
Joe = 20 Njmm?
Sex == 20 N/mm?
fex = 20 Njmm?
Seu = 20 Njmm?
Jex == 20 N/mm?

FLEXURE — Reinforcement Percentages for Doubly

fy = 415 N/mm?
Sy = 415 N/mm?
fr = 415 N/mm?
fy = 415 N/mm?
fo =415 N/mm?
Sy = 415 N/mm?
fy == 415 N/mm?
fr =415 N/mm?
fy = 415 N/mm?
fy = 415 N/mm?

Thickness == 10-0 cm
Thickness == 1140 cm
Thickness = 120 cm
Thickness == 1340 cm
Thickness = 140 cm
Thickness = 150 cm
Thickness == 17-5 cm
Thickness == 20-0 cm
Thickness == 22-5 cm
Thickness = 25490 cm

Reinforced Sections

Jex = 15 N/mm? Jy = 250 N/mm?
fox = 20 Njmm? F = 250 N/mm?
S = 35 Nfmm? Jy = 250 N/mm?
S = 30 N/mm? Jy = 250 N/mm?
Jfex = 15 Nimm? fy = 415 N/mm?
Sox = 20 N/mm? Jy = 415 N/mm?
Sop = 25 N/mm?® fy = 415 N/mm?

fﬂ = 30 Hfﬂmi

Jfy = 415 N/mm?

Sok = 15 N/mm? fy == 500 N/mm?
feu = 20 N/mm? fy = 500 N/mm?
fex = 25 N/mm? fy = 500 N/mm?
S = 30 N/mm? J; = 500 N/mm?

LI Rl

LL 2

LI L]

ﬁ
PP %

77

£33

84
85
86
87

91
92

FLEXURE — Limiting Moment of Resistance Factor, My, iim/bed® fo, for

Singly Reinforced T-beams N/mm®

fy = 250 Njmm?*
fy = 415 N/mm*

Sy = 300 N/mm"

Slender Compression Members — Valoes of P,
Shear — Design Shear Strength of Concrete, 7o, N/mm?

Shear — Vertical Stirrups

Shear — Bent-up Bars

DEVELOPMENT LENGTH

Plain Bars

Deformed bars, fy = 415 N/mm?
Deformed bars, f; = 500 N/mm?

Anchorage Value of Hooks and Bends

LE ]

WORKING STRESS METHOD — FLEXURE — Moment of

Resistance Factor, M/bd*, N/mm? for Singly Reinforced Sections

o == 50 N/mm®
et = 70 N/mm*
Ocho == 85 N/mm*
by == 100 Njmm?

hE

Lo 1]

LR

93

171

178
17
179

184
184
185

195
196
197
198



Table

WORKING STRESS DESIGN — FLEXURE — Reinforcement

Percentages for Doubly Reinforced Séctions

No.

12 Gge = 50 N/mm*
T3 gge = 70 N/mm*
T4 gl = 85 Hfﬂm'
75 oo = 10-0 N/mm®
76 o= 50 N/mm’
7 e = 70 N/mm'
T G = 85 N/mm®
19 Oghe = 10-0 N/mm*

<]

22883 & BEBS

ra8=

2388

o = 140 N/mm*
oy = 140 N/mm*
O = 140 N/mm?
O == 230 H,"IHII"
Wy = 230 Hhﬂn.
Oyt = 230 N/mm?
O = 230 N/mm®

WORKING STRESS METHOD — SHEAR

Permissible Shear Stress in Concrete ., N/mm?

Vertical Stirrups
Bent-up Bars

Ll

WORKING STRESS METHOD — DEVELOPMENT LENGTH

Plain Bars

Deformed Bars — oy »= 230 N/mm?®, 0w = 130 N/mm"
Deformed Bars — o = 275 N/mm?®, ow = 190 N/mm®

Moment of Inertia — Values of bd"/12 000

MOMENT OF INERTIA OF CRACKED SECTION—Values uu(%)

d'/d = 005
d'/d = 0r10
d'/d = (+15
d'ld = 0*20)

L

L1 L]

wa

DEPTH OF NEUTRAL AXIS — Values of n/d by Elastic Theory

d'/d == 005
d'|d = 0-10
d'jd = 0r15
d'[d = 020

Areas of Given Numbers of Bars in cm?
Areas of Bars at Given Spacings

Fixed End Moments for Prismatic Beams
Deflection Formulae for Prismatic Beams

R

Page

199

g

201

BEEER 8 388 BEE BERER

B EEBE

230
231
232



Ae
"'il
As

A

Aw
-'"'llj

L

e
b

L

Emin

Jee

fe

SYMBOLS

= Area of concrete

= Gross arca of section

= Area of steel in a column or in a
singly reinforced beam or slab

= Area of compression steel

= Area of stirrups

= Area of additional
reinforcement

= Deflection due to creep

= Deflection due to shrinkage

— Breadth of beam or shorter
dimensions of a rectangular
column

== Effective width of flangc in a
T-beam

= Breadth of web in a T-beam

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

== Overall depth of beam or slab or
diameter of column or ].:I.l‘%:l
dimension in a rectangular
column or dimension of a
rectangular  column in  the
direction of bending

= Thickness of flange in a T-beam

= Effective depth of a beam or slab

= distance of centroid of com-
pression reinforcement from
the extreme compression fibre
of the concrete section

e= Centre to centre distance between
corner bars in the direction of

depth

= Modulus of clasticity of concrete

= Modulus of clasticity of steel

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

= Eccentricity with respect to
minor axis (yy-axis)

= Minimum cccentricity

= Compressive stress in concrete at

the level of centroid of
compression reinforcement

= Characteristic COMPpressive
strength of concrete

lensile

fer = Flexural tensile strength
{modulus of ruplure) of
concrete

£ == Stress in steel

fie == Compressive stress in steel
corresponding to a strain of
0002

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

4 == Characteristic yi of
/i v yield strength

Jya == Design yield strength of steel
Ty = Effective moment of inertia

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

I = Moment of mertia of cracked
section

Kb =« Flexural stiffncss of beam

Ke = Flexural stiffness of column

i = Constant or coeffieient or factor

La = Development length of bar

|

== Length of column or span of
beam

Jex = Effective length of a column,
bending about xx-axis

Loy = Effcctive length of a column,
bending about yy-axis

M == Maximum moment under service
loads

M, = Cracking moment

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

Mygim = Limiting moment of resistance of
In"i;nglf reinforced rectangular
m

My = Design moment about xx-axis
My = Design moment about yy-axis
My = Maximum uniaxial moment
ity of the section with
axial load, bending about

AX-AXIS



M"
Hu.

= Maximum uniaxial moment

ity of the section with
anal ?uad. bending about
Vy-axis

= Equivalent bending moment

= Additional moment, M, — M

in doubly reinforced beams

M tim = Limiting moment of resistance

LI

Pu

Pe

&r

Ty

L

Fa

xviil

of a T-beam

= Modular ratio

= Axial load

= Axial load corresponding to the
condition of maximum
compressive strain of 00003 Sin
concrete and 0002 in the
outermost layer of tension
steel in a compression member

= Deesign axial load for limit state
design (factored load)

= Percentage of reinforcement

= Percentage of compression
reinforcement, 100 A,./bd

= Percentage of tension reinforce-
ment, 100 -l"lll,er

= Additional percentage of tensile
reinforcéement in  doubly
reinforced beams, 100 A,,,/bd

= Spacing of stirrups

== Torsional moment due to
factored loads

== Shear force

= Strength of shear reinforcement

(working stress design)
== Shear force due to factored loads
-5 of shear reinforcement
%t state design)

= Depth of neutral axis at service
loads

Thd

a

= Shorter dimension of the stirrup

— Depth of neutral axis at the
limit state of collapse

== Maximum depth of neutral axis
in limit state design
= Distance from centroidal axis

of section, neglecting
reinforcement, to extreme fibre
in tension

= Longer dimension of stirrup

= Lever arm

- Angle

= Partial safety factor for load

== Partial safety factor for material
strength

== Creep strain in concrete

= Permissible stress in concrete in
bending compression

= Permissible stress in concrete in
direct compression

= Stress in steel bar

= Permissible stress in steel in

compression

= Permissible stress in steel in
tension

w= Permissible stress 1o shear
reinforcement

== MNominal shear stress
== Diesign bond stress

== Shear stress in concrete
= Equivalent shear stress

= Maximum shear stress in concrete
with shear reinforcement

= Creep coefficient
= Diameter of bar



CONVERSION FACTORS
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Conversely
To Convert irtic Multiply by Hn;up{}r
¥
M) @ ) @
Loads and Forces
MNewton kilogram 0-102 0 3807
Kilonewton Tonne 01020 807
Moments and Torques
Mewton metre kilogram metre 0102 0 9807
Kilonewton metre Tonne metre 0-102 0 o0-807
Siresses
Newton per mm® kilogram per mm?® 0-1020 9807

MNewton per mm? kilogram per cm® 10-20 0-D3E1
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1. MATERIAL STRENGTHS AND
STRESS-STRAIN RELATIONSHIPS

GRADES OF CONCRETE

The following six grades of concrete can
be used for reinforced concrete work as
ﬁﬁﬁ“““ Table 2 of the Code (IS : 456

M 15, M 20, M 25, M 30, M 15 and M 40.

i1

The pumber in the grade designation refers
to the characteristic compressive stren
Jfax, of 15 cm cubes at 28 days, ex in
M/mm?; the characteristic strength being
defined as the strength below which not
more than 5 percent of the test resolts are
expected to fall.

*Code of practice for plain and reinforced concrese
{ third rewisian ).

I.01.I Generally. Grades M 15 and M 20 are
used for flexural members. Charts for flexural
rermbers and tables for slabs are. therefore,
given for these two grades only, However,
tables for design of flexural members are
gn‘mfnrﬂndﬁl-! 15, M 20, M 25 and M 30.

I.1.2 The charts for compreizion 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
yicld stress or 02 percent proof stress)
are as follows:

= S -

Type ef Steel

Mild stee! (plain bars)

Mild steel (hot-rolled delorm-
ed bars)

Medium tensile steel (plain
bars)

Indian Standard

Yield Stress or 2 Percenr
Proaf Stress

mm dia
24 kgfimm? for bars over

IS : 432 (Part I}-IH-E'L 26 kgf/mm?® for bars up to
15 ; 1139-1966¢

20 mm dia

)
IS : 432 (Parl [}-1966% 36 kgfimm? for bars up to
1 20 mm dia

345 kgfimm® for bars over

Medium tensile steel (hot- 15 : 1139-1966% r 20 mm dia up to 40 mm

rofled deformed bhars) dia
J 33 kpfimm® for bars owver
40 mm dia

High yield strength steel (hot- IS : 1139-1966¢ 42°5 kgffmm? for all sizes
rolled deformed bars)

High vwield strength steel IS - 1786-1979% 415 M/mm? for all bar sizes
(cold-twisted deformed 500 N/ mm® for all bar sizes
bars)

Hard-drawn stee] wire fabric IS5 : 1566-19675 and 49 kgfimm?*

IS : 432 (Part II)-1966§
HoTe—51 units have been used in 15: 1T86-1979f; In other Indian Standards, 51 units will be adopted

in thelr nexi cevisions.

*Specification for mild sts=] pnd mediom tensie

bars and hard-draws steed wire for concrete

reinforcement : Part I Mild steel and mediam fensile steel :|'.'d.|".l (seeomd revision],
tSpocification for hot rolled mild sieel, medium tenaile steel and  high yield strengih steel deformed

bars for concrete remnforcement (revised ).

revinka

'.tf)p:ci‘l’u:l.ﬂnn Tor cold-worked steel high sirength daformed bars for concrete redaforcement (recond

§Specification for hard-drawn stesd wire fabric for concrete relafarcement  firre revisfon §,

1Specification  for  mild  shesl
concrete remforcement: Part 1T

and medium tensibe stee] bars and  hard-dra
Hard drawn sisel wire (second revizion). PR Rt
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Teking the above values into consideration,
most of the charts and tables have been

for three grades of steel having
characteristic stre equal to 250 N/mm?®,
415 N/mm? and 500 Nimm‘.

L1 I_.r'rﬁe.m!efbei u.wedl‘nnd.:-
a strength which is a'." ermr_,l"m the
above values, Hnecﬁarrnr.! or the nearest
value may be used and the area of reinforce-
meni r.im.r obtained be modified in proportion
to the ratio of the strengths.

has

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

1.3 STRESS-STRAIN RELATIONMSHIP
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 ag:i:unt with test results [37.1{c)
of the ). Am acceprable stress-sirgin
curve (see Fig. I) given in Fig. 20 of the Code
will form the baris for the design .t!.l'ii'? in this

ication. The compressive strength of con-
crele in the stricture is assumed fo be 67 fox.
With a value aof I'5 for the partial safety

Jactor ym for material sirengih (35.4.2.1 of

the Code), the maximum compressive siress
in concrete for design purpose iz 0446 fx
(see Fig. I).

1.4 STRESS-STRAIN RELATIONSHIP
FOR STEEL

The modulus of elasticity of steel, £, i3
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 0-2 percent proof
stress) of steel is equal 1o fy/ym. With a value
of 1-15 for ym (35.4.2.1 of the Code), the
design yield stress fyy becomes 0°87 fy. The
stress-sirain relat, ip for steel in tension
and compression is assumed to be the same.

For mild steel, the stress is proportional
matrumupmmﬂdpmntandt fer 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

T e

luﬂ“
FRRABCALIC CLT : E
: i
H i |
: s e
!
L) -k &g
ATRAIN
Fic. | DesiGy STRESS-STRAIN CURVE FOR

COMCRETE

rr o . e g e s

\IIHHH CURVE

STREAS

E,= 200000 M/mm'

STRAIN

Fic. 2 STeEss-STRAIN CunveE FOR MIiLD STEEL

be adopted. According to this, the stress
is proportional to strain up to a stress of
08 f;. Thereafter, the ntr:ﬂ—ﬁtram curve is
defined as given below:

Kiress frefasiie sivaie

080 f5 Mil

'[I 3-5 0000 1
507 o000 5

l] 95 fy 0000 7

0975 1 0001 O

1o S o002 0

The stress-strain curve for design purposes is

obtained by mhmtutmg fea for f, in the
above. For two grades of cold-worked bars
with 02 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.

DESIGH AIDE FOR REINFORCED OONCRETE
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TABLE A S5ALIENT POINTS ON THE DESIGN S5TRESS-STRAIN CURYE FOR

COLD-WORKED BARS

| Charse 1.4 )
STRESS LEVEL Fy = 415 Nfmm"* Sy = 500 Nfmme

e ch = i i -

Strain Stress Sraim Siress

(h L (£} 4} (5)
Mfem® M mm?

080 Sy 0001 44 2887 0001 74 478

085 fiu 0-001 63 3067 0001 83 -6

0 fra 0001 42 1248 0002 26 39103

095 fia 0-002 41 3428 0002 77 4130

0575 fea 0002 T 15]-B 0003 12 4139

L fpa 0003 B 3509 o004 17 4348

Mote -~ Linear interpolation may be done for snlepmedate valoes,

DESIGH AlDS FOR REINFORCEDR (I0SNCRETE
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2. FLEXURAL MEMBERS

2.1 ASSUMPTIONS

The basic assumpti 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 neutral
axis.

b) The maximum strain in concreie at
thnufurmnltmmprmlmﬂbmn
0003

¢) The design stress-strain relationshi
grmhmuﬁdﬁmm
|

d) The tensile strength of concrete is
ignored.

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

f) The strain in the tension reinforcement
is to be not leas than

085 + 0002,

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

2.2 MAXIMUM DEPTH OF NEUTRAL
AXIS

ﬁm:npuum (b) and () govern the maximum
depth of neutral in flexural members.
The strain distribution across & member
corresponding to those limiting conditions
is shown mnf’: 4, Thn mnmum depth of
neutral axis Xu, mex is obtained directly from
the strain diagram by considering similar
triangles.
Xy max 0-003 5

d = ({00055 F08 fE)
The values of ﬂ'j-‘ﬁ- for three grades of
reinforcing steel are given in Table B.

TABLEB VALUES OF -"_"-'%

DIFFERENT GRADES OF STEEL

FOR

{Claure 100
Sy Njmm? 250 415 500
"% 0831 0479 0436

2.3 RECTANGULAR SECTIONS

Themmmmpruliw stress block for comcrete
is brmedui?mmalnin
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

——— | ——
0-0035 0: 646 1o
]
¢ 1
& & & @ i—
2874 40002 Sl
DIAGRAM

Figc. 4 SmoLy REINFORCED SBCTION

FLEXURAL MEMBERS



at a distance of 0°416 x, (which has been
rounded off to 0-42 x, in the code) from the
extreme compression fibre; and the total foree
of compression is 0°36 fix bxe. The lever arm,
that is, the distance between the centroid
of compressive force and centroid of tensile
force is equal to (d — 0416 xu). Hence the
upper limit for the moment of resistance of a
singly reinforced rectangular section is given
by the following equation:
Hu.",. ] ﬂ‘!ﬁf;‘t b.-"."mmu
w(d — 0'416 Xpimaz)

Substituting for Xums from Table B and
transposing fia bd®, we get the valoes of
wie limiting moment of resistance factors for
singly reinforced rectangular beams and
slabs, These values are given in Table C.
The tensile reinforcement percentage, Puim
corresponding to the limiting moment of
resistance is obtained by equating the forces
of tension and compression,

Puiim b (087 13) o,
106 036 fa Bxumax

Substituting for X from Table B, we get
the values of py,um fiffex as given in Table C.

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

SINGLY REINFORCED RECTANGULAR
SECTIONS

TABLE C LIMITING MOMENT OF
RESISTANCE AND REINFORCEMENT INDEX

FOR SINGLY REINFORCED RECTANGULAR
SECTIONS
(Clerase 2.3)
[y, N/mm® 150 415 500
Mg, lim riqd9 wl3g 0133
Jox bav
Protim fy 2197 1962 18:87
'k

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. are the maximum

!ﬂfmtr@‘liisih]: percentages for singly reinforced
ions.

TAELE D LIMITING MOMENT OF
RESISTANCE FACTOR M, ;. /bd", Nimm* FOR

SINGLY REINFORCED RECTANGULAR

SECTIONS

{Clause 2.3}
Sy Sy Mimm?
M/ mm# v - )

250 415 500

i5 224 a7 el ||
20 298 276 266
25 373 345 333
il 447 ER L 399
10

{Clause 2.7)

o fy N

W ‘250 415 0
15 1-32 o7 i gk T
20 1-76 g orTé
25 230 1"19 i
30 264 43 1-13
2.3.1 Under-Reinforced Sections

Under-reinforced section means a singly
reidforced section with reinforcement per-
not excesding the appropriate valoe

iven in Table E. For such sections, the
h of neutral axis x, will be smaller than
Xuymas. The strain in steel at the limit state
of collapse will, thersfore, be more than

‘l'%& + 0002 apd, the design siress in
steel will be 0-87 f,. The depth of neutral

axis is obtained by equating the forces of
tension and compression.

P 087 1) m= 0436 fia b X

100
E e (1%] %T%

The moment of resistance of the section is
equal to the prodoct of the tensile force
and the lever arm.

My 220 (047 £ (4 = 0416 x)
—U'ETI.(%) (l—ﬂ‘*ﬂﬁ-‘?

Substituting for = we get

M. = 087, (%)

¥ | P
x [1 = roos £o(f5) e

2311 Chares | to 18 have been
by assigning different values to M,/b and
plotting d versus pr. The moment values in
the charts are in units of kN.m per metrg
width. Charts are given for three grades of
steel and two gr of concrete, namely
M 15 and M 20, which are most commonly
used for flexural members. Tables 1 to 4
cover 4 wider range, that is, five values of
Iy and four of concrete up to M 30.
In these tables, the values of percentage of

reinforcement py have been tabulated against
M,/bd3.

DESIGH AIDS FOR REINFORCED CQOMNCRETE



2312 The moment of resistance of slabs,
with bars of dilferent diameters and spacings
are given in Tables 5 to 44, Tables are given
for concrete M 15 and M 20, wnh
two grades l. Ten different thicknesses
ranging from lﬂ cm to 25 ¢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 23.4.1(d)
of the Code]. In these tables, the zeros at
the top right hand comner indicate the region
where the reinforcement percen

exceed pyjem; And the peros at lower
left hand corner indicate the region where
the reinforcement is less than the minimum
according to 25.5.2.1 of the Code.

Example I Singly Reinforced Beam

Determine the main tension reinrorcement
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

“Assuming 25 mm dia bars with 25 mm
clear cover,
—w= 5625 cm

Effective depth = 60 — 2'5 — 3

From Table D, for f; = 415 N/mm* and
Jex = 15 N/mm?

Mudin/bd® = 207 Njmm?

25

-_lz_i% w (1 000y
= 207 % 100 KN/m®
= 2'07 % 1085d*

56°25
-1-&7:-:]0'}:.&:":( )

= 1965 kN.m
Actual moment of 170 kN.m is less than
Mu.,=. The section is therefore to be designed
as a singly reinforced (under-reinforced)
rectangular section.

MeTHOD oF REFERRING TO FLEXURE CHART

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

Mujb = 51 =567 kN.m per metre width.

*The term “factored moment' means the moment
due to characteristic loads multiplied by the appeo-
priate value of pirtinl safety factor vy,

FLEXUTRAL WEMBERS

Refgrring to Chart 6, corresponding to
Mo b == 567 kN.m and d == 56:25 cm,

Percentage of steel py = E'-E‘- o6

A 06bd 06x30x5625
he Tl | 100

METHOD OF REFERRING T TABLES
For referring to Tables, we need the walue

My
of 1

Afy e 170 % 108

Bdi™ 0% 5625 % 5625 x 100

= 1-7% N/mm?

From Table I,
Percentage of reinforcement, py == (-554
LR n'm“f’;"‘ 625 o 10:02 ¢t
Example 2 Slab
Determine the main reinforcement re-

quired for a slab with the following data:

Factored moment 260 kN.m
per metre
width

Depth of slab 10 em

Concrete mix M 15

Characteristic strength a) 415 N/mm?

of reinforcement b) 250 N/mm?

MEeTHOD OF REFERRING TO TABLES FOR SLABS

Referring to Table 15 (for fy = 415 N/mm?Y),
directly we get the following reinforcement
for a moment of resistance of 96 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 I8 greater.

MeTHOD OF BEEFERRIMG TO FLEXURE CHART
Assume 10 mm dia bars with 15 mm cover,
d == 10 — l'ﬁmﬂ—ﬂum

2
a) For fy = 415 N/mm?®
From Table D, Myn/bd® = 2:07 N/mm*
" ; 100 b
 Mum =207 x 10° x 103 (Im)
= 1325 kN.m

Actual bending moment of 9°60 kIN.m is less
than the limiting bending moment.



Referring to Chart 4, reinforcement per-
centage, P = 04735
ing to Charr 9, provide
8 mm dia at 13 cm spacing
or 10 mm dia at 20 cm spacing.

Alternately,
Ay == 0475 3 100 Hﬁ-:ﬂ! cm?® per
metre width,

From Table 96, we get the same reinforce-
ment as before.

b) For f; = 250 N/mm?
From Table D, My jem/bd® = 2:24 N/mm?*

£ ]
- 3
Mojim = 224 % 10% x 1 :.c(m)

= 14336 kN.m

Actual bending moment of 96 kN.m is less
than the limiting bending moment.
Referring to Chart 1, reinforcement per-
centage, py = (T8

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

2.3.2 Doubly Reinforced Sections — Doubly
reinforced sections are penerally adnEcL:z
when the dimensions of the beam have
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 oblained by providing compression re-
inforcement and additional tensile reinforce-
ment. The moment of resistance of a doubly
reinforced section i thus the sum of the
limiting moment of resistance Meum of &
singly reinforced section apd the additional
moment of resisténce M., Given the values
of M, which is greater than M,j, the value
of My, can be calculated.

My = My — Mujim

-——b—- i

The lever arm for the additional moment of
resistance is equal to the distance between
centroids of tension reinforcement and com-
reinforcement, that is (d -d") where
d" is the distance from the extreme mmpru-
sion fibre to the centroid of com
reinforcement. Therefore, considering lhr.
moment of resistance due to the additional
tensile reinforcement and the
reinforcement we get the following:

Myy = Ay (087 f3) (d — d7)
also, My, = Aw(fic — J) (d — &)

where
Asz 15 the area of additional tensile rein-
forcement,
Aw 18 the area of compression reinforce-
ment,
fie is the stress in compression reinforce-
ment, and )
Sfee 15 the compressive stress in concrete at
the level of the centroid of compres-
sion reinforcement.

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

Awe (fie — for) = Aus (087 f;)
Any two of the above three equations may
be used for finding Au, and A.. The total
tensile reinforcement 4, is given by,

-"fil = Pi.lim -lﬁ =+ -"!lh
It will be poticed that we need the values of
fie and f. before we can calculate As.
The approach given here is meant for design
of sections and not for apalysing a given
section, The depth of neutral axis is, therefore,
taken as equal to Xu,max- As shown in Fig. 5,
strain at the level of the compression reinforce-

. _ &
ment will be equal to nums[a- )

0- 0035

l——illl

b o[e o ! ;
B r' 0-0035 (1- ——)
d . e

0-87f

——L,0.002

STRAIN DIAGRAM

Fig. §
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For values of d'/d up to 0-2, fi i5 tqual Lo
0-446 fu; and for mild steel reinforcement
fie would be equal to the design yield stress
of 0-87 f.., When the reinforcement 8 cold-
worked bars, the design stress in com i

reinforcement fi. for different values of
d'fd up to 0-2 will be as given in Table F.

TABLE F STRESS IN COMPRESSION
REINFORCEMENT fie, Mimm?® IM DOUBLY

REINFORCED BEAMS WITH COLD-
WORKED BARS
[Clamse 2.3 2)

h d'jd
Mimm?® ’ e "
005 g i} L ] 030
415 155 353 342 s
50 424 412 355 170

2.3.2.1 Au, has been plotted against (d -d")
for different values of M, 10 Charts J9 and
M. These charts have been prepared for
Si=217-5 M/mm® and it 15 dtre:tl;' aplph-
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 muoltiplying the value read
from the chart thr. factors gwm in Table G.
The mthipIJ.r:mE for Aw, given in
this Table, are based on a value of f;- corres-
ponding to concrete grade M 20, but it can
be used for all grades of concrete with little
error,

TABLE G MULTIFLYING FACTORS FOR
USE WITH CHARTS 19 AND 20

Clause 2.3.2.1

Facronr FacTor FoR A, FOR a"/d
1/ rum® FoR S, "
Ay 005 000 @15 020
250 o 14 104 1404 104
415 s 061 063 065 068
50N oS 52 04 0% 06D

2.3.2.2 The expression for the moment of
resistance of a doubly reinforced section may
also be written in |.g-: following manner;

Mo = Mo + 2250 087 £) (@)

My Mutn 1 d’

b= g+ fsovn(1-7)
where

piy is the additional percentage of tensile
reinforcement.

Prv= Prles + g

w=m[ 2% ]

FLEXLURAL MEMEERS

The values of py and p. for four values of
ﬂd‘ up to 02 have been tabulated against

..n'bdfin Tables 45 to 56. Tables are given
for three grades of steel and four grades
of concrete,

Example 3 Doubly Relnforced Beam

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

Size of beam 3D x 60cm

Concrete mix M5

Characteristic strength of 415 N/mm®
reinforcement

Factored moment 3120 kM.m

Assuming 25 mm dia bars with 25 mm
clear cover,
253

d=»68) - lﬁa—--z- = 56-25cm

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

Mutim/bd* =207 N/mm?* = 2-07 x 10 kN/m*
. Mulim=207 »x 107 bd®

—E'W'xll}":-f% 5625 * Ef-{ié
= 1065 kN.m
Actual moment of 320 kMN.m is greater

than My iim

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

Reinforcement from Tables

M, 320 :
bt = T¥x(0-562 3y ige =3 7 Nim*
&ld - (%} =007

Mext higher value of d°/d = 01 will be used
for referring to Tables,

Referring to Tabie 49 corresponding 1o
M,/bd® = 337 and fg, G
o= 1117, p. = 0418
Aw = 153°B5 cm®, e = 7-05 cm®

REMNFORCEMENT FROM CHARTS
(d=d") = (5625 — 375) = 52'5 cm
Muy = (320 — 196°5) = 123-5 kKN.m
Chart is given omly for f; = 250 N/mm?:

thersfore uz= _E'ﬁﬂ'rf 2% and modification
factors according fo Table .

Referring to Charr 20,
Awy (for f; = 250 N/mm®) = [0*7 cm?

13
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diag == 1T % 060 =' 642 cm®
Ay == 10°T % 063 = 674 cm®

Referring to Table E,

Pl -ﬂ.n 56 10

Ansi = 072 % 223 % 30 _ 1515 0t

Aw = 1215 4 642 = 1557 cm®
These valoes of Aw and Ae are comparable
to the values obtained from the table.

2.4 T-SECTIONS

The moment of resistance of @ T-beam can
be considered as the sum of the moment of
resistance of the concrete in the web of width
B anirﬂm contribution due to flanges of
width by,

The maximum moment of resistance is ob-
tained when the depth of neutral axis ul | —"
When the thickness of flange is small,
that is, less than about 0-2 d, the Hrtﬁ-mthu
flange will be uniform or pearly uniform
(ree Fig. 6) and the centroid of the compres-
sive force in the fange can be taken at D2
from the extreme compression fibre. There-
fore, the following expression is obtained for
the limiting moment of resistance of T-heams
with small values of Dy/d.

Mujim,t = Mujimwes -+ 0446
w the—bo) De [ 4 — 92
\ 1)

where M, tio,w
w36 fa DXy, mas (d— 0416 X maz)-
TheaquuunpmmE—J.?nFthuﬂndumthu

e . e __di_ i
EIME A5 -IDIJ‘"I"I.T, wilh I.Il: DUIIETICAIS TOUDoD

o being .;..T"a"?"i;’ ool ok
tl:;::;!lmt greater than Dy, With this modifica-
.H-.n-,r - Mt + 0446 fa
% (Br - bu)pr (ﬂ' -~ % }
Dividing both sides by fux be %,

H-,.h_m."l' H‘!H!ﬁ

Tabed® & fabued ';
(-5 -2)
where

M & Xusmaz su Dt
?__0157-. + D63 5

T

Fr Dy
e e 3

Using the above expression, the valees
of the moment of resistance factor
Mo pimtific buid® for different values of befbs
and D¢/d have been worked out and given in
Tables 57 to 59 for three grades of steel.

2.5 CONTROL OF DEFLECTION

25.1 The deflection of beams and slabs
wnuld generally be within permissible limits

Foilhe rniin AF srnn b aFacdtiem desilh AF e
Ii Rl L W & 0 10 SOSCayT W REREY BAR R

member does not exceed the values obtained
in accordance with 22.2./ 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 02 d, the above Continuous 26
ﬂpremmisummmm“th:m Cantilever 7
r b' e
L 0-0035 0-&iB 1,
: / =
I O - |
| 1
a
1 LR B N i'r— I—.--
0871,
— ~.0-002

STRAIN DIAGRAM STRESS DIAGRAM

Fig. & T-BpcTios
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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 In normal designs where the reinforce-
ment provided is equal to that required from
strength considerations, the basic values of

to effective depth can be multiplied by

appropriate values of the modifying
factors and given in a form suitable for direct
reference. Such charts have been prepared
as explaincd below:

a) The basic span to effective depth ratio
for simply supported members 18 multi-
p!l:d by the modifying factor for ten-
gion reinforcement (Fig. 3 of the Code)
and plotied as the base curve in the
chart. A separate chart is drawn for
unhnﬂmde of steel, In the chart, span

ive depth ratio is plotted on
the wvertical axis tensile
reinforcement percentage is plotted on
the horizontal axis.

b) When the tensile reinforcement ex-
coods py,im The section will be doubly
reinforced. The percentage of compres-
sion reinforcement is proportional to
the additional tensile reinforcement
{(Pr — Pr.iim) 83 explained in 232
However, the value of prie and p
will depend on the grade of concrete
also. Therefore, the values of span to
effective depth ratio according to base
curve i modified as follows for each

grade of concrete:
greater  than

1) Fm' values of p

ap priate  value  of pylim,
uf II:'p. Ptalim) i85 cal-
then the percentage of
mmpu’miun reinforcement pe re-
quired is calculated. Thus, the
value of p; corresponding to a value
of py ia obtained. (For this purpose
d'/d has been assumed as 0-10 but
the chart, thus obtained can gepe-
rally be used for all 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 i3 multiplied
by the modifying factor for com-
pression reinforcement from Fig. 4
of the Code.

3} The value obtained above is plotted
of the same Chart in which the base
curve was drawn earlier. 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 MEMEBERS

'.I"“PP'-"TT'?‘]
h:r.rthmlﬂm,un\ralm
:hnul:l be multiplied by the factor
(10jspan in metres). For continuous spans
or cantilevers, the values read from the charts
are to be modified in proportion to the basic
vialues of to effective depth ratio. The
multiplving factors for this purpose are as
followrs:

Continuous 1-3
Coniorey 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
ensure that they do not excesd permissible

254 For beams, the Code recom-
mends that the values of span to effective
depth ratios may be determined as for rectan-
mﬂnrmtlnns,mhpztmﬁefn]lnwh;mnm—
fications

a) The reinforcement percentage should
hhaudnnthnmhdwhﬂunfuﬁng
the charts,

b) The valoe of span to effective depth
ratioc obtained as explained earlier
should be reduced by multiplying by the
following factors:

be/by Factor
1-0 10
2333 B
_For intermediate values, linear interpols-
fion may be done.

MHom — The above method for flanged
may eometimes give apomalom results. 11 the
ar: ignored and e iy considersd a8 &
section, the value of span o effective depth ratio thus
obtained ( of reinforcerment being based
on the area bed) ﬂmhmthauh:tdu.

2.5.5 In the case of twp way slabs supported
on all four sides, Ihewﬁ.mter span should be
considered for the of caleulating the
zpan to effective depth ratio (zee Note 1 below
23.1 of the Code),

2.5.6 In the case of flat slabs the longer span
should be considered (30.2.] of the Code).
When drop panels conforming to 30.2.2 of
the Code are not provided, the values of span
to effective depth ratio obtained from the
Charts should be multiplied by 0-9.

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 |, as a simply suppor-
ted beam over a span of 75 m

beams

15



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

¢} Slab of Example 2, as a continuous
slab spanming in two directions the
shorter and longer spans being, 2-5 m
and 35 m respectively, The moment
given in Example 2 corresponds to
shorter span

. Span
a) Actual ratio of Effeciive depth
7-5 .
= Esyiooy = 199
Percentage of tension reinforcement
required,
=00

Referring to Chart 22, value of Max (S—F;FL}
corresponding 0o g = 00, i3 22°2,

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

Span

b} Actual ratio of Effective depth

40
~ (sg3500 ) = 711
Percentage of temsile reinforcement,

mo= 10117
Referring to Chart 23,

Max value af{ﬂ} = 24
qf

For cantilevers, values read from the

Chart are to be multiplied by 0-35.

- Max value of ]
I,I'ﬂr for } =210 xl35=T715
cantilever J

16

.". The section is satisfactory for control
of deflection.

: Span
c) Actual ratio of Effective dept

a-5 2
(for slabs spanning in two directions,
the shorter of the two is to be con-
sidered)
(i Forfy = 415 N/mm?

P = 0-475
Referring to Charr 22,
Span )

Max ( ; ) =236

For continuous slabs the factor

obtained from the Chart should be

multiplied by 13,

S, Max EP;" for continuous zlak

=236 » 1'3 = 3068

Actual ratio of span to effective depth is
slightly greater than the allowable. Therefore
the section may be stightly modified or actual
deflection caleulations may be made to as-
cerfain whether it is within permissible limits.

(i) Forfy = 250 N/mm®
Py == 078

Referring to Charr 2/,

Max (5':-:5) = 31}

J. For continuous  slab,

s
Max _Ei—“ = 313 % 1'3 w 4069
actual ratio of span to effective depth is
less than the allowable wvalue. Hence the

section provided is adequate for controlling
deflection.
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Chart 2 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Width
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Chart 4 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Metre Widih

f,5= 15 N/mm

f, =415 N/mm’
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Chart & FLEXURE — Singly Reinforced Saction
Moment of Resistance kN.m per Metre Width
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Chart &€ FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Widih
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Chart 7 FLEXURE — Singly Reinforced Section

Momen! of Resistance kN.m per Metre Width
fy =500 N/mm' feu=15 N /mm
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Chart 8 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Width
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Chart 8 FLEXURE - Singly Reinforced Section

Moment of Resistance kN.m per Meire Width
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Chart 11 FLEXURE — Singly Reinforced Section
Moment of Resistance KN.m per Meire Widih
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Chart 12 FLEXURE — Singly Reinforced Section
Momenl of Resistance kN.m per Metre Width
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Chart 13 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Metre Width
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Chart 15 FLEXURE — Singly Reinforced Section
Moment of Resistance kN.m per Metre Width
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Chart 16 FLEXURE — Singly Reinforcad Section

Moment of Resistance kM.m per Melre Widlh
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Chart 17 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Meire Width
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Chart 18 FLEXURE — Singly Reinforced Section

Moment of Resistance kKkN.m per Metre Width
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Chart 18 FLEXURE — Doubly Reinforced Section
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Chart 20 FLEXURE — Doubly Reinforced Section
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Chart 21 CONTROL OF DEFLECTION
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Values for ieffective jo given in this chart are for simpl ried spans
For spang nT:rn'Iﬂ m, mul?pﬁ?‘lf:lﬁl’llﬂ by i0/span in metres. il e R b 10,
For continuous besm or slab, multiply the valiae for simply supported condition by 1.3,

For cantilevers up to 10 m, multiply the value from the chart by 0.35,

Far gantilevers over 10 m_ ihis chari s not valld,




Chart 22 CONTROL OF DEFLECTION
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Values of Span/effective matio in this chari are for simply supported spani wp to 10m,
Fnrmuwulﬂu.nﬁ#rm by 10/span in metres.

For contizsous beam or slab, multiply the value for simply supported condition by 1.3.

For cantilevers up to 10 m, multiply the value from the chart by 0.35,
For cantilevers gwer 10 m._ this chart in not walid.
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Values of spanjeffective depth ratio given in this chart are for simply supported spans upto 10 m.
For spans over 10 m, multiply the valaes hy 10/span in metres.

For continuoos beam or slab, multiply the valoe for simply supportsd condition by 1.1.
For cantilevers up to 10 m, multiply the value from the chart by 0.35,
For cantilevers over 10 m, this chart is not valid.
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TABLE 5 FLEXURE — MOMENT OF EESISTANCE OF SLABS, kN.m
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3. COMPRESSION MEMBERS

3.0 AXIALLY LOADED COMPRESSION
MEMBERS

All compression members are o be designed
for a minimum eccentricity of load in two
principal directions. Clause 24.4 of the Code

ifies the following minimum eccentri-
city, emi for the design of columns:

P“““--__f}ﬂ'lr % subject to a minimam of

2 cm.
whers

I is the unsupported length of the column
[see .?-F.I..Tpg}ntm Code for definition of
unsupported length), and

Dis the lateral dimension of the column
in the direction under consideration.

After determining the ecoentricity, 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
membeis by the following equation:

Poualrd fis, Ae 4067 fy Au

where

P15 the axial load (ultimate),
Az 15 the area of concrete, and
Ase 15 the atea of reinforcement.

The above equation can be wrillen as

pA 671, P
P. -l}-dfﬂ(.-ll——m;)+ﬂﬂj; el

where

Aqg is the gross area of cross section, and
P is the percentage of reinforcement.

Dividing both sides by A,,

Pu . Py P

A"."“f“‘('“lm) M”’im
. [ ; .

- rd fx + I_UU{ﬂﬁTL — 04 )

Charts 24 to 26 can be usad for designing
short columns in accordance with the above
equations. In the lower section of these
charts, P./4; has been plotted against
einforcement  percentage p for  different
grades of concrete. If the cross section of
the column is known, P./4; can be caloulated
and the reinforcement percentage read fiom
the chart. In the upper section of the charts,
PyjAy is plotted against £, for various values
of Ag. The combined use of the upper and

COMPRESSION MEMBERS

lower sections would eliminate the need for
any calcolation. This s wreful
as an aid for deciding the sizes of columns
at the preliminary design stage of multi-
storeyed buildings.

i

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 N/mm*
reinforcement

Unsupported length of 0 m
colummn

The cross-sectional dimeasions required will
depend on the percentage of reinforcement.
Assuming 10 perceat reinforcement and
referning to Chare 25,

Required cross-sectional area of column,
A, = 2700 cm?
Provide a section of 60 x 45 cm.

Area of reinforcemant, A; = 10 x ﬁi]:g“i:j

= 27 cm*

We have to check whether the minimum
eccentricity to be considered is within 0005
times the lateral dimensions of the column.
In the direction of longer dimension,
{ oD
Emin == 00 + 0
0102

= e

0 + g%— o= 06 ¢ 270 == 26 cm
OF, Cmin D = 26/60 = 0r043

In the direction of the shorter dimension,
30x 10t 45
500 30
= 2'] cm
Of, Emin/D = 2°1/45 == 0-047

-6 173

Elﬂ‘ k-1

Ths minimum eccenfricity ratio is less than
0-05 in both directions. Hence the design of
the section by the simplified method of 35.3
of the Code 15 valid.

32 COMBINED AXIAL LOAD AND

UNIAXIAL BENDING

As already meationsd in 3., all com-
pression members should be designed for



minimum eccentricity of load. It should
always be ensured that the section is designed
for & moment which is not less than that due
to the prescribed m¥inimuom eccentricity.

321 A fode—Assumptions (a), (e},
{d) and (¢) Tor fexural members (see 2.1)
are also appli i by

to combi axial load and bending. The
assumption (b} that the maximum strain
in concrete al the outermost ion

compressed edge to zero at the opposite
edge. For axial com ion, the
strain is assumed to be wniformly equal
td (002 across the section [see 38./(a) of the
Code]. The strain distribution lines for these
two cases intersect each other at a depth of
%ﬁ-ﬂﬂm the highly compressed edge. This

point is assumad to act as a fulcrum for the
strain distribution line whea the neutral
axis lies outside the section (ree Fig. 7). This
leads to the mssumption that the strain at
the highly compressed edge is 0-003 5 minus
013 times the strain at the least compressed
odgo [see 38.1(b) of the Code).

-

\-HlnHw CHMPRESSED
EDGE

i} o — -
i
] ] T
s % a|s & =
[ ™
» ™
b . ™
i w
™ . ™ ™ -
§ H
CENTRODAL AXIS Y

ith ROW OF REINFORCEMENT

STRAIN DIAGRAMS
0- 0035

Meutral axls
within the ssction

0- 0035

0- 02 Neutral axis

outside the section

Fig, 7 Cosepen Axial Loap anp Unpooar Benping
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322 OStress Block Parameters When the
Newtral Axiy Lies Outalde the Section — When
the neotral axis liss ootide the sacton,
the shape of the stress block will be as indi-
cated in Fig. B The streas is uniformly

. il
0446 fig for a dutl.unnnf—.? from the highly

compressed edge because the strain s mofe
than ¢-002 and thereafter the stress diagram
is parabolic,

ik I
L!_' L : L] [ ]

-0 002
.—-r""'-'--"---- STRAIN DIADRAM

0-iist,

BTRESS DLAGRAM

Area of stress block
- 0446 fur D — %(;hn)

= 0446 fu D — 5= gD
- vt [ ()

The centroid of the siress hlock will be
found by taking moments about the highly
compressed edge,

Moment about the highly compressed edge
~ 0446 u D (5 ) - 5 2D

o+ 3(32)

— 086 fu 2 L

49

TABLE H STRESS BLOCE PARAMETERS
WHEN THE NEUTRAL Aﬁ_uﬁ OUTSIDE

THE
{Clomese 3.2.2)

kam T Axns oF STaem  DoTamnce oF CENTRSID

o RO HygHLY

Cowrsgsisn Eoca

1)) (2 k)]

100 0361 fok D ordi6 D

105 o374 fax D o432 D

1-10 rii4 fee D tr441 D

120 0399 e D 452 D

1-30 409 fek D o468 D

14 0417 e D 475 O

1-50 ri22 fx D 480 D

200 0415 e D 491 D

80 0440 fo D 0494 O

300 Ordd? fx D 497 D

400 i for D o435 D

Homa — Values of stress block pammeters have
bmuhﬁ“ﬁwdwﬂ#;phiﬂhﬂm
tica only. For comstruction of kntersction
i:mm adesabe to consider valaes of k ap to
B -

3.23 Construction of Interaction

charts for combined axial compression
and ing are given in the Torm of intar-
action disgrams in which curves for Po/bDfx
varsus M /bR fu are plotted For different
wvalues of pifu, where p 15 the reinforcement

—



ER-EN) Fiﬂuﬂuﬂlﬁuh n*ﬂulmn-
presaion points ] L]
nfhtﬁumnmuhm?nﬁdmmm

Py 0446 fabd + 007 (fu — 0:446 f)

Eﬁ' - u-mi+ﬁ§.; (fre — 0446 fia)

where

ft“uﬂmﬁ'ﬂlﬂmlﬂﬂﬁﬂwfﬂﬂ‘
ponding to a strain of 0002

The second term within parenthesis mpm-
senls the deduction for the concrete
by ihe reinforcement bars. This term is
usually neglected for convenience. However,
as & better un.lmmtﬁ;}ﬂ}l!m
corresponding to concrete as
been used in the present work, so that the
:m:n‘ is negligibly small over "Ehc range of
mixes normally osed, An accurate
mnnldenunu of this term will necessitate

W of Charts for each
of concrete,
worthwhile,

15 not considered
7232 When momenis are also
acting in addition to axial load, the points
for plotting the Charts are obtained by
mmﬂduﬁumlpnmmarmumlm
For position of neutral axis, the strain
distribution &cross the ssction and the

ﬂtﬂ'ﬂml: rs5 are determined as

mﬁmmﬁmiﬂmnmin-
I'mmmntlm also calculated from the
known siriims. Thereafter the resultant axial
force and the moment abowt the cantroid
of the section are caleulated as follows:

a) When the neutral axiv Her outglde rhe
section

Fu Fmdumlhtmﬂrﬂhh

forcement in the fth row;
Ju = stress in the ith row of mnfmm—

munsmnmum

Ja == siress in concrete at the level of
the fth row of reinforcement: and
n == pomber of rows of reinforcement.

The above expression can be writien as

Fa
jatp =G+ 2 o0 o U= fed
i

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

M.-c,j;..m{-f_c,ﬂ,)

+ 2 B2 Ut — fu
I'-I

where

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

¥ isthe distance from the cantroid of the
section to the fth row of reinforce-
menl; positive towards the highly
compressed edges and negative to-
wards the least compiessed edge.

Dividing both sides of the uaALion
e eq by

.I';;;Eﬁ - 'CJ: {&S-C,}
n
+ 27l o~ (5)
fem]

by When the nmewtral axizs lex within the
Fection

In this cass, the stress block parameters
are simpler and they can be directly i

ted into the expressions which are otherwise
same as for the earlier case. Thus we get the
following cxpressions:

Py P
i =oeh+ 3 s

M,
JaBD— = 036k (05 — 0416 k)

+ éﬁm - (%)

fom ]

where
k = Depth of neutral axis
T A
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An approximation i3 made for the value
of foi for M20, as in the case of 3.2.7.1. For
circilar sections the procedure 1% same as
above, except that the stress block para-
meters given earlier are not applicable;
heoce the section is divided into strips and
summation i dons for determining the
forces and moments duee to the stresses in
concrets,

2.2.3.3 Charts for compression with

Charts for lar sections hav-e l:em
given for reinforcement on two sides (Charls
27 to 38) and for reinforcement on four
sides (Charts 3% to 50}, The Charts for the
latter case have been prepared for a section
with 20 bars equally distriboted on all sides,
but they can be used without significant
error for any other number of bars (mrester
than B) provided the bars are distributed
equally on the four sides, The Charts for
circular section (Charis 37 to &) have been
prepiared for a section with 8 bars, but they
can generally be used for sectionms with any
number of bars but not less than 6. Charts
have been pgiven for three prades of steel
and four walues of &@°/D for cach case men-
tioned above,

The dofted lines in thess charts indscate
the siress in the bars nearest 10 the fension
face of ithe member. The hne for G =10
inddicates that the neutral axis lies along the
outermost row of reinforcement. For points
Iving above this linge on the Chari, all the
bars in the section will be in compression.
The lme for fix = fu indicates that the
outermast tension reinforcement reaches the
design yield strength, For points below this
fre, the outermost tension reinforcement
undergoes inelastic deformation while succes-
give inmer rows may reach a stress of fla.
It should be noted that all these stress

are at the failure condition corresponding
to the limit state of collapse and not at work-
ing loads,

F.2.34 Chartr for tention with bending —
These Charts are extensions of the Charts
for compression with bending, Ponts for
pletting these Charts are oblained by assum-
ing fow values of & in the expréssions given
earlier. For the case of purely axial tension,

. %‘1 (057 £}
A

atp =T CEN

Charts &6 to 73 are given for rectangular
sections with reinforcement on two gides
and Chartr 76 to 85 are for reinforcement
on four sides. It should be noted that thess
charts are meant for strength calculations

COMPRESEION MEMBERE

oaly; they do not take into account crack
comirel which may be important for tension
member:.

Evample & Sguare Columr with Uniaxial

Determine the reinforcement to be provided
in & square column subjected to uniaxial
bending, with the following data;

Sz of column 45 w 45cm
Concrele mix M 25
Characteristic strength of 415 N/'mm?
reinforcement
Factored load 2 500 kN
{characteristic load
multiplied by y¢)
Factored moment 206 kM.m
Aifd ft af
reinforcement: {a] On two gides

(%) On four sides

{Assume moment due to minimum ecceniri-
¢ity to be less than the actual momeni).

Assuming 25 mm bars with 40 mm cover,
d" =40 - 12'5 == 52-5mm = 525 ¢m
'] D m= 575145 w12

Charts for a'/D) = 015 will be used

Fu Lotz 2 500 w 102 e
Fa bD — w45 w 45 % q00 04
Hu.__ e, 200 s J0R e OOR8
Foblp = 25%45 x45 x 45 % 103

a) Reinforcement on two sides,
Referring to Chart 33,
Pl = 002
Percentage of reinforcement,
o= 00 o 35— 1-33
Ay = p B0 = 225 = 45 = 45100
= 4556 cm?
b} Reinforcement on four sides
from Charr 435,
! ok = o-10
Pjﬁ = I % 25 =25
Ay = 25 w 45 » 45100 = 50053 cm®

Example 7 Circular Column with Dwiaxial
Bending

Defermine the reinforcsment to be pro-
vided in a circular column with the following
data:

Dijameter of column 50 om

Girade of concrete % el

Characteristic strength 230 N/mm?* for

of reinforcement bars up to
20 g
240 Nimm® for

bars oOver
20 mm ¢

103



I 600 kN
125 kM.m

(a) Hoop reinforcement
(b} Helical reinforcement

(Azzume moment due fo mimmum eceentri-
city fo be less than the actual moment),

Agsuming 25 mm bars with 40 mm cover,
A w4l 12°3 = 523 mm = 525 cm
d' ([ - 32550 = 0-105

Charts for /D = 010 will be used.

(a) Column with hoop reinforcement

Po 1600100
JaDF T F x50 xS0 k108

M, 125 % 108 o5
G Hxox0x0xiz—00

Referring to Chart 52, for f, = 250 N/mm?
Pl e= BT
pow 0487 x 20 = 174
Ay = pr D00
A = FITT'H' WK 50 = wﬂm-!ﬂﬂﬁ chy?

For fy = 240 N/mm?,
Ay = 16 % 250/240 = 3558 cm?

(b} Column with Helical Reinforcement

According to 38.4 of the Code, the strength
of a4 compression member with helical re-
inforcerment is 1°05 times the sirength of a
gimilar member with lateral ties. Therefore,
the given load and moment should be divided
by 1-05 before referring to the chart.

Hemce,
P

fo BF T

M. ,
b e T T
From Chart 32, for f, = 250 M/mm?,
plfa = 0078
Jo= 0T w20 e 1056
Ayo= 1056 % x50 w0 50400
= 30-63 cm*
For fy = 240 N/mm?, A, = 30-62 x 250/240
= 3151 cm®

According to 3847 of the Code the ratio
of the volume of helical reinforcement to the
volume of the core shall mat be leas than
036 (Agfds — 1} fu Iy where Ay i the
gross area of the section apd A: is the area
of the core measured to the outside diameter
of the belix, Assuming 8 mm dia bars for the
helix,

032
103
003

= (305

104

Core diameter = 50 -2 (40 — 0°E)
= 436 cm
Ay == 02436 = 1'313

0°36 (Aglds — 1)
L oa ﬂ;m,rm

Volume of helical reinforcement
Vislume of core

_ Aam (428) 009 Ao
Em-s-:l a, o

where, 4 15 the area of the bar forming
the helin end m is the pitch of the helix.
In order to satisfy the codal requirement,

00% Awis 2 00091
For 8 mm dia bar, 4,5 = 0-503 cm®
" 009 = 0-503
0091
& 497 em

3.7 COMPRESSION MEMBERS SUB-
JECT TO BIAXIAL BENDING

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

Mu:_ oy M:j )mn =
() + () = o
‘whers

M, Myy are the moments about x and y
axes respectively due to design loads,
My My, are the maximum unizxial
moment capacities with an axial [oad
Fo bending about x amd ¥ axes res-

pectively, and

o is an exponent whose value depends on
FPyFy  (sre table below) where

Pog w043 fow Ac + 073 15 Ay

Pu_llpu: ﬂ:n

02 10

20k 20
For intermediate walues, lincar interpo-

lation may be dome, Chert 63 can be used
for evaloating Py,

For different walwes of Pu/Pee, the appro-
peiate walue of ocs has been taken amd curves
frr the eguoation

Mo }uc.. (ﬁ)iu L,
( ) (g 10 have been
plotted in Chart 64,

TESLGN AIDS FUR REINFORCETDy CONCRETE .



Sire of column 40 = G em

Characte strength mm
of reinforcement

Factored load, Py 1 600 kM

Factored moment acling 120 kN
grmmﬁum'ﬁ

ot Tttt 90 kN
paralle] to the shorter
'ﬂj-wll H:l:r

Ar a first triml assume the peinforcement
percentage, pe1-2

Plfa = 1-2/15 == 0008
Uniaxial moment capacity of the section
about xx-axis:

41D -%_nmws
Chart for &'/ D = 0]l will be used.
Pulfis BD = 1500 X 108

T3 % 80 % 60 = T =

Referring to Chart 44,

Mgy = 0-0% % 15 » 40 3 60% > 10°/10*
= 1944 kN.m
Uniaxial moment capacity of the section
about yy-axis:
515
(D = e 00131
Chart for /D = 0°15 will be used,

Referring to Chart 45,
Maff bD* = 0-083

Muyy = 0083 = 15 % 60 x40%x 10%/10%
w1552 kN.m

TS p—
eferring to oo ng to
p o 112, fy = 415 and fox = 15,

Pa _ 103 Nfmm?

Ay
S Peg owm 1073 Ay e 1073 K 40 x 60 X
108100 kN
- 24T kN

COMPRESSIDN MEMBERSR

- 12 o

- f?ﬂg - 0617
;:T i Tg_lﬂ.-nrm

Referring to Chart &4, the permissible value
ut';'—mmpmdingtuuu-hnn values
=y

M, s .

The actus] value of 0-617 is i
ummmmmmﬂﬁm
This can be made up by slight incresse in
reinforcement,

e 12 x 40 = 60 T p—
12 bars of 18 mm will give A,=30-53 cm®
Reinforcement percentage provided,

P M'ﬂ::lm - 127
With this percentage, the section be
rechecked as follows: -

Pif == 1'27/15 = 0084 7

Referring 1o Charf 44,

My :

Mugy = 0095 % 15 » 40 60 x 10%/104

= M52 kN.m

Referring to Chart 45
My
7 e
Myuyy == 0083 % 15 x 60 x 407 ¢ 10°/10°
= |22-4 kN.m
Referring to Chart 63,

Pox

— o [0 W x

Fa faiTiid

Py o= 104 % 60 x 40 = 109100
w2 496 kM

PPy = i_—% e ()i

Mo Mz, = %f'ﬂ-n-m

Muf My, = oac = 0735

Referring to Chart 64,

Corresponding to the above valoes of

Moy Fu g
M, and P the permissible value of
Mux

— is0-6.

Henece the section iz 0K,

105



34 SLENDER COMPRESSION
MEMBERS

When the slenderness ratio % or "'“' —— of
ampmmnu nml::r umdi iz, !t is
considered ©0 DE @ siender wmprn:mm

mtmber[m.?”i'uflhrtndt I and Ly
being the effective lengihs with respect 1o
t'h:majuriﬁnmduﬂqurnmmﬁpmﬂiﬂ}'
When l:mnpmmn nmmhermdmdn:wnh
respect o ibe major axis, an additional
moment My given by the following eguation
modified az indicated laterd shouold be
'llhniulﬁlnmuntmlih:den{ﬂ'tiﬁ'?I
of the Code) :
_PuDf bt
Mo = 500 T)
Slnnlul}'_' y if the column is slender abont the

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

J-I.

gr il
)
The expressions for the additional moments

can be written in the form of eccentricitics
nf'lud. as follows:

My= Py fux
where

= 1w (5)

€ax

i'm(]ﬁ‘)
Table [ gives the values 2= .,-.;—55}1 for
Nﬂhﬂtﬁl‘mﬂﬁmﬂnmuunhn-

M, =

In accordance with 38707 of the Code,
the additional moments may be reduced by
the multiplying factor k given below:

k_"_'?.""“

P-.""I

where

myheuhuinadﬁmnfmrﬂ and Py is the

amlall Taad 2n-—cua_ = ile s L L L T
iiRiE piEls 'hu.l.l.ﬁ]iﬂ-\.ﬂlu-l“s H." H-"F BRI A

maximum compressive strain  of 0003 3
in concrete and tensile siraim of 0002 in
outermost layer of tension steel.

Though this meodification is oplional ac-
cording to the Code, it should abways be
taken advantape of, since the value of &k
Ok value of By .mlmum i

value of P, w on an ment
of reinforcement and the cover ﬂ.l?d",m
in addition to the grades of concrete and
steel, The values of the regiired
for evaluating P, for various cases are given
in Table 60. The value: given in Table 80
aré based on the same assamplions as for
members with axial load and uniaxial bending.
rmupruﬁmfbrkmh:mu
ollows:

= PyiPa
= reAE. <!
Chard 45 can be used for findin

of k after calculating the ratios
Py Pes.

the ratio
u/ P and

TAME I ADDITIOMAL. ECCENTRICITY FOR

gapl e 1 AIFMHINITAL. PEEFPNMINILIIY IMLFR

SLENDER COMPRESSION MEMBERS

{Clawse 3.0)
Il el I Il Cunl
ar or ar of
fegll® syl Hy 1B Eupl
(4] 2 (3 4
1 0072 25 313
13 08 o O
14 g 5 613
1% i1l 4 TR0
16 fri2d 45 (R
i7 145 50 1-250
iR 162 L1 1513
1] o181 L] 1-B00
20 0200
106

Example # Slender Column (with biaxial
bending) ’

Determine the reinforcement nired for
& column which is restraimed nst sway,
with the following data:
Size of column 40 x 3 cm
Concrete grade M 3D
Characteristic strength 415 N/mm?®
of reinforcement
Effective length for 60 m
bending paralle] to
larger dimension, fea
Effective length l'nr 50m
- -“I_IE ___ll_ I.—
T Trr s b 1.-+-..|.-|I-|. A e
l.l'l_ﬂl.!!."m“ .’I.l!-.l W Rl
Factored load 1 500 kN
Factored moment in the 40 kMN.m at top
direction of larger and 2235 kM.m
dimengioda it batiom

DESION AIDS FOR REINFORCED OONCRETE



Factored moment in the 30kN.m at top
direction of shorter aod 20 kN.m
dimension At bothom

The column is bent in double curvatiare.
Beinforcement will be distributed equally
on four sides,

s _ 60 x 100

e 0210 150 > 12
%_ﬂﬁﬂ_m:lz

Therefisre the column i3 slender about

both the axes,
From Table 1,

For % =15, eD = 0113

For —‘} = 167, £yl == 0140
Additional momments:
M= Pty = 1 500 %0113 % 1& —6T4kN.m

My = Pugy =1 500 %014 x %nm-u kN.m

The above moments will have to be reduced
in accordance with 38.7.0.0 of the Code;
bul mulliplication faciors can be evaluated
caly if the reinforcement is known,

For first trial, assume
ment equally on all

Ag = 40 x 30 = | 200 cm®

From Chart 63, Poj Ay == 22'5 Nimm®

o Py om 225 w0 1200 % 103107 =2 700 kN
Calculation of Ps:

Assuming 25 mm dia bars with 40 mm cover

P10 (abiat Fasl) 54%5 -3
Chart or Table for d'/d = 0-15 will be
used,

we 30 (with reinforce-
Lir. four sides).

'/ {abouit yy-axis) = %E =017

Chart or Table for d"/d = 0-20 will be
used.
From Table &0,
Py (about xz-axnis) = (.i:;. + Ky -i}ﬁ:bﬂ

Pus = (0196 + ur:us:-cu]

® 30 x 30 x 40 x M3I0?
= 779 kM

COMFRESSIN MEMBERS

P, (about yy-axis) = {mm + ﬂuﬁx—a)

w 4w 30w 30

= 10% 100
h,—-ETIIN
Po = Py 2700 — 1 500
= Fa =P  ITH-T19
= 625
k. o F=— P _ 1700 — 1500
7 P — Py 3700 — 672
e (0392

The additional moments calculated earlier,
:'IEIL now be multiplied by the above valoes

My =678 = 625 = 424 kN.m
My = 630 x 05392 = 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 Mote 1 under 38.7.1 of the Code):

Muy={06 x 40 = 04 x 225 =150 kN.m

Myy= (06 3 30 — 04 x 20) = 100 kN.m
The above actual moments should be com-
pared with those calculpted from minimum
coccentricity consideration (see 244 of the
Ciode) and preater value i3 to he taken as the
initial moment for adding the additional
MOMments.

Both &, and e, are greater than 210 cm.
Moments due o minimom eccentricity:

Hm-imxﬁndl-ﬂkﬂm

> 150 kMN.m
m w360 kM .mi
= 1040 kM.m

oo Total moments for which the column
is to be desigmed are:

M = 410 + 424 = 834 kN.m
My = 360 4 373 = 733 kN.m

The section is to be checked For biaxial

bending.
500w 10%
wlfet BB = :ﬂ:l = “:-.l

= 0417

M., = 1500 x

107



Pl -_"’ﬁ"“_ = 010
Referring to Chart 45 (d'/D = 0-15),
Molfox BD® = 0°104

S My = 00104 3% 30 2 30 % 40 % 40 x
0/ 0%

s (40 KMN.m

Referring to Chart 46 (a0 == 0-20),
Ml bD? = 0096

103 10"
= 037 kN.m

108

My, =0096 x 30 x 40 » 30 » 30 %

Moy 733 !
M- =5y = o7
| 500

Referring to Chart 64, the maximum allow-
able value of .iH,.,n'H ding to the
sbove values of M, ..l'.Pu is 0-58
which is slightly hig :rﬁmu the actual value
of (56, assumed reinforcement of 340
percent is therefore satisfactory.

Ay = pBD{ 00 = 30 % 30 = 407100
= 30 cm?

DESIGN allls FOR REISFOROID COMCRETE



Chart 24 AXIAL COMPRESSION
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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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Chart 28 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 23 COMPRESSION WITH BENDING — Rectangular
Sectiun — Reinforcement Distributed Egually on Two Sides
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Chart 30 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcoment Distributed Equally on Two Sides
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Chart 31 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 32 COMPRESSION WITH BENDING — Rectangular

Section — Reinforcement Distributed Equally an Twa Sides
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Chart 33 COMPRESSION WITH BENDING — Rectangular

Section — Reinforcement Distributed Equally on Two Sides
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Section — Reinforcament Distributed Equally on Two Sides

Chart 34 COMPRES5I0ON WITH BENDING —
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Chart 35 COMPRESSION WITH BEMDING — Rectanyular
Section — Reinforcement Distributed Equally on Twa Sides
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Chart 36 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcoment Dixtrihuted Equally an Twa Sides
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Chart 37 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides

14

fy = 500 Nimm | dJD= 015

-
+| A, =pbD/100

d —4——Id'

P=—AXi3 OF BENDIHNG

M, /10"

DESHGM AIDS P REWFORCED CONCRETE



Chart 36 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 339 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 40 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Charst 41 COMPRESSION WITH BENDING — Rectangulas
Section — Reinfarcement Distributed Equally on Four Sides
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Chart 42 COMPRESSION WITH BENDING — Roctangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 43 COMPRESSION WITH BENDING — Rectangular

Section — Reinforcement Distributed Equally on Four Sides
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Chart 44 COMPRESSION WITH BENDING — Rectangulas
Section — Reinforcement Distributed Equally on Four Sides
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Section — Reinforcement Distributed Egually on Four Sides
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Chort 46 COMPRESSION WITH BENDING—

Section — Reinforcement Distributed Equally on Four Sides
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Chart 47 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcament Distributed Equally on Four Sides
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Chart 48 COMPRESSION WITH BENDING — Rectanguiar
Section = Reinforcement Distributed Equally on Four Sides
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Chart 43 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 62 COMPRESSION WITH BENDING — Circufar Saction
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Chart 53 COMPRESSION WITH BENDING — Circular Section
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Chart 54 COMPRESSION WITH BENDING — Circulor Section
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Chart 55 COMPRESSION WITH BENDING — Circular Section
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Chart 66 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 58 COMPRESSION WITH BENDING — Circular Section
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Chart &1 COMPRESSION WITH BENDING — Circular Section
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Chart 62 COMPRESSION WITH BENDING — Circular Section
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Chart 63 VALUES OF P iz for COMPRESSION MEMBERS
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Chart 64 BIAXIAL BENDING IN COMPRESSION MEMBERS
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Chart 65 SLENDER COMPRESSION MEMBERS —
Muitiplying Factor k for Additional Moments
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Chart G6 TEMSION WITH BENDING — Rectangular
Section — Roinforcament Digtributed Equally sn Two Sides
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Chart 67 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Twa Sides
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Chart 71 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 72 TENSION WITH BENDING — Rectangular
Section — Reinforcament Distributed Equally on Twao Sides
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Chart 73 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 74 TENSION WITH BENDING — Rectangular
Section — Reinforcament Distributed Equally on Two Sides
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Chart 76 TENSION WITH BENDING —

Rectsogular

Section — Aainforcomeant Distributed Equslly on Four Sides
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Chant 77 TENSION WITH BENDING — Rectangulas
Section — Reinfarcement Distributed Equally on Four Sides
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. BENDING — Rectangular

Section — Reinforcoment Distributed Equally on Four Sides
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Chart 79 TENSION WITH  BENDING — Rectangular
Section — Aeinforcemant 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 82 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 81 TENSION WITH BENDING — Rectangular
Section — Reinforcemant Distributed Equally on Four Sides
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Chart 84 TENSION WITH BENDING — Rectanguiar
Section — Reinforcement Distributed Equally on Four Sides
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Chart 85 TENSION WITH BENDING — Rectangular
Section — Reinforcament Distributed Equally en Four Sides
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TABLE 60 SLENDER COMPRESSION MEMBERS — YALUES OF P,

Resangular Ssctions

Pulfox D = ky + k3 plf

Chroular Saction:

PulfexD® = ky + kaplfex

Valoes of k;
epchion oD
oos 010 o3 [Ty
Reociangular rile g ir) o156 i
Circular iz o160 oride orila
Values of ky
Secrion L F i
Nt 005 &10 T v
Rectangular; equal reinforcsment on 150 =5 =l — s —i{r0ds
two opposite sides 415 -0 0082 o046 0022
b i 1] i3 FIT3 gt ] =00
Rectangular; equal relaforcement an 250 o213 Orids 061 =011
four sides 415 ordd iz 020 -8
500 54 s F256 -0y
Clircular 30 193 risE o077 — [N
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4. SHEAR AND TORSION

#{ DESIGN SHEAR STRENGTH OF
CONCRETE

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

where
B =08 f./6-89 py, but not less than 10,
and ps= 100 Au/bud.
The value of <. corresponding to py varying
from 0020 to 3-00 at intervals of 010 are given
in Table 61 for different grades of concrete.

42 NOMINAL SHEAR STRESS

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

T Fa
v = "EE'
where
¥, iz the shear force,

When 1, exceeds «,, shear reinforcement
should be provided for carrying a shear
equal to Fu— 1 bd. The shear stress . should
not in any case exceed the values of +c.max
given in Table J. {If #s> Temu, the section
15 to be redesi ]

TABLE J] MAXIMUM SHEAR STRESS r,max
CoMCRETE Granpe M5 M0 M25 M3 M35 Ma
e, g, T4 ETN 5 % 3 O3S 3T 40

4.3 SHEAR REINFORCEMENT
The design shear strength of vertical
stirrups is given by the following equation:
v 0-87 fided
uy = h_
where
As 15 the total cross sectional area of
the vertical legs of the stirrups, and
sv 15 the spacing (pitch) of the stirrups.

The shear strength -:::rnmed as Vw)dare 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 walue
of Vu/d for vertical stirrups should be
multiplied by (sinec + coscc) where o is
the angle between the inclined stirrups and
the axis of the member. The multiplying
factor works out to 1-41 and 1-37 for 45°

and 60" angles respectively.

For a bent up bar,
Fus = 0BT fy A 5iDE

Values of Fu for diferent sizes of bars,
bent up at 45° and 60° to the axis of the
member are given in Table &3 for two grades
of steel.

4.4 TORSION

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 bendin
moment. After determining these, some o
the Charts and Tables for shear and fexure
can be used. The method of design for
torsion is illustrated in Example 11.

Example 10 Shear

Determine the shear reinforcement (vertical
sli ) required for a beam section with
the following data:

Beam size 30 x 60 cm

Depth of beam 60 cm

Concrete grade M 15

Characteristic strength 250 N/mm*
of stirrup reinforcement

Tensile reinforcement 08

percentage
Factored shear force, ¥u 180 kN

Assuming 25 mm dia bars with 25 mm cover,

d-mjé—j- 2.5 w 5625 cm
%]
Shear stress, 7, =y = O
= 107 N/mm*

From Table J for M15, e = 25 N/mm?
Ty 15 less than 1o max

From Table 61, for Po=08, v, =055 N/mm?

Shear capacity of concrete section == v, bd
= ("55 % 30 % 56°25 » 10%/107 =928 kN

175



Shear to be carried by stirrups, Fu,=F, —tebd

= 180 — 92'8 = 872 kN

Vs _ 872 _ 155 kN
i je

n'i-rr_rrlng o Tn’i{. ﬂ ,‘ rnr lnh-il-l Jl" =12 ‘!'I Md rr'r'lm.

B LR F

Provide & mm dJmlur two legped w:rtn:al
stirrups at 14 cm spacing.

Example 1] Torsion

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

Sire af the beam 30w« B0cm

Concrete grade M i3

Characteristic strength 415 N'mm?*
of stes]

Factored shear force B5 kM

Factored torsional 45 kMN.m
moment

Factored bending moment 115 kMN.m

Assuming 25 mm dia bars with 25 mim cover,
2-5 3
d= M—IS—T-ﬁﬁ 2icm
Equivalent shear,

Ve = ¥ 16] - )
\b |

=054 1'6x —
03
Equivalent shear stress.
Fr 335 x 1A
= pd T MRS
From T::-bfr J, for M15, te,eax = 25 N/mm?®

Twe 15 best than temes; hence the section does
not require revision.
From Table 61, for an assumed value of
o= 05

1 = (46 M/mm? < Tty
Hence longitudinal and transverse reinforce-
ments are o be designed — Longitudinal
reinforcement (see 4047 of the Code):
Equivakent bending moment,

My = M4 M,

- Mg To {1I+ Dib)

- ||5+-15(|+ %};H

= 1154 T4
= [34'4 kN.m

Mot w1904 100
el

- = 203 Nymm®
3 (56250 = 1P

i76

Reflerring to
My[bd® as 205

Py 008
Ay = 0rT08 x 3 » 56257100 = 11-95 cm®

Provide 4 bars of 20 mm dia (Ag=12'56 cm®)
on the flexural rensile face. As M, is less
than My, we nesd not consider My, according
to 40.4.2.1 of the Code. Therefore, provide
oniy two bars of iZ 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

an Fﬂl".‘l -:nl']i- =: i he mrowvided feea 25 € 7 7

R Fl-EllH'"III-H Y dhwtretal s

and I_F_FIJ' of the Code). Providing one
bar at the middle of each side,

Spacing of bar = 534/2 = 267 cm
Area required for each mrz“w

= 40 cm*
Provide one bar of 12 mm dia on each side.
Transverse remnforcement (see 40.4.3 of the
Cuode):

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

Table 1, corresponding to

PR L Fa S,
" by, (087 ) 2'53: (087 f3)

o S [ R | p——

FLEXURAL
I--—- bee i3 e TENSION
| i _-1 #|__ FACE
I ]
Mg mm @
10 mm @
;_EHHIJF
|_ 60 em
Fi=Pcm) = W d, =534
£
Wmm
I mm @

ju——— L oIl €« —-—

DESIGHN AlDSE FOR BEEINFORCED CONCRETE



Amguming diameter of stirrups as 10 mm
dy = 60 — (25 + 10)—(2°3+0°6) =334 cm
b, =3 =225+ 10) =23cm
An (057 1) 45 x 10t
Sy * X
+m§5 X 10?3664 4712
== 4376 N/mm
== 438 kNjcm
Area of all the legs of the stirrup should
satisfy the condition that A./S, should not

(Tr—1c)b
From Table 61, for tensile reinforcement
ﬁrwmu; of 071, the value of < is 0-53
mm!

e Q1) (o i

- (199 — 0-53)
¥ w10

EHEAR AND TORSIGN

H"“‘“"“'.[ﬁ'hfw“*"ﬂm WE

values ol
WO egul-

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

Provide 10 mm ¢ two legged stirrups at
125 cm spacing.

Amrd.ml to J.F..'I.J'ﬂd} of the Code, the
spacing not Xyx
[.r,-,l-_]-',]ﬁud !Emm.whﬂl.t., and y
are the short and long dimensions of
stirrup.

x; w30 = 325 = 0-5) = 26cm
¥, = 60 — 225 — 0'5) = 56cm
(xy 4 ¥4 == (26 4 56)/4 == 205 e

LR T T
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Fek

15
20 |
25
30
15 TABLE 61 SHEAR — DESIGN SHEAR STRENGTH OF CONCRETE, «" N/mm®
) -~
ﬁ

fok, Mimm?

1% ) 24 30 15 A
] 32 033 +31 gz o34 T
030 3 039 3% el a0 041

43 024 45 045 46 046
{50 Irdé 048 45 040 50 LR
&0 050 51 33 054 94 oas
r Drx3 {55 =55 57 -5 050
&0 055 057 ] 060 s 062
050 057 060 062 63 ] 065
100 & 62 it s oret -eR
10 62 064 e 68 ] 70
1-30 Oréd &6 060 70 072 *73
I-30 68 r6d & 72 74 74
140 &7 070 072 74 076 o717
150 r&E 72 074 76 78 19
160 58 o7 076 78 08D (]
1-T0 Tl 75 oTT (i [1] Kl 33
180 71 076 078 a1 Y 0rE5
150 ol o o0 083 085 i
700 071 079 OE2 084 06 T
10 71 030 oHEY 85 R 50
- T il DB ora7T rEq orgl
730 T a2 88 091 0§
240 71 082 OET 092 054
350 71 082 (] et a5
160 71 082 089 094 097
370 o7l a2 o0 53 o5 ook
TE0 71 82 091 34 o7 ]
390 ] 82 ooz 55 T 10
300 7 [t o9z 5% 099 101
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'Fl"
250
415

TABLE 62 SHEAR — VERTICAL STIRRUPS

Values of Fg/d for reo legged stirmips, kMicm,

5= 230 Hiwan® Sy = 413 Nimm*
STHRUP DamETER, mm T DismETin, mm
Sracing, - A — — e ¥
=] £ ] {1 12 fi H 10 [
5 3460 4373 #8313 EI9 40RY 7255 11-342 16-334
[ 080 T 560l B30 1403 6040 452 13611
| B OB & & & 2 " i
o 1-367 1420 £ bk EI6% 4003 [ Lirs
il 1-230 186 46 4¥10 I{H2 830 56T 167
I 1118 1988 1106 4472 1856 3299 5156 T-424
12 10L5 1I"B21 247 410 I"MH 3025 4" T36 &R
13 aR- 1 1842 1638 1TEd 1"57 270 4-181 & IRE
14 rETH 1:562 2440 54 1458 2503 4050 ERA3
15 EN 1458 22174 3240 =¥ A2 kg 1| 843
16 Ligrl v 1 30k i3 107 1"276 2265 48 104
iT [k 1-286 i rlli] i 134 2135 116 iR
I& g ] 1215 1a%d FEE I'lH 206 it 4517
19 47 1151 1-798 7559 1075 1910 3935 4 T8
0 rEls 1-093 1-TiE T-460 -0 1'815 816 ERLES
25 a2 o875 1367 |96k 0B17 1452 P 1267
30 410 Ligr. 1-13% 17540 il 1-210 1-8%0 T2
35 351 625 575 | =405 3R} 1037 i 353
4 L 347 IrE34 i-z30 i) LI LR 141E M1
45 27y 435 TSR 1993 frds4 Lig, [ 1350 1'R15
TABLE 63 SHEAR — BENT-UP BARS
Valoes of Vi for singal bar, kM
Rir Sy = 130 MNimm® Sy = 415 Njmm®
w T t—W'. :—1-.1"' oG
i0 12-08 1479 20-03 2456
i2 1739 20-%0 2E-87 1536
I& s aTET S1"33 &R
18 ¥l 4791 07 TR-57T
b 4531 =g 8021 5423
iz ABah TI*6 /TS 11884
a5 T5-49 SI-46 124-52 153.4E
28 L] 11598 15720 15251
12 12169 151-49 i Ligh 35147
36 15654 19173 150-B6 327

MoTe — a s the argle between the benl-up bar and the axiz of the member.

EHEAR AND TORSIOM 178
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5. DEVELOPMENT LENGTH
AND ANCHORAGE

5.1 DEVELOPMENT LENGTH OF
BARS

The development length La, is given by
fiia 2
Thd
where
¢ is the diameter of the bar,
oy 18 the stress in the bar, and

tbd i5 the design bond stress given in
25.2.1.1 of the Code,

The wvalue of the development length
corresponding to a stress of 087 [, in the
reinforcement, is required for determining
the maximum permissible bar diameter for

DEVELUPMENT LEMNGTH AND ANCHORAGE

sitive moment reinforcement [see 25.2.3.3(c)
of the Code] and for determining the length
of lap B:pliau é.u.-s 25251 of the Code).
Values of this development length for diffe-
rent grades of steel and conmcrete 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 YALUE OF HOOKS
AND BENDS

In the case of bars in tension, a standard
hook has an anchorage value equivalent to a
straight Ien;thvc;g Iﬁ.pﬂfand aﬁl!r bﬂll;d has
an anchorage ue 84, ancho

values of standard hooks and h:ndsﬁ
different bar diameters are given in Table 67.



¥
250
415

TABLE &4 DEVELOPMENT LEMGTH FOR FULLY STRESSED PLAIN BARS

S = 250 Mimm® for hars up to 20 mm diameier,
= 24{) Mimm® for bars over 20 mm diameter.

Tabulated valoes are in ceatimetres,

Trrmon Bags Colpasason Baps

Ban CRADE OF CONCRETE TIRADE OF LOMCAETE
[MAMETER, » o — f e -
mm mild M20 ] Ml Mis M0 ¥l M50
& ki3 ira ¥l AR 251 I8 186 174
] 415 3 Il 230 8 o] My -1
in 44 453 k2 353 413 353 3 0
i 65 S44 A6 435 522 415 E bk | 4E
16 £ 723 &1 580 B @44 57 dird
18 T4 Bl& &5 653 783 Ci] 59 531
1] 106K 1] 7 T ERa] TES 62 40
3 1148 957 B0 Th IR Ti6 656 &l-2
frd 1368 1088 -3 BT T4 ETD0 e &5
a 1862 1214 [T a4 1&% T4 R 0
1z 1670 132 FIS-3 1114 11346 1004 953 &3
35 1379 1566 1342 1251 3 1353 1074 1002

Mote — The development lengihs given above are for & séress of 087 5 in the bar.

TABLE &5 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMELD BARS

Ky wm 415 W/mm?
Tabuwlated valees are n conlimelns.
Terion Baxd Comrupszsos Bans
Ban LIRADE OF LONCAETE GRADE OF LONCRETE
DIAMETER, . . ’ . Y
A M [ ] MZS hL KT LS M M21% M3
& e wi o e Faai arl 6 193 181
g 451 6 b i By vl i 58 4]
j¢] Sh'd 470 alrl e 451 TG klrird k|
12 arT S5 434 w51 542 451 587 k[
I& o1 T52 B4ty &2 rr e &2 51'é 481
18 1015 45 25 &1-7 B2 ETT k] ] 547
0 12 -0 Br& 52 Wr3 752 [ ] oz
Iz 1241 10k4 B3-7T EX-7 99-1 EXT e 662
i) 1410 T3 100 T 0 s a0 M 5L
= 1580 1306 1124 (LGS 1254 1953 il B2
i 4 180 % 1504 1289 133 P-4 1203 FOd-2 btk
15 2091 1hsa 1450 1354 [E:-5 1354 L& 1] 1083

Mot —The develapeaal lengihs given ahowe ane for o siress of OrET fy jn the bars.
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TABLE &6 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS

.,E. = S M mm?
Tabubeley valued wre-in pentimelnes,
s

Hax Mﬂ!m_ ‘GINADE OF CONCRETE
o g M20 M2s M0 s M2D M1t san
& Aol JdDn m] I1a 6 g L S ¥] 214
H 453 B [T £ 353 1) W%
o HEA e 3 4¥F ird 453 HE T
11 -6 £3 0 3 [rir) &5 LT rF 114

] fLlo | By 723 1
In 1221 1020 N4 TE ] 919 E-i b iﬁ
1] 1354 1134 &1 WA &R A T T4
prl 14%5 1344 1B -7 1156 -7 A5 TN
P! 1 Ml 14 1133 11549 1133 a7l o0k
I 19073 }5E-H lgp 12649 1522 2659 oda 1013
ﬁ ;ﬂ"! I3 e 54 1T 450 1241 1140
g 2009 14 1631 1958 1831 13 1305

Mote — The development lengfls given above ure for a stress of 087 4 in the bar.
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TABLE 67 ANCHORAGE VALUE OF HOOKS AND BENDS

Tabulated ¥alues are in centimetres,

Ban [MaMETER,

fiirm & 2 Lk 12 i6 ig 20 2 25 24 32 16
Anchorage Valoe of
haenil 6 12°8 L] 192 156 288 320 i5F 40 448 512 iTa
Anchorage Yaloe of
9 hend i ad B-0 B 128 14-4 |60 176 04y 234 256 283
—| 'y l'ﬁlnl-—
& b Hilh
o %
&
i'— @ [\ [
[t} @ | —— IH*H"'L
STANDARD HOOK STANDARD 80° BEND
STANDARD HOOK AMD BEND
Type af Sieel Min Falye of k
Mild st 2
Cold worked stes 4
Mote | — Table is applicable to all grades of reinforogment bars.
Some 2 Hooks and bends shall canform o the delals peen above.

186 DESIGM AIDS FOR REINFORCED COMCRETE






yue[q Yo] A[feuonuduy st a3ed Sy} ‘piepuel§ [euIsLI) Y} Ul Sy



6. WORKING STRESS DESIGN

8.1

Design of flexural members by working
stress method is based on the well knewn
assumptions given in 433 of the Code.
The value of the modular ratio, m is given by
2E0 93-33

3 Obo | Oche

Therefore, for all valoes of gwpe we have

I S == 93'33

FLEXURAL MEMBERS

==

L .

]
...

FiG. 9 BALANCED SECTION (WORKING
STRESS DESIGN)

—i-—"'..—ll-
B

= bl
%!ihftk—}

G6.1.1 Balanced Section (see Fig. 9)

Stress in stezl = 0y = Mo (%w—- 1 )
(=T}

! l
(T - ) mowe 9333
1 ay 4 9333
Feanti="wmw
P 33
ag 5 9333
The value of k for balanced secticn depends

only on a.. It is independent of a4.. Moment
of resistance of a balanced section is given

by My = b{am k{'l - -_.,‘—)-T'J:L:\-a[m

of Muu/bd? for different values of o and
@y are given in Table K.

TABLEK MOMENT OF RESISTANCE FACTOR
Mybd?, BNimm® FOR BALANCED
RECTAMGULAR SECTION

Bk Tat, INmiem®
B fmnt i L, .
140 FEH 275
540 a7 g 1 rig
T 121 0-41 081
g5 147 111 -39
o0 1°13 130 i"16

WORKING STRESS DESIGH

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

Tobe Kb o Pubat bd oy
— 2 100
o = e

The value of pyea for different values of
ene Bnd oy are given in Table L.

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

REINFORCED BALANCED SECTION

(Clause &.1.1)

Bchg oy M/mm?
H."I'I'Im' - e 3
140 230 275
50 a1 -3l 023
T-0 100 g 32
85 1-21 053 01
ig1] 143 063 045

6.0.2 Under Reinforced Section

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

bk = B (d — i)

k® Pumi
5 =bd* (1=K

Bri—k

ke + P’lmk f;;:: -'ﬂ.

The positive root nf this equation is given by

k= ~Hg + f;,ﬁ"-:—: i """

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

B .

M:M‘*‘?—"“{‘i——)

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



Rl r'r g
Fig. 10 DousLy RENPORCED SECTION

(WoRKING STRESS DESIGN)

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

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

M= Mag+ M

The additional moment M’ is resisted
providing com ion reinforcement
additional tensile reinforcement. The stress
in the compression reinforcement is taken
25 1'5 m times the stress in the sarrounding
concrete. .

Taking moment about the centroid of
tensile reinforcement,

po bd

M= 06

x(w—ﬁ—f) (W — d)

(15m — 1) Gene

P (1.5 m —

(- E) (1= )

Equating the additional tensile force and
iditional compressive foree,

(P — Prooaid
bd “E i e
pebd o d"
-Tm—uﬁm-nm.(l—ﬁ)
o (Pt — Pribal) 0wt

= pe (I'5m—1) gepe ( 1 - %)

190

H-Hm_‘_{.ﬁ' -Fl--hl}-"

" (I —%) bed®
Total tensile reinforcement Ay is given by
-""Ii---l"['ln 'I"-l"!-lu

bd

wihere Avy = Pl im

Hl
Wl An=o @

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

reinforcement area Au;.

A = [
Aug (Pr = Popat)
%) ]

Obe ('3 m — 1) (1 =d'/kd)

Values of this ratio have been tabulated for
different values of d'/d and g in Table M.
The table includes two wvalues of a;. The
values of py and ‘f‘ for four values of J'/d
have been tabulated against AM/Bd® in
Tables 72 1o 79, Tables are given for four
grades of concrete and two grades of steel.

TABLE M VYALUES OF THE RATIO A A4y,

(Clawse 6.0,3)
Tyt by d'id
MHimm® Hmm! |, e .
005 o1 s 020
50 113 1-38 I -6 207
1o 120 140 1:68 21
1 &5 22 142 170 213
I_IIJ'U' i'23 144 i'7: b
50 2 26l 355 54
T-0 0 263 kg 563
kLI B85 22 268 364 569
100 gl 71 I 6E 576
6.2 COMPRESSION MEMBERS

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

DESION A1D5 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 advisahle to design such members
directly by the limit state method. Hence,
no design aids are given for designing such
members - by elastic theory.

6.5 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 8] and 82 are given 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
nfﬁnd stresses. t lengths for
plain bars and two grades of deformed bars
are given in Tables 83 ro 85,

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

L J )
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Chart 86 AXIAL COMPRESSION (Working Stress Design)
rse * 130 N/mm®!

10000
8000
28000
1000
6000
5000

LOAD P, kM

4000
3000

2000

1000

-
(=N = ]

i
L=

Fad
=

i
=]

REINFORCEMENT PERCENTAGE 100 A, /Ag

16 17 e

WITHKIRD STRESY DGR 1554



WORKING STRESS METHOD |

Chart 87 AXIAL COMPRESSION (Working Stress Design)

gsc =190 N/mm'

et W ek S e T O O L O P [ O 1
PR P I T - .---I.— | ._'._.._ —-—r—r -
iE ! ; | i- iyl |1 ‘;? ! ! f
7 ) 2 7 0 |
8000 -1 - | 4 oiF ) .
vooo b | | || NI i
-
i
. 8000 L]
- %
[ | -
E 5000
- {000 J
3000 4
2000 d
1000 i
T
40 1l
=4
o
I
=
=
w 0 .
-
W
iy
E 2.0 b -
=
ad |
l 1
g 10 |- ; o
il |
; ) il
N ) WE
ﬂ L I'."' i
4 12 139 14 15 18 17 18
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WORKING STRESS METHOD |

e

sons o
3 Bouhy

2988

TABLE 68 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/kd", Njmm® FOR
SINGLY REINFORCED SECTIONS

S ™ 50 Nimm?
T, Njmm® @, Mjmm?
f = ] K} P & v
130 140 [ 230 Fr 1% 14 190 10 75
Orids 0157 o-2i4 258 [t} 047 - 542 0-583
oriig 1M rE3l 27y or1ig 4B 55 0595
(g Jpin] [k (r24% O30 15 g 564 H0T
5l (g L L grict g [ k| Lot =1 050 574 [ H L
i 208 OrzEx 341 Ordiig: a3l 5835 530
=205 0230 (res a3k T 0rd433 52 0504 Orid2
216 o113 Fils 383 45T 53 607 OG54
0-22R i L) Lk [ i L] rdda 054 0618 Oratd
o2 1 3ril ) 350 &z 305 or53 L) [La oy
0r25] OFETD FYET [ 2 ] 5 Or58 0640 redg
262 o3 343 o] F555 =57 rESD P00
orI74 oI5 rdiy (ag i ] i 58 sl o712
o284 o367 rdl7T o305 5% F&T2 Q714
o2 -39 431 (il v} [IF 1] ] 0735
0308 o33z 45y FE5 061 -85 o747
N9 14 0457 i L -2 i orrie
il riss 453 585 Os3 715 710
0342 0-358 0500 (1501 26  rTHY
353 3Bl @516 i k3 0- 726
0364 {4 B o L1 ] B-T4T [ 110 )
i o405 349 FET OrTER 3l &
r3R7 D417 555 a3 O TeE L1 il
308 ordrs rad FEW TR I
[ el [ial i1 ] (i) 1] PRS0
D420 453 L e ] 0Tl g i ]
o431 DT [ 72 raLl
gl 47T rid? 073 a2l
Ordty r4Ee Fi53 074 ra32
e ot O 500 o748 ria3
O T 512 o695 LI 853
Ordd7 0-324 7l o7 rded
ra94 o536 O-TZE O-TE Cra74
0509 548 o QeBas
o520 o560 it 1] [
o331 oEn2




| WORKING STRESS ME.‘TH{}BIJ

TABLE 69 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd®, Nimm® FOR
SINGLY REINFORCED SECTIOMS

ehe™ T4 Mream®

5, M/mm? &, Kjmm?

P ¥ o ] Fy s - ]

13 pLli] 159G i} 1L 150 1y 15 25 T8
tr o34 026 0334 o4l 0812 o786 036
o1 s r2B6 OrXER 04RO OPSA2 a7 BB} O
4 =289 0311 0423 511 i1 78 0-a9 g 1]
26 =3z 336 5532 Lig 1] 79 Qa7
i | 135 381 {4 e a-59 Lag &0 %3 0983
30 ri5a iFig& 1] el 757 FEl a-423 g
32 F3El rd i 557 F5T4 i 80 Faz 0934 (R
1T el 415 Q500 o-Ti4 rEl LI E ] 1018
36 OeEIT fr430 G2 -T55 org4 56 1024
[ g} Or448 Crabd CrE57 (5 e k] g LY (S 1041
o4 o472 eS8 oeB0 OUR3S [y T 1082
o432 [l 1] o532 (S k| (i k] o-B7 g i 1] | 4
o-43 i i 0345 739 [ gk BB -5 |75
Ordd 517 (557 o756 orkEd 100 1047
43 o5 o3 0T oria oo 109
1 T3 0539 (1218 07Ra o2l 1-604 (1)
4T 531 0553 o9z 10k 1122
Ord& o362 rE0S o-4al 1G5k 1-133
(il ] 3Ty &7 [id i ol 1053 1145
o5l oms el AT g1 ik I-168
[ oD OE33  OFEES 9 Ies 1T
i3 reiT  OrédS 0902 gy T ¢
5y [1 g% | O0r&TT g - =116 120z
ris g0 ] [l ] o935 100 1-11T
55 551 o=l il 141 1-137
o7 sl T3 T 12 1148
O-58 5T T4 o1 103 158
=59 g 0] 0-T3& lig ] 1404 I"16%
gl 603 O-T4E 1-00% 105 =180
el g ] Ly 104 1-1%0
[1 3% [ 07T 107 =30
i Lt 0-Ta4 |E i~
064 T8  OrTES | "I
[i g 0750 (13 i 1-10 =iz
L] orTéEl [ig i1 ] iI-11 I-243
&7 172 Orddl 1"12 114
res [ =] [1g "] 113 126d
s T o
orm OrE O-B6E
Tl Ly FaTE
o1l i iS50
013 rE3T 500
rTé s 0913
[ k] eSS Orzs
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TABLE 70 FLEXURE —MOMENT OF RESISTANCE FACTOR, M/b4%, N/mm* FOR
SINGLY REINFORCED SECTIONS

o, Nimm® Oyt, W/mam®
r - y Py F * '
13 140 120 20 175 130 140 10 I3 218

il U4 P26 0P336 0431 OF31E i 1 1140
022 267 0238 @151 0473 0568 oy 1107 11
024 0291 0313 0425 0514 0EIS 0-hg 17 1w
026 034 0118 045 0556 (664 09 1128 1205
08 337 0363 493 O055T  OrTI4 100 1% I
030 361 0527 0Ed 0T 101 150 1238
T 3N 041 0380 OE DEI2 102 1-161 1250
4 40T 043 TS 0TI 086l 10 14171 1261
16 430 0453 DE2E 076l Or9R 1104 1182 1
rig 457 S OeBAZ OrEOD o938 1-04 i-19 1-285
40 o476 0512 0605 DRED 106 1203 14396
042 0498 05T 0729 ChRED 107 1214 1308
044 a2l 561 [l I 1 e 10 = T R
46 D544 O3B6 0795 0962 109 198 1331
a8 367 610 CEZE 1D 1410 1M 1342
050 O5AF 063 OBET 1042 111 1T 1384
052 0612 839 oS4 1062 irj2 1068 138
34 634 ré) 0927 113 1278 1977
035 G657 0707 OrdsD 114 1289 118
58 o6 0TI e 115 19300 00
F & e T 1-02S i-16 30 i1
P2 ™ 1047 117 132 140
164 ¢TM6  DEE 1080 118 1312 14M
e rTEE  OEX 1R 1-19 M3 1446
res o790 CBS1 0-19% 1:20 1-351 1487
70 @r8i2  OBY 1Y 1-21 1964 1468
12 ¢B3M  (E9E 1219 112 11374

74 856 0932 13 11385

76 il 14 1-354%

o8 U0 (56 1-25 1-408

(] ¢392 099 1426 1417

42 0344 1DI6 1127 11427

il L= et i | 1438

-84 0965 1040 129 1445

85 977 1052 130 1459

s T 1063 131 146

(&7 o 10T 132 1480

58 108 1087 i3 491

oE9 020 10 1M 1501

o9 g3 10 135 1-512

o3 -2 1132 I3 =323

(] 1051 1184 57 1-533

i3 1061 1145

i 10T 11157

o9 1-0as 1165
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st
130

140
190

| WORKING STRESS METHOD

— e e————

230
275

TABLE 71 FLEXURE —MOMENT OF RESISTAMCE FACTOR, M/, N/mm® FOR

SINGLY REINFORCED SECTIONS

BE ooz o

sk
¥

_Huuu
srme oo o
BRdEd f2sss 8E

i =

h—-r-l—
EEEER

=
B

SRGRE pRlsg fises

-

g

Beke = 100 Mfmm®
2, i.""-'_i‘l_llf!
— b -
130 140 1% s} 174
1-257 354
1-27% 1-377
131 141
1-322 1-424
1344 1447
11365 147
1-387 1494
1di 1-5ET
1430 1-340
1-451 1-5£3
1-4T3 1-585
1'443 1597
1-d%4 1-filee
1'505 1'620
1-51% 1-&32
1-526 1643
1537 1655
1537 1'EEG
1-558 1“674
1"569 1'%
1579 1M1
1-5%0 1"
L6 I-724
i-611
1-6X2
1632
Ty
1633

2 g3gad 9338 28

Otbe ' Kl
e
Py r = \
TDD 130 M0 1% 0 s
20 o5 G284 OISE 0433 0ediE
22 0260 (289 012 0475 056
024 o ¢3S 0427 00T o8
26 OIE 0D D46l 03 0
02d Or3ed OB Oed0 0TIE
030 383 035E 0330 02 OTET
032 ¢35 0416 0364 OEE) 01T
i3 T ML OEE 07H 09
036 432 (466 D62 0765 0919
038 G456 0491 D66 0EDS 006
040 479 B3SO0 0B4T 1013
42 ¢H2 (M0 0733 0888 1061
trd4 o325 0365 0767 08 110
tr46 T T R B
tr48 G¥0 064 O8M 1009
030 053 068 0867 1048
052 OE16  (E63 0500 1080
&34 FE1E GESE 0931 1130
036 o661 0712 0966 117D
L réd4 PTIE SR 1210
o6l oG 0TEL 10N 1250
oz ¢729  O7BS 1065 1289
o6 GTIL GROO 1008
046 o774 0B 113
068 ¢76 087 116
o7 CRIE 0881 1%
72 Lt T v T b
oM CB6) 0929 I361
076 CES 095 |IM
o T 09T 136
o0 099 1000 13
02 0952 s 1
oed G974 1048 1an
086 096 1072 1485
o 108 1096
o0 190 1129
ik A L]
054 183 1167
i el L R L
098 P11 1214
10 148 127
12 S I ]
104 18 1
106 i 1308
1 e 131
198
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t WORKING STRESS METHOD

TABLE 71 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY

REINPORCED SECTIONS

Ay = T Hl"'“l

tabe= 50 N/mm?

il = 13
F
7y
T4k
i) ]
Bi6
{FHAS

Wl =10
il

73758 BREES

§§355 $8AR3

ZERE RIRRN RRRED
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| WORKING STRESS METHOD |

TABLE 73 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOLUBLY
REINFORCED SECTIONS

Hgpg T 70 MNjmm?
ay = 140 H/mm?

' = 005 d i = 010 d"ld = 013 &' d = 020

A b * ;. " . i

I' o L ir 1 - n r ]
s P Fe i Fe Py Py Py Fe
122 1005 [aF i 1004 rooT 1 1M Il 1 o013
1-2% 1028 g EE 1029 Ol 1-041 0052 1033 a-(es
1:30 140455 orOTE 1069 -0aT 1073 123 1077 0163
1:3% 1-103 i b | 1108 o152 1-515 o193 I-§2L 0257
1-4a 1140 ri&a 1:148 T (REn 0264 1157 330
i-45 117 o214 1-188 O-264 1-199 0-31% I-211 445
150 1216 159 138 319 1241 0406 1255 539
155 1-153 s 1357 ERE 1281 0476 L-20] a3l
160 1-591 0350 {30y 0431 iI-x2% {riq7 1343
163 i-1z8 534 1347 {486 i-367 DGl 1330 0-E21
170 I-365 440 1-384 342 1504 I&ES 1433 LETE
1175 14 r4s R 1552 1451 0Te0 1478 10
1-80 1441 or53i |-kt &5 1-451 0-A 3 1-524 1-103
1'8&5 1479 (e ] 1'505 O-T0R 1-535% a-a0] I-568 1197
150 14516 5zl 1583 *T45 1577 0972 1612 1:391
195 1=554 [ [-5E% 082l I6le 1043 1648 1-1E8
200 1-581 i 1624 rETS 1651 i-11% {70z 473
2405 [-629 FT57 11664 12 1702 i+184 1-747 1=573
] 1-667 rFR0E 17MH Or#ss 1"74% 1253 [ Rrg i 1667
il e [=T04 (5 T 1743 1043 1-TET 1324 Bk 1Tl
22 1742 GrEst 1-783 109 1-32% 1-356 E-BEI [-BES
2% 177 EaT] 1#23 1155 1570 1467 i-926 19
210 1EIT o-9K3 1862 =21 1913 1'53% B8 it
215 1'859 1028 1902 I 266 1555 |- &0 241 3 137
13 |-Ee2 1073 1042 [-x22 ErH 1620 206 3211
4% 1830 1% 1981 i-17H 008 1750 04 gt 7.1
350 [B&T 1164 203 1433 2y 1431 7148 419
255 2008 1205 2061 1-48% 2123 1-852 2193 2513
260 2043 1:254 1ol 1545 2-165 1963 2238 2T
h% -0 1293 140 16N} 2737 21033 e ] -
3 2113 1-348 2180 1656 249 2104 2127 1-795
375 2158 1-500 2-¥N 1712 2191 2175 2372 1-BRE
B0 193 1435 2159 1:757 23133 2246 2417 TWRZ
Fr L 2311 1'48D 1 1823 FaETL RN 2561 1407
i 168 1526 Ti¥ 14 417 28T 506 ERE )
205 308 1571 1178 1934 2459 2458 2-55] 1254
I 1Y 1'616 41T 1) 2501 253 2595 1358
104 1-1E1 1'651 43k i I FIEL 1680 1437
11 419 1707 497 20102 2-58% 2670 R 1540
315 T4%h 1742 457 2157 TE2T 3741 70 5640
20 454 1797 51T 2213 F & 1812 2774 3734
525 2-531 1'B42 a1l 1268 2711 2383 2'H18 IHH
o i 55 1887 kLS 27TH 29 1% 923
335 -gaT 1-813 2-H34 2180 279 104 2008 4016
34 Shad 1978 2735 2416 B3R 108 2052 £110
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REINFORCED SECTIONS

TABLE ™4 FLEXURE —REINFORCEMENT PERCENTAGES FOR DOUBLY
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| WORKING STRESS METHOD |

TABLE 73 FLEXURE —REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS

Tobe = 100 W/mm?
Bt oe 140 Njramt
#"H_fﬂ'ﬂ! d"@-tl'll]' II'HH:_NI #'.ﬂi"_-ﬂﬂ‘m'
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WORKING STRESS METHOD

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

100 At Graos oF CoNCRETE
i — & h
M15 M0 M123 M0 M3 M
020 20 20 2l o2l o2 ol
030 2 24 or2s or2s 015 o5
G40 Or27 o327 r28 o238 &9 9
050 29 030 T 31 o1l 32
it e i} | 32 o33 033 g T 03
oo r33 34 35 036 035 17
080 034 036 a7 038 038 039
090 035 037 -39 039 040 Ord1
1-00 7 39 OraD o4l 042 o4z
1-18 oae tran ord2 r43 43 Ord4
1-30 Ord odl ord3 Or44 0r45 or4s
1-30 ord1 rdl rdd 45 046 47
1-80 42 4 a5 036 047 rds
1-50 iz 045 Ordé 048 049 049
160 gJu (rds 047 049 050 051
1'm 44 047 048 050 &5l 052
180 O 047 049 o051 52 053
190 O Or48 050 052 053 054
2400 Orad 043 051 053 054 055
210 Ordd 050 052 054 055 056
2:20 Ordd 051 053 0-54 0-56 057
230 O o5l 053 0-5% 057 -5
2-40 O 051 054 056 057 -5
2-50 sl 051 055 037 058 0450
1-60 O (3 | 0-35 057 059 040
270 Ol 051 056 058 050 041
280 (i T 051 57 059 060 062
290 044 51 o057 059 061 063
TABLE 81 SHEAR — VERTICAL STIRRUPS
Values of 57 for two legged stirrups, KNjcm
By = 140 N, o == 230 ¥
g'nuur DT, mm T
PALING, r— - . F. i
cm [ ] 10 12 [ B 10 12
5 1-583 815 4358 4333 2601 4624 T8 10-40%
& 1-314 2346 3665 5178 2158 1854 6021 #8671
7 1131 2011 3142 4524 1-B5R 3303 5161 7432
F 0-580 1-74% 749 3-9%8 1626 1.890 4516 6503
9 0880 1364 2443 1519 1445 2-569 4014 5781
10 0792 1407 2199 1167 1-301 PRI T 3613 5202
11 0-720 1279 1999 2879 1-182 2102 3284 4730
12 0560 173 1-833 2639 1084 1927 3012 4335
13 0600 1083 1-692 2436 1000 1178 2779 4002
14 0565 1-002 1571 2262 G920 14632 2580 3716
15 0528 0-918 1466 2-111 0857 1-541 2409 3468
16 0r495 Q-850 1374 19m9 0-Bl3 1445 298 3242
17 Ordss OrE1E 19204 1°E63 0765 1-360 2428 306D
18 e 0-TR2 1:311 1759 =723 1:285 2007 2890
19 0417 0-T4l 1157 1667 0605 1217 1501 738
20 03946 0Tl 1-100 1583 0650 17155 1806 2601
25 0317 0563 Q-BE0 1-267 0520 0915 1445 2081
30 0264 0449 733 1056 0432 o771 1204 1734
35 o226 0402 0624 0905 0372 0661 |02 1486
40 o158 o352 0550 0792 0325 0578 o503 1:301
45 o176 0313 G489 - 704 0289 o514 OB 1136
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WORKING STRESS METHOD

TABLE 82 SHEAR — BENT UP BARS

Valuesof ¥ for single bar, kN

Bar Ty = 14D N, up to A mm diameter
DHAMETER, = 130 Imm‘n:ummmﬂm '"nfhﬂjmnl

e P i z ’ =45 I:—ﬂ)""
10 T78 a2 1277 1564
12 1120 13-71 1839 1233
16 1950 24-38 12-70 #0-05
1% 1519 3rEs 4139 Srae
Frai] -0 3809 310 6258
v ] 34-54 42-80 Gi-82 T5-T2
25 4512 5526 TH-83 9777
Fd ] Se60 682 10014 122.65
iz Ti93 54 13rB0 160,19
k1] 9337 11460 165-54 20275

More — a B the angle berween the bent up bar and the axis of the member.

TABLE §3 DEVELOPMENT LENGTH FOR PLAIN BARS

g, = 140 MH/mm® for bars up to 20 mm diameter
= |30 M mm* for bars over 20 mm diameter
8y = 130 Njmm* for all dismeter

Tabulated valwes are in centimetres,

TEnzics Bang CondPRESION HARS
Ban ORADE OF LONCRETE URADE OF UONCRETE
DaETER, e 1 e

mm M15 M M5 M MLS ™20 M25 M3
& 350 261 233 210 ih 193 173 156
g 457 1540 il 280 M7 260 23-1 2B
10 583 438 ixs 433 x5 289 2640
12 T 325 467 420 520 30 M7 312
14 3 -0 622 560 693 5240 42 416
1% 1030 TH-B -0 &30 T a5 30 468
20 1167 875 718 TO-0 867 650 578 320
n 112 54 Tard T1-% 953 715 636 STE
25 1354 1016 L El-1 T0E:% . BI*3 T2 fa g
| 151-7 113-8 101-1 910 1213 o910 209 T8
2 1733 1300 113-6 1040 1387 104-0 a4 B2
36 1950 1463 1 30 nro 1560 1170 1040 236
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WORKING STRESS METHOD

TABLE 54 DEVELOPMENT LENGTH FOR DEFORMED BARS

Tabulated valoes ane in centimetres.

by = 230 M mm?
oy = 180 M{mm®

Texnmon Bars CostPresson Baws
Bak CrRADE OF CONCRETE GRADE OF COMCRETE
D'r"'m! IO — & 3 i
fmm LS 20 M3IS M0 MIS M2 M25 M0
] 411 308 174 246 i | 204 &1 163
g M8 41-1 365 ize Iz T 41 217
Hx 685 313 456 41-1 452 iy9 oz i
12 BX1 Bl 6 b2 B 49-3 54-3 407 ke 26
14 105 RE1 T30 057 T4 43 453 434
18 123-2 o2-4 22 Ti-0 214 Gl-f 343 A48-0
0 1369 102-7 91-3 irl o5 678 3 §d-3
=2 1506 1129 i o o5 Tdh 63 £0-7
25 171 128-3 1141 Lo2-7 £13:1 a48 T4 a7
28 1917 1438 1274 1150 1267 B50 i4-4 To-0
32 2190 164-1 1460 1314 1448 1086 o5 5 -9
6 2454 1848 164-3 F4T0 1622 1221 1086 977
TARLE 85 DEVELOPMENT LENGTH FOR DEFORMED BARS
Tabuloted valises are in centimeires,
ag, = 173 MH{mm*
Oy = 158 MN/mm?®
_ Tewsion Bags CovePrREssioN Bars

Ham GRADE OF CONCRETE GRAGE OF CONCRETE
e P o Y g A
mm ~ MILS M20 M5 M0 “M1s M 20 M25 M30
& 49-1 16°H T 295 271 4 181 143
8 655 A 37 193 1652 271 241 21-7
L] Bl'H 6l4 346 491 452 e 302 271
12 a2 737 655 59 243 207 362 ira
I& 3o GH.1 73 TG T2-4 543 A5 434
18 1473 1105 953 R4 B4 AR 543 489
0 1637 1228 L1 | -2 a5 6T-9 &3 843
n 1801 1350 12040 1080 995 46 a3 a7
5 2046 1535 1364 1228 1131 B4'8 T5-4 679
28 232 1719 1528 1375 126°7 950 &d-4 T
iz 2615 1964 1746 157-1 1448 108§ RGeS 8569
36 2946 221-0 1064 1768 629 1221 108-6 aT-7
WORKING STRESS DESIGN 209
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7. DEFLECTION CALCULATION

7.1 EFFECTIVE MOMENT OF

INERTIA
A method of calculating the deflections is
given in A ix E of the Code. This

method requires the use of an effective
moment of inertia far given by the following
cquakion
I L
r - |-2—H':(1'£ b
W d J)T

Iy o Jour & I

but,
where
I is the moment of inertia of the cracked
section;
M, is the cracking momeat, equal 1o %
where
Jo 18 the modulus of rupture of con-
crete, [ is the moment of inertia of
the gross section neglecting the re-
inforcement and p; 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 neutral axis;

b 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 z =d — x/3 for
rectangular sections; also b = by for rec-
tangular sections. For flanged sections where
the is in compression, & will be equal
to the mﬂ by. The “hu:mnfx for
flanged beams depend on
dimensions, but in order to ﬂmﬁfm
calculations it is conservatively assumed the
valoe of z for beam is also d4 — x/3,
With this assumption, the expression
tive moment of inertia may be written as
Tollows:

Ie _ 1
=1
but, B 3
and Jan Q Ip

Chart 89 can be used for finding the valoe of
It o accordance with the above cquation.

1e

DEFLECTION CALCULATION

The chart takes into account the condition
"—'F- 2 L. After finding the value of Iy it has

to be with [ and the lower of
the two should be used for calcula-
ting the deflection.

For conlinuous beams, a weighted average
valué of for should be used, as given in
B-2.I of the Code.

1.2 SHRINKAGE AND CREEP
DEFLECTIONS

Deflections due to shrinkage and creep can
be calculated in sccordance 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
ing moment at sarvice 210 kM.m

Sixty percent of the above moment is due to
loads, the loading being distri-
ted uniformly on the span.
L _ bD* _ 300x(600p
e I 12
From clauss 5.2.2 of the Code,
Flexural tensile strength,
Ja =0Ty fau N/mm?

S = 07 V15 = 2:71 N/mm?
Y= D2 = H—;i— 300 mm
faly _ 271 x 54 x 10

300

M

w= 54w 10* mm*

Hf-

= 488 x 107 N.mm
d’,ﬂd-(%)-nﬂﬁ'r
d'jd = 005 will be used in referring to Tables,
From 5.2.3.1 of the Code,
E; = 5700 /5 N/mm?
- 5700 /15 = 22'1 x 10* Nfmm*
E, =200 kN/mm® =2 x 10 N/mm?*
2 x WA
me BB = sy =03

z13



From Example 3,

m=LIT.p. = 0418
F'{-"H"H-'{p m = (L4188 X B.05)/

(1.117 X 9.05) =
pom = 1L1I7 X905 =10.11
Referring to Table 87,

L (b 12} = 0720
. 4, =10.720 X 300 X (562. 50712
= 3.204 ¥ 10* mnm"

Referring 1o Tahle 91,

0.333

X
i 0.333

Moment at service load,
= 2.0 = 10" N, mm
488 = 107
TR i
Referring to Chare 89,
Lo/l = 1.0
g =1 =3.204 X 107 mm*

For a cantilever with uniformly distributed
load,

M=210 kN.m

M. M=

1 MF
4 Ef,
. 210 % 107 ¥ (4000
4 22 % W K 3204 % 10°
= 1146 mm AN
Deflection due to shrinkage (see clause B-7
ol the Coder;
a, =k, W, "
kv = 0.5 for cantilevers
o= 1117, p. = 0.418
oo = 1T - D418 = 0699 < 1.0

Sk=o72x BB
!.l
(1117 ~ 0.418)

V117
= 0L.476

in the absence of data, the value of the
uitimate shrinkage strain £, 15 taken asg
(000 3 as given in 5.2.4.1 of the Code.

Elastic deflection =

=0.72X

b = 600 mm
L Shrinkage curvature ¥, = &, %
0,476 > 0.000 3 1
= S i [
600 10
=1}5HIJEH]II}' {4 000y
=190 m A2)

214

Deflection due to creep,

@, |peem) = i, |z

In the absence of data, the age at loading
is assumed to be 28 days and the value of
creep coefficient, & is taken as |6 from
52501 of the Code.

(47 [ | =

. E
E|:r_l_1_E
_ a0 : .
W—E-fﬂfl'ﬂ N/ mm
O -k - | L
¥ T T
o= 1117 p.o=0418
polm = I (g = 0L 41R(2353 = 1)/

(1117 % 23.53)
= (358

Referring to Table 87,

Lilhed [12) = 1497

L= 1.497 X 300 (562.51'112
= f.66 % 10° mm*

L =r=l-: lF-;-l‘ -"'-\_:: :Fr

6.66[x 10" < L, = 54x 107

= 54 % 100 mm*

@o ey = Imitial plus creep deflection due 1o
permanent loads obtained using the
above modulus of elasticity

=9 MF
4 E. Ly
_ 1, 10621 X 10') (4 000)
4 B5% 10" % 5.4 x 10°
= 10.9E mm
I:’l LI = S'hu'n t-'l'-"l'ﬂ"l dtﬂﬂ‘:t“}n I:ILIJ: tI:'l
permanent load obtained using E
1, 0.6 X 21 % 107) (4 000)’
22,1 % 10" % 3,204 % 10°
= T.12 mm
S W = 1098 = 712 = 386 kY

= Total deflection (long term) due to initial
load, shrinkage and creep
= || Bb+ 1.90 + 386 = 17.62 mm.

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

Permissible deflection = % = |6 mm.

The calculated deflection is only slightly
greater than the permissible value and hence
the section may not be revised.
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Chart 89 EFFECTIVE MOMENT OF INERTIA FOR

CALCULATING DEFLECTION
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Chart 90 PERCENTAGE, AREA AND SPACING OF BARS

IN SLABS
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H " [ /i d, a @
g 15 —l y "B 1 E
: Al @
E i ‘ 11 E
2 i /] <
. 13 f { ‘? 10 :-!
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1" -'"‘ ! e AT /T iv.a 18
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Chart 81 EFFECTIVE LENGTH OF COLUMNS —
Frame Restrained Against Sway

HINGED 1.0

0-9

0-7

08

B os

0«4

0+3

01 02 03 04 05 0¢6 07 08 09 1.9

P :

FIXED o

l,lndhlmthuluuﬂ”llﬂuIuplndhuuumﬂrth:mlwnnwhm;.,l— ir';xb,:heiummlimbﬂn:
done for the members framing into a joint: Ke and Kb are the flexural stiffnesses of column and beam respectively.
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Chart 92 EFFECTIVE LENGTH OF COLUMNS —
Frame Without Restraint to Sway

HINGED 10 g

0-9

o
¥
L
L =
[
a
=]
L
o=
L=
dh
=]
L]
o
[ =
=3
[ =
L]
[ =]
uw
=]

Sz

HINGED

B.and B, are the values of B at the top and bottom of the column, where "!I.%'ﬂ'i"h‘-‘ R g
done for the members framing into & joint; Ke and Kb are the flexural stiffpesses of column and beam respectively.
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TABLE 86 MOMENT OF INERTIA — VALUES OF bd%/12 000

b, cm

d, cm
i 15 20 25 30 A5 40 45 50
10 o8 2 17 21 25 9 »3 7 42
1l i1 17 1 8 33 39 44 20 55
12 i4 22 Fa ] 36 43 50 8 &3 T2
13 '8 27 37 46 55 R T3 a2 1
4 F 34 Ly 57 &9 L) *i 10r3 114
15 28 42 56 T B4 8 I-3 127 id-1
16 34 541 &8 g5 102 11-9 137 154 171
17 41 il g2 12 123 14-3 16-4 18-4 20r s
18 49 73 &7 12:1 146 170 194 219 243
1% 57 B 114 14-3 i 200 9 257 286
0 67 100 13:3 167 000 133 267 300 132
21 77 1I'6 154 193 a2 2710 i) 7 it o
22 B9 133 177 12 266 3l 355 g5l ] 4
23 1or1 152 20:3 253 o4 55 &6 456 $0r7
24 115 173 2340 288 46 40r3 451 518 iT4
25 130 195 2610 A2 kL8| 456 51 86 651
26 146 230 253 66 ii9 53 586 659 T3 2
i 164 246 ITE A1 452 T4 G656 FER: B0
8 183 274 k] 457 549 6d-0 732 823 915
9 23 s a6 50r8 610 711 Bl3 oI5 1006
10 225 338 430 563 AT-5 THE S0-0 101-3 1125
32 273 410 46 683 E1-9 956 1092 1229 1365
M Era] 491 hi55 B9 983 1146 1310 147-4 1638
el ] 383 T8 o972 1166 13601 1555 1750 1544
18 457 Gh-6 215 1143 1372 11t 1823 2058 2IB6
40 53-3 200 1067 1333 1600 1867 2133 24000 20667
42 617 926 123-5 1543 1852 21601 2470 2778 308-7
44 -0 1065 1420 177-5 2130 2485 2519 394 3545
46 Bl 121-7 162-2 202-8 2433 2839 324-5 3650 4056
48 522 1382 1843 2304 2765 26 3686 4147 4608
S0 1042 1562 208-3 26lF4 23S 3546 41867 4687 5208
52 172 1758 2343 M9 3515 4101 4687 5273 5859
44 1312 1868 2624 1280 3937 4551 50 S0 3 6561
58 1463 2195 2927 59 4390 S12-2 5854 6586 7317
5% 1626 2439 3252 A0S 4878 5691 6504 7317 B13-0
&0 1800 2700 3600 4500 00 e300 THr0 Bio0 2000
65 2249 3433 4577 5721 BRAG RO1-0 9154 1029-E 1144-3
0 1858 4287 3T1-7 Ti4-6 B57-5 R4 11433 1285-2 14392
75 L1 5273 031 8789 10547 T230r5 140673 15820 17578
&0 42067 800 8531 LOGE-7 12800 14933 170677 15300 21333
k] 5118 Ta7-7 10235 1374 153353 17912 20471 23030 25589
90 6074 9113 12150 15188 18225 21263 2430 FREEY ] 0375
o5 TI45 10717 1426-0 17862 21434 2500-7 25579 ¥ 35T
100 8133 12500 16657 20813 2500-0 29167 333¥3 ITHE0 41567

0
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TABLE 87 MOMENT OF INERTIA OF CRACKED SECTION —

VALUES OF 1,/(%

dYd=00%
pelm—t)(pur)

s 00 o 02 o3 ord o6 08 10
10 0-100 0100 0100 0100 0-100 o100 0100 0100
15 o143 0144 o144 0144 0144 o145 0145 0145
20 o185 0185 o186 o186 0186 o 0188 0183
25 0224 0225 025 0226 o 0229 0230
30 0262 0-263 0264 0264 0-265 0269 0270
3-5 o298 299 0300 0-302 0303 0305 0-308 0310
e 0332 334 0136 o338 0119 0343 0-346 0348
43 0-366 0368 0371 037 0378 0379 0383 0386
50 0398 0401 0404 0407 0409 0414 0419 424
55 0430 0433 0437 440 0443 0455 0460
60 0460 0-465 0469 o472 0476 0r483 0496
65 0-490 a5 0500 0304 0509 o517 0-525% 0532
70 0519 0-525 0530 0335 0540 550 0-559 0-567
75 0-347 0554 0560 0366 0571 o582 0592 0602
80 0-575 0-582 o589 0596 0602 o8i4 0626 0636
85 0601 0610 o617 0625 o632 0646 0659 0670
540 0625 0637 0645 0654 0-662 0677 0691 0704
o5 0653 0663 0673 0682 a9l “T0d 723 738

100 0-680 0-700 o710 720 0738 0755 o771

10-5 0T03 0715 0727 0738 0748 0765 0787 -804

110 o727 0740 0753 0-765 0777 0798 0818 0-B37

115 o750 0764 0778 0792 0-B28 0869

120 o773 0789 -804 o-818 0832 0857 0-480 0-902

125 0795 0812 0829 0844 0859 0-R86 0911 0934

130 0818 0836 0852 0-870 0885 0915 0-942 0966

135 0839 0839 0877 0895 0912 0943 0972 0998

140 O-B60 -EE1 g ] 1" 0938 0972 1002 1030

145 g8l ro04 0925 0945 0964 1000 1032 1-061

150 0-or 2 0926 0948 0963 090 1027 1-062 1093

135 0922 0047 0971 0994 1015 1085 1-091 11124

160 0-942 o968 994 1-018 1040 1083 14121 1-155

170 0980 1010 1038 1065 14090 1137 1-179 1217

180 1-018 1051 1082 1-111 1-139 1191 1-237 1278

190 1054 1090 1125 1-157 1188 14244 1254 1:340

200 1089 1129 1166 1-202 1235 1296 1351 1-400

21°0 1123 1-167 1-207 1-246 1282 1-348 1408 1461

230 1-156 1 1-248 1-289 1328 1-400 1464 1-521

230 1-188 1239 1-287 1332 1374 1-451 1519 1-581

240 1-230 1274 1-326 1474 1419 1-502 1575 1640

250 1-250 1-309 1-364 1415 1-464 1552 1630 1'69%

260 1-280 1-342 1+401 1-456 1°508 1602 1'685 1-758

270 1-308 1-376 1438 1497 1552 1-651 1739 1617

280 1337 1-408 1475 1-537 1-595 1-701 1794 1876

290 1-364 1440 1-510 1-576 1-638 1-750 1-848 1934

300 1-39] 1471 1°846 1-615 1681 1-708 1902 1993
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TABLE 88 MOMENT OF INERTIA OF CRACKED SECTION —

VALUES OF M(g;)
d'/d=0r10
po{ mt—=1}{ pysm)

L1 g1] o1 ol 03 -4 L] o8 10
o100 0 100 0-100 o100 0100 0100 O 100 0100
0143 0143 rid4 44 ri44 O id4 144 fri44
0r185 0183 0185 1835 i85 0186 o186 - 186

224 0224 X215 o225 oI5 o226 rlls 27
0262 o262 o263 0263 0263 o254 0265 0266
0298 0298 0299 O-300 300 0302 0303 0304
0112 0133 134 0315 336 0338 0341
0 36 0367 0369 O X 3T o373 0376 0378
393 ra00 Orad2 403 0403 408 o411 0413
0r430 432 444 0436 0438 0442 Or44s
450 0r463 (rdsh rdsl 0470 0475 e 0483
Or ) 0493 rd%6 ] 0302 o507 312 o517
0518 i-523 o326 53 0513 o Or545 O 550
0547 i-551 0355 0550 563 571 577 0-583
575 0580 r3gd 525 0-393 0601 0eéla
o601 0607 o6i2 0618 0622 0632 0640 0648
628 &34 g ] (6 0651 O-662 671 0680
0653 re60 0687 673 D680 0631 o702 072
67T 0re86 0693 ]} - T08 0720 0732 743
0703 o1l 720 0721 0735 0749 076z o714
727 0736 0745 0754 0762 778 o792 O-803
0750 0760 0o-770 0780 0-789 0BG 085 836
77l O-TR4 o795 0805 0815 rgi4 orasl (B
135 0-B08 820 831 rEa1 561 880 B9
rEld 0831 a4 0856 0-BE7T {-ERS O+-308 O-926
rE¥e rEx o867 0380 593 036 o237 g 1]
O Bol O-876 0891 0905 o918 0943 0965 985
rEg] 898 g.‘;g o9 o3 0-9E9 ress 1013
092 %A 0952 il 0996 1021 1044
o911 oMl 0959 0976 o992 1022 1045 1074
o542 0562 0381 g IOl |- 1077 1-103
0380 1-003 1024 1045 | D64 1099 1-131 1-160
I-018 143 1067 1089 14111 i-130 1-185 1-217
1054 1062 1-108 1133 1'157 1-200 1-2349 1:274
i-0Es 1-120 142 I-176 1-202 1249 1-292 1-330
133 1157 I-189 1218 1-247 1-298 1344 [-386
1"156 1-193 1-227 1-260 1-291 1-347 1396 I-441
1-188 1-X28 1-266 1-301 1-334 -3 1-448 1436
1220 1-263 1-303 1141 1-377 1-442 1-500 1351
1-250 1236 1-140 1381 1-419 1-439 1-331 I -606
1280 1-12% 1-176 1-420 1-45] 1°535 1601 1 “Gell
i-308 1-362 1-412 1-458 132 1-582 1652 1714
i-337 -394 1-447 1496 1-343 1627 1702 1:768
i-364 1425 1481 1-334 1-383 1673 1-752 1B21
1-381 1-433 1-513 137 1623 1-TI8 1-801 1-875
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TABLE 89 MOMENT OF INERTIA OF CRACKED SECTION —
VALUES OF I,/ (%)

dd=015

Pelm—1 pym)
mm F e v
a4 ol 2 o3 o i iy 10
10 -1 0ol - 1100 - 100 el i) 0100 Q=100 - 100 O~
1-5 o143 0143 0143 0-143 0-143 (rld} 143 o143
24 o183 0183 0-185 O-185 F18% Q185 0145 0-185
2-5 0-3224 234 224 0-3124 324 i grir| rZis =325
30 0262 0-2a2 0-262 G263 i gri rd {26l 261 0363
1-5 0298 0298 0298 0298 0299 0299 0-300 0300
40 332 0333 0-333 0-334 0334 0315 336 0336
45 {166 L 0-357 0-368 362 o-3a9 a7l 372
54 O-136 0395 (400 -4 402 0403 0-405 (4
53 Q430 0431 0-432 0433 0434 0436 438 40
60 0450 0462 463 D455 -6 0468 0471 0473
(3] -4 0492 404 0494 (r497 500 0503 (-50%
T-0 519 0-521 0523 0525 Q527 +in 0534 =537
T8 547 0550 0552 0555 557 =541 0565 0-565
gD o575 578 o581 0583 586 591 05946 00
] (601 {505 (a8 G511 0514 0620 b6 (=631
90 (628 k633 R R 0638 4l 49 0-655 0661
08 653 Q638 (-2 0 Gl Orfi T 678 gk 0691
Fe0 (riTE 683 O-638 0593 0-&97 O TS o713 721
105 0T 0-708 T4 719 07 733 0742 750
11+ 0727 071% 719 745 075y 0Tl 07T =T
113 0750 o757 764 oTHY 7T 0 TRE 0T 808
120 0773 o781 CrTHA 0795 0802 B4 O824 -B36
12:5 0-T45 -804 o-E12 O-8H0 2T 0841 g5l 04565
130 B8 0-827 g5 0844 0852 i-B67T 0-893
135 0-539 0-E49 a5y rE68 &l 0-891 307 0620
140 -6 -E71 -BE2 -89l -5 o918 0534 -8
14-3 O8] 93 10 e 813 -i235 0943 -Gl 0-75
150 0202 024 0-226 0938 a3 0965 1-003
15-5 0922 035 0948 0-960 0072 0-993 1013 1030
160 (342 955 0-970 SR -5 iR 10 1047
170 O3B0 O-55T -0 1-027 i1 14067 10540 b
18-0 1018 1-034 154 1-07 IOy i3 (BT 1-164
140 1054 1-07s (P 1112 1030 i-j62 fi91 i-206
200 8% 1112 1-134 1-154 1173 208 1240 =268
210 1123 1-148 1172 1-194 1-214 1:2154 1289 1-320
Frall 1156 1-154 1210 1-334 1-257 1300 kY 1-371
230 i-188 219 1-247 1-274 X 1345 {385 1422
2440 1230 1-242 1-283 i-112 1-339 1-389 432 1473
el I-250 1-2846 319 1-350 139 433 [-480 I-523%
250 1280 1-318 1-354 I-387 1419 1476 1:527 I-573
210 1-30% 1350 1-388 434 458 iI-520 1574 1622
280 1-337 1381 1423 461 1447 1-562 1-620 1472
250 1+ 364 [-41 1 1-45% i 45 1-33% 14605 1-666 1-121
30 13 1441 1-488 1532 1373 1447 I-712 -7
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TABLE %0 MOMENT OF INERTIA OF CRACKED SECTION —

b®
VALUES OF I/ ('IT
&|deir 20
p-{m:_l].l'q',pm}

00 ol o2 03 04 o6 08 10
i 1] rl00 Ol L [11] Q- 100 Q=100 o100 0r 100
43 0143 o143 43 Oridd Oridd orid4 oridd
&5 0183 origs o185 0185 185 0185 0185
o224 0224 o214 o4 0221 0224 0224 0324
0F262 0-262 r62 r262 262 0262 262 262
298 o298 iga' i r15a 298 298 018 0298
332 333 0333 ri33 0333 =333 333 0333
i [ 1713 0365 O-36T7 387 0367 357 0358
0358 0359 L ] 39 -0 00 401 g i ]
0430 0-430 ordil 0431 432 0432 0433 0434
{450 O] 2 i I o463 1 1.7 it T Ordhb
OrdS0 o9 i OrdS 453 095 0447
59 O-52) 521 322 523 0525 526 r538
547 O-548 0550 o-551 0-552 0554 0556 o558
i g T 576 o5 379 580 [t x] SEn 588
601 (13" 1] Oa04% 0607 re0sE rial2 O-614 o617

Ol e300 632 06534 rE3s i 5 L] O3
063 0r656 0660 0663 667 0671 0675
=678 0581 o684 ERT &Ry (i e M3
o103 O T o711z TS grrd | 0126 ik |
72T T30 0T34 Q737 41 747 0-T43 o758
o750 o754 o-758 o0 Ta2 I Th6 rT1 i grirt | O-T45
T3 orTTE i g} 7.4 o-TEY o791 =T g F1 o812
195 o8 B oriil RS rE24 g3z 0839

818 823 g9 o534 RIS R4S i
RIS FB46 OrES2 orase 863 ETY ligh= ] orE92
O-E60 -B&T +ET4 o-Efi O-Bs7 RS (e g TE )
B8l 889 OrE%6 0903 o910 (i 5 rard 0933 0-043
o902 g1 1i] o8 0926 o833 [0 ra5s s
o932 o911 Fig " 1] g’ " 1] o935 ST 0281 i o'
i 5 0352 [ig" 11 1] 0578 993 1T 120
0980 -9 1002 1912 =22 14039 135 1070
1018 14031 1043 1044 1065 1085 1-103 1119
1054 1068 1082 1095 1107 1129 1150 1168
108% 1-105 14120 1-13% i-148 1173 1-155 1216
1133 1141 1-158 1-174 1189 1217 1-241 254
1"156 1-17% 1-195 | v d I 12 1-25% 1-287 1311
1*188 1-210 1-231 =250 1268 132 1-331 1358
g |} 1244 1-266 <287 1307 1343 1-374 1| =405
250 1-376 1301 1-324 1-34% 1364 1+419 1-4%1
R0 1-30& 1+334 1-35% 1383 1425 1-463 1457
308 1-33% 1-368 1:395 1420 1465 1-506 1-542
337 1-370 1400 1-429 1455 I-50% 1-343 1-587
=36 i-39% 1433 1863 1-492 1545 1-591 1-632
391 1429 164 1497 1-528 1-584 1633 1577
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TABLE %1 DEPTH OF NEUTRAL AXES — VALUES OF xid

BY ELASTIC THEORY

' [ d =005
pelm— L)/ )

Pun . & 1
o0 g -2 3 04 o6 i ] 10
10 o132 131 131 130 130 o128 o127 126
15 o159 o158 0157 156 o155 0153 0152 0150
0 r1El 0180 0178 177 r176 0173 o171 0169
5 o198 o197 195 0194 190 o187 rias
30 o217 215 0213 211 0209 0205 0202 o198
E ] 0-232 0230 0227 22y 223 0218 214 210
&0 246 0-243 (240 r18 215 0230 225 o221
45 -258 0255 (F252 s L rd46 241 X35 0230
540 o270 0267 253 0260 257 0251 245 239
55 0-281 0277 0274 270 267 0260 0253 0247
&40 292 o-IA7 0284 0280 275 0268 0261 u-ﬁg

5% =301 207 293 =288 =284 0276 0269 o
0 0311 0205 =301 o297 2 =284 0276 0268
75 oIy 0314 0309 305 0200 igra il 0282 0274
B0 03128 0323 317 o352 0307 (298 0.289 (280
&5 0118 0-330 0325 e 114 0= 3064 0254 0285
g0 0344 0-338 332 326 0321 0310 0-300 0-291
95 0351 M5 0339 0-333 37 0316 0305 0295
100 03158 0-352 (345 0319 333 o321 o310 0300
i3] 0365 0-358 0351 o345 0119 0325 o315 0304
11 o372 0345 0-358 o351 O34 i3z o120 0308
11-5 TR 0371 o363 156 349 0334 0-124 o313
120 D354 0377 0359 0r362 0355 r34] 0-324 36
125 o390 0-382 0-374 o 36T 0359 0345 0-3312 0320
130 396 0-3ER 0-380 0372 0-364 0350 0136 0324
135 U402 0-393 0-385 o377 369 0354 - 340 0327
140 47 o -390 381 3173 0358 0144 0330
145 13 0403 0194 0186 78 352 0-147 0-333
1530 G418 0-408 0-1949 03590 o382 0355 0-350 0335
155 0423 o413 D404 355 (385 0359 o-354 0339
160 0423 0418 408 0359 -390 o373 0-357 0342
170 0437 o417 0416 0397 379 0363 0347
180 0445 0435 0424 o414 (40 0385 0168 0352
199 0455 0443 0432 o2l o411 o393 0374 0357
200 =453 451 o438 10 ] 417 397 =379 03462
2140 471 0459 (i T T T o435 0424 0403 0383 o366
40 479 0464 0453 Orddi 429 404 O33R o370
230 486 0472 0459 o447 0435 o413 0352 (v E]
240 453 0-479 0465 453 0440 417 0196 oI
2540 - 500 048 5 o471 458 445 422 0400 0380
26°0 0-507 ]| o477 463 D450 26 044 0384
270 o513 0r497 482 468 o455 r430 0407 o337
280 514 o503 0438 r473 0459 434 411 O-390
290 0-525 0508 0493 o4TR Ordid 0437 0rd 14 0392
300 0531 514 0498 452 0468 0441 0417 o395
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TABLE 92 DEPTH OF NEUTRAL AXIS — VALUES OF x/d
BY ELASTIC THEORY

d'fd=0-10

el i — fl’{ﬂ.ﬂﬂ
15 i) 1 =2 ol 04 & 08 I0
iz i3 0131 {rl3i o131 0130 0130 0130
0155 158 158 o157 w157 0156 0-1%% 154
orifl g f:1] i) riTe o178 176 175 0174
o199 198 1597 o196 0154 r152 0190
o217 0215 214 F213 211 0-200 0206 204
232 0130 0238 =227 X215 0232 rd | 216
0-246 0244 0-242 0240 (FX18 33a 0231 0227
0-258 0156 0254 o252 gt 0245 241 27
0-X70 o268 L2635 262 O350 0255 251 - 246
=81 +I78 =275 F2T3 X0 D265 F250 0255
292 0288 0285 o282 279 o273 0268 263
0301 0298 0254 Lol i g 1.1 rZh2 0276 | el
0311 o307 303 =290 it ] L1 ] 0283 X7
o319 o315 G311 0-307 O304 0296 o250 0-283
0334 0324 0319 =315 o311 0303 -5 i e}
336 131 0327 0322 I8 0310 302 (=295
0344 0-339 0334 0329 0325 316 0-308 0300
=351 0-346 (341 0-335 331 03122 0313 0305
0-358 0353 0-347 0342 0337 0327 0318 0310
=365 359 354 0344 0343 o333 0323 34
0372 O 366 0360 0354 0345 03318 0-328 o319
0-37% 0372 0368 0-350 0354 0-343 0333 o323
o384 o378 0371 0364 0359 0348 0337 o327
0-350 0353 0377 0370 0-354 0152 0-341 33l
0394 0-189 0382 0375 0369 0357 0-345 0335
402 0-3594 F38T 0380 0374 =351 345 0,338
0407 0-400 sz rifs 0378 0165 353 0,342
o413 0-405 0387 035 382 0-368 0157 0,345
o418 O-410 402 0354 387 0373 0360 0,348
O-414 s 0358 391 0377 1n3 0.351
0428 o419 -4l - 355 0380 0-367 0354
0437 0-428 0419 411 o403 0387 03731 0360
{444 0-437 0427 418 0 -394 =379 3165
0453 445 Or435 rd 2 o417 0-400 =384 0370
0463 453 0442 0433 0423 0-406 0-389 375
0471 0-450 r449 0439 0429 041l 0354 0-379
-4 T4 (467 456 45 0435 0416 (0-359 0383
o485 474 452 0451 Orded ] 0421 0-40% -I8T
0-493 481 it 0457 (445 0426 O-408 381
O 500 0487 o475 Or&63 0452 0.431 o412 0394
0-507 493 (4S80 468 0457 435 O-416 0-398
o513 0499 4865 473 0461 0439 0419 0401
519 O-505 0431 r4TE r4di 0441 0-423% Q-4
0e528 0510 rd 96 (P43 Q4T Oe4d7 0425 0407
0331 r5l6 0501 488 0475 0451 Q=425 o410
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TABLE 93 DEPTH OF NEUTRAL AXIS — YALUES OF x/d
BY ELASTIC THEORY

_Pn{m-r-‘] Wi pyim)
00 0 2 03 o4
132 0132 32 Orl32 ris2
159 155 159 o159 o159
181 181 O 1 By 0180 0180
r00 0159 o159 01548 (158
o217 216 gl orzl4 214
oziz  om  ome om0
0.246 244 ria 4 ridl
Or2s58 257 o255 0254 252
2™ O0-265 s 0-265 0-263
r2al *I7e 277 =275 =273
o2 253 {287 285 2182
o331 rIF i Z¥h 1 g ir v
o3l 308 O 305 03002 199
319 316 313 r310 0307
r3ia 3 rizt iFiis r3is
0336 312 0329 315 032
Or344 O340 316 332 o33
o35 347 0343 ¥3139 0-335
(r358 0354 349 345 0341
0365 0350 0185 03 0147
372 0-357 =362 0-357 0-353
o-37TH 373 (=358 0363 0-358
0-384 0-37% ri74 36 364
350 0-385 0379 0574 0369
et 250 0184 1T 0374
402 394G -390 184 A7
o407 0=401 3195 0-389 (383
0413 0-406 (-400 0-393 i-387
r418 411 (-404 03598 392
a3 416 409 O-402 i394
0r42s5 (r420 0413 0407 Or400
417 4249 0422 Ordl3 408
(r446 438 430 421 415
rd55 a4 r43% rd 30 L1 i
ra63 or454 rd45 0r437 429
471 0452 0452 G-l 0-435
H47e 0-455 (-455 450 0441
r484 O-4Th 45 456 0447
o493 Or482 0-472 462 a-452
500 435 0-4TR O-464 (458
0507 0483 484 (473 0-463
o513 501 D45 478 0458
519 1 g 0-494 0-48% o472
523 512 -3 488 477
531 517 (503 0-493 048]

]
=

o2 9999S
Bs SEES

d'jd=0135

i I
o i33 LR
o158 - 158
o179 wiTe
o196 0195
o211 20
i-124 L1 e
236 34
347 244
257 o254
- 266 0263
074 20
irihZ 278
0250 0285
¢m oW
LFa s L LA ]
0-305 0304
0315 0308
o3zl 03l
0-326 0-320
0332 o324
3116 0329
341 0-333
{346 338
=350 O34
a8 145
(358 349
162 153
366 156
169 0- 160
i3 353
0376 0366
383 0572
0-X89 o377
0395 0-383
{400 0-3%87
(45 0392
ord 0 -394
ord|5 (-4
419 -5
423 i
0-427 0412
0-431 Ord] 5
435 419
438 o422
0442 0425

.



TABLE %4 DEPTH OF NEUTRAL AXIS — YALUES OF x/d
BY ELASTIC THEORY

o= 20

pelm—1Wipeem)
Fa v P = J
0.0 01 0.2 0.3 0.4 (L6 U] 1.0
1-0 Q132 0132 riii o133 0 34 o135 135 0136
-3 154 0150 160 o1l 160 LR L[] 0162
20 18] 181 181 182 182 0182 iRz 183
25 0200 0200 - iy -0 0 ) 0200 g 0] O-200
10 0217 217 0216 or2l6 2l 02l6 115 215
15 2z L] 231 0231 -230 0230 0215 0228
40 246 Ordd5 rad4 0344 0243 242 0241 0-240
4= 258 [ et 0237 Q-256 -Z55 254 0252 251
50 | g 259 268 0-2&7 (1R -2ed 162 LLRe |
55 0281 F2ED 2T wzTy iR i e ] 0272 2T
60 r292 {290 i gL 0287 186G 0-2%&3 0-280 0278
[ 03010 - Bk L gt L st 8 =195 i gri] | 0239 O-285
70 o3l 0 037 - 305 {30 0300 0256 0293
T5 r3ile L i 0315 313 311 0307 0-303 0-300
B0 (328 325 o323 321 319 o-3l4 =310 0306
83 336 {riil ordii r3zg8 0-326 0321 o317 0313
g4 0344 0341 338 0-315 0-333 {3218 0323 0-314
93 0351 0344 =345 =342 r31n {134 339 o324
100 ri5E o35% 0352 0348 {345 i 140 iri34 0329
105 0F3635 ri62 0-358 0355 o351 345 - 340 334
i1-0 037 - 368 0364 o3l 357 0350 0345 339
115 o378 0374 370 0 365 363 0-356 0-345 (343
120 {384 - 380 0178 372 Fi58 341 0-354 (-34E
125 3 386 r182 377 3173 g 358 0-352
1340 394 391 0387 0 383 FITE 370 363 356
135 (402 397 0392 (r 388 0383 175 0367 0360
140 0-407 0403 397 0-3192 0 1BE oire 0371 0-364
14-5 (+413 0-407 0403 0-397 o352 {383 0375 o367
150 o418 i 0407 0-402 o357 0387 0379 o371
155 0-421 o4l T o411 00 401 391 {342 374
160 o424 422 416 0410 0-40% 0-395 0-386 0377
10 o437 0431 0428 419 o413 r2 0323 0 384
180 46 439 L] (a7 {428 O-40% 373 O-3a5
190 0-455 0448 0441 0434 428 416 0405 0395
2040 0-463 0456 041 0-434 0422 o410 0400
210 0471 443 0435 LI O] 428 rd 16 48
20 o478 470 04632 454 0447 0433 (42§ -4
230 O-486 477 0468 frd6i 0453 0439 rd 26 414
240 o483 i0-484 0475 (467 459 Orddd 430 0-418
150 S0 0400 0481 472 (484 Ord4% 0-415 O-422
2640 0507 (496 Or4E7 478 (458 O-453 439 428
2740 513 0502 rd2 0483 drd Tl 458 Ord43 0429
250 0519 0508 0-498 o488 o479 {462 0r447 0433
26-0 o523 514 o503 493 a4 D466 or450 0436
00 0-531 o519 0508 o458 O-484 o470 0434 0439
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TABLE 95 AREAS OF GIVEN NUMBERS OF BARS IN em?

Munes Bax m-u!_'l-'ll, mm
oF Bans "o B 10 12 14 16 18 20 ] 25 28 1 %
1 OB 0% 01 113 1% 201 254 ¥4 ¥R 49 616  BO4 1018
2 os6 100 157 226 307 407 SO8 628 760 98I 1231 1608 20035
3 OB4 1'% 235 339 46l 601 TEI 942 110 1472 1847 2412 05
4 [13 2001 314 &52 615 &04 1017 12% 1520 1963 24463 1217 w071
5 141 231 392 565 TE9 1005 1272 IS0 1900 2454  3OTE 4021 5089
& 3401 471 &5 923 1248 1536 1885 210 2948 1594 4%-2% G107
7 35 S49 791 1077 1407 ITEL 299 2660 MIE  4¥I0 5629 7128
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TABLE %6 AREAS OF BARS AT GIVEN SPACINGS

Values in cm? per Meter Width

SRACING Baw Dli'.l:l'l!l. [T
cm g 8 10 12 14 16 1% 20 2 25 % 3
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Table 97 FIXED END MOMENTS FOR PRISMATIC BEAMS

LOAD TYPE My, My
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Mote:- w is the load per unit length
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Table 98 DEFLECTION FORMULAE FOR PRISMATIC BEAMS
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Note:- W is tolal distributed load
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