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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 out in-depth studies in various areas of civil engineering and construction practices.
During the preparation of the Fifth Five Year Plan in 1975, the Group was assigned the task
of producing a Science and Technology plan for research, development and extension work
in the sector of housing and construction technology. One of the i1tems 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

b) Typification for industrial buildings.

A Special Committee for Implementation of Science and Technology Projects (SCIP)
consisting of experts connected with different aspects (see page viii) was setup in 1974 to advise
the ISI 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 Buildings

Explanaig;y@ Handbook on Earthquake Resistant Design and Construction (IS : 1893
IS :

Design Aids for Reinforced Concrete to IS : 456-1978

Explanatory Handbook on Masonry Code

Commentary on Concrete Code (IS : 456)

Concrete Mixes

Concrete Reinforcement

Form Work

Timber Engineering

Steel Code (IS : 800)

Loading Code

Fire Safety

Prefabrication

Tall Buildings

Design of Industrial Steel Structures

Inspection of Different Items of Building Work

Bulk Storage Structures in Steel

Bulk Storage Structures in Concrete

Liquid Retaining Structures



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

One of the explanatory handbooks identified is on IS : 456-1978 Code of practice for
plain and reinforced 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 clauses in the Code
for the design of beams, slabs and columns in general building structures.

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

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

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

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

methods of ACI 318-71, Volume 1 (Second Edition). 1973. American Concrete
Institute.

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

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

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

The design aids cover the following:

a) Material Strength and Stress-Strain Relationships;

b) Flexural Members ( Limit State Design );

c) Compression Members ( Limit State Design );

d) Shear and Torsion ( Limit State Design);

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

g) Deflection Calculation; and

h) General Tables.

The format of these design aids is as follows:

a) Assumptions regarding material strength;

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

c¢) Worked example iilustrating the use of the design aids.

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

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

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

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

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

¢) Both charts and tables are given for flexural members. The charts can be used con-

veniently for preliminary design and for final design where greater accuracy is needed,
tables may be used.



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

g)

h)

i)

faces.

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

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

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

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

vii



.SPECIAL COMMITTEE FOR IMPLEMENTATION OF SCIENCE AND

Members
Surt A. K. BANERJEE

ProF DINESH MOHAN

DRr S. MAUDGAL

Dr M. RaMalaH

SHRI T. K. SARAN

SHRI T. S. VEDAGIRI

DRr H. C. VISVESVARAYA

SHRI D. ANTHA SIMHA
(Member Secreiury)

vii

TECHNOLOGY PROJECTS (SCIP)

Chairman

MaJ-GEN HARKIRAT SINGH
W-51 Greater Kailash I, New Delhi 110048

Mﬁta]luhrgical and Engineering Consultants (India) Limited,
anchi

Central Building Research Institute, Roorkee

Department of Science and Technology, New Delhi
Structural Engineering Research Centre, Madras

Bureau of Public Enterprises, New Delhi

Central Public Works Department, New Dethi

Cement Research Institute of India, New Delhi

Indian Standards Institution, New Delhi



CONTENTS

Page
LIST OF TABLES IN THE EXPLANATORY TEXT x
LIST OF CHARTS T
LIST OF TABLES O <\
SYMBOLS ... Xvii
CONVERSION FACTORS v XiX

1. MATERIAL STRENGTH AND STRESS-STRAIN RELATIONSHIPS

3
1.1 Grades of Concrete .. . 3
1.2  Types and Grades of Reinforcement 3
1.3 Stress-strain Relationship for Concrete 4
1.4  Stress-strain Relationship for Steel 4

2 FLEXURAL MEMBERS 9
2.1  Assumplions 9
2.2  Maximum Depth of Neutral Axis 9
2.3  Rectangular Sections . 9
2.3.1 Under-Reinforced Sections .. 10
2.3.2 Doubly Reinforced Sections . 12
24  T-Settions e .. 14
2.5 Control of Deflection .. 14
3. COMPRESSION MEMBERS .. 99
3.1  Axially Loaded Compression Members e 99
3.2 Combined Axial Load and Uniaxial Bending .. 99
3.2.1 Assumptions e ... 100
3.2.2 Stress Block Parameters when the Neutral Axis Lies ... 1ot

Outside the Section
3.2.3 Construction of Interaction Diagram ... 101
3.3 Compression Members Subject to Biaxial Bending .. 104
3.4  Slender Compression Members . 106
4. SHEAR AND TORSION we 175
4.1  Design Shear Strength of Concrete .. 175
4.2 Nominal Shear Stress .. 175
4.3  Shear Reinforcement .. 175

44 Torsion ... 175

ix



Page

5. DEVELOPMENT LENGTH AND ANCHORAGE .. 183
5.1  Development Length of Bars .. 183
5.2  Anchorage Value of Hooks and Bends ..+ 183
6. WORKING STRESS DESIGN . 189
6.1  Flexural Members .. 189
6.1.1 Balanced Section .. 189
6.1.2 Under-Reinforced Section ... 189
6.1.3 Doubly Reinforced Section . 190
6.2 Compression Members .. 190
6.3  Shear and Torsion . 191
6.4 Development Length and Anchorage .. 191
7. DEFLECTION CALCULATION o 213
7.1  Effective Moment of Inertia .. 213
7.2  Shrinkage and Creep*Deflections . 213
LIST OF TABLES IN THE EXPLANATORY TEXT
Table
A Salient Points on the Design Stress Strain Curve for CQld Worked
Bars . 6
B  Valués of —1’}‘5—- for Different Grades of Steel e 9
C Limiting Moment of Resistance and Reinforcement Index for Singly
Reinforced Rectangular Sections .. 10
D Limiting Moment of Resistance Factor Mu,iim/bd®, N/mm? for Singly
Reinforced Rectangular Sections .. 10
E  Mazximum Percentage of Tensile Reinforcement Py, in for Singly
Reinforced Rectangular Sections . 10
F  Stress in Compression Reinforcement, fic N/mm? in Doubly
Reinforced Beams with Cold Worked Bars . 13
G  Multiplying Factors for Use with Charts 19 and 20 o 13
H  Stress Block Parameters When the Neutral Axis Lies Outside the
Section .. 10t
Additional Eccentricity for Slender Compression Members ... 106
Maximum Shear Stress 7¢,max .. 175
Moment of Resistance Factor M/bd?, N/mm® for Balanced
Rectangular Section - ... 189
Percentage of Tensile Reinforcement pypa for Singly Reinforced
Balanced Section e 189
Values of the Ratio As/Asty .. 190



Chart
No.

L Y
-0 O 0 1AWV EHE WN -

el T U ey
0 N QA bW

19
20

21
22
23

SR

LIST OF CHARTS

FLEXURE — Singly Reinforced Section

_ﬂk =15 N/mm’,
Jex = 15 N/mm?,
Jeox = 15 N/mm?,
Joe = 15 N/mm?,
fek = 15 N/mm?,
S == 15 N/mm?,
S = 15 N/mm?,
Jex = 15 N/mm?,
JSox == 15 N/mm?,
Jox = 20 N/mm?,
S = 20 N/mm?,
Jex =20 N/mm?,
JSex == 20 N/mms2,
JSek == 20 N/mms3,
JSex w20 N/mm?,
Jex = 20 N/mmS?,
Jex = 20 N/mm?,
Jex = 20 N/mm?,

Jy = 250 N/mm?
Jy = 250 N/mm?
fy = 250 N/mm?
fy = 415 N/mm?
Jfy = 415 N/mm?
Jfy = 415 N/mm?
Jfy = 500 N/mm?
Jy = 500 N/mm?

" fy = 500 N/mm?

Jy =250 N/mm?
Sy = 250 N/mm?
Jy =250 N/mm?
Jfy = 415 N/mm?
Jy = 415 N/mm?
f, = 415 N/mm?
Jy = 500 N/mm?
fy == 500 N/mm?
Jy = 500 N/mm?

d= 5to 30 cm
d=30 to 55 cm
d == 55 to 80 cm
d= 5to 30 cm
d == 30 to 55 cm
d =55 to 80 cm
d= 5to 30 cm
d =30 to 55 cm
d =55 to 80 cm

d= 5to 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
d= 5to 30 cm
d =30 to 55 cm
d =55 to 80 cm

FLEXURE — Doubly Reinforced Section

Sy = 250 N/mm?,

d-d’ =20 to 50 cm
Jy = 250 N/mm?, d-d’ «= 50 to 80 cm

CONTROL OF DEFLECTION

f, =250 N/mm?
f, = 500 N/mm?

fy =250 N/mm?
Jy = 415 N/mm?*
Jy = 500 N/mm?

AXIAL COMPRESSION

Page

17
18
19
21
22
23
25
26
27
29
30
31
33
34
35
37
38
39

4]
42

43

45

109
110
111

xi



Chart
No. Page

COMPRESSION WITH BENDING — Rectarngular Section —
Reinforcement Distributed Equally on Two Sides

27 Jy = 250 N/mm? d’'[D = 005 112
28 Jy = 250 N/mm? d'[D =010 113
29 Jy = 250 N/mm?* d'[D == 015 114
30 Jy = 250 N/mm? d'|D = 020 115
3 Sy = 415 N/mm? d'|D = 0-05 116
32 Jfy = 415 N/mm? d'[D =010 117
33 Jy = 415 N/mm? d'|D = 015 118
34 Jy = 415 N/mm? d'[D =020 119
35 Jy = 500 N/mm?* d'[D = 0-05 120
36 Jy = 500 N/mm? d'{D =010 121
37 Jy = 500 N/mm? d'[D =015 122
8 Jy = 500 N/mm?® d'|D = 020 v 123
COMPRESSION WITH BENDING — Rectangular  Séction —
Reinforcement Distributed Equally on Four Sides
39 Jfy == 250 N/inm* d'[D == 0-05 124
40 Sy = 250 N/mm? d'|D =010 125
4] fy = 250 N/mm? d'[D = 015 126
42 Jy =250 N/mm?* d'[D = 020 127
43 Jy m 415 N/mm? d'|D = 0-05 128
44 Jy == 415 N/mm? d'|D = 010 129
45 Jy == 415 N/mm? d'{D = 015 130
46 Jy = 415 N/mm? d'{D = 0-20 131
47 Jy = 500 N/mm? d’'[D = 0-05 132
48 Jy = 500 N/mm? d'|D =010 133
49 Jy = 500 N/mm?® d'|D =015 134
50 Jy = 500 N/mm? d'|D = 020 135
COMPRESSION WITH BENDING — Circular Section
51 Jy = 250 N/mm? d'{D = 0-05 136
52 Jy = 250 N/mm? d'[D =010 137
53 Jy =250 N/mm?* d'|D = 015 138
54 Jfy = 250 N/mm? d’'|D = 020 139
S5 Jy = 415 N/mm? d'|D = 005 140
56 Jy == 415 N/mm? d'/D = 010 141
57 Jy = 415 N/mm? d'[D =015 142
58 Jfy = 415 N/mm? d’'|D = 020 143
59 Jfy = 500 N/mm? d'|D = 005 144
60 Jy = 500 N/mm? d'|D = 010 145
61 Jy = 500 N/mm? d'|D =015 146
62 Jfy = 500 N/mm? d'[D =020 147
63 Values of Py for Compression Members 148
64 Biaxial Bending in Compression Members 149
65 Slender Compression Members — Multiplying Factor k for ... 150

Additional Moments

Xii



Chart

No. Page
TENSION WITH BENDING — Rectangular Section —

Reinforcement Distributed Equally on Two Sides

66 Jy = 250 N/mm? d'[D =015 and 020 ... 151
67 Jy = 250 N/mm? d'[D == 005 and 0'10 ... 152
68 Jy = 415 N/mm? d'|D = 0-05 .. 183
69 Jy = 415 N/mm? d'[D = 010 154
70 Jy = 415 N/mm? d’'|D == 015 155
71 Jy = 415 N/mm? d’'[D = 0-20 156
72 Jy = 500 N/mm? d'[D = 0-05 157
73 Jy = 500 N/mm?* d'|D =010 158
74 Jfy = 500 N/mm? d’|D == 015 159
75 Jy = 500 N/mm? d'[D =020 . 160
TENSION WITH BENDING —~ Rectangular Section - Reinforcement
Distributed Equally on Four Sides
76 Jy = 250 N/mm* d'[D = 005 and 010 ... . 161
77 Jy = 250 N/mm* d'[D = 015 and 020 ... w162
78 fy = 415 N/mm* d'[D = 0-05 163
9 Jfy = 415 N/mm* d'|D = 010 164
80 Jy = 415 N/mm* d'[|D = 015 165
81 Jy = 415 N/mm? d'[D = 020 166
82 fy = 500 N/mm? d'|D = 0-05 167
83 Jy = 500 N/mm? d'[D = 010 168
84 Jy = 500 N/mm?* d'[D = 015 169
85 Jy = 500 N/mm?* d’'[D = 020 170
86 Axial Compression (Working Stress Design) oe == 130 N/mm?* ... 193
87 Axial Compression (Working Stress Design) oy = 190 N/mm?* ... 194
88 Moment of Inertia of T-Beams e 215
89 Effective Moment of Inertia for Calculating Deflection w216
90 Percentage, Area and Spacing of Bars in Slabs we 217
91 Effective Length of Columns — Frame Restrained Against Sway... 218

92 Effective Length of Columns — Frame Without Restraint to Sway 219

xiii



Table
No.

S W N e

O 00 3 O\ W

11
12
13
14
15
16
17
18
19

21
22
23
24
25
26
27

29
31

32
33

xiv

fux = 15 N/mm?
f;k = 20 N/mm’
Jex = 25. N/mm?
Jex = 30 N/mm?

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

fck = 15 N/mm’
Jex == 15 N/mm?
fgk = 15 N/mm’
fex == 15 N/mm?

Jex = 15 N/mm?.

fix = 15 N/mm?
fx = 15 N/mm?
fix = 15 N/mm?
JSex == 15 N/mm?
fox =15 N/mm?
fa = 15 N/mm?
Jex = 15 N/mm?
S = 15 N/mm?
fex = 15 N/mm?
fck =15 N/mm’
Jox == 15 N/mm?
Jex = 15 N/mm?
fox =15 N/mm?
fck - 15 N/mm‘
fex = 15 N/mm?
Jex = 20 N/mm?
Jfex = 20 N/mm?
ﬂ-,k == 20 N/mm’
Sk = 20 N/mm?
fix = 20 N/mm?
fck =20 N/mm’
Jox = 20 N/mm?*
fix = 20 N/mm?
fek - 20 N/mm’
fix =20 N/mm?

LIST OF TABLES

fy == 250 N/mm?
fy = 250 N/mm?
Jy = 250 N/mm?
Jfy = 250 N/mm?
Jfy = 250 N/mm?
Jy = 250 N/mm?
fy = 250 N/mm?
Jy = 250 N/mm?
Sy = 250 N/mm?
Jfy = 250 N/mm?
Jy = 415 N/mm?
Jfy = 415 N/mm?*
Jfy = 415 N/mm?
Jfy == 415 N/mm?
Sy = 415 N/mm?
Jy = 415 N/mm?*
Jy = 415 N/mm?
Jy = 415 N/mm?
Jy = 415 N/mm?
Jfy == 415 N/mm?
Jy = 250 N/mm?
Jy = 250 N/mm?
Jy = 250 N/mm?
Jy = 250 N/mm?
Jy = 250 N/mm?
Jy = 250 N/mm?*
Jy == 250 N/mm?
Jy = 250 N/mm?*
Jy = 250 N/mm?
Jy == 250 N/mm?*

Thickness == 10:0 cm
Thickness = 11:0 cm
Thickness = 120 cm
Thickness s= 13-0 cm
Thickness = 140 cm
Thickness = 150 cm
Thickness == 175 cm
Thickness = 200 cm
Thickness = 22'5 cm
Thickness = 250 cm
Thickness == 10:0 cm
Thickness = 11-0 cm
Thickness = 120 cm
Thickness == 13-0 cm
Theikness = 140 cm
Thickness == 150 cm
Thickness = 17'5 cm
Thickness == 200 cm
Thickness == 22-5 cm
Thickness = 25-0 cm
Thickness == 100 cm
Thickness == 110 cm
Thickness = 12-0 cm
Thickness w= 13-0 cm
Thickness == 140 cm
Thickness == 150 cm
Thickness == 17-5 cm
Thickness == 20" em
Thickness == 22:5 cm
Thickness == 250 ¢m

Page

FLEXURE — Reinforcement Percentage, p. for Singly Reinforced Sections

47
48
49
50

51
51
52
52
53
53

55
56
57
58
58
59
59

61
62
63
64
65
66
66
67
67
68
68
69
70
71
72



Table

No.

35
36
37
38
39

41
42
43

45

47
48
49

51
52
53

55
56

57
58
59

61
62
63

65
66

67

69
70
71

Jox = 20 N/mm?
Sfex = 20 N/mm?
fex = 20 N/mm?
Jex = 20 N/mm?
Jex = 20 N/mm?
ﬁ;k = 20 N/mm’
f;:k - 20 b‘/ﬂlll'l2
fex = 20 N/mm?
fcg = 20 N/mm’
fex = 20 N/mm?

FLEXURE — Reinforcement Percentages for Doubly

Jec = 15 N/mm?
Jex = 20 N/mm?
fix = 25 N/mm?
fex = 30 N/mm?
S = 15 N/mm?
Jex = 20 N/mm?
fox = 25 N/mm®
Jfox == 30 N/mm?
Sox = 15 N/mm?
fex = 20 N/mm?
fex = 25 N/mm?
foc = 30 N/mm?

Jfy = 415 N/mm?
Jy = 415 N/mm?
Sy = 415 N/mm?
Jfy = 415 N/mm?
fy = 415 N/mm?
fy = 415 N/mm?
Jfy = 415 N/mm?
fy = 415 N/mm?

Thickness == 10-0 cm
Thickness == 11-0 ¢cm
Thickness == 12-0 ¢cm
Thickness == 130 cm
Thickness == 14:0 cm
Thickness = 150 cm
Thickness = 17-5 cm
Thickness == 20-0 cm
Thickness == 22-5 cm
Thickness == 25-0 ¢cm

Reinforced Sections

Jy = 250 N/mm?
fy = 250 N/mm’
Jy = 250 N/mm?
fy =250 N/mm?
Jfy = 415 N/mm?
£, = 415 N/mm?
f, = 415 N/mm?
fy = 415 N/mm?
Sy = 500 N/mm?
Jy = 500 N/mm?
Jy = 500 N/mm?
Jy = 500 N/mm?

FLEXURE — Limiting Moment of Resistance Factor, Mu,iim/bwd? fux, for

Singly Reinforced T-beams N/mm?
fy = 250 N/mm?
Jy = 415 N/mm?
Jy = 500 N/mm?
Slender Compression Members — Values of P,
Shear — Design Shear Strength of Concrete, 7, N/mm?

Shear — Vertical Stirrups
Shear — Bent-up Bars

DEVELOPMENT LENGTH

Plain Bars
Deformed bars, fy = 415 N/mm? .
Deformed bars, fy == 500 N/mm?

Anchorage Value of Hooks and Bends 200

WORKING STRESS METHOD — FLEXURE — Moment of
Resistance Factor, M/bd*, N/mm?* for Singly Reinforced Sections

Oobe = 50 N/mm? s vee
O m 7°0 N/mm?
Ocbc = 8'5 N/mm?

Gcvo = 100 N/mm?

3
3
74
74
75
76
717
78
L
80

81
82
83
84
85
86
87
88
89

91
92

93

95
171

178
179
179

184
184
185

186

195
196
197
198



Table
No. , Page
WORKING STRESS DESIGN — FLEXURE — Reinforcement
Percentages for Doubly Reinforced Séctions

72 Ocbe == 50 N/mm? on = 140 N/mm? 199
7 oce= 70 N/mm? o = 140 N/mm?* .. 200
4 owc= 85 N/mm? o = 140 N/mm? we 201
75 Ococ = 100 N/mm? 0w = 140 N/mm? e 202
76  owe= 50 N/mm® O = 230 N/mm* we 203
77 Gcoe = 70 N/mm?® 0w = 230 N/mm? w204
78 G = 85 N/mm? 04 = 230 N/mm? we 205
79 O = 100 N/mm? Op o= 230 N/mm? e+ e 206

WORKING STRESS METHOD — SHEAR

80  Permissible Shear Stress in Concrete 7., N/mm? 207
81  Vertical Stirrups 207
82 Bent'up Ba“ vee 208
WORKING STRESS METHOD — DEVELOPMENT LENGTH
83  Plain Bars 208
84  Deformed Bars — o, = 230 N/mm?, 0 = 190 N/mm? . 209
85  Deformed Bars — oy = 275 N/mm?, oy = 190 N/mm? 209
86  Moment of Inertia — Values of 5d%/12 000 220
MOMENT OF INERTIA OF CRACKED SECTION-—Values of I,/(%')
87 d'/d =005 e 221
88 d'/[d =010 222
89 d'/d=015 . 223
90 d'/d=s 020 224
DEPTH OF NEUTRAL AXIS — Values of n/d by Elastic Theory
91 d'/de=005 e 225
92 d'/d =010 e 226
93 d'/d=015 . 227
94 d'/d=02 . 228
95  Areas of Given Numbers of Bars in cm3 e 229
96  Arcas of Bars at Given Spacings 230
97 Fixed End Moments for Prismatic Beams 231
98  Deflection Formulae for Prismatic Beams . 232



SYMBOLS

A = Areca of concrete
Ag = Gross area of section

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

Asc = Area of compression steel
Aw = Area of stirrups
Auwy = Area of additional tensile

reinforcement

Oce = Deflection due to creep

Qcs = Deflection due to shrinkage

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

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

bw = Breadth of web in a T-beam

b, = Centre-to-centre distance between

' corner bars in the direction of

width

D == Overall depth of beam or slab or
diameter of column or largex
dimension in a rectangular
column or dimension of a

rectangular column in the

direction of bending
Dy = Thickness of flange in a T-beam
d = Effective depth of a beam or slab

d',d* = distance of centroid of com-
pression reinforcement from
the extreme compression fibre
of the concrete section

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

E. = Modulus of elasticity of concrete

E, = Modulus of clasticity of steel

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

Cay = Eccentricity with respcct to
minor axis (yy-axis)

emin = Minimum eccentricity

Jee = Compressive stress in concrete at
the level of centroid of
compression reinforcement

Sex = Characteristic compressive
strength of concretc

Jee = Flexural tensile strength
(modulus of rupture) of
concrete

JA == Stress in steel

S = Compressive stress in steel

corresponding to a strain of

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

Iy == Characteristic yield strength of

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

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

I = Moment of inertia of cracked
section

Ko = Flexural stiffness of beam

K. == Flexural stiffness of column

k = Constant or coefliecient or factor

Lg = Development length of bar

| = Length of column or span of
beam

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

ley == 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)

My,iim = Limiting moment of resistance of
a singly reinforced rectangular

beam
My = Design moment about xx-axis
My, = Design moment about );y-axis
Myy = Maximum uniaxial moment

capacity of the section with
axial load, bending about
XxXx-axis



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

M., = Equivalent bending moment

M.y, = Additional moment, My — May,lim

in doubly reinforced beams

M, tim, 7= Limiting moment of resistance

of a T-beam

m = Modular ratio
P = Axial load

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

P, = Design axial load for limit state
design (factored load)

P = Percentage of reinforcement

Pe = Percentage of compression
reinforcement, 100 A4,./bd

D = Percentage of tension reinforce-
ment, 100 Ast/ bd

Py = Additional percentage of tensile

reinforcement in  doubly
reinforced beams, 100 A,.,/bd

Sy == Spacing of stirrups

T == Torsional moment due to
factored loads

| 4 == Shear force

Va = Strength of shear reinforcement
(working stress design)

Vo == Shear force due to factored loads

Vas = Stren of shear reinforcement
imit state design)

x = Depth of neutral axis at service
loads

xviii

Xy = Shorter dimension of the stirrup

Xu = Depth of neutral axis at the
limit state of collapse

Xu,max == Maximum depth of neutral axis
in limit state design

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

in tension
M = Longer dimension of stirrup
Z = Lever arm
a = Angle

e = Partial safety factor for load

Ym = Partial safety factor for material
strength

Eee = Creep strain in concrete

oce == Permissible stress in concrete in
bending compression

Occ = Permissible stress in concrete in
direct compression

Oy == Stress in steel bar

O = Permissible stress in steel in
compression

Ost = Permissible stress in steel in
tension

Oy == Permissible stress in shear
reinforcement

Ty = Nominal shear stress

<wpa == Design bond stress

Te «= Shear stress in concrete

Tve = Equivalent shear stress

Te,max = Maximum shear stress in concrete
with shear reinforcement

] = Creep coefficient
¢ == Diameter of bar



CONVERSION FACTORS

Conversely
To Convert into Multiply by Mulitiply
Y
m @ (3) C))
Loads and Forces
Newton kilogram 01020 9-807
Kilonewton Tonne 01020 9-807
Momeants and Torques
Newton metre kilogram metre 01020 9:807
Kilonewton metre Tonne metre 01020 9-307
Stresses
Newton per mm? kilogram per mm? 01020 9807
Newton per mm? kilogram per cm? 10-20 0-0981

Xix
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1. MATERIAL STRENGTHS AND
STRESS-STRAIN RELATIONSHIPS

1.1 GRADES OF CONCRETE

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

M 15, M 20, M 25, M 30, M 35 and M 40.

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

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

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

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

1.2 TYPES AND GRADES OF
REINFORCEMENT BARS

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

Type of Steel

Indian Standard

Yield Stress or 0°2 Percent

Proof Stress
Mild steel (plain bars) IS : 432 (Part I)-1966* ) 26 kgf/mm? for bars up to
'> 20 mm dia

Mild steel (hot-rolled deform- IS : 1139-1966% ! 24 kgf/mm? for bars over
ed bars) J 20 mm dia

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

34-5 kgf/mm?® for bars over

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

rolled deformed bars) I dia
| 33 kgf/mm* for bars over
J 40 mm dia

High yield strength steel (hot- IS : 1139-1966% 42°5 kgf/mm? for all sizes
rolled deformed bars)

High yield strength steel IS : 1786-1979¢ 3 415 N/mm? for all bar sizes
(cold-twisted deformed ’ 500 N/mm? for all bar sizes
bars) J

Hard-drawn steel wire fabric IS : 1566-1967§ and 49 kgf/mm?

IS : 432 (Part I1)-1966}
NoTE—SI units have been used in IS: 1786-1979%; in other Indian Standards, SI units will be adopted

in their next revisions.

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

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

bars for concrete reinforcement (revised).

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

revision).

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

Specification for mild steel

and medium tensile steel

bars and hard-drawn steel wire for

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

MATERJIAL STRENGTHS AND STRESS-STRAIN RELATIONSHIPS



Taking the above values into consideration,
most of the charts and tables have been
prepared for three grades of steel having
characteristic strength f; equal to 250 N/mm?,
415 N/mm?2 and 500 N/mm?2.

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

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

1.3 STRESS-STRAIN RELATIONSHIP
FOR CONCRETE

The Code permits the use of any appro-
.priate curve for the relationship between the
compressive stress and strain distribution
in concrete, subject to the condition that it
results in the prediction of strength in subs-
tantial agreement with test results [37.1(c)
of the Code]. An acceptable stress-strain
curve (see Fig. I) given in Fig. 20 of the Code
will form the basis for the design aids in this
publication. The compressive strength of con-
crete in the structure is assumed to be 0°67 fex.
With a value of 1'5 for the partial safety
Jactor ym for material strength (35.4.2.1 of
the Code), the maximum compressive stress
in concrete for design purpose is 0446 fu
(see Fig. I).

1.4 STRESS-STRAIN
FOR STEEL

RELATIONSHIP

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

The design yield stress (or 0-2 percent proof
stress) of steel is equal to 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-strain relationship for steel in tension
and compression is assumed to be the same.

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

4

PARABOLIC CURVE

STRESS

i
]
[
A

s
0-0038

L 0:002
STRAIN
FiG. 1 DESIGN STRESS-STRAIN CURVE FOR
CONCRETE
f, ------------ K LA LR LRI R o Tl Sewe
'l
¢ 0-t7fy --------- /

STRESS

€, 200000 N/mm’

STRAIN
F1G. 2 STRESS-STRAIN CURVE FOR MILD STEEL

be adopted. According to this, the stress
is proportional to strain up to a stress of
0°8 fy. Thereafter, the stress-strain curve is
defined as given below: |

Stress Inelastic strain
080 fy Nil
0-85 fy 0-000 1
090y 0033
0951y 0-:000 7
0:975 0001 0
10 % 0:0020

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

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

( Clavse 1.4)

STRESS LEVEL Jy = 415 N/mm? fy = 500 N/mm2

r A ™ ! i A -y

Strain Stress Strain Stress

¢y ) 3 @) ©)]

N/mm? N/mm?

080 fyu 0001 44 2887 0001 74 3478

0-85 fyg 0°001 63 3067 0-001 95 3696

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

095 fya 0:002 4t 342-8 0002 77 4130

0975 fya 0-002 76 351-8 0003 12 423-9

10 fya 0003 80 360-9 0:004 17 4343

NoTtE -~ Linear interpolation may be done for intermediate values.
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2. FLEXURAL MEMBERS

2.1 ASSUMPTIONS

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

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

b) The maximum strain in concrete at

the outermost compression fibre is
0-003 5,

c) The design stress-strain relationship
%qr cloncrete is taken as indicated in
ig. 1.

d) The tensile strength of concrete is
ignored.

¢). The desgign stresses in reinforcement
are i from the strains using

the stress-strain relationships given -in
Fig. 2 and 3.

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

0-87f, 002
T+0w.

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

2.2 MAXIMUM DEPTH OF NEUTRAL
AXIS

Assumptions (b) and (f) govern the maximum
depth of neutral axis in flexural members.
The strain distribution across a member
corresponding to those limiting conditions
is shown in Fig. 4. The maximum depth of
neutral axis xu, max is obtained directly from
the strain diagram by considering similar
triangles.
Xoymax 0:003 5
d (00055 +0°87 f1/E)

The values of i‘;—;‘—“- for three grades of

reinforcing steel are given in Table B.

Xuymax

TABLEB VALUES OF 2% Fog
DIFFERENT GRADES OF STEEL
(Clause 2.2)
fy» N/mm?* 250 415 500
ﬁF 0531 0479 0456

2.3 RECTANGULAR SECTIONS

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

F— b —a
‘ 0-0035 0:446 fey
{ S ! 0+416 X, pes
u,mex
J_ i
d , —F
oo oo ! ——
g;aé’_f! +0-002 0-87 f,
)
STRESS
STRAIN DIAGRAM
DIAGRAM

Fig. 4 SINGLY REINFORCED SECTION

FLEXURAL MEMBERS



at a distance of 0°416 xu (which has been
rounded off to 0-42 x, in the code) from the
extreme compression fibre; and the total force
of compression is 0°36 fex bxu. The lever arm,
that is, the distance between the centroid
of compressive force and centroid of tensile
force is equal to (d — 0'416 x.). Hence the
upper limit for the moment of resistance of a
singly reinforced rectangular section is given
by the following equation:
Muim = 0°36 fix bxu,max
X(d — 0416 Xu,mgx)

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

Ptylim b;io((;')'87ﬁ)_ = 036 fex bXuymax

Substituting for xu,msx from Table B, we get
* the values of pu,iim fy/fex as given in Table C.

TABLE E MAXIMUM PERCENTAGE OF
TENSILE REINFORCEMENT py, FOR
SINGLY REINFORCED RECTANGULAR

SECTIONS
(Clause 2.3)
fck’ fY' N/mm.
N/mm?* — A ~
250 415 500
15 1-32 072 057
20 1-76 096 076
25 2:20 1'19 094
30 264 143 113

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

SECTIONS
(Clause 2.3)
fy» N/mm® 250 415 500
_@!ﬁm_ 0149 U138 0133
fox bd?®
Pulim fy 21-97 19-82 18:87
Jex

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

TABLE D LIMITING MOMENT OF
RESISTANCE FACTOR M, i, /bd*®, N/mm* FOR

SINGLY REINFORCED RECTANGULAR

SECTIONS

(Clause 2.3)
Sk, fy» N/mm?
N/mm? — —A —

250 415 500

15 224 2:07 200
20 298 2:76 2:66
25 373 345 333
30 447 414 399
10

2.3.1 Under-Reinforced Sections

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

0'81;’ 5 1 0002 and, the design stress in

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

P bd .87 ) = 036 fix b X

100
(&) 22
d 100/ 036 fx

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

My = 1%.’(’)_" (087 ;) (d — 0-416 x,)

=087, ({-’0‘—0) (1— 0-416 %’)bdl

Substituting for -33 we get
M. =081, ({536)

— 1 Jy ( 14 } ]

x [x 1005 42 100) bd
2.3.1.1 Charts 1 to 18 have been prepared
by assigning different values to M./b and
plotting d versus p;. The moment values in
the charts are in units of kN.m per metre
width. Charts are given for three grades of
steel and. two grades of concrete, namely
M 15 and M 20, which are most commonly
used for flexural members. Tables 1 to 4
cover a wider range, that is, five values of
Jfy and four grades of concrete up to M 30.
In these tables, the values of percentage of
reinforcement p; have been tabulated against
M.u/bd3,

DESIGN AIDS FOR REINFORCED CONCRETE



2.3.1.2 The moment of resistance of slabs,
with bars of different diameters and spacings
are given in Tables 5 to 44. Tables are given
for concrete grades M 15 and M 20, with
two grades of steel. Ten different thicknesses
ranging from 10 cm to 25 cm, are included.
These tables take into account 25.5.2.2
of the Code, that is, the maximum bar
diameter does not exceed one-eighth the thick-
ness of the slab. Clear cover for reinforce-
ment has been taken as 15 mm or the bar
diameter, whichever is greater [see 25.4.1(d)
of the Code]. In these tables, the zeros at
the top right hand corner indicate the region
where the reinforcement percentage would
exceed pi,im; and the zeros at the lower
left hand corner indicate the region where
the reinforcement is less than the minimum
according to 25.5.2.1 of the Code.

Example 1 Singly Reinforced Beam

Determine the main tension reinforcement
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,
Effective depth = 60 — 2-5 —2—;- 56-25 cm

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

Mujin/bd® = 207 Njmm?
=235 x (1000
== 207 x 103 kN/m?*
== 2:07 x 10%5d* .
30 56-25\*
= 2-07 X 10% X 100 X (W‘)

= [96'5 kKN.m

Actual moment of 170 kN.m is less than
Mo, m. 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 need the value of
moment per metre width.

170

Majb = G2y

*The term ‘factored moment’ means the moment

due to characteristic loads multiplied by the appro-
priate value of partial safety factor yg.

== 567 KN.m per metre width.

FLEXURAL MEMBERS

Referring to Chart 6, corresponding to
M,/b == 567 kN.m and d = 5625 cm,

Percentage of steel py == 10:;’ = 06
. _06bd 06x30%x5625 .. .
. As-—- T“T- -T——IOICm
METHOD OF REFERRING TO TABLES
For referring to Tables, we need the value
of bf{,"
Mo 170x10°
bdi  30x56°25x 5625 x 10?
= 179 N/mm?
From Table 1,
Percentage of reinforcement, py == 0-594
. 0594 % 30 x 5625 .
. Ag == 100 = 10-02 cm?®
Example 2 Slab

Determine the main reinforcement re-
quired for a slab with the following data:

Factored moment 9-60 kN.m
per metro
width

Depth of slab 10 cm

Concrete mix M5

Characteristic strength a) 415 N/mm?

of reinforcement b) 250 N/mm?

METHOD OF REFERRING TO TABLES FOR SLABS

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

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

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

METHOD OF REFERRING TO FLEXURE CHART

Assume 10 mm dia bars with 15 mm cover,
dm10—1'5 - —%Qnscm
a) For fy == 415 N/mm?
From Table D, Mu,ju/bd? = 2:07 N/mm?

1 g \8
o My =207 x 108 x 100 (107))

100
= 1325 kN.m

Actual bending moment of 9:60 kN.m is less
than the limiting bending moment.

11



Referring to Chart 4, reinforcement per-
centage, py = 0475
Referring to Chart 90, provide
8 mm dia at 13 cm spacing
or 10 mm dia at 20 cm spacing.

Alternately, )
Ag = 0475 x 100 x 73—0-- 38 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, im/bd? = 2:24 N/mm?

8 \?
i = L 3 —
Mu,llm 224 X 10 X 1 x(lOO)
= 14:336 kN.m

Actual bending moment of 9:6 kN.m is less
than the limiting bending moment.
Referring to Chart 1, reinforcement per-
centage, py = 078

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

2.3.2 Doubly Reinforced Sections — Doubly
reinforced sections are generally adopted
when the dimensions of the beam have been
predeterminéd from other considerations
and the design moment exceeds the moment
of resistance of a singly reinforced section.
The additional moment of resistance needed
is obtained by providing compression re-
inforcement and additional tensile reinforce-
ment. The moment of resistance of a doubly
reinforced section is thus the sum of the
limiting moment of resistance My,im oOf a
singly reinforced section and the additional
moment of resistince M,,. Given the values
of My which is greater than My,1im, the value
of My, can be calculated.

Mug = Mu - Mu,lim

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

My, = Ay, (0087 f) (d —d)
also, My; = Ase (fic — fo) (d — d')

where
Asz is the area of additional tensile rein-
forcement,
Asc is the area of compression reinforce-
ment,
fic is the stress in compression reinforce-
ment, and
Jec is 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,

Ase (fic — foc) = An2 (087 f)
Any two of the above three equations may
be used for finding As, and As. The total
tensile reinforcement Ay is given by,

bd
Ast = Ptylim m '+ Astg

It will be noticed that we need the values of
fic and f. before we can calculate Ax.
The approach given here is meant for design
of sections and not for analysing a given
section. The depth of neutral axis is, therefore,
taken as equal to Xu,max. As shown in Fig. 5,
strain at the level of the compression reinforce-

ment will be equal to 0-003 5 (1_ d )
Xuymax

\-‘———b——-— d'
' 0-0035
° * f x..,.tu | d'
| i . 0-0035(1-,‘%”)
—@ @& 0 @
9:87%, 0.002

STRAIN DIAGRAM
FiG. 5 DouBLY REINFORCED SECTION

12

DESIGN AIDS FOR REINFORCED CONCRETE



For values of d’/d up to 0-2, f is equal to
0'446 f; and for mild steel reinforcement
fic would be equal to the design yield stress
of 0'87 f;. When the reinforcement is cold-
worked bars, the design stress in compression
reinforcement f.. for different values of
d’/d up to 0-2 will be as given in Table F.

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

(Clause 2.3 2)
Sy d'jd
N/mm? ~ A 5
005 010 015 020
415 355 353 342 329
500 424 412 395 370

2.3.2.1 Ay, has been plotted against (d -d’)
for different values of My, in Charts 19 and
20. These charts have been prepared for
Jfs = 2175 N/mm? and it is directly appli-
cable. for mild steel reinforcement with yield
stress of 250 N/mm?. Values of A, for other
grades of steel and also the values of A5 can
be obtained by multiplying the value read
from the chart by the factors given in Table G.
The multiplying factors for As., given in
this Table, are based on a value of fic corres-
ponding to concrete grade M 20, but it can
be used for all grades of concrete with little
error.

TABLE G MULTIPLYING FACTORS FOR
USE WITH CHARTS 19 AND 20

(Clause 2.3.2.1)
fvs FACTOR ~ FACTOR FOR A, FOR d’/d
N/mm?* FOR - A .
Aws 005 010 015 020
250 1-00 1-04 104 1-04 1-04
415 0-60 063 063 0-65 068
500 0-50 052 054 056 060

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

Mo = Maiim + 2259087 ;) (d-a)

100
Mu___ Mu,lim Pro R d
0= b T oo 87fy)(“ 2‘)
where

Pro is the additional percentage of tensile
reinforcement.

Pt = Pulim + Prs
- _9;81[!_]
De = Pty fsc — fw

FLEXURAL MEMBERS

The values of p, and p. for four values of
d’/d up to 0'2 have been tabulated against
M,/bd? in Tables 45 to 56. Tables are given
for three grades of steel and four grades
of concrete.

Example 3 Doubly Reinforced Beam

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

Size of beam 30 x 60 cm

Concrete mix M 15

Characteristic strength of 415 N/mm?
reinforcement

Factored moment 320 kKN.m

Assuming 25 mm dia bars with 25 mm
clear cover,
‘5

d=60 - 25 —‘312- = 5625cm

From Table D, for f, = 415 N/mm? and
fex = 15 N/mm?
Mtim/bd? =207 N/mm?2 == 2-07 x 10 kN/m?
S Mutin=2:07 x 103 bd?
30 5625
=2 By 2 g D20
2:07x 10 X100 X "100 %
= 196'5 kN.m
Actual moment of 320 kN.m is greater
than My,lim

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

56:25
100

Reinforcement from Tables

M. 320 _

bd? = 03X (07562 5)Fx Toe — > 37 N/mm?
(254 125y

ajd=(Bg2) =007

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

Referring to Table 49 corresponding to
Myu[bd? = 3:37 and %- =01,
pe = 1’117, pc = 0-418
Ast = 18'85 cm?, 4sc = 7-05 cm?

REINFORCEMENT FROM CHARTS

(d—d’) = (5625 — 3:75) = 52-5cm

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

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

Referring to Chart 20,
As, (for fy = 250 N/mm?) = 10'7 cm?

13



Using modification factors given in Table
for f° = 415 N/mm3,

Apg o= 10°7 X 0°60 w' 642 cm®

Ag w= 10°7 X 0'63 == 674 cm?
Referring to Table E,

Ptslim = 072

Q

-0 562 . s
Astytim = 0°72 X o) 12°15 cm
A = 1215 4 642 = 1857 cm®
These values of Ay and A are comparable

to the values obtained from the tabie.

2.4 T-SECTIONS

AL can tha.
The moment of resistance of a T-beam caa

be considered as the sum of the moment of
resistance of the concrete in the web of width
by and the contribution due to (flanges of
width br.

The maximum moment of resistance is ob-
_ tained when the depth of neutral axis iS Xu,max.
When the thickness of flange is small,
that is, less than about 0-2 d, the stress in the
fiange will be uniform or neariy uniform
(see Fig. 6) and the centroid of the compres-

sive force in the flange can be taken at Ds/2

v AUSNY 250 AT aRisY ARV SV AT

from the extreme compression fibre. There-
fore, the following expression is obtained for
the limiting moment of resistance of T-beams
with small values of D¢/d.

My, lim,t = Mulimwer + 0°446 fic
% (b,..b_n),( d— g\
2)

where Mo, tim,web
=036 fox DwXu,max (d—0°416 Xu,max).
TheequatxonngenmEzzoftheCodelsthe

PO Jip PRl P |

same as BDUVG, WIID mc NUmericas rounoea

distribution in the ﬂange would not be uni-
form. The expression given in £-2.2.7 of the
Code is an approximation which makes allo-
wance for the variation of stress in the fiange.

This expression is obtained by substituting
e far Dein the eqnnhnn of E-2.2 of the Code;

FI AVa &S jai waaw wasvaw AL A

¥t being equal to (0°15 xu,mex + 065 Dr)
but not greater than Dr. With this modifica-
tion,

Muytim,t == Mo tim,web + 0°446 fox
X(br-bw)}’r(d - %"— )
Dividing both sides by fox bw d?

Mutimr_ Mu.nm.web + 0-446
Al o
"\ —1ja\! —7)
where
Pid Xusmax . _l_)_f__
va = (15— gt 0-65 7

Y De
butd<d

Using the above expression, the values
of the moment of resistance factor
Mo tim,/fex bwd? for different values of be/bw

A Nd h haa. + 1
ana Lg/a nave octn ‘vv"orked out aﬂd S}'v'cﬂ m

Tables 57 to 59 for three grades of steel.

2.5 CONTROL OF DEFLECTION

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

if +h, 43
if the ratio of span to effective depth of the

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 0-2 d, the above Continuous 26
expression is not correct because the stress Cantilever 7
by
f 0-0035 0:446 foy
f e |/ E
' T xq.‘nn y - i
T /| |
1 T XX L] l——--
087¢f, 0-87t,
b € * U'UUL
W 1

Fic. 6 T-SeCTION

14

DESIGN AIDS FOR REINFORCED CONCRETE



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
span to effective depth can be multiplied by
the appropriate values of the modifying
factors and given in a form suitable for direct
reference. Such charts have been prepared
as explained below:

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

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

- reinforced. The percentage of compres-
sion reinforcement is proportional to
the additional tensile reinforcement
(Pt — Puiim) as explained in 2.3.2.
However, the value of piiim and pc
will depend on the grade of concrete
also. Therefore, the values of span to
effective depth ratio according to base
curve is modified as follows for each
grade of concrete:

1) For values of p. greater than
the appropriate value of pi,iim,
the value of (pi — prum) is cal-
culated and then the percentage of
compression reinforcement p. re-
quired is calculated. Thus, the
value of p. corresponding to a value
of p; is obtained. (For this purpose
d’[/d has been assumed as 010 but
the chart, thus obtained can gene-
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 is multiplied
by the modifying factor for com-
pression reinforcement from Fig. 4
of the Code.

3) The value obtained above is plotted
on the same Chart in which the base
curve was drawn 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 MEMBERS

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

Continuous spans 13
Cantilevers 0-35

In the case of cantilevers which are longer
than 10 m the Code recommends that the
deflections should be calculated in order to
ensure that they do not exceed permissible
limits.

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

a) The reinforcement percentage should
be based on the area brd while referring
the charts.

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

following factors:
be/by Factor
1-0 10
>333 08

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

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

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

2.5.6 In the case of flat slabs the longer span
should be considered (30.2.1 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 09.

Example 4 Control of Deflection

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

a) Beam of Example 1, as a simply suppor-
ted beam over a span of 7S m

15



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

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

. Span
a) Actual ratio of Eftective depth
75 .
= Gesyiooy — 33
Percentage of tension reinforcement
required,
pr=06

Referring to Chart 22, value of Max (Ep;_@)
corresponding to p; = 0°6, is 22-2.

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

Span
Effective depth

40 .
Percentage of tensile reinforcement,

Referring to Chart 22,

b) Actual ratio of

Max value of(_S_p‘ﬂ) =210

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

.. Max value of )
I/d for > =21'0x0'35=7"35
cantilever J

16

.. The section is satisfactory for control

of deflection.
. Span
¢) Actual ratio of ‘Effective depth
2-5
=508 = 31-25

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

Max (S‘i%) =236

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

. Max S‘:: n for continuous slab

=236 x 1'3 = 3068

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

(i) Forfy = 250 N/mm?
pe =078
Referring to Chart 21,

Max (Spﬂ) =313

d
.. For continuous slab,
Max S—‘:;‘—“. =313 x 1'3 = 4069

Actual ratio of span to effective depth is
less than the allowable value. Hence the
section provided is adequate for controlling
deflection.

DESIGN AIDS FOR REINFORCED CONCRETE
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Chart 4 FLEXURE — Singly Reinforced Section

Moment of Resistance KN.m per Metre Width
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Chart 5 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Metre Width
f,=415 N/mm fexs15 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 Metre Width
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Chart 9 FLEXURE — Singly Reinforced Section

Moment of Resistance kN.m per Metre Width
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Chart 11 FLEXURE — Singly Reinforced Section

Moment of Resistance EN.m per Melre Width
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Chart 12 FLEXURE — Singly Reinforced Section
Momen? of Resistance kN.m per Metre Width 2[]
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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 Reinforced Section

Moment of Resistance kN.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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Moment of Resistance kN.m per Metre Width
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Chart 19 FLEXURE — Doubly Reinforced Section
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Chart 20 FLEXURE — Doubly Reinforced Section
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Chart 21 CONTROL OF DEFLECTION 15
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Walues for span/effective depth ratio given in this chart are for simply supported spans up to 10
For spans over |0 m, multiply the values by 10/span in metres : S -

For continuous beam or slab, multiply the value for simply unppnrtnd cendition by 1.3,
For cantilevers up 1o 10 m, multiply the value from the chart by 0.35,
For cantilevers over 10 m, this chart is not valid,



15 Chart 22 CONTROL OF DEFLECTION
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Values of Span/effective ratio given in this chart are for simply supported spans up to 10 m,
For spans over 10 m, ply the by 10/span in metres.

For continnous beam or slab, multiply the value for simply supported condition by 1.3.
For cantilevers up to 10 m, multiply the valse from the chart by 0.35.
For cantilevers over 10 m, this chart is not valid.
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Chart 23 CONTROL OF DEFLECTION
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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 valoes by 10/span in metres.

For continuoos 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 over 10 m, this chart is not valid.
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TABLE 1 FLEXURE — REINFORCEMENT PERCENTAGE, p. FOR SINGLY

REINFORCED SECTIONS

fex = 15 Nmm?

2 , N/mm?

Mybd?, fy» Nimm Muba?, S T .

s * B £
Nmm* 240 250 415 480 s00 | Nmm Tog 250 415 480 500
030 0147 0141 0085 0074 0071 | 150 0829 079 0480 0415 0398
035 0172 0166 0100 0086 0083 | 152 082 0809 0487 0421 0404
040 0198 019 0114 009 0095 | 154 085 0821 0495 0428 0411
045 0224 0215 0129 0112 0107 | 156 0869 0834 0503 0434 0417
050 0250 0240 0144 0125 0120 | 158 0882 0847 0510 044l 0423
055 0276 0265 0159 0138 0132 | 160 0896 0860 0518 0448 0430
060 0302 0290 0175 0151 0145 | 162 0909 0873 0526 0455 0436
065 0320 0316 0190 0164 0158 | 164 0923 0886 0534 0461 0443
070 035 0342 0206 0178 0171 | 166 0936 089 0542 0468 0449
075 0383 0368 0221 0191 0184 | 168 0950 0912 0550 0475 0456
080 0410 0394 0237 0205 0197 | 170 0964 0925 0558 0482 0463
082 0421 0405 0244 0211 0202 | 172 0978 0939 0566 0489 0469
084 ~ 0433 0415 0250 0216 0208 | 1’74 0992 0952 0574 049 0476
086 0444 0426 0257 022 0213 | 1’76 1006 0966 0582 003 0483
088 0455 0437 0263 0227 0218 | 1’78 1020 098 0% 0510 0450
09 0466 0448 0270 0233 0224 | 180 1035 093 0598  OS17 0497
092 0477 0458 0276 0239 0229 | 182 1049 1007 0607 0525 0504
094 0489 0469 0283 0244 0235 | 184 1064 1021 0615 0532 0511
09 0500 048 0289 0250 0240 | 186 1078 1035 0624 053 0518
098 0512 0491 0296 925 0246 | 188 1093 1049 0632 0546 0525
100 0523 0502 0303 0262 0251 | 190 1108 1063 0641 0554 0532
102 0535 0513 0309 0267 0257 | 192 1123 1078 0649 0561 0539
104 0546 0524 0316 0273 0262 | 194 1138 1092 0658 0569 0546
106 0558 0536 0323 0279 0268 | 196 1153 1107 0667 0576 0553
108 0570 0547 0329 0285 0273 | 198 1-168 1121 0676 0584 0561
110 0581 0558 0336 0291 0279 | 200 1184 1136 0685 0592
112 0593 0570 0343 0297 0285 | 202 1199 1151 0693
1'14 0605 03581 035 0303 0290 | 204 1215 1166 0703
116 0617 0592 0357 0309 0296 | 206 1231 1181 0712
18 0629 0604 0364 0315 0302 | 208 1247 1197
120 0641 0615 0371 0321 0308 | 210 1263 1212
122 0653 0627 0378 0327 0314 | 212 1279 1228
124 0665 0639 0385 0333 0319 | 214 1295 1243
126 0678 0650 0392 033 0325 | 216 1312 1259
128 0690 0662 0399 0345 0331 | 218 1328 1275
1490 0702 0674 0406 0351 0337 | 220 1345 1291
132 0715 0686 0413 0357 0343 | 222 1362 1308
134 0727 0698 0420 0364 0349 | 224 1379
136 0740 0710 0428 0370 0355
138 0752 0722 0435 0376 0361
140 0765 0734 0442 0382 0367
142 0778 0747 0450 038 0373
144 079 0759 0457 0395 0379
146 0803 0771 0465 0402  0-386
148 0816 0784 0472 0408 0392

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

FLEXURAL MEMBERS

47

y
240
250
415
480
500

fc/(

25



TABLE 2 FLEXURE — REINFORCEMENT PERCENTAGE, p: FOR SINGLY
REINFORCED SECTIONS

fux = 20 N/mm?
2 2

MoJbb, Jys NJIme . MyJbd?, Jy» N/mm N

: N e * -
Njmm* 24 250 415 480 sop | N/mm 250 415 480 500
030 0146 0140 0085 0073 0070 | 222 1253 1203 0TS 067 0602
035 0171 0164 009 0086 0082 | 224 1267 1216 0733 0633 0608
040 019 0188 0114 009 0094 | 226 1281 1230 0741 0640 0615
045 0222 0213 0128 0111 0106 | 228 1395 1243 0149 0647 0621
00 0247 0237 0143 0123 0119 | 230 1309 125 0757 0654 0628
0SS 0272 0262 0158 0136 0131 | 232 1323 1270 0765 0661 0635
060 0298 0286 0172 0149 0143 | 234 1337 1283 0713 0668 0682
065 0324 0311 0187 0162 0156 | 236 1351 1297 0781 0675 0648
070 0350 033 0203 0175 0168 | 238 1365 1311 079 0683 0655
075 0376 0361 0218 0188 0181 | 240 1380 1324 0798 0690 0662
080 0403 0387 0233 0201 0193 | 242 1394 1338 0806 0697 0669
085 0430 0412 0248 0215 0206 | 244 1408 1352 0814 0704 0676
09 0456 0438 0264 0228 0219 | 246 1423 1366 0823 0711 0683
095 . 0483 0464 0280 0242 0232 | 248 1438 1380 0831 0719 0690
100 0511 049 0295 0255 0245 | 250 1452 1394 0840 0726 0697
105 0538 0517 0311 0269 0258 | 252 1467 1408 0848 0734 0704
110 0566 0543 0327 0283 0272 | 254 1482 1423 0857 0741 0711
115 0394 0570 0343 0297 0285 | 256 1497 1437 0866 0748 0719
120 062 0597 035 0311 0298 | 258 1512 1451 084 075 0726
125 065 0624 0376 0325 0312 | 260 1327 1466 0883 074 0733
130 0678 0651 0392 0339 0326 | 262 1542 1481 0892 0771 0740
135 0707 0679 0409 0354 0339 | 264 1558 1495 0901 0719 0748
140 073 0707 0426 0368 0353 | 266 1573 1510 0910 0786 0755
145 0765 0735 0443 0383 0367 | 268 188 1525 0919 0794
150 0795 0763 0460 0397 0382 | 270 1604 1540 0928
155 0825 0792 0477 0412 039 | 272 1620 1555 0937
160 0855 0821 0494 0427 0410 | 274 1636 150 0946
165 0885 0850 0512 0443 0425 | 276 1651 1585 0955
170 0916 0879 0530 0458 0440 | 278 1667  1-601
195 0947 0909 0547 0473 0454 | 280 1683  1-616
180 0978 0939 0565 0489 0469 | 282 1700 1632
185 1009 0969 0584 0505 0434 | 284 1716 1647
{90 1041 1000 0602 0521 0500 | 286 1732 1663
195 1073 1030 0621 0537 0515 | 288 1749 1679
200 1106 1062 0640 0553 0531 | 290 1766 14695
202 1119 1074 0647 0559 0537 | 292 1782 171
204 1132 1087 0655 0366 0543 | 294 179 1727
506 1145 1099 0662 0573 055 | 296 1816 1743
208 1159 1112 0670 0579 055 | 298 1833 1760
210 1172 1125 0678 0586 0562
212 1185 1138 0685 0593 0569
214 119 1151 0693 059 0575
246 1212 1164 0701 0606 0582
218 1226 1177 0709 0613 0588
220 1239 119 0717 0620 0595

Nore — Blanks indicate inadmissible reinforcement percentage (see Table E).
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TABLE 3 FLEXURE — REINFORCEMENT PERCENTAGE, p: FOR SINGLY
REINFORCED SECTIONS

fex = 25 N/mm?

2 2

Mulbe?, f Nfmm Malbd?, fp Njmm

2 A} g b 1
Nimm® 50 250 415 480 sop | N/mm® ou, 250 415 480 500
030 0146 0140 0084 0073 0070 1415 1358 0818 0708 0679
035 0171 0164 009 0085 0082 1448 1390 0837 0724 0695
040 0195 0188 0113 0098 0094 5 148 1422 0857 0741 071
045 0220 0211 0127 0110 0106 0 1515 1455 0876 0758 0727
050 0245 023 0142 0123 0118 5 1549 1487 0896 0715 0744
05s 0271 0260 015 0135 0130 0 1584 1520 0916 0792 0760
060 029 0284 0171 0148 0142 5 1618 1554 0936 0809 0777
065 0321 0309 0186 0161 0154 1653 1587 0956 0827 0794
070 0347 0333 0200 0174 0167 : 1621 0077 0884 0811
075 0373 0358 0216 0186 0179 1724 1655 0997 0862 0828

1-760 1-690 1-018 0-880 0-845
1-797 1-725 1-039 0-898 0-863
1-834 1-760 1-061 0917 0-880
1-871 1-796 1-082 0936 0-898
1-909 1-832 1-104 0-954 0916

- 1-869 1-126 0973 0-935
1-962 1-884 1-135 0-981 0-942
1-978 1-899 1-144 0-989
1-993 1-914 1153

0-399 0-383 0-231 0199 0191
0-408 0246 0212 0-204
- 0r451 0433 0261 0225 0216
0477 0458 0276 0239 0229
0504 0483 0291 0-252 0-242

0-530 0-509 0-307 0-265 0255
0557 0535 0-322 0279 0267
0584 0561 0338 0292 0280

g 0-587 0-353 0306 0293

O \D 00 %0
v-guc (e Y~V ]
<
S
th
WLIWWW 00 00 w
Lol
A
-]

RXARNO MOWVOL
L)
Y]
&=
3

s mOQOQ

W [ o
e UBGLES 8
(=
N
—
-
PO WRWWE PLLEW PPLLYL WOLLY WLLLL WENND PN

0638 0613 0-369 0319 0306 2-009 1-929 1-162
1 0-666 0635 0-385 0-333 0320 40 2025 1944 1-171
1 0693 0-666 0-401 0-347 0-333 42 2040 1-959 1-180
1 0721 0-692 0417 0360 0-346 44  2:056 1-974 1-189
1-45 0749 0719 0433 0-374 0359 46 2072 1-989
©vs0 0777 0746 0-449 0-388 0373 48 2:088 2-005
1-35 0805 0773 0466 0403 0-387 50 2104 2:020
160 0834 0-800 0482 0417 0-400 52 27120 2:036
165 (862 0-828 0499 0-431 0414 54 2-137 2+051
170 0891 0-856 0-515 0-446 0428 56 2153 2-067
175 0920 0-883 0-532 0460 0442 -58 2170 2:083
1-80 0949 0911 0-549 0-475 0456 60  2-186 2099
185 0979 0940 0-566 0-489 0470 62 2203 2-115
1-90 1-009 0968 0-583 0-504 0484 ‘64 2219 2-13t
1-95 1-038 0-997 0-601 0-519 0498 66 2236 2-147
2:00 1-068 1-026 0-618 0-534 0-513 ‘68 2:253 2:163
2:05 1-099 1-055 0-635 0-549 0-527 70 2270 2:179
2:10 1129 1-084 0-653 0-565 0-542 72 2-287 2:196
2-15 1:160 1-114 0671 0-580 0-557 ‘74 2304
220 1-191 1-143 0-689 0596 0572
2:25 1-222 1-173 0707 0611 0-587
230 1-254 1-204 0725 0-627 0-602
2-35 1:285 1-234 0-743 0-643 0.617
2-40 1-317 1-265 0762 0659 0632
2:45 1-350 1-296 0781 0675 0648
2:50 1-382 1-327 0-799 0-691 0663

NoTE — Blanks indicate inadmissible reinforcement percentage (see Table E).
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y

240
250
415

48 0 TABLE 4 FLEXURE — REINFORCEMENT PERCENTAGE, p. FOR SINGLY
5 0 0 REINFORCED SECTIONS
e

0904 0868 0-523 0452 0434 1-369 1-184

2 83888 33288 8828
g 8
»
w
3
[ ]
2
(7]

fix = 30 N/mm?
f ck
3 0 2 2
Mﬂ/bdz, fy» l\ymm Mu/bdz’ j;, Fkﬂm
e N 2 Al
———— N/mm® 5, 250 415 480 soo | Nmm® Cou 250 415 430 500
030 0145 0140 0084 0073 0070 | 255 1374 1319 0794 0687 0659
035 0170 0163 0098 0085 0082 | 260 1404 1348 0812 0702 0674
040 0195 0187 0113 0097 0093 | 265 1435 1378 0830 0718 0689
045 0219 0211 0127 0110 0105 | 270 1467 1408 0848 0733 0704
050 0244 0235 0141 0122 0117 | 275 1498 1438 0866 0749 0719
0SS 0269 0259 0156 0135 0120 | 280 1530 1469 0885 0765 0734
060 0294 0283 0170 0147 0141 | 285 1562 1499 0903 0781 0750
065 0320 0307 0185 0160 0153 | 290 1-594  1-530 0922 0797 0765
070 0345 0331 0200 0172 0166 | 295 1626 1561 0940 0813 0781
075 0370 0356 0214 0185 0178 | 300 1659  1-592 0959  0'829  0-796
080 0396 0380 0229 0198 0190 | 305 1691 1624 0978 0846 0812
085 042 0405 0244 0211 0202 | 310 1725 165 0997 0862  0-828
0900 0447 0420 0250 0224 0215 | 315 1758 1687 1017 0879  0-844
005 0473 0454 0274 0237 0227 | 320 1791 1720 1036 0896  0-860
100 049 0479 0289 0250 0240 | 325 14825 1752 1055 0913 0876
105 0525 0504 0304 0263 0252 | 330 185 1785 1075 0930 0892
140 0552 059 0319 0276 0265 | 335 1893 1818 1095 0947 0909
1115 0578 0555 0334 0289 0277 | 340 1928 1851 1115 0964 0925
120 0604 0580 0350 0302 0290 | 345 1963  1-884 1135 0981 0042
25 0631 0606 0365 0315 0303 | 350 1998 1918 1156 0999 0959
30 0658 0631 0380 0329 0316 | 355 2034 1952 1176 1017 0976
0685 0657 039 0342 0329 | 360 2060 1986 1197 1035  0-993
0712 0683 0411 035 0342 | 365 2105 2021 1218 1053  1-011
0739 0709 0427 0369 0355 | 370 2142 2056 1239 1071 1028
0766 0735 0443 0383 0368 | 375 2178 2091 1260 1089 1046
0793 0762 0459 0397 0381 | 380 2215 2127 1281 1108 1063
0821 0788 0475 0410 0394 | 385 2253 2163 1303 1126 1081
0849 0815 0491 04 0407 | 390 2201 2199 1325 1145 1099
0876 08l 01 o4l Cal | 35 NS a2 1% lie  ls
4
4
4
4.
4-
4-
4-
4-
4

0932 0-895 0-539 0466 0-448 ‘05 2406 2:310 1-391
0961 0922 0-556 0-480 0461 10 2445 2:348 1-414
0-989 0950 0572 0-495 0475 ‘15 2485 2:386
1-018 0977 0-589 0-509 0488 20  2-525 2:424
1-046 1-005 0-605 0-523 0-502 25 2566 2:463
1-075 1032 0622 0-538 0-516 30 2:607 2:502

10 1104 1-060 0639 0-552 0-530 35 2648 2542

15 1-134 1-088 0656 0567 0-544 40 2690 2-583

20 14163 1-116 0673 0-581 0-558 45 2733 2:623

25 1-192 1-145 0-690 0596 0-572

30 1222 14173 0-707 0-611 0-587

-35 1252 1-202 0724 0626 0-601

40  1-282 1-231 0742 0-641 0615

-43 1:312 1-260 0759 0-656 0630

50  1:343 1-289 0777 0671 0645

Note — Blanks indicate inadmissible reinforcement percentage (see Table E).
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TABLE § FLEXURE — MOMENT OF RESISTANCE OF SLABS, kMN.m
PER METRE WIDTH

e |10
11

Han Ban mme % Ham Bax I]Lu:rn.. mm
T T 8 T 11’ am . & £ T T
5 B-82 14402 (igu i ] g} ¥ i i} T i ] &I7 He5%
a Toan 1220 Ligh i} ori b | [1ge i} Eaill &0 g1
7 EBl 10-77 -0l n Criad H3 5Td T&7
8 85 63 13-56 0r00 n 0H0 67 ] | T35
2 524 B-T0 1240 o0 24 00 ¥n - | f-;!
i} 75 793 Il oD 25 igi} Jie 10 oL
11 434 T2 1056 1381 25 [igia] T 4492 78
12 400 6Tl g 293 2T ERLA] 15 £735 56
i3 ] 25 *lR 19 g (ig i 504 450 FET)
14 345 5ES B&l 1150 O 254 444 &4
15 123 549 11 1&-ER 30 130 1] A5 430 595
{7 kR 17 T 132 35 figin] i 1] 312 517
17 186 4-Ed 126 *Hl &0 -0 00 ¥17 458
IE 271 4-61 L] Lok
15 0= 440 &7 £03
Mot | — Feros Indicaie inadmibssible reinforcement percenlage.
MNoms 2 = Har apacings balamw the dividing Fine sxresd V4
TABLE & FLEXURE — MOMENT OF RESISTAMCE OF SLABS, kN.m
PER METRE WIDTH
Jek = 15 K/'mm®
_ Jr =150 Hfmm®
Thickness = 110cm
Bar Ban Dasermm, mm Ban Ban DMAMETER, mim
b-*ﬂ"-_-. i —— A i m o - u
em & # 19 1 om [ B B[] 17
5 lii 5 1621 g 1] 20 (0] &Ti Ti2 ]
& 2 1408 RIS R a1 i3] 44 &/l B35
T TR 1233 1737 (5841 3 (130 El £33 [ ] E-BR
] 6l LR 150 LEgii] 23 i 415 26 EA1
] 5407 00y 1d-30 Bl bl voa e L5 E:31
1] 518 202 1312 1723 25 000 3-8 713
i 490 32 1211 16+ Pl L] 169 558 ;'Tﬂ!
1z 451 a5 1125 1500y 7 g il 134 38 | i
1 & 1E 7-10 Lirds jd-08 M 0 14} 510 733
14 ¥R #4] 5 1325 bl L] 3 ) 503 55
15 164 fir2d o 1252 M -0 ¥ i
14 142 L5 R:T1 11-86 3% 00 0 :-ﬁ g-;#
7 Khrs | i-53 i 1124 A0 i ] i 370 v
18 1 L e T4 1072 45 LLii] i 30 s] M 463
[ 00 404 T-47 1Y

More | — feros indicase inadmissible peinforcement percentape.
Miorme 2= Bar spacings below the dividing lifie exeeed 4.
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TABLE 7 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH

I
Seg = 15 Wimm?®
1 2 Jp = 250 Mjmm?
Thickswis = 124en
1 3 Bar Bar DIAMFTER, [T Bag BEai [FIAMETER, mm
O e . - RRArmum, - A, .
&m [ i 10 2 cm fi B 10 iz
- ] 1137 1859 [ighi] i a1} i) TR it
& 1584 110 il i 505 T {5
T B35 1389 1981 L] n ali 1453 T30 laria
i 738 1236 1T-E% [idEi] e | (a1 1] &3 TN 70
@ Gl 11°13 &30 2130 4 1 IHE 444 &Ta g1y
19 508 112 1483 1968 15 0 427 47 U )
il 546 27 1367 | 628 % [kt 1] 41 23 a7
12 S0 E 1267 1705 T [sEii] 196 &2 A-18
13 465 T4 I |81 1507 iR SR 1 1] ey 521 B
14 4-13 T4l 11-0% 150 2 oi0a iG] 562 784
i3 408 &95 LF3E 1416 i} ool LigL 144 T-Bi0
16 000 54 79 1339 hE] P [ R b7
IT 150 1] &17 G=I7 17 40 oo (X} 413 579
15 0-00 5-B5 -T2 1208 45 (i izl 1] (130 ] 518
] L] 553 B34 11-92

MOTE | = feros indimte Insdmissible relnforeement percemioge.
More ] — Har tpaciags below the dividing line exceed 3.

TABLE % FLEXURE — MOMENT OF RESISTANCE OF SLARS, kN.m

PER METRE WIDTH
= |5 MimmY
Fy = 150 Njfmm?
Thickness = 130 cm
Ban Bax DILAMETER, im Hin Bar DHAMTTER, mm
SrACING, - . y | SRACING, | -+ —
o [ E 1o 12 18 Cm o & w L2 Lo
5 1:60 i 58 oriKd L] i 0 L] 543 FEY 1234 |53
& 1rRT 176 2506 151} i) i | i0- Dy 557 Fd3 T 1473
T M 1545 Fé o 11 g ] 12 ) in a7 i [FRE
; B3 13-72 1wt 2512 LR 1] 23 0o 10 TT4 FTT [T36
T3 12:34 Lg-1a 244 24 -0 4B T4 16 L&T75
10 tr59 11411 1654 2214 L} i £k L il 15 59T I&18
It &0z 127 1311 51 i i (iR 1] R mER 0-h3 1 5-fid
12 553 a:47 14 110 a1} 27 LT 01 ] G20 1514
13 51z 79 13712 1786 =R 1] T - 0} a0 [ A2 | 4-67
14 77 A% 1xx7 1677 o0a o -0 Q-0d) -3 | d-bF 1423
13 odd 768 11°32 15-80 24-35 M 000 o0 -0l 8431 13-Hi
1% v Wil 10-B6 1453 2330 53 LIgEA] i1 =18 T3 | =04
7 i il 10-27 1415 i ] &) Ll -4 455 [ W] b5
18 K "% £ 974 1345 2120 a5 0 [ D0 AR} ¥I5 3T
1% (ELLL 13 e ] 1251 I3l

TonE |— Zerus indicabe iassdnsiible redalancemant porocniags,
ToTE 13— Bar spacings below the dividing |ine excesd 3l
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TABLE 9 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m PER METRE WIDTH

fag = 13 jmme
£, = 150 Mjmes"
Thicknitss = 140 cm

Bar Bar [DHAMETER, min =1 Han [asETER,

SRACDED, ¢ * -y | SPaCIN, b ik .
m L] B 1 12 16 &im & B H e | 16
5 1A LT 3199 0 m 0 gL 34 68 a6 2167
& 118 1G4l ¥l (i a1 g L] Il—ﬂ iR
PR o oEm o Se I Z OO dm oo
9 T 135 1959 24 Em 4 v (riG s 1138 18- 57
{1 O 1 | LT, 1824 460 00 ¥ L] ge ] i} Ty L
3 S0S 103 53 15 O | I om 0% 13 g lens
13 %60 ] 1442 L= 75 R0 1E i r0d T S8 1613
4 b By 1348 18-52 2871 i 000 00 680 554 1M
LR 1] g4l 12:64 1744 2736 3 -0 0ridd 58 4 1§17
s 00 T 1193 16°47 1554 E % i 67 T'g:_1 152%
1T 0D Tdh 11°28 1560 T3 i3] G n 1176
it o0 T8 1 B4k & 41 iy i K 627 k54
15 00 &T0 el 1411 16l

Mome | — Eeros mdicate inadmissible reinforcement EE.

BMorre 2 — Bar spacicgs kelow ﬂdﬁ;ﬂmw

TABLE 10 FLEXURE — MOMENT OF RESISTANCE OF SLARS, kM. m PER METRE WIDTH
S = 13 Mimm*

£, = 250 Njmm*
Thickmeoy m 150 £

Ban Han [MimETER, mim
Beacad, — -,
o ] E il 12 16 18
L] 1506 2405 A5-41 000 (< 1] Ligt 1]
fi | il M6 il iR 1]
T 1100 1557 T3 I5El g1 LR T
i PR 1646 224 3237 0-00i -0
* L 1477 2082 249 i i] i)
(5] TR 1330 1995 2T06
11 T4 1225 1532 il gg EE
12 656 1129 1694 2320 Lig ] i ge i)
13 i 147 157§ Sl64 13ss o0
4 oo 276 1471 rzA ik 1] -
i% e @13 1390 1907 b
16 LI i} B9 13400 1H-0ud H"ET _Eu*g
17 0 B-10 1228 734 730 ETR 1
1 -0 TET 1164 |61 2605 0
1] s T8 1105 15 2481 L g
i} o £t 1ir 54 14-69 : ]
21 (1] il Li-0e 1405 E’g giﬁ-
i} o 31 963 1145 i 404
23 i v 13 1291 2116 1513
4 {1 3] [1g0 ] B 1241 2039 2415
% i LigLi] . ] 1194 16T ak43
¥ -0 r g B20 1158 19+ 1168
I (il 136 ] g | I1i 16-38 297
0 [ i T-6d 1779 A, |
b, gk O T liran 1T-24 Zir 66
M o0 il F15 gk 6T 2008
35 o L -0 B&8 14-53 1752
(] 000 ] [V3ii] T (F3-H] 55
44 gt} e ] i i} B2 151 1394

Mot | — Leros Indicaie inadmisaible reisforcement percentage.
Mome 2 — Rer ypacings below the dividing ling excesd 34,

Tk
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® SSSE8 28REE 2E8%: RISN ISR BARR

fik = 15 Njmma
f, = 130 Nfmm

Thicknsss — 17-5em
18

s538¢ 8838y TEENY BAE BNEE BB
- 88888 8200 saces skes zanes

= 83339 FRRSE AERII FERMT IREER GISE

Bal DiouETrR, M
i

= 5ibe sasge 3seen seuss dun:
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FER METRE WIDTH

- JRnee SSRAc IEFIE 3083% 288RE gt

- Z05EC JBESE EEEEZ 233 Bt
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000
00

TABLE 11 FLEXURE — MOMENT OF RESISTAMCE OF SLABS, kN.m
irrs — Ferea indicate imddrmidlbie refnfoncement peroenLige.
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TABLE 12 FLEXURE —MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH

J", ma 250 N men? e e o o

Thicknes = 200 cm

fux = 15 Njmm2

4344
44444
4344

33888 ga8Ee
se53s gaesE
85888 2885

$E288 BESEE

ARG

41318
arar
M0

A1




fni.'
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TABLE 13 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m

"22 PER METRE WIDTH
fy= 15 Mfimm?
G- 250 M!mm?
Thickmess = ZI'3 cm
ik BAR LUAMETER, men
an & 8 10 12 16 1® m P 15
i M 4134 £1-02 El69 g O i iy 0
G i 2 TG PALY] r a0 k) m i)
T |75 1y 4542 G158 004 m 00 -
T -] 4irzs i34l BiE2 i oo 000
] 0-0a FER W12 i) 000 i LEE Y
[ 0 (ud 2159 T &5 5 Tri4 RS L i) A
11 Lige ) a1 G 4175 &7 Ligir] L] g0
12 gg iz Il i T 00 Ori i
13 1677 1560 1583 SE-ET Al Rl'18 o0 -
14 g 1561 ITEG 3343 2524 B L i3 e
15 -0 -0 x5 3r 5203 6k 54 T4l 00 {rix
15 000 g 210 3 a4 1& 15 530 THER i
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TARLE 14 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
FPER METRE WIDTH
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TABLE 15 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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MoTe | — Zeros indicale inadmissible reinforcement percentage.

More 2 — Bar spacings below the dividing ling exceed 34

TABLE 16 FLEXURE — MOMENT OF RESISTAMCE OF SLABS, kN.m
PER METRE WIDTH
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TABLE 17 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
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TABLE 18 FLEXURE — MOMENT OF RESISTANCE OF
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TABLE 19 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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TABLE 20 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m

PER METRE WIDTH
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TABLE 21 FLEXURE — MIOMENT OF RESISTANCE OF SLABS, kMN.m
PER METRE WIDTH
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FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
; PER METRE WIDTH
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MoTe — Feros Indicate Inadmilssible reinforcement percentage.
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TABLE 23 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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TABLE 24 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m

PER. METRE WIDTH
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TAELE 25 FLEXURE —MOMENT OF BESISTANCE OF SLABS, kM.m
PER METRE WIDTH
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TABLE 26 FLEXURE—MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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TABLE 17 FLEXURE—MOMENT OF RESISTANCE OF SLARS, kN.m
PER. METRE WIDTH
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METRE WIDTH
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HiorrE | <= Lercs indicate inadmbudble relpforeenant permentage.
Mot 3 — Bar spacings below the dividing ling sxcoed 3,
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TABLE 29 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m

PER. METRE WIDTH
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Mome | — Fercs indicats inadmdsible reinforcement percentage.
Mot 2 — Bar spacings below ibhe dividing line encesd 1d.

TABLE 3 FLEXURE—MOMENT OF RESISTAMCE OF SLABS, kN.m
PER METRE WIDTH
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TABLE 41 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kM.m
FER METRE WIDTH

Ff, mALS Njmm?
Thicknesm — I7-F &m

Hin Bin Dissstes, mm
SEACIRD o ™ .
cm & R 1o 12 iG 8 -]
5 Al 450 00 a0 fid 0y m

é 03 A1°RE Ly (Ri] 0-00 0-00i

7 1156 1554 L ] gl 0o L]
8 1508 AL-40 dibb 6593 a0 o i1}
4 1708 L £78 5704 000 @00 00
149 1542 2ol e 5313 [IgEEl i ] i 30}
11 1407 Fr L 3610 40-18 06 Wi 060
12 1193 2235 133 4559 m 00 000
13 1197 064 3104 B G- 00
14 000 124 901 a2-74 gl i] 00
L% Q-0 102 1741 762 a2 Ol a0
1 08 16 2564 %43 S35 - o0
i? GO0 1599 1434 136 5392 (15 i3]
1A o 1513 97 TR EIE L o
19 oG 1447 2084 ural 54 SH00 o
m a0 1367 JrEl 9 4T 18 -l 000
k1| ooe 1304 1967 IrM 4327 T o
12 sE1 1 1247 1901 1 41-53 517 LR
I3 LT 1144 T et sl di-E5 343
b | gLl o 1% p ol v T A1 55460
L] o i ] 2160 W T LAL e
EH 000 o FEH 64 4507 124
7 i) (1] 561 2] ) A1RS £ ]
¥} | O 000 1510 )R] 3525 4K 424
1 4 i-iH 1460 053 ETT A107 4786
b1 (-0 e 1403 1358 IFl4 W i 54
E (311 i8] 1;:; III.‘I L v e 40731
-0 it 1511 i8-den W 16
45 i1 g} f1g 1] 1349 228 A7-80 1286

MoTE — Zeres indleate insdmissible reinforcement percentage.

FLEXURAL MEMBERS n



TABLE 42 FLEXURE — MOMENT OF RESISTANCE OF SLARS, kN.m
PER. METRE WIDTH

20

= 20 N/mm?
= 415 Nimm?

Thlckneig — 3l em

Bag

n 33888

a E3823

= 8285%

44412

48 mwmwm
s $E58%

e Iag%s

- feeas

* ShRas

m i,

88588
ggess
R
SEeRs
fecat
SEEAR
$RA%E
$434-

3443

RAASH

iRELE

DESIGE AIDS FOR REIHPORCED COMCRETE



TABLE 43 FLEXURE — MOMENT OF RESISTANCE OF SLABS, kN.m
PER METRE WIDTH
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TARLE 49 FLENURE — REINFORCEMENT PERCENTAGES FOR DOLUBLY
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3. COMPRESSION MEMBERS

3.1 AXIALLY LOADED COMPRESSION
MEMBERS

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

! ., D . ..
e‘"“‘=5706+ 35 subject to a minimum of
2 cm.
where

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

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

After determining the eccentricity, the section
should be designed for combined axial load
and bending (see 3.2). However, as a simplifi-
cation, when the value of the minimum
eccentricity calculated as above is less than or
equal to 0-05D, 38.3 of the Code permits
the design of short axially loaded compression
membeis by the following equation:

Pu=0'4f;:k Ac'*‘0'67-fy Asc
where

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

The above equation can be written as
"
Py = 0'4fck ( Az — '21—05) + 067 fy

where

pAs
100

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

Dividing both sides by Aqg,

Pu _ o - P . A
Z_o4fck(1 100)+067f,,m°

= 04 fu + &) (067 f, — 04 fu)

Charts 24 to 26 can be used for designing
short columns in accordance with the above
equations. In the lower section of these
charts, P,/A; has been plotted against
1einforcement percentage p for different
grades of concrete. If the cross section of
the column is known, Py/A4; can be calculated
and the reinforcement percentage read from
the chart. In the upper section of the charts,
P,/ Ag is plotted against P, for various values
of Ag. The combined use of the upper and

COMPRESSION MEMBERS

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

Example 5 Axially Loaded Column

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

Factored load 3000 kN

Concrete grade M20

Characteristic strength of 415 N/mm?
reinforcement

Unsupported length of 30m
column

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

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

Area of reinforcement, 45 = 1'0 X @T)(;Ois

= 27 cm?

We have to check whether the minimum
eccentricity to be considered is within 0-05
times the lateral dimensions of the column.
In the direction of longer dimension,
I} D
€mnin = 5‘()0— + W
30x10® 60 s .
Or, €min/D = 2:6/60 = 0-043
In the direction of the shorter dimension,

30 x 102 | 45 ) <
+30 =06+ 13

emn = 555

=2]cm
or, emin/b = 2'1/45 = 0-047

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

3.2 COMBINED AXIAL LOAD AND
UNIAXIAL BENDING

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

99



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

3.2.1 Assumptiohs-—Assumptions (a), (c),
(d) and (¢) for flexural members (see 2.1)
are also applicable to members subjected
to combined axial load and bending. The
agsumption (b) that the maximum strain
in concrete at the outermost compression
fibre is 0-003 5 is also applicabls when the
neutral axis lies within the section and in the
limiting case when the neutral axis lies along
one edge of the section; in the latter case
the strain varies from 0003 5 at the highly

compressed edge to zero at the opposite
edge. For purely axiak compression, the
strain is assumed to be uniformly equal
td 0-002 across the section [see 38.7(a) of the
Code]. The strain distribution lines for these
two cases intersect each other at a depth of
-?-,ID—from the highly compressed edge. This
point is assumed to act as a fulcrum for the
strain distribution line when the neutral
axis lies outside the section (see Fig. 7). This
leads to the assumption that the strain at
the highly compressed edge is 0-003 S minus
075 times the strain at the least compressed
edge [see 38.1(b) of the Code).

=)

o ——
o
’ .".ﬁ‘.i.

. io
e
‘ :ooioé:

\-HIGHL\' COMPRESSED
EDGE

CENTRODAL AXIS—M
ith ROW OF REINFORCEMENT

STRAIN DIAGRAMS
0- 0035

Neutral axis
within the section

3D/ 7 —e]

_.~10-0038

0-002 Neutral axis

outside the section

Xy

Fic. 7 CoMBINED AXIAL LoaD aAND UNIAXIAL BENDING
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3.2.2 Stress Block Parameters When the
Neutral Axis Lies Oittside the Section — When
the neutral axis lies outside the section,
the shape of the stress block will be-as indi-
cated in Fig. 8. The stress is uniformly

0446 f.x for a distance of 3—? from the highly

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

——L——I—-a' d
M-
[
-L———o———-a
[-0-002

STRAIN DIAGRAM

PARABOLA

0-448¢,,
p STRESS DIAGRAM

xU.kD

Fic. 8 STRESS BLOCK WHEN THE NEUTRAL
Axis Lies OUTSIDE THE SECTION

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

i;-D
- 0446 ——
£ el 035
7
4 )*

- 0446 fox (.7,?-_—3

COMPRESSION MEMBERS

Area of stress block

- 0-446f;kD——§(;—-D)

4
7 &P

) 4 4 \t
= 0446 f D [‘- 7r(7k—:3)]
The centroid of the stress block will be

found by taking moments about the highly
compressed edge.

Moment about the highly compressed edge
D 4
= 0446 fux D (—i-)—ﬂ gD

R ER)

3
o s § - e

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

TABLE H STRESS BLOCK PARAMETERS
WHEN THE NEUTRAIL AXIS LIES OUTSIDE

THE SECTION
(Clause 3.2.2)
k Xxu  AREA OF STRESS DISTANCE OF CENTROID
D BrLock FrRoM HigaLY
Compressep Epgs
) (03] (€))
1-00 0:361 fx D 0416 D
105 0374 fk D 0432 D
110 0384k D 0443 D
120 0:399 fck D 0458 D
1-30 0409 fek D 0468 D
140 0417 fek D 0475 D
150 0422 fk D 0480 D
2:00 0435 fck D 0491 D
2:50 0'440 fck D 0.495 D
3-00 0442 fex D 0497 D
4-00 0444 fcx D 0499 D

Note — Values of stress block parameters have
been tabulated for values of & up to 4-00 for informa-
tion only. For construction of interaction diagrams
it is generally adequate to consider values of k up to
about 1-2.

3.2.3 Construction of Interaction Diagram —
Design charts for combined axial compression
and bending are given in the form of inter-
action diagrams in which curves for P,/bDf«
versus Myu/bD? fix are plotted for different
values of p/fu, where p is the reinforcement
percentage.
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3.2.3.1 For the case of purely axial com-
pression, the points plotted on the y-axis
of the charts are obtained as follows:

Pu= 0446 fabd + 222 (fio — 0446 fu0)

P _
fabD =

0446 + T fck (fic — 0-446 fx)

where

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

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

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

8) When the neutral axis lies outside the
section

Py = C, fubD + zpibb

i=1

(fii—K)

where

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

pi b D ! where Ay is the area of rein-
forcement in the ith row;

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

Ja == stress in concrete at the level of
the ith row of reinforcement; and

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

P, Di .
7abp =G +'21 0 7 a1
I=
Taking moment of the forces about the
centroid of the section,

Mu-C,fcka(—z——Cz )

+ 2 ploo (i — falyi

iaml]

where

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

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

Dividing both sides of the equation by
JSex bD?,

M,

fa bD-s—CI(OS Cy)

+S - (3)

b) When the neutral axis lies within the
section

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

n
Pu . Di -
ﬂk bD 036 k +. El lwﬁk (f;i fCi)
]

]:,IAI;{“)T' - 0'36k (05 -~ 0416 k)

+2fk

da -5 (%)

where

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

3.2.3.3 Charts for compression with bending —
Charts for rectangular sections have been
given for reinforcement on two sides (Charts
27 to 38) and for reinforcement on four
sides (Charts 39 to 50). The Charts for the
latter case have been prepared for a section
with 20 bars equally distributed on all sides,
but they can be used without significant
error for any other number of bars (greater
than 8) provided the bars are distributed
equally on the four sides. The Charts for
circular section (Charts 51 to 62) have been
prepared for a section with 8 bars, but they
can generally be used for sections with any
number of bars but not less than 6. Charts
have been given for three grades of steel
and four values of d’/D for each case men-
tioned above.

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

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

o PD
Py 100~ 087 1)
Py ) i
Jex bD 100 fox (087 y)
Charts 66 to 75 are given for rectangular
sections with reinforcement on two sides
and Charts 76 to 85 are for reinforcement

on four sides. It should be noted that these
charts are meant for strength calculations

COMPRESSION MEMBERS

only; they do not take into account crack
control which may be important for tension
members.

Example 6 Sgquare Column with Uniaxial
Bending

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

Size of column 45 x 45cm
Concrete mix M 25
Characteristic strength of 415 N/mm?
reinforcement
Factored load 2 500 kN
(characteristic load
multiplied by vr)
Factored moment 200 kN.m

Arrangement of .
reinforcement ; (a) On two sides

(b) On four sides

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

Assuming 25 mm bars with 40 mm cover,
d =40 + 12'5 e= 52:5mm = 525 cm
d'|D = 525/45 =012

Charts for d’/D = 0-15 will be used

P, 2 500 x 103

Fau BD = 35% 45 x 45 x 10t = 044
M, 200 x 108 o
DR = 25xa5 x5 xd5xios — 0088

a) Reinforcement on two sides,
Referring to Chart 33,
plfex = 0-09
Percentage of reinforcement,
p=009 x 25 =225
As = p bD/100 = 225 x 45 x 45/100
= 45:56 cm?
b) Reinforcement on four sides
from Chart 45,
plfex =010
p=010 x 25 =25
As =25 x 45 x 45/100 = 50'63 cm?

Example 7 Circular Column with Uniaxial
Bending

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

Diameter of column 50 cm

Grade of concrete M20

Characteristic strength 250 N/mm? for

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

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

(a) Hoop reinforcement
(b) Helical reinforcement

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

Assuming 25 mm bars with 40 mm cover,
d =40 X 12'5 = 52-5mm = 525 cm
d'|D = 5-25/50 = 0°105

Charts for d'/D = 0-10 will be used.
(@) Column with hoop reinforcement

Pa 1600 x 10°
faD* T 20 x 50 x 50 x 107
M, 125 x 108
Ja D™ 20 % 50 x 50 x 50 x 103

Referring to Chart 52, for f; == 250 N/mm?
plfex =087
p=087T x20=174
Ay = prnD?*/400
= 1'74 X = x 50 X 50/400 = 3416 cm?

— 032

= 0-05

For fy = 240 N/mm?,
As = 3416 x 250/240 = 35-58 cm?

(b) Column with Helical Reinforcement

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

Hence,
Py 032 _
7 D =105 = 0-305
Mu 0'05 .
Fo D5 = 103~ 0048
From Chart 52, for f, = 250 N/mm?,
plfec = 0:078

p = 0078 x 20 = 1-56
As = 1'56 x = x 50 x 50/400
= 30:63 cm?
For f; = 240 N/mm?, 4s = 3063 x 250/240
= 3191 cm?

According to 38.4.1 of the Code the ratio
of the volume of helical reinforcement to the
volume of the core shall not be less than
0'36 (Ag/Ac — 1) fx [fy where Ag is the
gross area of the section and A. is the area
of the core measured to the outside diameter
of the helix. Assuming 8 mm dia bars for the
helix,
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Core diameter = 50 —2 (4:0 — 0-8)
= 43:6 cm

Ag/A: = 502/43:6* = 1-315

036 (Ag/Ac — 1) fulfy
=036 x 0-315 x 20/250
= 0-0091

Volume of helical reinforcement
Volume of core

_ Auwn (42:8) _ 009 A
436 a s

where, A is the area of the bar forming
the helix and sn is the pitch of the helix.
In order to satisfy the codal requirement,

0-09 An/sn 2 0:0091
For 8 mm dia bar, A = 0°503 cm?
&< 0:09 x 0-503
= 0-0091
7 €497 cm

3.3 COMPRESSION MEMBERS SUB-
JECT TO BIAXIAL BENDING

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

(Mux )xn (Muy )mn
Mux, My,
vhere

Mux, My are the moments about x and y
axes respectively due to design loads,
Muz;, Muy, are the maximum uniaxial
moment capacities with an axial load
Pq, bending about x and y axes res-
pectively, and

oCp is an exponent whose value depends on

Py/Ps; (see table Dbelow) where
Puz = 0'45 ﬁk Ac + 0'75_f‘y As:
Pu/Puz ‘L
<02 10
>0-8 20
For intermediate values, linear interpo-

lation may be done. Chart 63 can be used
for evaluating Py..

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

M, o M, o
ux n + ( uy )
(Muxx) Muyl

plotted in Chart 64.

" a= 1'0 have been
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Example 8 Rectangular Column with Biaxial
Bending
Determine the reinforcement to be pro-

vided in a short column subjected to biaxial
bending, with the following data:

Size of column 40 x 60 cm

Concrete mix MI15

Characteristic strength 415 N/mm?*
of reinforcement

Factored load, P, 1 600 kKN

Factored moment acting 120 kN
parallel to the larger

dimension, Mo,

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

Moments due to minimum eooeniricity are
less than the values given above.

Reinforcement is distributed equally on
four sides.

As a first trial assume the reinforcement
percentage, p=1-2

Plfex = 1-2/15 = 0-08

Uniaxial moment capacity of the section
about xx-axis:

, 525

d'|D == w - 0-087 S

Chart for d'/D = 01 will be used.
1600 x 103
Pulfec bD = 15570 % 60 x 10°

Referring to Chart 44,
My/fex bD? == 009

My, =009 X 15 x 40 x 60% x 10%/10°
= 1944 kN.m
Uniaxial moment capacity of the section
about yy-axis:
5-25

Chart for d’/D == 015 will be used.

= 0°444

Referring to Chart 45,
My/fa bD? = 0-083

My, = 0083 x 15 x 60 x40%x103/108
= 119-52 kN.m

Calculation of Py;:
Referring to Chart 63 corresponding to
p =12, f, = 415 and fox = 15,

Puz . 2

rﬂ 103 N/mm
Puz - 10'314' -10'3 X 40 X 60 X

10%/10% kKN
= 2 472 kN

COMPRESSION, MEMBERS

P 1600 .
Po —igp =064
Mo 120

1
Referring to Chart 64, the permissible value
of Mux_ corresponding to the above values

uxy
My

Pa . )
of 7 " and-Hls equal to 0-58.

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

Ay = E_ll.ggﬂ_ - 288 cm?
12 bars of 18 mm will give 4,»=30-53 cm?®
Reinforcement percentage provided,
o 3053 x 100 _ 127
p 60 x40
With this percentage, the section may be
rechecked as follows:
Difex == 1-27/15 = 0-084 7
Referring to Chart 44,
M, .
My, = 0095 X 15 X 40 x 602 x 103/10¢
== 2052 kN.m
Referring to Chart 45
M, _

My, = 0-085 % 15 x 60 x 40% x 103/10%
== 122:4 kN.m
Referring to Chart 63,
Pz o 10-4 N/mm?
Ag
Py, = 104 x 60 x 40 x 10%/103
= 2 496 kKN

Py/Py; = ;—g—gg— = (-641

120
Mu[May = 555

90
Muy/Muyl bl m - 0.735

Referring to Chart 64,

Corresponding to the above values of
uy

M uyi
Moy
Mz,
Hence the section is O.K.

== 0585

and 7’;“—, the permissible value of
uz

is 0-6.
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3.4 SLENDER COMPRESSION
MEMBERS

When the slenderness ratio '13— or :” of

éOx‘lSidefed to be a slender uumprcaawu
member (see 24.1.2 of the Code); lx and /ley
being the effective lengths with respect to
the major axis and minor axis respectively.
When a compression member is slender with
respect to the major; axis, an additional
moment M, given by the following equation
(modified as indicated later) should be
taken into account in the desngn (see 38.7.1
of the Code) :

2000\ D,
Similarly, if the column is slender about the

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

My

exprwsxons for the additional moments

tten m the form of eccentricities
as f

5 - zin )

Table [ gives the values e% or L,:’ for

different values of slenderness ratio.

In accordance with 38.7.1.]1 of the Code,
the additional moments may be reduced by
the multiplying factor k& given below:

P -—
k = uz fu

Py — Py <1
where

Py = 0-45 f;k Ac + 075 _fy A;, Which
may be obtained from Chart 63, and Py is the

awial Ta Armmanm e At

aalal and vuucapuuuxug LU LhU DUlldll.lUu Uf
maximum compressive strain of 0003 5
in concrete and tensile strain of 0-002 in
outermost layer of tension steel.

Tt ~ than AR~ al
xuuusu this 1uuu1uwuuu la uyuuual ac-

cording to the Code, it should always be
taken advantage of, since the value of &
could be substantially less than unity.

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

The expression for k can be written as
follows:

—__7E

Chart 65 can be used for finding the ratio
of k after calculating the ratios Pu/P; and
P b/P uz«

<1

TABLE I ADDITIONAL ECCENTRICITY FOR
SLENDER COMPRESSION MEMBERS
(Clause 3.4)

lx/D e.,/D lex/D eax/D
or or or
leylb e.y/ b ley/b eay/b

(¢}) (¢4 3) )
12 0072 25 0313
13 0085 30 0°450
14 0-098 35 0613
15 0113 20 0-800
16 0128 45 1013
17 0145 50 1-250
18 0-162 55 1-513
19 0181 60 1-800
20 0-200
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Example 9 Slender Column
bending)

(with biaxial

Determine the reinforcement
a column which is restrained
with the following data:

dg‘d.lIlS( sway,

Size of column 40 x 30 cm
Concrete grade M 30
Characteristic strength 415 N/mm?
of reinforcement
Effective length for 60 m
bending parallel to
lJarger dimension, i
Effective length for 50m
bending parallel to
shorter dimension, ey
TTnennnAr}n{l lanath T0 m
yyvn YW I\Iuslq § W ik
Factored load 1 500 kN
Factored moment in the 40 kN.m at top
direction of larger and 22°5kN.m
dimension at bottom
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30kN.m at top
and .20 kN.m
at bottom

Factored moment in the
direction of shorter
dimension

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

Je _ 60 x 100

o DXV 150> 12
by 50 x100
=T = 167> 12

Therefore the column is slender about

both the axes.
From Table I,

For % = 15, ex/D == 0°113

ley

For b = 16*7, ey/b = 0°140

Additional moments:

My = Puex = 1 500 0113 x %% —67-8kN.m

My = Pue, = 1 500 %0-14 1::)10=63-0 KN.m

The above moments will have to be reduced
in accordance with 38.7.1.1 of the Code;
but multiplication factors can be evaluated
only if the reinforcement is known.

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

Ag = 40 x 30 = 1200 cm?*

From Chart 63, PuzfAg = 225 N/mm?

. Py =225 x 1200 x 102/10% =2 700 kN
Calculation of Py:

Assuming 25 mm dia bars with 40 mm cover

d'|D (about xx-axis) == %%5 =013

Chart or Table for d’/d = 0-15 will be
used.

25

5.

5 = 017
Chart or Table for d'/d = 020 will be
used.

From Table 60,

Py (about xx-axis) == (kl + ky £
JSex
Pox = (0-196 40203 x 336)

x 30 x 30 x 40 x 10%/10°
= ‘779 kN

d’'|D (about yy-axis) =

)ﬁka

COMPRESSION MEMBERS

P, (about yy-axis) = (0‘184 + 0028 x3)

30
X 40 x 30 x 30
x 10%/103

Py, = 672 kN

o kem Pu— P 2700 - 1500

e Puz-Pbx 2700—779
= 0625

k o Puz—Pu _ 2700 — 1500

YT Puz — Poy 2700 — 672
= 0592

The additional moments calculated earlier,
wtill now be multiplied by the above values
of k.

My = 678 x 0°625 = 424 kN.m
My = 630 x 0-592 = 37-3 kN.m

The additional moments due to slenderness
effects should be added to the initial moments
after modifying the initial moments as
follows (see Note 1 under 38.7.1 of the Code):

Mux=(0'6 x 40 — 04 X 22:5) =150 kN.m
Myy= (06 x 30 — 0'4 x 20) = 100 kN.m

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

I D 700 ,40
€x = —— +__30 - 555 +§6—_273cm
l b 700 , 30 .

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

273
My = 1500><10—0 = 41'0 kN.m
> 150 kN.m

24
Muy = ] 500 X TG_O = 360 kN.m
> 100 kN.m

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

My = 41'0 + 42°4 = 834 kN.m
Myy = 360 4 37-3 = 73-3kN.m

The section is to be checked for biaxial

bending.
1500 x 103

PolfobD = 35- 3040 = 10°
— 0417
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30
Referring to Chart 45 (d'/|D = 0°15),
My/fa bD? = 0-104
Muxl = 0104 % 30 x 30 x 40 % 40 X
103/10¢
= 149-8 kN.m

Referring to Chart 46 (d'/D = 0+20),
Mlfa D% = 0:096

My, =0096 X 30 x 40 X 30 x 30 X

103/108
= 1037 kN.m
Mux 834 )
Mu, = 1398 = 036

108

My 733

Muyl = 103'7 = 071
Pu/Puz = -21—;-8—8 = 056

Referring to Chart 64, the maximum allow-
able value of M.,/ My, corresponding to the
above values of Muyy/Myy, and Py/P,; is 0-58
which is slightly higher than the actual value
of 0'56. The assumed reinforcement of 3-0
percent is therefore satisfactory.

Ag = pbDJ100 = 3:0 x 30 x 40/100
= 360 cm®
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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 29 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 30 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 31 COMPRESSION WITH BENDING — Rectangular
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Chart 33 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 34 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 35 COMPRESSION WITH BENDING — Rectanguiar
Section — Reinforcement Distributed Equally on Two Sides

t. = 500 H."'nm? ,'!'..-'I:l= 0-0% l

P/t bD

M“‘.-"!"I:ID

130 [WESIGM AILES FOR RETNEORCED CONCRETH



¥
500

Chart 36 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distrihuted Fgually an Two Sides
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Chart 37 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 38 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 39 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 40 COMPRESSION WITH BENDING —Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 41 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 42 COMPRESSION WITH BENDING — Rectangular
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 — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 45 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four ﬂi—
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Chart 46 COMPRESSION WITH BENDING — Rectangular
Section — Aeinforcement Distributed Equally on Four Sides
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Chart 47 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 48 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 49 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 50 COMPRESSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 51 COMPRESSION WITH BENDING — Circular Section
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Chart 52 COMPRESSION WITH BENDING — Circular Section
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Chart 53 COMPRESSION WITH BENDING — Circular Section
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Chart 54 COMPRESSION WITH BENDING — Circuler Section
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Chart 55 COMPRESSION WITH BENDING — Circular Section
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Chart 56 COMPRESSION WITH BENDING — Circular Section
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Chart 57 COMPRESSION WITH BENDING — Circular Section
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Chart 56 COMPRESSION WITH BENDING — Circular Section
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Chart 539 COMPRESSION WITH BENDING - Circular Section
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Chart 81

COMPRESSION WITH BENDING — Circular Section
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Chart 62 COMPRESSION WITH BENDING — Circular Section
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Chart 64 BIAXIAL BENDING IN COMPRESSION MEMBERS
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Chart 65 SLENDER COMPRESSION MEMBERS —
Multiplying Factor k for Additional Moments
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Chart 66 TENSION ‘WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 67 TENSION WITH BENDING — Rectangular
Section = Reinforcement Distributed Equally on Two Sides
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Chart 68 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 69 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 70 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 71 TENSION

WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 72 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 73 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 74 TENSION

WITH

BENDING — Rectangular

Section — Reinforcement Distributed Equally on Two Sides
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Chart 75 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Two Sides
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Chart 76 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 77 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 78 TENSION

WITH . BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 79 TENSION WITH BENDING — Ilﬂtlu_uln
Section — Reinforcement Distributed Equally on Four Sides
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Chart 80 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 81 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 82 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 83 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributad Equally on Four Sides

P/1..bD

L N N ]

e

=AE'E DF DENDING

0-3

M, [, bD"

LESION AlLDS FOR RENFORCED OONCRETE

d/D=0-10

A,=pbD/1G0




Chart 84 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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Chart 85 TENSION WITH BENDING — Rectangular
Section — Reinforcement Distributed Equally on Four Sides
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TABLE 60 SLENDER COMPRESSION MEMBERS — VALUES OF P,

Rectangular Sections:
Polfox bD = ky + k3 plfex

Circular Sections:
PfaD? = ky + kaplfex

Values of k;
Section &/D
005 010 015 020
Rectangular 0219 0207 0196 0184
Circular 0172 0160 0149 0138
Values of kq
Section d{D
Sy r~ A -
N/mm* 005 010 018 020
Rectangular; équal reinforcement on 250 —0-045 —0-045 —0-045 —0-045
two opposite sides 415 0096 0082 0-046 -0022
500 0213 0173 0104 —=0001
Rectangular; equal reinforcement on 250 0215 0146 0-061 -0011
four sides 415 0424 0328 0203 0028
500 0545 0425 0256 0040
Circular 250 0193 0148 0077 ~0020
415 0410 0323 0201 0036
500 0-543 0443 0291 0056

COMPRESSION MEMBERS
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4. SHEAR AND TORSION

4./ DESIGN SHEAR STRENGTH OF
CONCRETE

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

085 v 08fx (VIF+58-1)
Te =
68
where
B =0-8 fci/6°89 pi, but not less than 10,
and mn= 100 As:/bwd.

The value of t. corresponding to p, varying
from 0-20 to 3-00 at intervals of 0°10 are given
in Table 61 for different grades of concrete.

4.2 NOMINAL SHEAR STRESS

The nominal shear stress 7y is calculated
by the following equation:

Va
™= b

where

V. is the shear force.

When 1, exceeds <., shear reinforcement
should be provided for carrying 4 shear
equal to Vu— tc bd. The shear stress w, should
not in any case exceed the values of +c,max,
given in Table J. (If ©v> vc,max, the section
18 to be redesigned.)

TABLE J] MAXIMUM SHEAR STRESS rc,max
MI15 M20 M25 M30 M35 M40
25 28 31 35S 3T 40

CONCRETE GRADE

Tc, max, N/mmt

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

087 fydsd
S8y

Vus =

where

A.v is the total cross sectional area of
the vertical legs of the stirrups, and

sv is the spacing (pitch) of the stirrups.
The shear strength expressed as Vys/d are given

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

SHEAR AND TORSION

For a series of inclined stirrups, the value
of Vus/d for vertical stirrups should be
multiplied by (sinec 4+ cosec) 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,
Vu; = 0'87_/; A;v sinx

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

4.4 TORSION

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

Example 10 Shear

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

Beam size 30 X 60 cm
Depth of beam 60 cm
Congcrete grade M15

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

Assuming 25 mm dia bars with 25 mm cover,
d=60-5%—25=5625cm

Vu _  180x10°
bd  30%x5625x10%
= 107 N/mm?

Shear stress, ty =

From Table J for MI1S5, 1¢,max = 2'5 N/mm?
Ty is less than tc,max

From Table 61, for P,=0'8, v.=0'55 N/mm?

Shear capacity of concrete section = x. bd
= 055x 30 x 5625 x 102/103=92"8 kN
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Shear to be carried by stirrups, Vee=V;s — b4
= 180 — 92-8 = 87-2kN
Vis _ 872 .
T 3635 = 1-55 kN/cm
Referrine to Tahle 62, for steel £, =250 N/mm?

Provide t’8
stirrups at 14 cm spacing.

/0 legged vertical

Example 11 Torsion

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

Size of the beam 30 x 60cm

Concrete grade Mi5

Characteristic strength 415 N/mm?
of steel

Factored shear force 95 kN

Factored torsional 45 kN.m
moment

Factored bending moment 115 kN.m

Assuming 25 mm dia bars with 25 mm cover,
d=60 - 2'5—*-?-2.—5 = 5625 cm
Equivalent shear,
Ve= V4 !-6({— )

=95+ 1'6x g = 95240 = 335 KN
Equivalent shear stress.

Ve 335x 102 . 2

e = bd = X 56355 100 = |0 N/mm

From Table J, for M15, t¢,max = 2'5 N/mm?

Tye IS less than tc,max; hence the section does
not require revision.

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

tc = 046 N/mm? < Tye.
Hence longitudinal and transverse reinforce-
ments are to be designed  Longitudinal
reinforcement (see 40.4.2 of the Code):
Equivalent bending moment,

Me1_= M4 M,

oy T+ D)

= Mt 17

= 118§ L A(( 14 ﬂ\

S G K

= 1154 794

= 1944 kN.m
b 194-4 x 108 265 N/mm
v eyjva= m = LU0 V/mm
176

Pe zrriﬂn ta Tahlo 1 correennndina  to
. 6 LA %4 A s £ [} WAL .veyvuu'l‘s L34
Mu/bd? == 2-05

po = 0708

Ay = 0-708 % 30 X 56:25/100 = 11-95 cm?

Provide 4 bars of 20 mm dia (45 =12'56 cm?)
on the flexural tensile face. As M, is less
than M,, we need not consider M., according
to 40.4.2.1 of the Code. Therefore, provide
only two bars of 12 mm dia on the compres-
sion face, one bar being at each corner.

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

Spacing of bar = 53-4/2 = 26:7 cm

0-05x30x267
Area required for each bar= ~———m———

= 040 cm?

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

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

dom TSy Va S
= b, (0877, | 754, 08T F)

jo——— 30 M ————]
FLEXURAL
e— b,y = 23 cmoﬂ /-rsnsmn
b FACE
..r__i_.
20 mm ¢V
~10 mm @
STIRRUP
60 cm
¥=56cm ? [ d, 2534
cm
25 mm
~12mm @
/S

"*r-—-—’** ~, ]
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Assuming diameter of stirrups as 10 mm
dy =60 — (2'5 4 1'0)—(2°5+0°6)=53'4 cm
by =30 -2(25+10)=23cm
An(087f) _ 45 x 10
— S 23 x 534 x 1ot
95 x 102
+2—5-——T——, X A0 3664 - 712
== 4376 N/mm
== 4-38 kN/cm
Area of all the legs of the stirrup should
satisfy the condition that A,./S. should not

(_‘_f_ve—fe)b
be less than 0877,
From 7Table 61, for tensile reinforcement
percentage of 0-71, the value of . is 0°53
N/mm?
A O81S) o (0o — )b

Sv

= (1-99 — 0°53)
= 438 N/mm =4-38 kN/cm

SHEAR AND TORSION

Note—It is only a2 coincidence that the values of
Asv (087 fy)/Sv calculated by the two equa-
tions are the same.

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

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

According to 25.5.1.7(a) of the Code, the
spacing of stirrups shall not exceed x,,
(x; + »)/4 and 300 mm, where x, and p,
are the short and long dimensions of
stirrup.

Xy w30 — 2(2'5 - 0'5) = 26 cm
Y, = 60 — 2(2'5 — 0°5) = 56 cm
(x1 4+ y1)/4 = (26 4 56)/4 = 205 cm

10 mm ¢ two legged stirru

at 125 em
spacing will satisfy all the cod

requirements.

177



35

30

Sk, Nj/mm?

25

20

SHEAR — DESIGN SHEAR STRENGTH OF CONCRETE, 1.’ N/mm?

TABLE 61

Pt

20
25
30
35
40

v \D -
AT ED
DOOO

<t OB
OFFD
LDOOQ

MO
NFTH
OO0

TR
e on <t <

Ho0d

O\ o0
NS

Hood

€00 N\
oYy
000

OO
SNAF G
QOO0

AN
VN OO\

< OO = [ g
Wy Vi \o )

OQOOQ

3,092“.
WV VN D O

COOCOC

DAl al nd =
.\OJ-\vssm.

OO C

BESKE

00N Q@ o
99.9m

QOO v

NN
Q0 00 (0 00 0

COOOO

.....

BRILs




TABLE 62

SHEAR — VERTICAL STIRRUPS

Values of Vy,/d for two legged stirrups, kN/cm.,

Sy = 250 N/mm?

fy = 415 N/mm?

STIRRUP DIAMETER, mm DIAMETER, mm
SPACING, A - ~— A
cm 6 8 10 12 6 8 10 12
5 2460 4:373 6833 9-839 4-083 7:259 11-342 16:334
6 2-050 3-644 5694 8:200 3-403 6049 9-452 13-611
7 1-757 3124 4-881 7-:028 2917 5-185 8:102 11-667
8 1-537 2:733 4271 6150 2:552 4-537 7-089 10-208
9 1-367 2429 3-796 5-466 2269 4033 6302 9-074
10 1230 2186 3-416 4920 2042 3:630 5:671 8167
1 1-118 1-988 3:106 4472 1-856 3-299 5:156 7-424
12 1-025 1-822 2-847 4-100 1-701 3-025 4726 6806
13 0946 1-682 2:628 3784 1-571 2:792 4:363 6286
14 0-879 1-562 2440 3514 1-458 2:593 4051 5-833
15 0820 1458 2-278 3-280 1-361 2:420 3-781 5:445
16 0769 1-366 2135 3-075 1-276 2:269 3:545 5104
17 0723 1-286 2:010 2:894 1-201 2135 3-336 4-804
18 0-683 1-215 1-898 2733 1-134 2016 3151 4-537
19 0647 1151 1-798 2-589 1-075 1-910 2:985 4298
20 0615 1-093 1-708 2:460 1-020 1-815 2-836 4-083
25 - 0492 0-875 1-367 1-968 0817 1-452 2-269 3267
30 0410 0729 1:139 1-640 0-681 1-210 1-890 2:722
35 0-351 0625 0976 1:406 0583 1-037 1:620 2:333
40 0307 0547 0-854 1-230 0510 0-907 1-418 2:042
45 0273 0-486 0759 1093 0454 0807 1-260 1-815
TABLE 63 SHEAR — BENT-UP BARS
Values of Vs for singal bar, kN
BAR fy = 250 N/mm? Sy = 415 N/mm?
DIAMETER, A —— — A \
mm « = 45° « = 60° a = 45° a = 60°
10 12-08 1479 2005 24-56
12 17-39 21-30 2887 35-36
16 3092 37-87 51-33 62-87
18 39-14 47-93 6497 79-57
20 48-32 59-18 80-21 9823
22 5846 71-60 97-05 118.86
25 7549 92-46 125:32 153.48
28 94:70 11598 157-20 192-53
32 123-69 151-49 20532 251-47
36 15654 191-73 259-86 318-27
NoTtE — a is the angle between the bent-up bar and the axis of the member.
SHEAR AND TORSION, 119

f}’
250
415
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5. DEVELOPMENT LENGTH
AND ANCHORAGE

5.1 DEVELOPMENT LENGTH OF
BARS

The development length L4, is given by

$ as
La= 4 ~pg
where
¢ is the diameter of the bar,
6, is the stress in the bar, and

7ba is the design bond stress given in
25.2.1.1 of the Code.

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

DEVELUPMENT LENGTH AND ANCHORAGE

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

5.2 ANCHORAGE VALUE OF HOOKS
AND BENDS

In the case of bars in tension, a standard
hook has an anchorage value equivalent to a
straight length of 16¢ and a 90° bend has
an anchorage value of 8¢4. The anchorage
values of standard hooks and bends for
different bar diameters are given in Table 67.
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TABLE 64 DEVELOPMENT LENGTH FOR FULLY STRESSED PLAIN BARS

Jy = 250 N/mm? for bars up to 20 mm diameter.

BAR
DIAMETER,
mm

6

= 240 N/mm? for bars aver 20 mm diamatar

2222227 200 LKA S UVeL &V I GI_MMSAet.

TENSION BARS

GRADE OF CONCRETE
Ao

Tabulated values are in centimetres.

COMPRESSION BARS
GRADE OF CONCRETE
.

M5 M20 M25 M30 “Mi15 M20 M25 M30
32°6 272 233 2i'8 26'1 21-8 18'6 174
435 363 311 29-0 348 290 249 232
544 453 38-8 363 435 363 311 290
653 544 166 435 522 435 373 348
870 72' 621 58-0 696 80 497 464
979 816 69'9 653 78:3 653 559 52:2

1088 906 7747 725 870 725 62'1 580

1148 957 820 76'6 91-9 76'6 656 612

130°5 1088 93-2 870 1044 870 74'6 696

1462 1218 104-4 974 1169 97-4 835 780

1670 1392 1193 1114 1336 1114 955 891

1879 156'6 1342 125:3 1503 1253 107-4 1002

Note — The development lengths given above are for a stress of 0°87 fy in the bar.

TABLE 65 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS

fy == 415 N/mm?

Tabulated values are in centimetres.

TENSION BARS COMPRESSION BARS
BAR GRADE OF CONCRETE GRADE OF CONCRETE
DIAMETER, o~ A -— - A .
mm M15 M20 M25 M30 M15 M20 M25 M30
6 338 28-2 24-2 226 271 226 19-3 18-1
8 45'1 376 322 301 361 301 25-8 241
10 56'4 47-0 403 376 451 376 322 301
12 677 564 484 451 54-2 451 387 36°1
16 90-3 752 64'5 60-2 722 602 516 481
18 101'5 846 72°5 677 81-2 677 580 54-2
20 112-8 94-0 806 752 903 752 645 602
22 1241 103-4 887 827 993 827 709 662
25 141°0 117§ 100-7 94-0 112'8 94-0 806 752
28 1580 1316 112'8 10353 126°4 1053 90-3 84:2
32 180°5 1504 1289 1203 1444 120-3 103-2 963
36 2031 1693 1450 1354 1625 1354 116°1 108'3
Note—The development lengths given above are for a stress of 0'87 fy in the bars.
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500

fs.i'

TABLE &6 DEYELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS EH

_ll';, = S0 Hll'r|'|:|'|:|1' 25

Tabulated values are in centimetres,
Terisoon Bans Cosirnpsmios Bams
Bar GRADE OF CONCRETE (IRADE OF LONCRETE
DusseTER, - A v r =

mem Mid ] M5 KL M5 M2 25 W30
[ 408 -0 L | P L ] e il 33 -218
8 S4-4 453 &8 %3 435 363 3l 30
i1 G0 &6 485 453 e 453 EE 383
12 LR 50 1583 544 653 44 A5E 435
16 1088 G w7 TI5 BT0 TS 621 SH0
18 1223 100 B4 Bl TR BI-6 [ ] 653
20 1359 113-5 b Tl e s T0E-§ 206 77 T=5
e r 1455 1246 10H "W 1156 997 B5-4 T*E
25 16%9 14146 1214 1133 1359 113°3 971 BF&
28 1903 15876 1159 1269 1523 1269 108-8 1015
1 2175 1R1-3 1554 1850 1740 1430 124-3 1160
16 2447 2009 1748 163-1 195-8 163-1 13-% [ f ]

Mo — The development lengths given above are for o stress of 087 f in the bar.
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TABLE 67 ANCHORAGE VALUE OF HOOKS AND BENDS

Tabulated values are in centimetres.

BAR DIAMETER,

mm 6 8 10 12 16 18 20 22 25 28 32 36
Anchorage Value of
hook 96 128 160 192 256 288 320 352 400 448 512 576
Anchorage Value of
90° bend 48 64 80 96 128 144 160 176 200 224 256 288

e

& ¢ min
¥ -
¢
i? X i
““”¢I" o (k.1)¢L
STANDARD HOOK STANDARD 80° BEND

STANDARD HOOK AND BEND

Type of Steel Min Valye of k
Mild steel 2
Cold worked steel 4

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

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

6.1 FLEXURAL MEMBERS

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

- 280 - 93-33
3 oebe Ocbe

Therefore, for all values of o we have
m Gebe = 93'33

[ D |

It ,

m

. -k
cbe (—k—)

F1G. 9 BALANCED SECTION (WORKING
STRESS DESIGN)

6.1.1 Balanced Section (see Fig. 9)
1
Stress in steel = a5t = MOocpe (F —1 )

Ost Ost

- mccbc = 93—'33
1 Ost . Ost + 93'33
¥ = ontl="93
9333
= o + 9333

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

2 k
Ocbe k(l -3—)- The values

bd
by Mya = "_2“
of Moai/bd? for different values of owe and
a5 are given in Table K.

TABLEK MOMENT OF RESISTANCE FACTOR
Mjbd*, N/mm* FOR BALANCED
RECTANGULAR SECTION

Oebe Ost, N/mm?
N/mm? — A 5
140 230 275
50 087 065 058
70 1-21 091 081
85 1-47 1-11 099
100 1-73 1-30 1-16

WORKING STRESS DESIGN

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

Gcbe kdb pl)bll bd Ost
2 100
50 &k ocbe
Pt,bal = Oat
The

TABLE L PERCENTAGE OF TENSILE
REINFORCEMENT p, 4, FOR SINGLY

REINFORCED BAL ANCED SECTION

(Clause 6.1.1)

Ocbe 6 N/mm?
N/mms* p A —
140 230 2175
50 071 0-31 0-23
70 1-00 044 032
85 1-21 053 039
100 1-43 063 0+46

6.1.2 Under Reinforced Section

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

kd

bka’d - i bd

m(d — kd)

Ptm

bar® 5 =ba* B (- k)

= BRa-k

. pgmk _ pm
k® 4+ 30 =0.
The positive root of this equation is given by
- pm phm? Pt m
= — T +
100 oy T

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

bdz”“’“(l— )

Values of the moment of resistance factor
M/bd* have been tabulated against p, in
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FiG. 10 DouUBLY REINFORCED SECTION
(WORKING STRESS DESIGN)

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

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

M = Mpa + M’

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

Taking moment about the centroid of
tensile reinforcement,

L T
M = 100 (I'5m — 1) ocbe
kd‘—d’ r
x( 3 )(d—d)

=_l’.’5-6(1-5m—1) Gebe

d &

Equating the additional tensile force and
iditional compressive force,

bd (pl - Pt,b-l) Ou

100
L d
= B (15m-1)a°.,,( 1—H)
or (Pt — Pi,bal) Gat
=p. (I'Sm—1)owe { 1 — d’
(] C E
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M = Mya + __T_(p ! -oé,"b'l) Ot

x (1 - %—) bd?
Total tensile reinforcement Ay, is given by
An = Astl + Astz

where Ay = Piyval -1!,0—‘(1)

and Ay = M
stz = Ta“ — ﬂ

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

Asc - Pc
Asg (Pt — Dt bat)
G.( 1

= e (I5m—=1) (1-djkd)

Values of this ratio have been tabulated for
different values of d’/d and o in Table M.
The table includes two values of os. The
values of p, and p. for foar values of d’/d
have been tabulated against- M/bd* in
Tables 72 to 79. Tables are given for four
grades of concrete and two grades of steel.

TABLE M VALUES OF THE RATIO As‘:/A,,2
(Clause 6.1.3)

N 9 d'ld
N/mm? N/mm?! - - A ~
005 010 015 020
50 119 1138 166 207
70 120 140 168 211
140 8s 122 142 170 213
tioo 123 144 172 215
[ 50 206 261 355 554
70 209 265 360 563
230 85 212 268 364 569
100 214 271 368 576

6.2 COMPRESSION MEMBERS

Charts 86 and 87 are given for determining
the permissible axial load on a pedestal or
short column reinforced with longitudinal
bars and latera! ties. Charts are given for
two vdlues of ox. These charts have been
made in accordance with 45./ of the Code.
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According to 46.3 of the Code, members
subject to combined axial load and bending
designed by methods based ‘on elastic theory
should be further checked for their strength
under ultimate load conditions. Therefore
it would be advisable to design such members
directly by the limit state method. Hence,
no design aids are given for designing such
members- by elastic theory.

6.3 SHEAR AND TORSION

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

WORKING STRESS DESIGN

Tables 81 and 82 are 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
of bond stresses. Development lengths for
plain bars and two grades of deformed bars
are given in Tables 83 to 85.

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

j L)1
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Chart 86 AXIAL COMPRESSION (Working Stress Design)
e =130 N/mm?
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WORKING STRESS METHOD

Chart 87 AXIAL COMPRESSION (Working Stress Design)

asc =190 N/mm'
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WORKING STRESS METHOD]

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

Ocbe™=5°0 N/mm?2

Gst, N/mm? Jst, N/mm?
P‘ [ 3 A B P‘ r A |
130 140 190 230 275 130 140 190 230 275
0-12 0146 0157 0214 0258 0:309 0-47 0-542 0583
013 0-158 0170 0-231 0279 0334 0-48 0-553 0595
014 0°170 0-183 0-248 0300 0-359 0-49 0564 0607
015 0-181 0-195 0-265 0-321 0384 050 0574 0-619
016 0193 0-208 0-282 0341 0:408 051 0585 0-630
017 0-205 0-220 0-299 0362 0433 052 0-596 0642
018 0216 0-233 0-316 0-383 0457 053 0-607 0654
019 0-228 0-245 0333 0403 0482 054 0618 0665
0-20 0-239 0-258 0-350 0423 0506 0-55 0629 0677
021 0-251 0270 0-367 0444 0°531 0-56 0640 0-689
022 0262 0282 0-383 0-464 0555 0-57 0-650 0-700
0-23 0274 0-295 0-400 0434 0579 0-58 0-661 0712
024 0285 0-307 0417 0-505 059 0672 0724
025 0297 0-319 0433 0-525 0-60 0-683 0735
026 0-308 0-332 0-450 0545 0-61 0-693 0747
027 0319 0344 0°467 0-565 062 0-704 0-758
0-28 0-331 0:356 0483 0585 0-63 0715 0770
029 0-342 0-368 0-500 0-605 0-64 0726 0-781
030 0-353 0380 0516 0625 065 0-736 0793
0-31 0364 0-392 0533 0-645 066 0747 0804
032 0376 0-405 0-549 067 0758 0816
0-33 0-387 0417 0°565 0-68 0768 0-827
034 0-398 0429 0582 069 0779 0-839
035 0409 0441 0-598 070 0-790 0850
036 0420 0453 0614 071 0-800 0-862
037 0431 0-465 0631 072 0-811
038 0-443 0477 0647 073 0-821
039 0454 0489 0663 074 0832
040 0-465 0-500 0-679 075 0-843
041 0476 0-512 0695 076 0853
042 0487 0-524 0711 077 0-864
043 0-498 0-536 0728 078 0-874
044 0-509 0-548 079 0-885
045 0520 0560 0-80 0-895
046 0-531 0572
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TABLE 69 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd?* N/mm? FOR
SINGLY REINFORCED SECTIONS

Gcbe="70 N/mm?

Ost, N/mm? Oyt, N/mm?

P‘ e A 3 Pt | A i |

130 140 190 230 275 130 140 190 23¢ 275
020 0-242 0-261 0354 0428 0512 076 0°869 0936
022 0-266 0-286 0-388 0-470 0562 077 0-880 0°948
)24 0-289 0311 0422 0-511 0-611 078 0-891 0960
026 0312 0-336 0-456 0552 0-660 079 0902 0971
028 0-335 0361 0490 0593 0709 0-80 0913 0-983
030 0358 0386 0523 0-633 0-757 0-81 0923 0-994
0-32 0-381 0410 0-557 0674 0806 0-82 0934 1-006
034 0-404 0435 0-590 0714 083 0-945 1-018
036 0427 0-459 0623 0755 0-84 0956 1-029
0-38 0-449 0484 0657 0795 085 0-966 1-041
040 0472 0-508 0690 0835 086 0977 1-052
042 0494 0532 0-723 0-875 087 0°988 1-064
043 0°506 0545 0739 0-895 0-88 0999 1-075
044 0517 0557 0756 089 1-009 1-087
045 0-528 0569 0772 090 1-020 1-099
0-46 0:539 0581 0-788 091 1-031 1-110
047 0-551 0°593 0805 092 1-041 11122
048 0562 0-605 0-821 093 1-052 1-133
049 0573 0617 0837 094 1-063 1-145
0-50 0584 0629 0854 095 1°073 1-156
051 0595 0641 0870 096 1084 1-168
052 0-606 0-653 0-886 097 1-095 1-179
053 0617 0-665 0-902 098 1-105 1-190
054 0-628 0-677 0919 099 1116 1-202
055 0-640 0-689 0935 1-00 1-127
056 0651 0-701 0-951 1-01 1-137
057 0662 0713 0967 1-02 1-148
0-58 0673 0724 0983 1-03 1-158
059 0-684 0736 0-999 1-04 1-169
0-60 0695 0-748 1-015 1-05 1-180
061 0-706 0760 1-:06 1190
062 0717 0772 1-07 1-201
063 0728 0784 108 1-211
064 0739 0795 1-09 1222
0-65 0-750 0-807 1:10 1232
0-66 0-761 0-819 1-11 1-243
067 0772 0-831 112 1254
0-68 0-782 0-843 113 1-264
069 0793 0854
070 0-804 0-866
071 0815 0878
072 0-826 0°890
073 0-837 0°901
074 0-848 0913
075 0-859 0925
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TABLE 70 FLEXURE —MOMENT OF RESISTANCE FACTOR, M/bd*, N/mm* FOR
SINGLY REINFORCED SECTIONS

Ocbc = 8°5 N/mm?

Ost, N/mm? 05, N/mm?

P, t ~— A n) P, t -~ A )

130 140 190 230 275 130 140 190 230 275
0-20 0-244 0-262 0356 0-431 0515 096 1:096 1-180
022 0267 0288 0391 0473 0565 097 1-107 1-192
024 0291 0-313 0425 0-514 0615 098 1117 1-203
026 0314 0-338 0459 0556 0664 099 1-128 1-215
0-28 0337 0-363 0°493 0-597 0714 1-00 1139 1-227
030 0-361 0-388 0527 0-638 0763 1-01 1-150 1-238
0-32 0°394 0413 0561 0679 0-812 1-02 1-161 1-250
034 407 0438 0-595 0720 0-861 1-03 1-171 1-261
036 0-430 0463 0-628 0-761 0909 1:04 1-182 1-273
038 0453 0488 0662 0-801 0958 1:05 1°193 1-285
040 0476 0512 0695 0-842 1-06 1-203 1:296
042 0498 0537 0729 0-882 1-07 1214 1-308
044 0521 0561 0762 0922 1-08 1-225 1-319
046 0-544 0-586 0-795 0962 109 1-236 1-:331
048 0-567 0610 0‘828 1002 110 1:246 1-342
0:50 0589 0634 0-861 1042 111 1:257 1-354
052 0612 0659 0'894 1°082 112 1-268 1-365
054 0634 0-683 0927 1-13 1-278 1-377
056 0657 0707 0-960 1-14 1-289 1-388
058 0679 0731 0992 1-15 1-300 1-400
060 0:701 0755 1-025 1'16 1-310 1-411
062 0723 0779 1-057 1-17 1-321 1:423
064 0746 0-803 1090 1-18 1-332 1-434
0-66 0-768 0827 1-122 119 1:342 1446
068 0790 0-851 1-155 1-20 1°353 1-457
070 0-812 0-875 1-187 1-21 1:364 1-468
072 0-834 0898 1-219 1-22 1-374
074 0'856 0922 1-23 1-385
076 0-878 0946 1-24 1-395
0-78 0-900 0969 1-25 1-406
0-80 0922 0993 1:26 1-417
0-82 0944 1-016 1-27 1-427
083 0-955 1-028 1-28 1-438
0-84 0-966 1040 129 1-448
085 0977 1-:052 1-30 1-459
0-86 0987 1-063 1-31 1-469
087 0-998 1-075 1-32 1-480
088 1-009 1-087 1-33 1-491
0-89 1-:020 1-099 1'34 1-501
090 1-031 1-110 1:35 1-512
091 1:042 1-122 1:36 1:522
092 1-053 1134 1-37 1-533
093 1:063 1-145
094 1:074 1-157
095 1-085 1-169
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TABLE 71 FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd*, N/mm? FOR
SINGLY REINFORCED SECTIONS
Gcbe = 10°0 N/mm?
o~ Imm38 o N feaonal
Uk, 4vjazaRad Ust, AV
Py r— A \ P, -~ A -—
130 140 190 230 275 130 140 190 230 275
0-20 0245 0264 0358 0433 0518 110 1257 1-354
0-22 0269 0289 0392 0475 0568 112 1279 1:377
024 0252 §3i5 0427 0517 0618 i-id4 1301 1-401
026 0316 0340 0461 0559 0668 1-16 11322 1-424
0-28 0339 0365 0496 0600 0718 1'18 1344 1447
030 0363 0391 0530 0642 0767 1-20 1365  1:470
032 0386 0416 0564 0683 0817 1-22 1-387  1-494
034 0409 0441 0598 0724 0866 i24 1408 1:517
036 0432 0466 0632 0765 0915 1-26 14430  1-540
038 0456 0491 0666 0806 0964 128 14451  1-563
040 0479 0515 0700 0847 1013 130 1473 1-586
042 0502 0540 0733 0888  1-061 1-31 1483  1-597
0-44 0525 0565 0767 0928 1-110 132 1-494  1-609
046 0548 0590 0800 0969 1158 1-33 1505 1620
048 0570 0614 0834 1009 1°34 1515 1632
050 0593 0639 0867 1049 135 1:526 1643
052 0616 0663 0900 1090 1-36 1°537  1-655
054 0630 06828 09032 1130 137 1547 1-66¢
056 0661 0712 0O 1'170 1-38 1558  1:678
0-58 0634 0736 O 1:210 1-39 1569  1-689
0-60 0706 0761 1032 1250 1-40 1°579  1-701
062 0729 0785 1065 1289 141 1590 1712
064 0751 0800  1-008 1°42 1600 1724
066 0774 0833 1131 1-43 1-611
0-68 0796 0857 1163 1-44 1622
070 0818 0881 1196 1:45 1-632
072 0841 0905 1229 1'46 1-643
074 0863 0929 1261 1-47 1-653
076 0885 0953 1294 1-48 1-664
078 0907 0977 1326 1-49 1:675
0'80 0929 1001  1-358 1:50 1-685
0-82 0952 1025 1-391 1-51 1-696
084 0974 1048  1-423 1-52 1:706
086 0996 1072 1455 1'53 117
0-88 14018  1-096 1-54 1727
090 1040 11 1'55 1-738
0-92 1062  1-143 1:56 1-749
094 14083  1-167 1-57 1759
096 11105  1:190 1-58 1770
098 11127 1214 1-59 1-780
1-00 141149 1237 1-60 1791
1:02 1171 1-261
1-04 11192 1284
1-06 1214  1-308
1-08 1236 1-331
i5e DESIGN AIDS FOR REINFORCED CONCRETE
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TABLE 72 FLEXURE— REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS

Babe™ 50 Njmm?
B = 14 Mmm?
SiTba? ._l'H-*HH H'H:'I'Iﬂ : i'HTﬂ'H : i“'H‘— 3 ;
o Py F o Fy Fy Py Py Py £y
a7 3 ) 0003 il ] L) ) it 1] il by 0005
[ ] 0734 L] m}r CHIET o742 m (11
a3 BT =00 780 HHE 784 Fl16 154
100 £l e a0 146 ralh oridl 0247
14035 g5z orlai i B [rg: 1] 0236 0rETE 140
110 {FES O ik (rES F2i5 o910 i vl o923 0432
1’13 a7 o252 0r93e 3 sl i L o067 0521
i=H T ol Cr3%T U7 Ir 365 o (463 lmt OrElT
1"X5 1-003 o4l 14018 42l 1038 i 1057 o-TI0
i 10 Cr3EG 14058 478 14078 [igli] 11 (802
133 i ordd 1 1UE 530 i*128 CroTs 1-146 {33
140 113 o7y 1'138 r5H5 I"163 CFTad 1180 reas
145 151 1:177 FE =204 g Pl 1:335 | =0an
1-50 I'1'My {5 1217 e 1247 OEE3 1-XB0 1+i73
1-53 1228 (FE0% 1 {730 1259 a3 1324 1265
1 -6 266 633 1-3%8 {-808 1-338 iG] 139 1+358
165 M3 (AU 1134 (Rl 14173 1051 44 1451
17 “Bd 741 1376 F2d 1415 |l [ 7] 458 1:543
75 “NTH 787 1413 {rone 1457 1-232 =11 ] 1636
1+ 1-816 (-3 | 1-034 L= 1181 L] 1728
194 8% i i 14 1075 134 1-AT1 4 1-A21
150 1491 0921 1-534 14134 14583 141 E1T 1914
198 1519 0965 [-§74 14189 1615 I8l EE2 2006
2:00 1:566 1o 1604 1:244 1687 1-50 ‘T 1000
205 1504 1054 1653 Rt LT 1650 k| 2181
g 1] 1"642 1-099 153 1:353 1751 1130 i 1E] 2284
i3 1-679 1144 111 404 1™ 1T g0 2377
a1 ] 1"TI7 1184 1-TT2 g hal 1815 18 s 2465
o= 1-754 1-233 [-&i2 -51a 1-&T7 I-n9 1549 2552
W 1'792 1'277 1"B52 137 -] s 1 2654
115 1% 1:522 1 1828 14961 2039 2747
240 1 1:366 1531 “6R3 003 2134 208} 1840
145 1503 1411 1571 ‘T30 i1 2128 293%
.ﬁ 142 1854 >on ] ) vyl 173 02
1B 1- 504y 2050 47 21 T 231 37T
Tl 20k 1545 2050 1902 2171 41T 222 b lgrd 1]
265 2015 1-580 2130 1957 2213 FAET 207 l‘ﬂ
N FaL k] 1-634 P |- 012 2243 2536 2351 ¥
71 R kD] 1678 2-304 2087 2 FEM 26 1488
T80 R 1723 349 2132 21339 2oy 2o} i-580
185 2206 1-T67 2288 2Im 2301 2764 14ES i-671
30 21243 i-Ei2 2328 231 2'423 2833 2-310 1765
0% 2-241 1= 2348 2286 2468 203 474 L
3400 2318 201 2407 2341 2507 074 619 3081
s 56 ] 2447 I TR T4 2l 4043
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WORKING STRESS METHOD I

TABLE 73 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS

Ocbc = 70 N/mm?
o5 = 140  N/mm?

M, /bd? d/d:- 005 d/d::OlO d/dA 015 d/d;—020
N’mmz '-_‘ _ | r - N R I —ﬁ | aumt ]
SR Py P Py Pe Py P P, P,
1-22 1-005 0-006 1-005 0-007 1-006 0-009 1-006 0013
125 1028 0033 1029 0041 1-031 0052 1033 0-069
1:30 1-065 0078 1069 0097 1-073 0123 1077 0163
1-35 1°103 0124 1-108 0152 1-115 0-193 1-122 0-257
1-40 1-140 0-169 i-i48 0-208 1157 0-264 i-167 0-351
1-45 1-178 0214 1-188 0-264 1-199 0335 1-211 0-445
1-50 1216 0259 1-228 0-319 1-241 0-406 1-253 0-539
1-55 1-253 0-305 1267 0375 1-283 0-476 1-301 0-633
1-60 1-291 0350 1307 0-431 1-325 0547 1-345 0727
1-65 1-328 0395 1:347 0°486 1-367 0-618 1:390 0-821
1-70 1:366 0-440 1-386 0-542 1-409 0689 1435 0915
1'75 - 1-404 0-485 1-426 0-598 1-451 0-760 1479 1009
1-80 1-441 0-531 1:466 0653 1-493 0-830 1-524 1-103
1-85 1-479 0'576 1:505 0-709 1-535 0-901 1-568 1-197
1-90 1-516 0621 1-545 0765 1-577 0972 1613 1-291
1:95 1:554 0666 1-585 0-821 1-619 1-043 1658 1-385
200 1-591 0712 1624 0-876 1-661 1-113 1702 1-479
2:05 1:629 0-757 1-664 0932 1:703 1°184 1747 1-573
210 1-667 0-802 1-704 0-988 1745 1:255 1-792 1667
2:15 1704 0-847 1-743 1043 1-787 1:326 1'836 1-761
2:20 1742 0-892 1-783 1-099 1-829 1-396 1-881 1-855
2:25 1-779 0938 1-823 1155 1-871 1-467 1'926 1949
2:30 1-817 0-983 1-862 1:210 1-913 1-538 1970 2043
2-35 1-855 1-028 1-902 1-266 1-955 1-609 2:015 2:137
240 1-892 1073 1942 1-322 1:997 1-680 2:060 2231
2:45 1-930 1-119 1-981 1-378 2039 1-750 2:104 2:325
2:50 1967 1164 2021 1-433 2081 1-821 2:149 2:419
2:55 2:005 1-209 2:061 1-489 2-123 1-892 2'193 2513
260 2:043 1-254 2:101 1-545 2:165 1963 2:238 2:607
2:65 2080 1-299 2140 1-600 2:207 2033 2:283 2:701
270 2118 1-345 2:180 1:656 2-249 2104 2:327 2:795
275 2-155 1:390 2:220 1712 2:291 2:175 2:372 2-888
2:80 2:193 1-435 2:259 1-767 2333 2-246 2417 2:982
2:85 2:231 1-480 2:299 1-823 2375 2:316 2:461 3076
290 2268 1'526 2339 1-879 2417 2°387 2:506 3170
295 2:306 1-571 2:378 1934 2-459 2:458 2-551 3264
3-00 2:343 1-616 2:418 1990 2:501 2-529 2:595 3-358
3-05 2381 1-661 2:458 2-046 2:543 2:599 2:640 3452
310 2419 1-707 2497 2:102 2585 2670 2:68S 3-546
315 2456 1-752 2-537 2°157 2627 2:741 2:729 3-640
320 2:494 1-797 2:577 2:213 2669 2:812 2:774 3734
325 2:531 1-842 2:616 2269 2711 2'883 2-818 3-828
3-30 2:569 1-887 2656 2:324 2754 2953 2:863 3922
335 2:607 1-933 2:696 2380 2796 3-024 2-908 4-016
340 A 1-978 2735 2436 2-838 3-095 2952 4110
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| WORKING STRESS METHOD |

TABLE 75 FLEXURE —REINFORCEMENT PERCENTAGES FOR DOUBLY
REINFORCED SECTIONS

Tebe = 100 Mma®

%5t o= 140 N fmm?
fﬁ:lﬂlﬁ d'{d=lr10 l'Hl:_ﬂ‘li #'."dl—_ﬂl]‘ﬂ
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WORKING STRESS METHOD |

TABLE 76 FLEXURE —REINFORCEMENT PERCENTAGES FOR DOUBLY

REINFORCED SECTIONS

Oopg = 5O MN/mm?
B = 130 Nimm?

dld - 008 dfd = 010 dd. = &id = 020
'H'Hlﬂ ke i ik
G P P " P A P, P P
[ o317 -7 rXi8 Ligel L] Filg o4 o318 002
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TABLE 78 FLEXURE — REINFORCEMENT PERCENTAGES FOR DOUBLY
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WORKING STRESS METHOD

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

100 Ast GRADE OF CONCRETE
>~ N
Ml1s M20 M28 M30 M35 M40
020 020 020 021 021 021 021
030 oA 024 028 025 025 025
040 027 0-27 028 028 029 029
050 029 0-30 031 031 0-31 032
060 031 032 033 033 034 034
070 033 034 035 036 036 037
080 034 036 037 038 038 039
0% 036 037 0-39 039 040 041
100 037 039 040 041 042 042
1°10 0-38 0-40 042 043 043 044
120 040 041 043 044 045 045
1-30 041 043 044 045 046 047
1-40 042 044 045 046 047 0-48
1'50 2 045 046 048 049 049
160 043 046 047 049 050 051
1-70 44 047 048 050 051 052
180 044 047 049 051 052 053
190 044 048 050 052 0-53 054
2:00 044 049 051 053 0-54 0'55
210 044 0-50 052 0-54 0-55 0-56
220 044 051 053 054 056 057
2:30 044 051 053 055 0-57 0-58
2:40 044 0-51 054 056 057 059
2:50 044 0-51 055 057 058 0-60
2'60 044 0'st 0'56 057 0-59 0'60
2:70 044 St 0'56 0-58 0-60 061
2'80 044 051 057 059 0-60 0-62
2'9%0 044 05t 057 059 061 063
TABLE 81 SHEAR — VERTICAL STIRRUPS
Values of ;‘ for two legged stirrups, kN/cm
Osy = 140 N/mm?* Gsv = 230 N/mm?
STIRRUP IAMETER, mm AMETER, mm
SrAciNG, ~ A Y r A ~
cm 6 8 10 12 6 8 10 12
5 1-583 2815 4-398 6333 2:601 4.624 7226 10-405
6 1-314 2-346 3665 5-278 2:168 3.854 6-021 8671
7 1-131 2011 3142 4:524 1-858 3.303 5161 7432
8 0990 1-759 2:749 3-958 1:626 2.890 4516 6°503
9 0880 1-564 2:443 3:519 1-445 2:569 4014 5-781
10 0792 1-407 2199 3167 1-301 2312 3613 5202
1 0-720 1-279 1-999 2:879 1-182 2102 3284 4-730
12 0-660 1173 1833 2:639 1084 1927 3012 4335
13 0-609 1-083 1-692 2436 1-000 1-779 2779 4-002
14 0565 1-005 1-571 2262 0920 1:652 2-580 3716
15 0528 0938 1°466 2111 0867 1-541 2409 3-468
16 0495 0-880 1:374 1-979 0813 1-445 2:258 3252
17 0-466 0828 1-294 1-863 0765 1-360 2125 3060
18 0440 0-782 1-222 1-759 0723 1-285 2:007 2890
19 0417 0-741 1-157 1-667 0°605 1217 1-901 2738
20 0396 0-704 1:100 1-583 0650 1-156 1-806 2-601
25 0-317 0563 0-880 1-267 0520 0925 1:445 2-081
30 0264 0469 0:733 1:056 0432 o 1:204 1-734
s 0226 0402 0628 0905 0372 0661 1-032 1-486
40 0198 0352 0°550 0792 0325 0578 0903 1-301
45 0176 0313 0489 0704 0-289 0514 0-803 1-156
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TABLE 82 SHEAR — BENT UP BARS

Values.of ¥, for single bar, kN
BAr v = 140 N/mm? up to 20 mm diameter
DIAMETER, = 130 N/mm®* over 20 mm diameter %v== 230 N/mm?*
mm Pt A ) — A -—
a=45° a=60° a=45° a=60°
10 7-78 9:52 12:77 15:64
12 11-20 13-71 18-39 2253
16 19-90 24-:38 32’70 4005
18 2519 3086 41-39 5069
20 3110 38-09 51-09 62'58
2 . 3494 42:80 61-82 7572
25 4512 5526 79-83 9777
28 5660 69-32 100°14 122.65
32 73-93 90-54 130-80 160.19
36 93-57 114-60 165:54 202'75
Note — « is the angle between the bent up bar and the axis of the member.
TABLE 83 DEVELOPMENT LENGTH FOR PLAIN BARS
o= 140 N/mm?* fot bars up to 20 mm diameter
= 130 N/mm? for bars over 20 mm diameter
o, = 130 N/mm? for all diameter
Tabulated values are in centimetres.
TENSION BARs COMPRESSION BARS
BAr GRADE OF CONCRETE GRADE OF CONCRETE
DIAMETER, o~ A \ — A y
mm M1S5 M20 M25 M30 M1S M20 M25 M30
6 350 26'3 233 2110 260 19-5 173 156
8 467 350 31l 280 347 260 23-1 20-8
10 583 438 389 350 433 325 289 260
12 700 525 467 420 52:0 390 347 312
16 93:3 70:0 62:2 560 69-3: 520 462 41-6
18 1050 78'8 700 630 780 585 520 46'8
20 1167 87'5 778 700 86'7 650 57'8 520
22 1192 894 79-4 s 95-3 715 636 572
25 1354 101-6 903 813 108:3 813 72:2 650
28 15147 1138 101-1 910 121-3 91-0 809 72:8
32 173-3 1300 1156 104-0 1387 1040 92:4 83-2
36 1950 1463 1300 117:0 1560 1170 1040 936
208 DESIGN AIDS FOR REINFORCED CONCRETE
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TABLE 84 DEVELOPMENT LENGTH FOR DEFORMED BARS

Tabulated values are in centimetres.

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

TENSION BARS COMPRESSION BARs
Bar GRADE OF CONCRETE GRADE OF CONCRETE
DIAMETER, —— A 5 - A -
mm \% § ) M20 M25 M30 MI15 M20 M25 M30
6 41-1 30-8 274 24'6 271 204 181 163
8 548 411 365 329 362 271 24-1 21-7
10 685 513 456 41-1 452 339 302 27'1
12 82-1 61-6 54-8 493 "54-3 40'7 362 326
16 109'5 82-1 730 657 72+4 543 48-3 43-
18 1232 92:4 821 739 81°4 61l 543 48-9
20 1369 1027 913 82-1 905 679 603 54-3
22 1506 1129 1004 904 995 746 663 59-7
25 17141 1283 114°1 102-7 113-1 84-8 75-4 679
28 191-7 143-8 127-8 1150 126°7 95-0 844 760
32 2190 1643 1460 131°4 144-8 108-6 96°5 869
36 2464 184-8 1643 1479 1629 1221 1086 977
TABLE 85 DEVELOPMENT LENGTH FOR DEFORMED BARS
Tabulated values are in centimetres.
gy, = 275 N/mm?*
65 = 190 N/mm?
__ TensSION BARrs COMPRESSION BARS
BAR GRADE OF CONCRETE GRADE OF CONCRETE
DIAMETER, ~ — — —~ A -
mm 5 M20 M25 M30 M15 M20 M25 M30
6 491 36'8 327 295 27:1 204 181 16'3
8 655 49-1 437 393 362 271 24-1 21-7
10 81-8 614 546 491 452 339 302 271
12 982 737 65°5 589 54-3 40-7 362 326
16 131-0 98.2 873 786 724 54 483 43-4
18 1473 110-5 982 884 814 61-1 543 489
20 1637 1228 109-1 982 905 679 603 54-3
22 180°1 1350 1200 1080 99-5 74-6 663 59-7
25 2046 153-5 1364 1228 1131 848 75-4 679
28 2292 171-9 152-8 137°5 126°7 950 844 760
32 261-9 1964 1746 1571 144-8 1086 965 869
36 294°6 2210 196'4 176'8 1629 122:1 108-6 977
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7. DEFLECTION CALCULATION

7.1 EFFECTIVE MOMENT OF
INERTIA

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

I
Iﬂ - 12 Mt 7 l -E_ b'
- Md ( - d ) B
but! II’ < Ielf < II’
where
I is the moment of inertia of the cracked
section;

M. is the cracking moment, equal to fiylf-
t

where

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

M is the maximum moment under service
loads;

is the lever arm;

is the effective depth;

is the depth of neutral axis;

bw 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 = bw for rec-
tangular sections. For flanged sections where
the flange -is in compression, b will be equal
to the flange width b The valuc of z for
flanged beams will depend on the flange
dimensions, but in order to simplify the
calculations it is conservatively assumed the
value of z for flanged beam is also d — x/3.
With this assumption, the expression effec-
tive moment of inertia may be written as
follows:

® AN

b _ ! 5
LT, M X\ X\
12— 47 (1- 34)(‘ )5
but, ’;" >1
r
and Jeor € Ipe

Chart 89 can be used for finding the value of

];“ in accordance with the above equation.
r

DEFLECTION CALCULATION

The chart takes into account the condition
L‘l“- 2 L. After finding the value of I it has
| 4

to be compared with I, and the lower of
the two values should be used for calcula-
ting the deflection.

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

7.2 SHRINKAGE AND CREEP
DEFLECTIONS

Deflections due to shrinkage and creep can
be calculated in accordance with clauses B-3
and B-4 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 40m
Beulc(l,i‘:l‘fs moment at service 210 kN.m

Sixty percent of the above moment is due to
gcrmanent loads, the loading being distri-
uted uniformly on the span.

L = bD* _ 300 x (600)*
d VI 12
From clause 5.2.2 of the Code,
Flexural tensile strength,

S« =07y f& N/mm?
S =07 V15 =271 N/mm?

= 5-4 x 10° mm*

y,=D/2=6%w-3(X)mm

M‘ - fer Igr = 271 X 54 x 10?
M 300
= 4-88 x 107 N.mm
, 375 .
&'|d = ( 56__25_) - 0:067
d’'/d == 0-05 will be used in referring to Tables,
From 5.2.3.1 of the Code,
E. =35700 v fi N/mm?
= 5700 +/{§ = 22'1 x 10° N/mm?
E, =200 kN/mm? =2 x 105 N/mm?

2 x 10 i
m=EJE = 5575 108 = 905

213



From Example 3,
p.= L1117, p. = 0.418
p(m— D/(p.m)= (0418 X 8.05)/
(1.117 X 9.05) =

pom = 1.117 X 9.05 =10.11
Referring to Table 87,

1/(bd*/12) = 0.720
s —0720><300><(5625) /12

= 3.204 X 10° mm*

Referring to Table 91,

0333

X
37 0.338
Moment at service load, M =210 kN.m
=21.0 X 10’ N.mm

7
4.88 X 10 = 0232

MM = ox10 ~

Refernng to Charr 89.
t“/l =1.0
L= I, = 3.204 X 10° mm"*
For a cantilever with uniformly distributed
load,
I M

Elastic deflection = 3 m

- 21.0 X 107 X (4000’
4 X221 X 10° X 3.204 X 10°
= }11.86 mm (D

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

au:kl \V('s [1

ki = 0.5 for cantilevers

po= 1117, p. = 0.418

po=po=1.117 - 0.418 = 0.699 < 1.0
k=072 x BB
Pt
=072 x AL (1. 117“0418)
N
= (0.476

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

D = 600 mm
- Shrinkage curvature ¥, = k, %
0.476 X 0.000 3 »
= =238 X
600 238 X 10
=0.5X2.38 X 107 X (4 000)
=190 mm (2)

214

Deflection due to creep,

e (permy = ice (perm) ~ i (perm)

In the absence of data, the age at loading
is assumed to be 28 days and the value of
creep coefficient, 6 is taken as 1.6 from

5.2.5.1 of the Code.

E.
E=17%
2.1 X 1¢°
= =85%X10° N/ 2
TIi6 8.5 X 10° N/mm
E _ 2X10° _
mE o TRsxip | 2
po= 1117,  p.=0418

p. (m — 1)/ (pon) = 0.418(23.53 — 1)/
(1.117 X 23.53)
=0.358

Referring to Table 87,

L/ (bd']12) = 1.497
I = 1.497 X 300 (562.5)'/ 12

= 6.66 X 10° mm*
Ir < Icff == Ig,r
6.66|X 10° < Ly < 5.4 X 10°

e[f‘—54><10 mm

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

12

L[Cff

(0.6 X 21 X 10") (4 000)°

47 85X 10°X54X%10°

10.98 mm

= Short term deflection due to

permanent load obtained using £,

(0.6 X 21 X 107) (4 000)’

22.1 X 10° X 3.204 X 10°

= 7 12 mm

1098 — 7.12 = 3.86 .-(3)

. Total deflection (long term) due to initial
load, shrinkage and creep
=1186+ 190 + 3.86 = 17.62 mm.
According to 22.2(a) of the Code the final

deflection should not exceed span/250.

Permissible deflection = 42—(;?)9 = 16 mm.

The calculated deflection is only slightly
greater than the permissible value and hence
the section may not be revised.

Aicc {permy

a\ {pv ymy T

¥ au(pum)
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Chart 88 MOMENT OF INERTIA OF 7- BEAMS
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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
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Chart 91 EFFECTIVE LENGTH

OF COLUMNS —

Frame Restrained Against Sway
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$: and B, are the values of # at the top and bottom of the column where, p = X, + ‘t Kb * the summation being
done for the members framing into a joint; Kc and Kb are the flexura) stiffnesses of column and beam respectively.
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Chart 92 EFFECTIVE LENGTH OF COLUMNS —
Frame Without Restraint to Sway
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Sz
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p,and 8, are the values of P at the top and bottom of the column, where ’=ﬁ°£:;%_b » the summation being

done for the members framing into a joint; Xc and Kb are the flexural stiffnesses of column and beam respectively.
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TABLE 86 MOMENT OF INERTIA — VALUES OF bd?/12 000

b,cm

d,cm
10 15 20 25 30 35 40 45 50
10 08 1-2 1-7 21 25 29 33 37 42
11 11 1-7 22 2-8 33 39 44 50 55
12 14 22 29 36 43 50 58 65 72
13 1-8 27 37 46 55 64 7'3 82 92
14 23 .34 46 517 69 80 91 103 11-4
15 28 42 56 70 84 98 11-3 127 14-1
16 34 51 68 85 102 119 137 154 171
17 41 61 82 10-2 12:3 143 164 184 205
18 49 73 - 97 121 146 170 194 219 243
19 57 86 11-4 143 171 200 229 257 286
20 67 100 13:3 167 200 23-3 26'7 300 333
21 77 116 154 193 232 270 30'9 347 386
22 89 133 17-7 222 266 3111 355 399 44
23 1001 152 203 253 304 355 406 456 507
24 11-5 173 230 28-8 346 403 46°1 51-8 576
25 13-0 19'5 260 326 391 456 52-1 586 651
26 14'6 220 29-3 366 439 51-3 586 659 732
27 164 246 328 41-0 492 574 656 73-8 820
28 183 274 366 457 549 640 732 823 91-5
29 203 305 406 50-8 610 71-1 81-3 91-5 101-6
30 22'5 33-8 450 563 675 788 900 101-3 1125
32 273 410 546 683 819 956 109-2 1229 1365
34 328 491 655 819 98-3 1146 131-0 147-4 1638
36 389 583 77'8 972 1166 1361 155-5 1750 1944
38 457 68-6 915 114-3 137°2 1600 1829 2058 2286
40 533 800 1067 1333 160-0 1867 2133 240:0 2667
42 617 926 123'5 154-3 1852 216'% 2470 2778 3087
4 71-0 106'5 1420 177-5 2130 2485 2839 3194 3549
46 811 121-7 162-2 202'8 2433 2839 324'5 3650 A0S5°6
48 92-2 1382 1843 2304 2765 3226 3686 4147 4608
50 104-2 1562 2083 2604 312-5 3646 416'7 4687 520-8
52 117:2 1758 2343 2929 351-5 4101 4687 5273 5859
54 1312 1968 2624 3280 393-7 459-3 5249 590°5 656°1
56 1463 219-5 2927 3659 4390 5122 5854 6586 7317
58 1626 2439 3252 406'5 487-8 5691 6504 731°7 8130
60 1800 270:0 3600 4500 540" 630°0 7200 810" 9000
65 2289 3433 4577 572-1 686°6 801-0 9154 1029-8 11443
70 285-8 4287 571-7 714°6 8575 1000-4 11433 12862 14292
75 3516 5273 7031 8789 1054-7 1230-5 1406-3 1582:0 17578
80 4267 6400 8533 10667 12800 14933 17067 19200 2133-3
85 511-8 7677 1023 1279:4 15353 1791 2047-1 2303- 25589
90 6075 911-3 12150 1518-8 1822'5 21263 24300 2733-8 3037-5
95 7145 10717 14290 17862 2143-4 25007 2857-9 32182 35724
100 8333 12500 16667 20833 25000 29167 33333 37500 41667
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TABLE 87 MOMENT OF INERTIA OF CRACKED SECTION —
VALUES OF 1,/(5’1%’)

d’|/d=0-05
Mm—l)/(hM)

m ~
P o0 o1 02 03 04 06 08 10
10 0-100 0100 0100 0100 0100 0-100 0-100 0'100
15 0143 0144 0-144 0144 0144 0145 0145 0-145
2:0 0185 0185 0186 0186 0186 0187 0188 0188
25 0224 0225 0-225 0-226 0-227 o 0229 0-230
30 0262 0263 0264 0-264 0265 0-267 0-269 0270
35 0-298 0-299 0-300 0302 0-303 0305 0308 0310
40 0332 0334 0336 0-338 0339 0343 0346 0-348
45 0-366 0368 037N 0373 0375 0379 0383 0-326
50 0-398 0401 0404 0407 0-409 0414 0419 0424
55 0-430 0433 0437 0440 0443 0-449 0-455 0460
60 0460 0465 0-469 0472 0476 0483 0490 0496
6'S 0490 0495 0500 0-504 0°509 0517 0525 0532
70 0519 0525 0530 0535 0540 0550 0-559 0567
75 0547 0-554 0°560 0:566 0571 0582 0592 0602
80 0-575 0°582 0-589 0-596 0-602 0614 0626 0636
85 0601 0610 0617 0-625 0632 0646 0659 0670
90 0628 0637 0645 0654 0-662 0677 0691 0-704
95 0653 0663 0673 0682 0691 0-708 0723 0738
100 0'678 0689 0700 0710 0720 0-738 0-755 0771
10'5 0703 0715 0727 0738 0-748 0-769 0787 0-804
110 0727 0740 0753 0765 0777 0-798 0818 0837
115 0-750 0-764 0778 0-792 0804 0-828 0-850 0869
120 0773 0-789 0-804 0818 0-832 0-857 0-880 0902
12°5 0795 0812 0-829 0844 0859 0-886 0911 0-934
130 0818 0836 0853 0870 0-885 0915 0-942 0966
13 0-839 0-859 0877 0-895 0912 0943 0972 0998
140 0-860 0-881 0901 0920 0-938 0972 1-002 1030
14°5 0-881 0-904 0-925 0-945 0-964 1-000 1-032 1-061
150 0-92 0926 0948 0969 0990 1:027 1-062 1-093
155 0922 0947 0971 0994 1-015 1-055 1-091 1-124
160 0-942 0968 0-994 1018 1-040 1-083 1121 1:155
170 0980 1-010 1038 1065 1°090 1137 1:179 1217
180 1018 1-051 1-082 1111 1-139 1191 1237 1278
190 1-054 1-090 1:125 1-157 1-188 1244 1-294 1-340
200 1-089 1129 1-166 1-202 1235 1-296 1-351 1°400
210 1123 1167 1207 1-246 1282 1-348 1:408 1-461
220 1'156 1-203 1-248 1-289 1-328 1-400 1°464 1-521
230 1-188 1-239 1-287 1332 1-374 1-451 1-519 1-581
240 1220 1274 1-326 1374 1-419 1-502 1°575 1640
250 1-250 1-309 1364 1415 1-464 1:552 1'630 1699
260 1-280 1342 1:401 1:456 1-508 1602 1:685 1758
270 1-308 1376 1438 1:497 1-552 1651 1-739 1-817
280 1:337 1-408 1:475 1-537 1:595 1-701 1'794 1-876
290 1-364 1-440 1:510 1:576 1:638 1-750 1-848 1934
300 1-391 1471 1°546 1615 1-681 1-798 1-902 1993
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TABLE 88 MOMENT OF INERTIA OF CRACKED SECTION —

b
VALUES OF I/(75-)
d’'|d=010
pe(m—1)/(pym)

pm — A -
00 01 02 03 04 06 08 10

1-0 0100 0100 0100 0100 0100 0100 0100 0100
1-5 0143 0143 0144 0144 0144 0144 0144 0144
20 0-185 0185 0185 0-185 0-185 0186 0-186 0-186
2-5 0224 0224 0225 0225 0225 0226 0226 0227
30 0262 0262 0-263 0-263 0263 0264 0-265 0266
35 0-298 0-298 0299 0-300 0-300 0302 0-303 0-304
40 0-332 0-333 0334 0335 0-336 0-338 0-340 0341
45 0-366 0367 0369 0-370 0371 0373 0-376 0378
5-0 0-398 0400 0-402 0403 0-405 0408 0411 0413
55 0430 0432 0434 0-436 0438 0442 0445 0-448
60 0460 0463 0-466 0-468 0470 0475 0479 0-483
65 0-490 0493 0-496 0-499 0-502 0-507 0512 0517
70 0519 0523 0-526 0-530 0-533 0-539 0545 0-550
75 0547 0551 0556 0-560 0-563 0571 0577 0-583
80 0-575 0-580 0-584 0-589 0593 0-601 0609 0616
85 0-601 0607 0612 0618 0622 0632 0-640 0648
90 0628 0634 0-640 0-646 0-651 0662 0671 0-680
9-5 0-653 0-660 0667 0673 0680 0-691 0702 0712
100 0678 0-686 0693 0-701 0-708 0720 0732 0743
10'5 0703 0711 0-720 0727 0735 0749 0762 0774
11-0 0727 0736 0745 0754 0-762 0778 0792 0-805
11-5 0750 0-760 0770 0-780 0789 0-806 0-822 0-836
120 0773 0784 0795 0-805 0815 0-834 0851 0-866
12-5 0795 0-808 0820 0-831 0-841 0-861 0-880 0-896
13-0 0-818 0831 0844 0856 0867 0-889 0908 0926
13-5 0839 0854 0-867 0-880 0893 0916 0937 0956
14-0 0860 0-876 0-891 0-905 0918 0943 0-965 0986
14-5 0-881 0-898 Q914 0929 0943 0969 0993 1015
150 0902 0920 0936 0952 0968 0996 1-021 1-044
155 0922 0941 0959 0976 0992 1-022 1-049 1-074
160 0942 0962 0-981 0999 1-016 1048 1077 1-103
170 0980 1:003 104 1045 1-064 1-099 1-131 1-160
18-0 1-018 1-043 1067 1-089 1-111 1150 1-185 1217
19-0 1-054 1082 1-108 1133 1157 1-200 1-239 1-274
200 1-089 1120 1-149 1176 1202 1249 1292 1-330
21-0 1-123 1157 1-189 1218 1-247 1-298 1-344 1-386
220 1156 1193 1227 1260 1-291 1-347 1:396 1-441
230 1-188 1-228 1-266 1-301 1334 1394 1-448 1°496
240 1220 1-263 1-303 1-344 13717 1-442 1-500 1-551
250 1-250 1-296 1-340 1-38% 1-419 1-489 1-551 1-606
260 1-280 1-329 1-376 1420 1-46% 1535 1-601 1-660
270 1-308 1-362 1-412 1-458 1-502 1-582 1652 1-714
28-0 1-337 1-394 1-447 1-496 1-543 1-627 1702 1768
290 1-364 1425 1-481 1-534 1-583 1:673 1752 1-821
300 1:391 1-455 1-515 1571 1623 1718 1-801 1-875
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TABLE 89 MOMENT OF INERTIA OF CRACKED SECTION —

'3
VALUES OF I/ (_ﬂ_"d )
d’'ld=0-15
Pm~1)[(pym)

pm - N
00 01 02 03 04 06 038 10

1-0 0-100 0-100 0-100 0100 0-100 0-100 0-100 0100
1-5 0143 0-143 0143 0143 0143 0-143 0-143 0143
20 0-185 0-185 0-185 0185 0185 0185 0185 0185
25 0-224 0224 0-224 0-224 0224 0224 0225 0-225
30 0-262 0262 0-262 0262 0262 0262 0263 0263
35 0-298 0-298 0-298 0-298 0-299 0-299 0:300 0-300
4-0 0332 0-333 0-333 0334 0334 0335 0336 0336
4-5 0:366 0-367 0-367 0-368 0:368 0-369 0-371 0372
50 0-398 0399 0-400 0401 0-402 0-403 0-405 0-406
55 0-430 0431 0432 0433 0434 0436 0438 0440
60 0-460 0462 0-463 0:465 0-466 0468 0471 0-473
65 0-490 0-492 0494 0-495 0-497 0-500 0-503 0-505
70 0-519 0-521 0523 0525 0527 0531 0-534 0-537
75 0-547 0-550 0-552 0-555 0557 0561 0-565 0569
80 0575 0578 0-581 0-583 0-586 0-591 0:596 0-600
85 0-601 0-605 0-608 0611 0614 0620 0626 0631
90 0628 0632 0635 0639 0643 0649 0655 0661
9-5 0-653 0-658 0662 0:666 0670 0678 0685 0-691
100 0678 0683 0-688 0693 0-697 0706 0713 0721
105 0-703 0-708 0714 0719 0724 0733 0-742 0750
110 0727 0733 0-739 0745 0750 0761 0-770 0779
115 0-750 0757 0-764 0770 0776 0-788 0-798 0808
120 07713 0781 0788 0795 0802 0814 0-826 0-836
125 0795 0-804 0-812 0-820 0827 0-841 0-853 0°865
13-0 0-818 0-827 0836 0-844 0-852 0867 0-880 0-893
13:5 0-839 0849 0-859 0-868 0876 0-893 0907 0921
140 0-860 0871 0-882 0891 0901 0918 0934 0948
14-5 0-881 0-893 0-904 0915 0925 0943 0960 0976
150 0-902 0914 0926 0938 0949 0969 0987 1-003
155 0922 0935 0-948 0-960 0972 0993 1-013 1-030
160 0942 0-956 0970 0983 0-995 1-018 1-039 1-087
170 0980 0997 1-012 1-027 1-041 1-067 1-090 111t
180 1-018 1-036 1054 1-070 1-086 1115 1-141 1'164
190 1-054 1-075 1-094 1-112 1-130 1-162 1191 1-216
200 1-089 1-112 1-134 1-154 1-173 1-208 1240 1-268
210 1-123 1148 1-172 1-194 1-216 1-:254 1-289 1-320
22-0 1-156 1-184 1-210 1-234 1-257 1:300 1-337 1-371
230 1-188 1-219 1-247 1274 1-299 1:345 1-38S 1-422
240 1:220 1-252 1-283 1-312 1-339 1-389 1433 1473
250 1-250 1-286 1-319 1-350 1-379 1-433 1-480 1-523
260 1-280 1-318 1354 1-387 1-419 1476 1:827 1:573
270 1-308 1-350 1-388 1:424 1-458 1-520 1-574 1-622
280 1-337 1-381 1-422 1-461 1-497 1-562 1-620 1°672
290 1:364 1-411 1-455 1496 1-53S 1605 1666 1-721
300 1391 1:441 1-488 1532 1-573 1-647 1712 1-770
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TABLE 9 MOMENT OF INERTIA OF CRACKED SECTION —

VALUES OF (4,"? )
d’'[d=020
pe(m—1)/(prm)

prm -~ A ~
00 01 02 03 04 06 08 140

10 0-100 0100 0100 0100 0100 0100 0100 0-100
15 0143 0143 0-143 0143 0144 0144 0144 0144
20 0185 0185 0185 0185 0185 0-185 0185 0185
25 0224 07224 0224 0224 0224 0224 0224 0224
30 0262 0-262 0262 0262 0262 0262 0262 0262
35 0-298 0-298 0298 0298 0298 0-298 0-298 0-298
40 0-332 0-333 0333 0-333 0-333 0333 0-333 0333
45 0366 0366 0366 0-367 0-367 0367 0-367 0-368
50 0-398 0399 0-399 0-399 0°400 0-400 0-401 0401
55 0430 0430 0431 0431 0432 0432 0433 0434
60 0460 0461 0-462 0-462 0463 0464 0-465 0-466
65 0490 0491 0492 0492 0-493 0495 0-496 0497
70 0-519 0-520 0521 0522 0-523 0-525 0-526 0528
75 0-547 0548 0550 0-551 0552 0-554 0556 0-558
80 0575 0576 0578 0-579 0-580 0-583 0-586 0-588
85 0-601 0603 0-605 0-607 0-608 0612 0614 0-617
90 0628 0630 0632 0634 0636 0639 0643 0-646
95 0-653 0656 0658 0660 0663 0667 0671 0675
100 0678 0-681 0684 0-687 0689 0694 0699 0703
105 0703 0-706 0-709 0712 0715 0721 0726 0731
11-0 0727 0730 0734 0737 0741 0747 0753 0758
115 0750 0754 0758 0762 0766 0773 0779 0785
12:0 0773 0778 0-782 0-787 0791 0799 0806 0812
12°5 0795 0-801 0806 0811 0815 0824 0-832 0839
130 0818 0823 0-829 0-834 0-839 0-849 0857 0865
13-5 0839 0846 0852 0-858 0863 0874 0-883 0892
140 0-860 0-867 0874 0-881 0-887 0-898 0908 0918
145 0-881 0889 0896 0903 0910 0922 0933 0943
150 0-902 0910 0918 0926 0933 0-946 0958 0969
155 0922 0931 0948 0955 0970 0983 0994
160 0942 0952 0-961 0-969 0978 0993 1-007 1-020
170 0-980 0992 1-002 1-012 1022 1039 1055 1070
180 1018 1-031 1-043 1054 1065 1-085 1-103 1119
19-0 1-054 1-068 1-082 1-095 1°107 1129 1°150 1168
200 1-089 1105 1120 1-135 1'148 1173 1:196 1:216
210 1123 1°141 1-158 1-174 1189 1-217 1-241 1264
220 1-156 1-176 1-195 1-212 1229 1-259 1-287 1-311
230 1-188 1-210 1-231 1-250 1-268 1-302 1-331 1358
240 1220 1-244 1°266 1-287 1-307 1-343 1-376 1-405
250 1-250 1-276 1-301 1-324 1:345 1-384 1°419 1-451
260 1-280 1-308 1:334 1-35¢ 1:383 1-425 1-463 1-497
210 1-308 1-339 1-368 1:395 1°420 1°465 1-506 1-542
280 1-337 1370 1-400 1-429 1:456 1-505 1-549 1-587
290 1-364 1-399 1-433 1°463 1-492 1-545 1°591 1-632
300 1-391 1-429 1-464 1:497 1-528 1°584 1633 1677
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TABLE 91 DEPTH OF NEUTRAL AXES — VALUES OF x/d

BY ELASTIC THEORY
d'|d=0-05
pekm - D/(pim)

P " o0 o1 02 03 04 06 08 10
10 0132 0131 0131 0-130 0130 0128 0127 0126
15 0159 0158 0157 0156 0155 0153 0152 0-150
20 0-181 0-180 0178 0177 0176 0173 0171 0-169
2's 0-200 0-198 0197 0195 0194 0-190 0-187 0-185
30 0217 0215 0213 0211 0209 0-205 0-202 0-198
35 0232 0230 0227 0225 0223 0218 0214 0210
40 0246 0243 0-240 0238 0235 0230 0225 0221
45 0258 0255 0252 0249 0246 0241 0235 0230
50 0270 0267 0263 0-260 0257 0-251 0-245 0239
55 0-281 0277 0274 0270 0-267 0-260 0253 0247
60 0292 0287 0284 0-280 0276 0-268 0.261 0-255
65 0-301 0297 0293 0-288 0-284 0276 0.269 0362
70 0311 0-306 0-301 0297 0292 0-284 0.276 0-268
75 0319 0314 0-309 0-305 0-300 0291 0.282 0274
80 0328 0323 0-317 0312 0307 0-298 0.289 0-280
8-S 0-336 0-330 0325 0319 0-314 0-304 0-294 0-285
9-0 0344 0338 0332 0326 0:321 0310 0-300 0-291
95 0-351 0-345 0339 0333 0327 0316 0-305 0-295

100 0-358 0-352 0-345 0339 0333 0321 0-310 0-300

105 0365 0-358 0-351 0-345 0339 0-326 0315 0-304

110 0372 0-365 0358 0-351 0-344 0332 0-320 0-309

11-5 0378 0371 0-363 0356 0349 0-336 0-324 0313

120 0384 0377 0-369 0362 0-355 0-341 0-328 0316

125 0-390 0-382 0374 0-367 0359 0-345 0332 0-320

130 0-396 0-388 0-380 0372 0-364 0-350 0336 0324

135 0-402 0-393 0-385 0377 0-369 0354 0-340 0327

140 0-407 0-398 0-390 0-381 0373 0-358 0344 0-330

145 0-413 0-403 0-3%4 0-386 0378 0362 0-347 0-333

150 0418 0-408 0-399 0-390 0-382 0-365 0-350 0336

155 0423 0413 0-404 0-395 0-386 0369 0-354 0339

160 0428 0-418 0408 0-399 0-390 0373 0-357 0-342

170 0437 0-427 0416 0-407 0397 0379 0-363 0347

180 0-446 0-435 0425 0414 0-404 0-386 0-368 0-352

190 0-455 0-443 0432 0421 0411 0-392 0374 0-357

200 0-463 0-451 0439 0428 0417 0397 0-379 0-362

210 0471 0459 0446 0435 0424 0-403 0-383 0-366

22:0 0479 0-466 0453 0-441 0429 0-408 0-388 0-370

230 0486 0472 0-459 0447 0-435 0413 0392 0373

240 0-493 0-479 0465 0453 0-440 0417 0-396 0377

250 0-500 0-485 0471 0-458 0-445 0422 0-400 0-380

260 0-507 0-491 0477 0-463 0-450 0-426 0-404 0-384

270 0-513 0497 0-482 0-468 0-455 0-430 0-407 0-387

28-0 0-519 0-503 0-488 0-473 0459 0434 0411 0-390

290 0-525 0-508 0493 0478 0464 0437 0414 0-392

300 0-531 0514 0498 0482 0-468 0-441 0417 0395
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TABLE 92 DEPTH OF NEUTRAL AXIS — VALUES OF x/d
BY ELASTIC THEORY

d'/d=0-10
pem— i Y(pum)

a0 01 02 03 04 06 08 1-0
0-132 0132 0131 0131 0-131 0-130 0-130 0-130
0-159 0-158 0-158 0-157 0-157 0-156 0-155 0154
0181 0-180 0-179 0179 0178 0176 0175 0174
0-200 0-199 0-198 0197 0196 0-194 0-192 0190
0217 0215 0-214 0-213 0211 0-209 0-206 0-204
0-232 0-230 0-228 0227 0-225 0222 0-219 0216
0246 0244 0-242 0240 0-238 0234 0-231 0227
0258 0-256 0-254 0-252 0-249 0-245 0-24} 0-237
0-270 0-268 0-265 0262 0-260 0-255 0-251 0-246
0-281 0278 0275 0273 0270 0-265 0-260 0-255
0-292 0-288 0-285 0-282 0279 0-273 0-268 0-263
0-301 0-298 0-294 0:291 0-288 0-282 0-276 0-270
0-311 0:307 0-303 0-299 0-296 0-289 0-283 0-277
0319 0315 0-311 0-307 0-304 0296 0-290 0-283
0-328 0324 0319 0315 0-311 0:303 0-296 0-289
0-336 0-331 0-327 0-322 0-318 0-310 0-302 0-295
0344 0-339 0334 0-329 0-325 0-316 0-308 0-300
0-351 0-346 0-341 0-336 0-331 0-322 0-313 0-305
0-358 0-353 0-347 0342 0-337 0-327 0-318 0-310
0-365 0-359 0-354 0348 0-343 0-333 0-323 0-314
0372 0-366 0-360 0-354 0-349 0-338 0-328 0-319
0-378 0-372 0:366 0-360 0-354 0-343 0-333 0-323
0-384 0-378 0-371 0-365 0-359 0-348 0-337 0-327
0-390 0-383 0377 0-370 0-364 0-352 0-341 0-331
0:396 0-389 0-382 0375 0-369 0-357 0-345 0-335
0-402 0-394 0-387 0-380 0-374 0-361 0-349 0.338
0-407 0-400 0392 0-385 0-378 0-365 0-353 0.342
0413 0-405 0-397 0390 0-382 0-369 0-357 0.345
0-418 0-410 0402 0-394 0-387 0373 0-360 0.348
0-423 0414 0-406 0398 0-391 0377 0-363 0.351
0428 0-419 0-411 0-403 0-395 0-380 0-367 0-354
0-437 0-428 0-419 0411 0-403 0-387 0-373 0-360
0-446 0-437 0-427 0-418 0-410 0-394 0-379 0-365
0-455 0-445 0-435 0-426 0-417 0-400 0-384 0-370
0:463 0:453 0442 0-433 0423 0-406 0-389 0-375
0-471 0-460 0-449 0-439 0-429 0.411 0-394 0379
0-479 0-467 0456 0-445 0-435 0.416 0-399 0-383
0-486 0474 0-462 0-451 0-441 0.421 0-403 0-387
0-493 0-481 0-469 ¢-457 0-446 0.426 0-408 0-391
0-500 0-487 0-475 0-463 0-452 0.431 0-412 0-394
0-507 0-493 0-480 0-468 0-457 0-435 0416 0-398
0-513 0-499 0486 473 0-461 0-439 0-419 0-401
0-519 0-505 0-491 0-478 0-466 0-443 0-423 0-404
Q525 0-510 0-496 0°483 0-470 0-447 0-426 0-407
0-531 0-516 0-501 0-488 0-475 0-451 0-429 0410
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TABLE 93 DEPTH OF NEUTRAL AXIS — VALUES OF x/d
BY ELASTIC THEORY

d’/d=015

pe(m—1)/(p;m)
p,m ~ A -
00 01 02 03 04 06 08 1-0
10 0132 0-132 0132 0132 0132 0-133 0-133 0133
15 0159 0159 0159 0-159 0159 0158 0-158 0158
2:0 0181 0-181 0-180 0-180 0-180 0179 0179 0178
25 0-200 0.199 0199 0198 0198 0197 0-196 0195
30 0-217 0-216 0215 0-214 0214 0212 0-211 0-209
35 0.232 0-231 0-230 0-229 0228 0226 0-224 0222
40 0.246 0244 0:243 0-242 0241 0-238 0236 0234
45 0258 0-257 0-255 0254 0-252 0-249 0-247 0244
50 0-270 0-268 0:266 0-265 0263 0-260 0257 0-254
55 0281 0279 0277 0275 0273 0269 0-266 0262
6:0 0292 0-289 0-287 0-285 0-282 0-278 0-274 0-270
05 0-30i1 0-255 0-256 0254 0251 0:287 0282 0-278
70 0311 0-308 0-305 0302 0-299 0294 0-290 0-285
75 0319 0-316 0-313 0-310 0-307 0-302 0-297 0-292
80 0-328 0-324 0321 0318 0315 0305 0-303 0-298
85 0336 0-332 0-329 0-325 0322 0-315 0-309 0-304
20 034 0-340 0336 0332 0-329 0-322 0-315 0-309
9-5 0-351 0-347 0-343 0339 0-335 0-328 0-321 0315
100 0-358 0354 0-349 0345 0-341 0-334 0326 0-320
10-5 0365 0-360 0356 0-351 0-347 0-339 0332 0-324
110 0372 0-367 0362 0357 0-353 0344 0336 0329
11-5 0-378 0-373 0-368 0-363 0-358 0-349 0-341 0-333
120 0-384 0379 0-374 0369 0-364 0-354 0346 0-338
12-5 0-390 0-385 0:379 0-374 0-369 0-359 0-350 0-342
130 0396 -390 0-384 0379 0-374 0-364 0354 0-345
135 0-402 0-396 0-390 0-384 0-378 0-368 0-358 0-349
140 0407 0-401 0-395 0-389 0-383 0372 0-362 0-353
14'5 0413 0-406 0-400 0-393 0-387 0-376 0366 0356
150 0418 0411 0-404 0-398 0392 0-380 0-369 0360
155 0423 0416 0-409 0402 0-396 0-384 0373 0-363
160 0-428 0-420 0413 0407 0400 0-388 0-376 0366
170 0437 0-429 0422 0415 0-408 0-395 0-383 0372
180 0-446 0438 0-430 0422 0415 0-401 0-389 0377
19-0 0455 0446 0438 0-430 0-422 0-408 0395 0-382
200 0-463 0454 0445 0437 0-429 0-414 0400 0-387
210 0-471 0-462 0452 0-444 0435 0419 0-405 0-392
220 0479 0469 0459 0450 0441 0425 0410 0396
230 0-486 0476 0-466 0-456 0-447 0-430 0415 0-401
240 0-493 0-482 0472 0462 0-452 0-435 0419 0-405
250 0-500 0489 0478 0468 0-458 0-440 0423 0-408
260 0507 0495 0484 0473 0-463 0-444 0427 0-412
270 0513 0-501 0-489 0478 0-468 0-448 0431 0-415
23-0 0319 0506 0494 0483 0472 0453 0435 0419
290 0525 0512 0-500 0-488 0477 0457 0438 0-422
300 0531 0517 0505 0-493 0481 0-460 0442 0-425
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TABLE 94 DEPTH OF NEUTRAL AXIS — VALUES OF x/d

BY ELASTIC THEORY

d’/d=0-20

pc('nzl )i(ptm)
0.0 0.1 0.2 03 0.4 0.6 0.8 1.0
0132 0132 0133 0133 0134 0135 0135 0136
0159 0-159 0160 0160 0-160 0.161 0-161 0162
0181 0-181 0181 0182 0-182 0.182 0182 0183
0-200 0-200 0-200 0-200 0-200 0.200 0-200 0-200
0217 0217 0216 0216 0216 0.216 0215 0215
0-232 0231 0-231 0231 0-230 0-230 0-229 0-228
0-246 0-245 0244 0-244 0243 0-242 0241 0-240
0-258 0-258 0-257 0-256 0255 0-254 0-252 0-251
0-270 0269 0-268 0-267 0-266 0-264 0-262 0-261
0-281 0-280 0-279 0277 0276 0274 0272 0-270
0292 0-290 0-289 0-287 0-286 0283 0-280 0-278
0301 0-300 0-298 0-29., 0-295 0-291 0-289 0-286
0-311 0-309 0-307 0-305 0303 0-300 0-296 0-293
0319 0-317 0315 0313 0-311 0-307 0-303 0-300
0328 0-325 0-323 0-321 0319 0314 0310 0-306
0336 0333 0331 0-328 0326 0-321 0317 0313
0-344 0-341 0-338 0-335 0-333 0-328 0-323 0-318
0-351 0-348 0-345 0-342 0-339 0334 0-329 0-324
0-358 0355 0352 0-348 0345 0340 0-334 0-329
0365 0-362 0-358 0-355 0-351 0-345 0-340 0-334
0372 0-368 0-364 0-361 0-357 0351 0-345 0-339
0378 0-374 0-370 0-366 0-363 0-356 0-349 0-343
0-384 0-380 0-376 0-372 0368 0-361 0-354 0-348
0-390 0-386 0-382 0377 0373 0-366 0-359 0-352
0-396 0-391 0387 0383 0-378 0-370 0363 0-356
0-402 0-397 0-392 0-388 0-383 0-375 0-367 0-360
0407 0-402 0397 0-392 0-388 0-379 0-371 0-364
0-413 0-407 0-402 0-397 0-392 0-383 0375 0-367
0418 0412 0-407 0-402 0-397 0-387 0:379 0-371
0423 0417 0411 0-406 0-401 0-391 0-382 0374
0-428 0422 0416 0-410 0-405 0395 0-386 0377
0437 0431 0425 0-419 0413 0-402 0-393 0384
0-446 0-439 0433 0427 0421 0409 0-399 0-389
0-455 0-448 0-441 0434 0428 0416 0-405 0-395
0-463 0-456 0448 0-441 0434 0422 0-410 0-400
0-471 0-463 0455 0448 0-441 0428 0-416 0-405
0-479 0470 0462 0-454 0447 0433 0-421 0-409
0-486 0477 0469 0-461 0453 0439 0426 0414
0493 0-484 0-475 0-467 0-459 0-444 0-430 0418
0-500 0-490 0481 0-472 0464 0449 0435 0422
0-507 0496 0487 0478 0-469 0453 0-433 0-426
0513 0-502 0-492 0-483 0474 0458 0443 0-429
0519 0-508 0498 0-488 0479 0-462 0-447 0433
0-525 0-514 0-503 0493 0-484 0466 0-450 0-436
0-531 0-519 0-508 0-498 0-488 0470 0454 0-439
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Numser

TABLE 95 AREAS OF GIVEN NUMBERS OF BARS IN ¢cm?

BAR DIAMETER, mm
A

- el

OF Bars® ‘¢ 8 10 12 14 16 18 20 2 25 28 32 36
i 028 050 079 113 154 201 254 314 380 491 616 804 1018
2  0S6 100 157 226 307 402 S08 628 7160 98 1231 1608 2035
3 084 150 235 339 461 603 763 942 1140 1472 1847 2412 3053
4 113 201 314 452 615 804 1017 1256 1520 1963 2463 3217 4071
s 141 251 392 565 769 1005 1272 1570 1900 2454 3078 4021 5089
6 169 301 471 678 923 1206 1526 1885 22:80 2945 3694 4825  61-07
7 197 351 549 791 1077 1407 1781 2199 2660 3436 4310 5629  71-25
8 226 402 628 904 1231 1608 2035 2513 3041 3927 4926 6434 8143
9 254 452 706 1017 1385 1809 2290 2827 3421 4417 5541 7238 9160
10 282 502 785 1131 1539 2010 2544 31441 3801 4908 61'S7T 8042 10178
11 311 552 863 1244 1693 2211 2799 3455 4181 5399 6773 8846 11196
12 339 603 942 1357 1847 2412 3053 3769 4561 5890 7389 9651 122-14
13 367 653 1021 1470 2001 2613 3308 4084 4941 6381 8004 10455 13232
14 395 703 1099 1583 21-SS 2814 3562 4398 5321 6872 8620 11259 142-50
15 424 754 11178 1696 2309 3015 3817 4712 5702 7363 9236 120063 15268
16 452 804 1256 1809 2463 3217 4071 5026 6082 7854 9852 12868 16286
17 480 854 1335 1922 2617 3418 4326 5340 6462 8344 10467 13672 17303
18 s08 904 1413 2035 2770 3619 4580 5654 6842 8835 11083 14476 18321
19 537 955 1492 2148 2924 3820 4834 5969 7222 9326 11699 15280 19339
20 565 1005 1570 2262 3078 4021 5089 6283 7602 9817 12315 16085 20357
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TABLE 96 AREAS OF BARS AT GIVEN SPACINGS

Values in cm2 per Meter Width

SPACING Bar Dumfmzn, mm
cm 6 8 10 12 14 16 18 20 22 25 28 32
5 565 1005 1571 2262 3079 4021 5089  62:83 7603 9817 12315 16085
6 471 838 1309 1885 2566 3351 4241 5236 6336 81-81 10268 3404
7 404 718 11122 1616 2199 2872 3635 4488 5430 7012 8796 1489
8 3-53 628 982 1414 1924 2513 3181 3927 4752 6136 769  100'S3
9 314 558 873 1257 1710 2234 2827 3491 4224 5454 6842 8936
10 2:83 503 785 1131 1539 20111 2545 31442 3801 4909 6157 8042
11 257 457 714 1028 1399 1828 2313 2856 3456 4462 5598 7311
12 236 419 654 942 1283 1675 2121 2618 3168 4091 5131 6702
13 217 387 604 870 1184 1547 1957 2417 2924 3176 4737 6186
14 2:02 359 561 808 1100 1436 1818 2244 2715 3506 4398 5745
15 1-88 3-35 524 754 1026 1340 1696 2094 2534 3272 4105 5362
16 177 314 491 707 962 1257 1590 1963 2376 3068 3848 5027
17 1°66 296 462 665 905 1183 1497 1848 2236 2887 3622 4731
18 1-57 279 436 628 855 11117 1444 1745  21°12 2727 2421 4468
19 1-49 2:65 413 595 810 1058 1339 1653 20001 2584  32-41 4233
20 141 2'51 393 565 770 10005 1272 1571 1901 2454 3079 4021
21 1-35 239 374 539 733 957 1212 1496 1810 2337 2932 3830
22 1-28 228 3:57 514 7:00 914  11-57 428 1728 2231 2799 3656
23 123 218 341 492 669 874 11°06 1366 1653 2134 2677 3497
24 1'18 2:09 327 471 641 838 1060 1309 1584 20154 2566 3351
25 1113 201 314 452 616 804 1018 1257 1520 1963 2463 3217
26 109 1-93 302 435 592 773 979 12008 1462 1888 2368 3093
27 1-05 1:86 291 419 570 7-45 942 1164 1408 1818 2281 2979
28 1:01 1:79 2:80 404 5:50 718 909 1122 1358 1753 2199 2876
29 097 1'73 271 390 5-31 693 877 1083 1311 1693 2123 2773
30 0-94 168 2:62 377 513 670 848 10147 1267 1636 2052 2681
32 0-88 1-57 245 3-53 481 628 7-95 982 1188 1534 1924 2513
34 083 1-48 231 333 453 591 7-48 924  11'18 1444 1811 2365
36 078 1:40 218 314 428 558 7:07 873 1056 1363 17110 2234
38 074 1-32 207 298 405 529 670 827 10000 1292 1620  21'16
40 071 1:26 1'96 283 385 5-03 636 7-85 950 1227 1539 2011
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Table 97 FIXED END MOMENTS FOR

PRISMATIC BEAMS

?, 7B
o8 —eke- b

LOAD TYPE Mea Mes
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e | ]
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S W
1 Y,
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A w
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¢ 2° | "1202 122 14t-3s)
s e b
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f— ————F
w
5wi? swi?
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Note:- w is the load per unit tength
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Table 98 DEFLECTION FORMULAE FOR PRISMATIC BEAMS

w
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Note:-W is total distributed load
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