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Structural Engineering and Structural Sections Sectional Committee, CED 7

FOREWORD

This Indian Standard (Third Revision) was adopted by the Bureau of Indian Standards, after the draft finalized
by the Structural Engineering and Structural Sections Sectional Committee had been approved by the Civil
Engineering Division Council.

The steel economy programme was initiated by erstwhile Indian Standards Institution in the year 1950 with the
objective of achieving economy in the use of structural steel by establishing rational, efficient and optimum
standards for structural steel products and their use. IS 800 : 1956 was the first in the series of Indian Standards
brought out under this programme. The standard was revised in 1962 and subsequently in 1984, incorporating
certain very important changes.

IS 800 is the basic Code for general construction in steel structures and is the prime document for any structural
design and has influence on many other codes governing the design of other special steel structures, such as
towers, bridges, silos, chimneys, etc. Realising the necessity to update the standard to the state of the art of the
steel construction technology and economy, the current revision of the standard was undertaken. Consideration
has been given to the developments taking place in the country and abroad, and necessary modifications and
additions have been incorporated to make the standard more useful.

The revised standard will enhance the confidence of designers, engineers, contractors, technical institutions,
professional bodies and the industry and will open a new era in safe and economic construction in steef.

In this revision the following major modifications have been effected:

a) Inview of the development and production of new varieties of medium and high tensile structural steels
in the country, the scope of the standard has been modified permitting the use of any variety of structural
steel provided the relevant provisions of the standard are satisfied. ’

b) The standard has made reference to the Indian Standards now available for rivets; bolts and other fasteners.

c) The standard is based on limit state method, reflecting the latest developments and the state of the art.

The revision of the standard was based on a review carried out and the proposals framed by Indian Institute of
Technology Madras (IIT Madras). The project was supported by Institute of Steel Development and Growth
(INSDAG) Kolkata. There has been considerable contribution from INSDAG and 1T Madras, with assistance
from a number of academic, research, design and contracting institutes/organizations, in the preparation of the
revised standard.

In the formulation of this standard the following publications have also been considered:

AS-4100-1998 Steel structures (second edition), Standards Australia (Standards Association of Australia),
Homebush, NSW 2140,
BS-5950-2000  Structural use of steelwork in buildings:

Part 1 Code of practice for design in simple and continuous construction: Hot rolled sections, British
Standards Institution, London.

CAN/CSA- Limit states design of steel structures, Canadian Standards Association, Rexdale (Toronto),

S$16.1-94 Ontario, Canada M9W 1R3.

ENV 1993-1-1:  Eurocoede 3: Design of steel structures:
1992 Part 1-1 General rules and rules for buildings

The composition of the Committee responsible for the formulation of this standard is given in Annex J.

For the purpose of deciding whether a particular requirement of this standard, is complied with, the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2 : 1960 ‘Rules for rounding off numerical values (revised)’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard.
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AMENDMENT NO. 1 JANUARY 2012
TO
IS 800 : 2007 GENERAL CONSTRUCTION IN STEEL —
CODE OF PRACTICE

(Third Revision)

[(Page (iii), Section 17] — Insert the following new item, as appropriate:
‘17.15 Bedding Requirement 116’
(Page 6, line 38) — Delete the symbols *Cy,y, Cy,,” and the corresponding explanation.
(Page 8, line 33) — Insert the following symbols and explanations after this line:
‘Ky, K, Kir — Moment amplification factors (see 4.4.2, 4.4.3.1, 4.4.3.3 and 9.3.2.2)°

(Page 18, Table 2, col 2) — Substitute “d/t’ for *D/t/ for entry against *Stem of a T-section, rolled or cut
from a rolled I- or H-section’.

(Page 18, Table 2, col 3, 4 and 5) — Substitute ‘but > 42¢’ for ‘but <42 ¢’ for entries against ‘Web of an [,
H or box section’.

(Page 18, Table 2, Notes, last line) — Substitute ‘overall’ for ‘overll’.
(Page 19, Fig. 2, ROLLED CHANNELS) — Substitute ‘d’ for *h’ in the figure.
(Page 24, clause 4.4.2, line 10) — Substitute ‘K, K,” for °C,, C,’.
(Page 24, clause 4.4.3.1, line 9) — Substitute ‘K, and K’ for *Cy and C,’.
(Page 24, clause 4.4.3.3, line 3) — Substitute *(Ky, K)’ for “(Cuy, Cnz)’.
(Page 25, clause 4.5.2, line 19) — Insert “less’ between ‘be” and ‘than’.
(Page 31, clause 5.6.1, line 6) — Substitute ‘using load factors of Table 4. for ‘using a load factor of 1.0.”
(Page 31, clause 5.6.1, third sentence) — Insert the following at the end:
‘In Table 6, live load should include all post construction loads including superimposed dead loads.’
(Page 33, clause 6.3.3, line 6) — Substitute “0.9 £, ymo/fy Ym1” JOr fu Ymolfy Ym1 -
(Page 34, clause 7.1.2, line 1) — Substitute the following for the existing:
‘The factored design compression, P in members shall satisty the following requirement:
P<Py

(Page 34, clause 7.1.2.1, line 20) — Substitute “yno’ for ‘Ao’

Price Group 3



Amend No. 1 to IS 800 : 2007
(Page 35, Fig. 8) — Insert ‘A’ as the title of the abscissa (x-axis).
(Page 44, Table 10, col 2, line 3) — Substitute ‘40 mm < ¢ <100 mm’ for ‘40 <mm < < 100 mm’.
(Page 45, Table 11, second row, col 1 and 2) — Substitute the following for the existing entries:

(D @

Restrained Free
(Page 48, clause 7.5.1.2, line 4) — Add the following in the end:
“, in place of A in 7.1.2.1 and using curve ‘¢’ (a = 0.49)”

(Page 48, clause 7.5.1.2, line 9, formula) — Substitute the following for the existing:

b +b,)/ 2t
A, = and A =(1 )12
i 2 4 2
7 E T E
Ea|l— Ea|l—
250 250

(Page 49, Fig. 10) — Substitute the following figure for the existing as appropriate, and substitute
‘Members’ for ‘Numbers’ in the sub-title of Fig. 10C and substitute the existing title of Fig. 10 with ‘Top
RESTRAINT CONDITIONS

¥
A I a
X -___i_-—- X
B B
¥

(Page 53, clause 8.2.1.1, line 3) — Substitute * d/t,, > 67¢€ for *d/t, < 67¢.

(Page 54, clause 8.3.1, second para) — Substitute the following for the existing:
‘In simply supported beams with intermediate lateral restraints against lateral torsional buckling, the effective
length for lateral torsional buckling, Z; 1 to be used in 8.2.2.1 shall be taken as the length of the relevant segment
in between the lateral restraints. In the case of intermediate partial lateral restraints, the effective length, Lyt
shall be taken as equal to 1.2 times the length of the relevant segment in between the partial lateral restraints.’

(Page 57, Table 14) — Substitute *Lit/r,” and “hdty’ for ‘KL/r* and *h/ty.

(Page 58, clause 8.3.2, line 9) — Insert ‘centre’ between ‘shear’ and ‘and’.

(Page 58, Table 15, col 3, first row) — Substitute ‘Both flanges partially restrained’ for ‘Both flanges fully
restrained’.



Amend No. 1 to IS 800
(Page 59, clause 8.4.2.1) — Substitute ‘€, for ‘€ and °f;,,” for °f,’, wherever appearing.
(Page 60, clause 8.4.2.2, col 1, line 18 from top) — Substitute * _ = for . .
£)
c

d
(Page 60, clause 8.4.2.2, col 2, line 52) — Substitute ‘nearly = tan™ T3 > for ¢ =tan™ (Zj .

(Page 60, clause 8.4.2.2, col 2, line 55) — Substitute ‘= d cosgh — (c — 5. — ;) sing, for the existing.
(Page 60, clause 8.4.2.2, col 2, lines 59 and 60) — Delete the lines.
(Page 60, clause 8.5.1, line 3) — Insert ‘out’ between ‘carried’ and ‘in’.

(Page 61, Table 16, last row, col 1) — Substitute the following for the existing figure:

(Page 62, Fig. 12) — Substitute the following for the existing figure:

1
: |
BEAR NS ‘L
STIFFENER PANEL 3 FAREL A d

NOTES

1 Panel 4 is designed utilizing tension field action as given in 8.4.2.2(b).

2 Panel B is designed using simple post critical method as given in 8.4.2.2(a).

3 Bearing stiffener is designed for the compressive force due to bearing plus compressive force due to the
moment Mgas given in 8.5.3.

F1G. 12 END PANEL DESIGNED NOT USING TENSION FIELD ACTION
(Page 63, Fig. 13, Notes) — Delete NOTE 2 and renumber the subsequent Note accordingly.
(Page 63, clause 8.6.1.1) — Substitute ‘&, for ‘€’ wherever appearing.

(Page 63, clause 8.6.1.1, line 13) — Substitute ‘c < 0.74d” for ‘c < d'.

: 2007



Amend No. 1 to IS 800 : 2007

(Page 64, clause 8.6.1.2, line 15) — Substitute ‘& = yield stress ratio of flange = /% > for ‘& = yield

yf
stress ratio of web = 250 .
Sy

(Page 65, clause 8.7.1.2, second para, line 1) — Insert ‘stiffener’ between the words ‘web’ and ‘is’.
[Page 70, clause 9.3.1.2(c)] — Substitute the following for the existing:
‘c) For standard I or H sections

My, = 1.11 My, (1 —n) < Mg,

for n < 0.2, Mgy = Myy
for n>0.2, Mgy = 1.56 My, (1- 1) (n + 0.6)°

(Page 72, Table 18) — Substitute the following for the existing table:

. . Cmyy szw CmLT
Bending Moment Diagram Range
1) ) Uniform Loading Concentrated Load
3 (C))
“1<y<l 06+04y>04
0<a<1 —“1<y<l1 02+08a,>04 02+0.8a,>04
O=<y<1 01-08a,>04 —08a,>04
-1 <o,<0
—“1<y=<0 0.1(1-y)— 0.8 ;> 0.4 0.2(—y)—0.8 ¢,> 0.4
+
0<a=1 —1<y<1 0.95 - 0.05 a 050 +0.10 &
0<wy<lI 0.95+0.05 o, 0.90 +0.10 oy,
-1 <ap<0
-1<y=<0 0.95+0.05 o, (142 ) 0.90 +0.1ay, (142 w)

For members with sway buckling mode, the equivalent uniform moment factor Cyyy = Cy, = 0.9.

Chy, Cozy Crir shall be obtained according to the bending moment diagram between the relevant braced points

Moment factor Bending axis Points braced in direction il A P f/a
FFFF
Co y=y z—z M. ’\

Curr z—z =z y |for (,mv|
[~ for C..

MZ for Chit |

]




Amend No. 1 to IS 800 : 2007
(Page 75, clause 10.3.2, line 3) — Substitute the following for the existing:
TV
(Page 76, clause 10.4.3, first sentence) — Substitute the following for the existing:

‘Design for friction type bolting, where slip resistance is required at factored design force Vi shall satisfy the
following:’

(Page 76, clause 10.4.3, line 14) — Substitute ‘z; < 0.55” for ‘up=0.55".
(Page 76, clause 10.4.3, Note, line 1) — Substitute V" for *Vig.

(Page 71, clause 10.4.5, col 1, line 6, from top, formula) — Substitute *0.9 i, Ay < fib Aso(Ym1/Ymo)” for ‘0.9
ﬁbAn S‘fybAsb(yml/ym)’-

(Page 80, clause 10.5.10.2.2, line 7, formula) — Substitute szr > for* fyr

(Page 89, clause 12.8.2.1, first sentence) — Substitute the following for the existing:
‘Bracing members shall be made of E250B steel of IS 2062 or of steel having Charpy V-notch energy, E >27J.

(Page 90, clause 12.11.1, line 2) — Insert ‘or of steel having Charpy V-notch energy, E > 27J" between
‘IS 2062” and ‘and’.
A (1) _o0s-7

< 1.0 for the existing.
£, (20) 6%

(Page 106, clause 16.4.1, line 4, formula) — Substitute

Oy — Oy
(Page 121, Annex B, clause B-3.2, line 10 firom top, formula) — Substitute ‘¢; = mh—Ll * for ‘¢ps =

5u _5L s
P .

(Page 121, Annex B, clause B-3.2, lines 12, 13 and 16 from top) — Substitute ‘4, ‘6, and ‘or;" for *h’, ‘6,
and ‘or .

(Page 128, Annex E, clause E-1.2, line 5, formula) — Substitute ‘(LLT)Z’ for “(Lyr)’.

(Page 128, Annex E, clause E-1.2, line 30) — Substitute “(z* + 1°)** for “(z* —)7)".

(Page 129, Annex E, clause E-1.2, col 1, line 18 firom top) — Insert ‘St. Venant’s’ before ‘torsion’.
(Page 130, Table 42, col 5, row 7) — Substitute ‘1267 for ‘1.257°.

(Page 129, Table 42, col 6, rows 5 and 10) — Substitute 1.730° for ‘1.780° and °1.890° for °1.390°,
respectively.

(CED 7)

Reprography Unit, BIS, New Delhi, India
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Indian Standard

GENERAL CONSTRUCTION IN
STEEL — CODE OF PRACTICE

( Third Revision )

SECTION 1
GENERAL

1.1 Scope

1.1.1 This standard applies to general construction
using hot rolled steel sections joined using riveting,
bolting and welding. Specific provisions for bridges,
chimneys, cranes, tanks, transmission line towers, bulk
storage structures, tubular structures, cold formed light
gauge steel sections, etc, are covered in separate
standards.

1.1.2 This standard gives only general guidance as regards
the various loads to be considered in design. For the actual
loads and load combinations to be used, reference may
be made to IS 875 for dead, live, snow and wind loads
and to IS 1893 (Part 1) for earthquake loads.

1.1.3 Fabrication and erection requirements covered
in this standard are general and the minimum necessary
quality of material and workmanship consistent with
assumptions in the design rules. The actual
requirements may be further developed as per other
standards or the project specification, the type of
structure and the method of construction.

1.1.4 For seismic design, recommendations pertaining
to steel frames only are covered in this standard. For
more detailed information on seismic design of other
structural and non-structural components, refrence
should be made to IS 1893 (Part 1) and other special
publications on the subject.

1.2 References

The standards listed in Annex A contain provisions
which through reference in this text, constitute
provisions of this standard. At the time of publication,
the editions indicated were valid. All standards are
subject to revision and parties to agreements based on
this standard are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated in Annex A.

1.3 Terminology

For the purpose of this standard, the following
definitions shall apply.

1.3.1 Accidental Loads — Loads due to explosion,
impact of vehicles, or other rare loads for which the
structure is considered to be vulnerable as per the user.

1.3.2 Accompanying Load — Live (imposed) load
acting along with leading imposed load but causing
lower actions and/or deflections.

1.3.3 Action Effect or Load Effect — The internal force,
axial, shear, bending or twisting moment, due to
external actions and temperature loads.

1.3.4 Action — The primary cause for stress or
deformations in a structure such as dead, live, wind,
seismic or temperature loads.

1.3.5 Actual Length — The length between centre-to-
centre of intersection points, with supporting members
or the cantilever length in the case of a free standing
member.

1.3.6 Beam — A member subjected predominatly to
bending.

1.3.7 Bearing Type Connection — A connection made
using bolts in ‘snug-tight’ condition, or rivets where
the load is transferred by bearing of bolts or rivets
against plate inside the bolt hole.

1.3.8 Braced Member — A member in which the
relative transverse displacement is effectively prevented
by bracing.

1.3.9 Brittle Cladding — Claddings, such as asbestos
cement sheets which get damaged before undergoing
considerable deformation.

1.3.10 Buckling Load — The load at which an element,
a member or a structure as a whole, either collapses in
service or buckles in a load test and develops excessive
lateral (out of plane) deformation or instability.

1.3.11 Buckling Strength or Resistance — Force or
moment, which a member can withstand without
buckling.

1.3.12 Built-up Section — A member fabricated by
interconnecting more than one element to form a
compound section acting as a single member.

1.3.13 Camber — Intentionally introduced pre-curving
(usually upwards) in a system, member or any portion
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of a member with respect to its chord. Frequently,
camber is introduced to compensate for deflections at
a specific level of loads.

1.3.14 Characteristic Load (Action) — The value of
specified load (action), above which not more than a
specified percentage (usually 5 percent) of samples of
corresponding load are expected to be encountered.

1.3.15 Characteristic Yield/Ultimate Stress — The
minimum value of stress, below which not more than
a specified percentage (usually 5 percent) of
corresponding stresses of samples tested are expected
to occur.

1.3.16 Column — A member in upright (vertical)
position which supports a roof or floor system and
predominantly subjected to compression.

1.3.17 Compact Section — A cross-section, which can
develop plastic moment, but has inadequate plastic
rotation capacity needed for formation of a plastic
collapse mechanism of the member or structure.

1.3.18 Constant Stress Range -— The amplitude
between which the stress ranges under cyclic loading
is constant during the life of the structure or a structural
element.

1.3.19 Corrosion — An electrochemical process over
the surface of steel, leading to oxidation of the metal.

1.3.20 Crane Load — Horizontal and vertical loads
from cranes.

1.3.21 Cumulative Fatigue — Total damage due to
fatigue loading of varying stress ranges.

1.3.22 Cut-off Limit — The stress range, corresponding
to the particular detail, below which cyclic loading need
not be considered in cumulative fatigue damage
evaluation (corresponds to 10% numbers of cycles in
most cases).

1.3.23 Dead Loads -— The self-weights of all
permanent constructions and installations including the
self-weight of all walls, partitions, floors, roofs, and
other permanent fixtures acting on a member.

1.3.24 Deflection — It is the deviation from the
standard position of a member or structure.

1.3.25 Design Life — Time period for which a structure
or a structural element is required to perform its
function without damage.

1.3.26 Design Load/Factored Load — A load value
obtained by multiplying the characteristic load with a
load factor.

1.3.27 Design Spectrium — Frequency distribution of
the stress ranges from all the nominal loading events
during the design life (stress spectrum).

1.3.28 Detail Category — Designation given to a
particular detail to indicate the S-N curve to be used in
fatigue assessment.

1.3.29 Discontinuity — A sudden change in cross-
section of a loaded member, causing a stress
concentration at the location.

1.3.30 Ductility — It is the property of the material or
a structure indicating the extent to which it can deform
beyond the limit of yield deformation before failure or
fracture. The ratio of ultimate to yield deformation is
usually termed as ductility.

1.3.31 Durability — It is the ability of a material to
resist deterioration over long periods of time.

1.3.32 Earthquake Loads — The inertia forces
produced in a structure due to the ground movement
during an earthquake.

1.3.33 Edge Distance — Distance from the centre of a
fastener hole to the nearest edge of an element
measured perpendicular to the direction of load
transfer.

1.3.34 Effective Lateral Restraint — Restraint, that
produces sufficient resistance to prevent deformation
in the lateral direction.

1.3.35 Effective Length — Actual length of a member
between points of effective restraint or effective
restraint and free end, multiplied by a factor to take
account of the end conditions in buckling strength
calculations.

1.3.36 Elastic Cladding — Claddings, such as metal
sheets, that can undergo considerable deformation
without damage.

1.3.37 Elastic Critical Moment — The elastic moment,
which initiates lateral-torsional buckling of a laterally
unsupported beam.

1.3.38 Elastic Design — Design, which assumes elastic
behaviour of materials throughout the service load
range.

1.3.39 Elastic Limir — It is the stress below which the
material regains its original size and shape when the
load is removed. In steel design, it is taken as the yield
stress.

1.3.40 End Distance — Distance from the centre of a
fastener hole to the edge of an element measured
parallel to the direction of load transfer.

1.3.41 Erection Loads — The actions (loads and
deformations) experienced by the structure exclusively
during erection.

1.3.42 Erection Tolerance — Amount of deviation
related to the plumbness, alignment, and level of the



element as a whole in the erected position. The
deviations are determined by considering the locations
of the ends of the element.

1.3.43 Exposed Surface Area to Mass Ratio — The
ratio of the surface area exposed to the fire (in mm?) to
the mass of steel (in kg).

NOTE — In the case of members with fire protection material
applied, the exposed surface area is to be taken as the internal
surface area of the fire protection material.

1.3.44 Fabrication Tolerance — Amount of deviation
allowed in the nominal dimensions and geometry in
fabrication activities, such as cutting to length, finishing
of ends, cutting of bevel angles, etc.

1.3.45 Factor of Safety — The factor by which the yield
stress of the material of a member is divided to arrive
at the permissible stress in the material.

1.3.46 Fatigue — Damage caused by repeated
fluctuations of stress, leading to progressive cracking
of a structural element.

1.3.47 Fatigue Loading — Set of nominal loading
events, cyclic in nature, described by the distribution
of the loads, their magnitudes and the number of
applications in each nominal loading event.

1.3.48 Fatigue Strength — The stress range for a
category of detail, depending upon the number of
cycles it is required to withstand during design life.

1.3.49 Fire Exposure Condition

a) Three-sided fire exposure condition — Steel
member incorporated in or in contact with a
concrete or masonry floor or wall (at least
against one surface).

NOTES

1 Three-sided fire exposure condition is to be considered
separately unless otherwise specified (see 16.10).

2 Members with more than one face in contact with a
concrete or masonry floor or wall may be treated as
three-sided fire exposure.

b) Four-sided fire exposure condition — Steel

member, which may be exposed to fire on all
sides.

1.3.50 Fire Protection System — The fire protection
material and its method of attachment to the steel
member.

1.3.51 Fire Resistance — The ability of an element,
component or structure, to fulfil for a stated period of
time, the required stability, integrity, thermal insulation
and/or other expected performance specified in a
standard fire test.

1.3.52 Fire Resistance Level — The fire resistance grading
period for a structural element or system, in minutes,
which is required to be attained in the standard fire test.
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1.3.53 Flexural Stiffness — Stiffness of a member
against rotation as evaluated by the value of bending
deformation moment required to cause a unit rotation
while all other degrees of freedom of the joints of the
member except the rotated one are assumed to be
restrained.

1.3.54 Friction Type Connection — Connection
effected by using pre-tensioned high strength bolts
where shear force transfer is due to mobilisation of
friction between the connected plates due to clamping
force developed at the interface of connected plates
by the bolt pre-tension.

1.3.55 Gauge — The spacing between adjacent parallel
lines of fasteners, transverse to the direction of load/
stress.

1.3.56 Gravity Load — Loads arising due to
gravitational effects.

1.3.57 Gusset Plate — The plate to which the members
intersecting at a joint are connected.

1.3.58 High Shear — High shear condition is caused
when the actual shear due to factored load is greater
than a certain fraction of design shear resistance
(see 9.2.2).

1.3.59 Imposed (Live) Load — The load assumed to
be produced by the intended use or occupancy
including distributed, concentrated, impact, vibration
and snow loads but excluding, wind, earthquake and
temperature loads.

1.3.60 Instability — The phenomenon which disables
an element, member or a structure to carry further load
due to excessive deflection lateral to the direction of
loading and vanishing stiffness.

1.3.61 Lateral Restraint for a Beam (see 1.3.34)

1.3.62 Leading Imposed Load — Imposed load causing
higher action and/or deflection.

1.3.63 Limit State — Any limiting condition beyond
which the structure ceases to fulfil its intended function
(see also 1.3.86).

1.3.64 Live Load (see 1.3.59)

1.3.65 Load — An externally applied force or action
(see also 1.3.4).

1.3.66 Main Member — A structural member, which
is primarily responsible for carrying and distributing
the applied load or action.

1.3.67 Mill Tolerance — Amount of variation allowed
from the nominal dimensions and geometry, with
respect to cross-sectional area, non-parallelism of
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flanges, and out of straightness such as sweep or
camber, in a product, as manufactured in a steel mill.

1.3.68 Normal Stress — Stress component acting
normal to the face, plane or section.

1.3.69 Partial Safety Factor — The factor normally
greater than unity by which either the loads (actions)
are multiplied or the resistances are divided to obtain
the design values.

1.3.70 Period of Structural Adequacy under Fire —
The time (r), in minutes, for the member to reach the
limit state of structural inadequacy in a standard fire
test. ’

1.3.71 Permissible Stress — When a structure is being
designed by the working stress method, the maximum
stress that is permitted to be experienced in elements,
members or structures under the nominal/service load
{action).

1.3.72 Pitch — The centre-to-centre distance between
individual fasteners in a line, in the direction of load/
stress.

1.3.73 Plastic Collapse — The failure stage at which
sufficient number of plastic hinges have formed due
to the loads (actions) in a structure leading to a failure
mechanism.

1.3.74 Plastic Design — Design against the limit state
of plastic collapse.

1.3.75 Plastic Hinge — A yielding zone with
significant inelastic rotation, which forms in a member,
when the plastic moment is reached at a section.

1.3.76 Plastic Moment — Moment capacity of a cross-
section when the entire cross-section has yielded due
to bending moment.

1.3.77 Plastic Section — Cross-section, which can
develop a plastic hinge and sustain plastic moment over
sufficient plastic rotation required for formation of
plastic failure mechanism of the member or structure.

1.3.78 Poisson’s Ratio — It is the absolute value of
the ratio of lateral strain to longitudinal strain under
uni-axial loading.

1.3.79 Proof Stress — The stress to which high strength
friction grip (HSFG) bolts are pre-tensioned.

1.3.80 Proof Testing — The application of test loads
to a structure, sub-structure, member or connection to
ascertain the structural characteristics of only that
specific unit.

1.3.81 Prototype Testing — Testing of structure, sub-
structure, members or connections to ascertain the
structural characteristics of that class of structures, sub-

structures, members or connections that are nominally
identical (full scale) to the units tested.

1.3.82 Prying Force — Additional tensile force
developed in a bolt as a result of the flexing of a
connection component such as a beam end plate or leg
of an angle.

1.3.83 Rotation — The change in angle at a joint
between the original orientation of two linear member
and their final position under loading.

1.3.84 Secondary Member — Member which is
provided for overall stability and or for restraining the
main members from buckling or similar modes of
failure.

1.3.85 Semi-compact Section — Cross-section, which
can attain the yield moment, but not the plastic moment
before failure by plate buckling.

1.3.86 Serviceability Limit State — A limit state of
acceptable service condition exceedence of which
causes serviceability failure.

1.3.87 Shear Force — The inplane force at any
transverse cross-section of a straight member of a
column or beam.

1.3.88 Shear Lag — The in plane shear deformation
effect by which concentrated forces tangential to the
surface of a plate gets distributed over the entire section
perpendicular to the load over a finite length of the
plate along the direction of the load.

1.3.89 Shear Stress — The stress component acting
parallel to a face, plane or cross-section.

1.3.90 Siender Section — Cross-section in which the
elements buckle locally before reaching yield moment.

1.3.91 Slenderness Ratio — The ratio of the effective
length of a member to the radius of gyration of the
cross-section about the axis under consideration.

1.3.92 Slip Resistance — Limit shear that can be
applied in a friction grip connection before slip occuss.

1.3.93 S-N Curve — The curve defining the relationship
between the number of stress cycles to failure (N, ) at
a constant stress range (S,), during fatigue loading of
a structure.

1.3.94 Snow Load — l.oad on a structure due to the
accumulation of snow and ice on surfaces such as roof.

1.3.95 Snug Tight — The tightness of a bolt achieved
by a few impacts of an impact wrench or by the full
effort of a person using a standard spanner.

1.3.96 Stability Limit State — A limit state
corresponding to the loss of static equilibrium of a
structure by excessive deflection transverse to the
direction of predominant loads.



1.3.97 Stickabiliry — The ability of the fire protection
system to remain in place as the member deflects under
load during a fire test.

1.3.98 Stiffener — An element used to retain or prevent
the out-of-plane deformations of plates.

1.3.99 Strain — Deformation per unit length or unit
angle.

1.3.100 Strain Hardening — The phenomenon of
increase in stress with increase in strain beyond
yielding.

1.3.101 Srrength — Resistance to failure by yielding
or buckling.

1.3.102 Strength Limit State — A limit state of collapse
or loss of structural integrity.

1.3.103 Stress — The internal force per unit area of
the original cross-section,

1.3.104 Stress Analysis — The analysis of the internal
force and stress condition in an element, member or
structure.

1.3.105 Stress Cycle Counting — Sum of individual
stress cycles from stress history arrived at using any
rational method.

1.3.106 Stress Range — Algebraic difference between
two extremes of stresses in a cycle of loading.

1.3.107 Stress Spectrum — Histogram of stress cycles
produced by a nominal loading event design spectrum,
during design life.

1.3.108 Structural Adequacy for Fire — The ability of
the member to carry the test load exposed to the
standard fire test.

1.3.109 Structural Analysis — The analysis of stress,
strain, and deflection characteristics of a structure.

1.3.110 Strut — A compression member, which may
be oriented in any direction.

1.3.111 Sway — The lateral deflection of a frame.

1.3.112 Sway Member — A member in which the
transverse displacement of one end, relative to the other
is not effectively prevented.

1.3.113 Tensile Stress — The characteristic stress
corresponding to rupture in tension, specified for the
grade of steel in the appropriate Indian Standard, as
listed in Table 1.

1.3.114 Test Load — The factored load, equivalent to
a specified load combination appropriate for the type
of test being performed.
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1.3.115 Transverse — Direction along the stronger axes
of the cross-section of the member.

1.3.116 Ultimate Limit State — The state which, if
exceeded can cause collapse of a part or the whole of
the structure.

1.3.117 Ultimate Stress (see 1.3.113)

1.3.118 Wind Loads — Load experienced by member
or structure due to wind pressure acting on the surfaces.

1.3.119 Yield Stress — The characteristic stress of the
material in tension before the elastic limit of the
material is exceeded, as specified in the appropriate
Indian Standard, as listed in Table 1.

1.4 Symbols

Symbols used in this standard shall have the following
meanings with respect to the structure or member or

condition, unless otherwise defined elsewhere in this
Code.

A — Area of cross-section

A, — Area at root of threads

A, — Effective cross-sectional area

Ay — Reduced effective flange area

A, — Total flange area

A, — Gross cross-sectional area

Ay — Gross cross-sectional area of flange

Ay — Gross cross-sectional area of
outstanding (not connected) leg of a
member

A —— Net area of the total cross-section

A, — Net tensile cross-sectional area of bolt

A, — Net cross-sectional area of the
connected leg of a member

A, — Net cross-sectional area of each
flange

A — Net cross-sectional area of
outstanding (not connected) leg of a
member

A, — Nominal bearing area of bolt on any
plate

A, — Cross-sectional area of a bearing
(load carrying) stiffener in contact
with the flange

A, — Tensile stress area

A, — Gross cross-sectional .area of a bolt
at the shank

A — Gross sectional area in tension from

the centre of the hole to the toe of
the angle section/channel section, etc
(see 6.4) perpendicular to the line of
force
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— Net sectional area in tension from the
centre of the hole to the toe of
the angle perpendicular to the line
of force (see 6.4)

— Shear area

— Gross cross-sectional area in shear
along the line of transmitted force
(see 6.4)

— Net cross-sectional area in shear
along the line of transmitted force
(see 6.4)

— Larger and smaller projection of the
slab base beyond the rectangle
circumscribing the column,
respectively (see 7.4)

— Peak acceleration

— Unsupported length of individual
elements being laced between lacing
points

— Length of side of cap or base plate of
a column

-— Outstand/width of the element

— Stiff bearing length, Stiffener bearing
length

— Effective width of flange between
pair of bolts

— Width of the flange

—— Width of flange as an internal element

— Width of flange outstand

— Panel zone width between column
flanges at beam-column junction

—— Shear lag distance

— Width of tension field

— Width of outstanding leg

— Centre-to-centre
distance of battens

longitudinal

— Coefficient of thermal expansion

— Moment amplification factor about
respective axes

— Spacing of transverse stiffener

— Moment amplification factor for
braced member

— Moment reduction factor for lateral
torsional  buckling strength
calculation

— Moment amplification factor for
sway frame

— Opverall depth/diameter of the cross-
section

— Depth of web, Nominal diameter
— Twice the clear distance from the
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compression flange angles, plates or
tongue plates to the neutral axis

— Diameter of a bolt/ rivet hole

— Nominal diameter of the pipe column
or the dimensions of the column in
the depth direction of the base plate

— Panel zone depth in the beam-column
junction

— Modulus of elasticity for steel
— Modulus of elasticity of steel at T °C
— Modulus of elasticity of steel at 20°C

— Modulus of elasticity of the panel
material

— Buckling strength of un-stiffened
beam web under concentrated load

— Factored design load
— Normal force

— Minimum proof pretension in high
strength friction grip bolts.

— Bearing capacity of load carrying
stiffener

— Stiffener force

— Stiffener buckling resistance

~— Test load

— Load for acceptance test

— Minimum test load from the test to
failure

— Test load resistance

— Strength test load

— Design capacity of the web in bearing

— External load, force or reaction

— Buckling resistance of load carrying
web stiffener

— Actual normal stress range for the
detail category

— Frequency for a simply supported one
way system

-— Frequency of floor supported on steel
girder perpendicular to the joist

— Calculated stress due to axial force
at service load

— Permissible bending stress in
compression at service load

— Permissible compressive stress at
service load

— Permissible bending stress in tension
at service load

— Permissible bearing stress of the bolt
at service load

— Permissible stress of the bolt in shear
at service load
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Permissible tensile stress at service
load

Permissible tensile stress of the bolt
at service load

Permissible stress of the weld at
service load

Actual bending stress at service load

Actual bending stress in compression
at service load

Design bending compressive stress
corresponding to lateral buckling

Actual bearing stress due to bending
at service load

Actual bending stress in tension at
service load

Permissible bending stress in column
base at service load

Actual axial compressive stress at
service load

Elastic buckling stress of a column,
Euler buckling stress

Design compressive stress

Extreme fibre compressive stress
corresponding elastic lateral buckling
moment

Equivalent stress at service load

Fatigue stress range corresponding to
5 x 10° cycles of loading

Equivalent constant amplitude stress
Design normal fatigue strength
Highest normal stress range

Normal fatigue stress range

Normal stress in weld at service load
Proof stress

Actual bearing stress at service load

Actual bearing stress in bending at
service load

Bearing strength of the stiffeners
Frequency

Actual shear stress in bolt at service
load

Actual tensile stress at service load

Actual tensile stress of the bolt at
service load

Characteristic ultimate tensile stress
Characteristic ultimate tensile stress
of the bolt

Average ultimate stress of the
material as obtained from test
Characteristic ultimate tensile stress
of the connected plate
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Applied shear stress in the panel
designed utilizing tension field action

Actual stress of weld at service load
Design stress of weld at service load
Nominal strength of fillet weld

Maximum longitudinal stress under
combined axial force and bending

Characteristic yield stress

Yield stress of steel at T °C

Yield stress of steel at 20°C
Characteristic yield stress of bolt
Characteristic yield stress of flange

Average yield stress as obtained from
test

Characteristic yield stress of
connected plate

Characteristic yield stress of stiffener
material

Characteristic yield stress of the web
material

Modulus of rigidity for steel

Gauge length between centre of the
holes perpendicular to the load
direction, acceleration due to gravity

Depth of the section

Total height from the base to the floor
level concerned

Height of the column

Effective thickness

Cenre-to-centre distance of flanges
Thickness of fire protection material
Height of the lip

Storey height

Distance between shear centre of the
two flanges of a cross-section

Moment of inertia of the member
about an axis perpendicular to the
plane of the frame

Moment of inertia of the compression
flange of the beam about the axis
parallel to the web

Moment of inertia of the tension
flange of the beam about minor axis
Moment of inertia of a pair of
stiffener about the centre of the web,
or a single stiffener about the face of
the web

Second moment of inertia

Second moment of inertia of the
stiffener about the face of the element
perpendicular to the web



IS 800 : 2007

i — Transformed moment of inertia of the

KL —
KLir —

KL/ ry, —

one way system (in terms of
equivalent steel, assuming the
concrete flange of width equal to the
spacing of the beam to be effective)

St. Venant’s torsion constant
Warping constant

Moment of inertia about the minor
axis of the cross-section

Moment of inertia about the major
axis of the cross-section

Effective stiffness of the beam and
column

Reduction factor to account for the
high strength friction grip connection
bolts in over sized and slotted holes
Effective length of the member

Appropriate effective slenderness
ratio of the section

Effective slenderness ratio of the
section about the minor axis of the
section
Effective slenderness ratio of the
section about the major axis of the
section

Actual maximum  effective
slenderness ratio of the laced column

Effective slenderness ratio of the
laced column accounting for shear
deformation

Shear buckling co-efficient
Warping restraint factor

Regression coefficient

Exposed surface area to mass ratio

Actual length, unsupported length,
Length centre-to-centre distance of
the intersecting members, Cantilever
length

Length of end connection in bolted
and welded members, taken as the
distance between outermost fasteners
in the end connection, or the length
of the end weld, measured along the
length of the member

Effective length for lateral torsional
buckling

Maximum distance from the restraint
to the compression flange at the
plastic hinge to an adjacent restraint
(limiting distance)

Length between points of zero
moment (inflection) in the span
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— Elastic

— Centre-to-centre length of the

supporting member

— Distance between prying force and

bolt centre line

— Grip length of bolts in a connection
— Length of the joint
— Length between points of lateral

support to the compression flange in
a beam

— Distance from bolt centre line to the

toe of fillet weld or to half the root
radius for a rolled section

— Length of weld
— Bending moment
— Applied bending moment

critical moment
corresponding to lateral torsional
buckling of the beam

— Design flexural strength
— Moment capacity of the section under

high shear

Design bending strength about the
minor axis of the cross-section

Design bending strength about the
major axis of the cross-section

Reduced effective moment

Reduced plastic moment capacity of
the flange plate

-— Design plastic resistance of the flange

alone

— Design bending strength under

combined axial force and uniaxial
moment

M., M, —Design bending strength under
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combined axial force and the
respective uniaxial moment acting
alone

— Plastic moment capacity of the

section

— Moment in the beam at the

intersection of the beam and column
centre lines

— Moments in the column above and

below the beam surfaces

— Plastic design strength

— Plastic design strength of flanges only
— Applied moment on the stiffener

— Moment at service (working) load
— Moment resistance of tension flange
— Factored applied moment about the

minor axis of the cross-section
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Moment capacity of the stiffener
based on its elastic modulus

Factored applied moment about the
major axis of the cross-section

Number of parallel planes of battens

Design strength in tension or in
compression

Axial force in the flange
Number -of stress cycles

Number of bolts in the bolt group/
critical section

Number of effective interfaces
offering frictional resistance to slip

Number of shear planes with the
threads intercepting the shear plane
in the bolted connection

Number of shear planes without
threads intercepting the shear plane
in the bolted connection

Factored applied axial force
Elastic buckling load
Design axial compressive strength

Design compression strength as
governed by flexural buckling about
the respective axis

Elastic Euler buckling load
Minimum required strength for each
flange splice

Required compressive strength
Actual compression at service load

Yield strength of the cross-section
under axial compression

Pitch length between centres of holes
parallel to the direction of the
load

Staggered pitch length along the
direction of the load between lines of
the bolt holes (see Fig. 5)

Prying force

Accidental load (Action)
Characteristic loads (Action)
Design load (Action)
Permanent loads (Action)
Variable loads (Action)
Shear stress at service load

Ratio of the mean compressive stress
in the web (equal to stress at
mid depth) to yield stress of the web;
reaction of the beam at support

Design strength of the member at
room temperature
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o XX
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Net shear in bolt group at bolt “i”
Response reduction factor
Flange shear resistance

Ultimate strength of the member at
room temperature

Appropriate radius of gyration

Minimum radius of gyration of the
individual element being laced
together

Ratio of the design action on the
member under fire to the design
capacity

Radius of gyration about the minor
axis (v-v) of angle section.

Radius of gyration about the minor
axis

Radius of gyration about the major
axis

Minimum transverse distance
between the centroid of the rivet or
bolt group or weld group

Constant stress range

Design strength

Original cross-sectional area of the
test specimen

Spring stiffness

Ultimate strength

Anchorage length of tension field
along the compression flange

Anchorage length of tension field
along the tension flange

Actual stiffener spacing

Temperature in degree Celsius;
Factored tension

Applied tension in bolt
Thickness of compression flange
Design strength under axial tension

Yielding strength of gross section
under axial tension

Rupture strength of net section under
axial tension

Design strength of bolt under axial
tension; Block shear strength at
end connection

Externally applied tension

Factored tension force of friction type
bolt

Limiting temperature of the steel

Nominal strength of bolt under axial
tension

— Design tension capacity
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Design tension capacity of friction
type bolt

Nominal tensile strength of friction
type bolt

Actual tenston under service load

Thickness of element/angle, time in
minutes

Thickness of flange

Thickness of plate

Thickness of packing

Thickness of stiffener

Thickness of base slab

Effective throat thickness of welds
Thickness of web,

Factored applied shear force
Shear in batten plate

Factored frictional shear force in
friction type connection

Critical shear strength corresponding
to web buckling

Design shear strength
Block shear strength
Nominal shear strength of bolt

Bearing capacity of bolt for friction
type connection

Plastic shear resistance under pure
shear

Nominal shear strength
Nominal bearing strength of bolt
Nominal shear capacity of a bolt

Nominal shear capacity of bolt as
governed by slip in friction type
connection

Transverse shear at service load
Factored shear force in the bolt
Design shear capacity

Design shear strength in friction type
bolt

Factored design shear force of
friction bolts

Applied transverse shear
Shear resistance in tension field
Total load

Uniform pressure from below on the
slab base due to axial compression
under the factored load

Width of tension field

Torsional index

Elastic section modulus

Elastic section modulus of the
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member with respect to extreme
compression fibre

Z, — Elastic section modulus of the
member with respect to extreme
tension fibre

z, — Plastic section modulus

Z, — Contribution to the plastic section

modulus of the total shear area of the
cross-section

Ve — Distance between point of application

of the load and shear centre of
the cross-section

v, — Co-ordinate of the shear centre in
respect to centroid

o — Imperfection factor for buckling
strength in columns and beams

o, — Coefficient of thermal expansion

By — Ratio of smaller to the larger bending
moment at the ends of a beam
column

Buy Bw, — Equivalent uniform moment factor

for flexural buckling for y-y and z-z
axes respectively

Buwe  — Equivalent uniform moment factor
for lateral torsional buckling

X — Strength reduction factor to account
for buckling under compression

pm — Strength reduction factor, , atf, .

Xir — Strength reduction factor to account
for lateral torsional buckling of
beams

0 — Storey deflection

oy — Horizontal deflection of the bottom
of storey due to combined gravity
and notional load

5, — Load amplification factor

S — Horizontal deflection of the top of
storey due to combined gravity and
notional load

¢ — Inclination of the tension field stress
in web

Y — Unit weight of steel

Y — Partial safety factor for load

Yo — Partial safety factor for material

Yoo — Partial safety factor against yield
stress and buckling

Yoot — Partial safety factor against ultimate
stress

Yinb -— Partial safety factor for bolted
connection with bearing type bolts

Yint — Partial safety factor for bolted

connection with High Strength
Friction Grip bolts



Yie — Partial safety factor for fatigue load

Yoot — Partial safety factor for fatigue
strength

Yo — Partial safety factor against shear
failure

Yiow — Partial safety factor for strength of
weld

€ — Yield stress ratio (250 /) '

A — Non-dimensional slenderness ratio =
Jf (KL IR E = [/ =

JB 7P,

Ao — Elastic buckling load factor

A, — Equivalent slenderness ratio

y . -— Non-dimensional slenderness ratio in
lateral bending

A — Elastic buckling load factor of each
storey

u -— Poisson’s ratio

U, — Correction factor

e — Coefficient of friction (slip factor)

u, — Capacity reduction factor

0 — Ratio of the rotation at the hinge point
to the relative elastic rotation of the
far end of the beam segment
containing plastic hinge

p — Unit mass of steel

T — Actual shear stress range for the detail
category

T, — Buckling shear stress

Ty — Permissible shear stress at the service
load

Tope — Elastic critical shear stress

T — Fatigue shear stress range

Tomax  — Highest shear stress range

Ty — Design shear fatigue strength

T, — Fatigue shear stress range at Ny.cycle
for the detail category

T, — Actual shear stress at service load

— Ratio of the moments at the ends of

the laterally unsupported length of
a beam

r — Frame buckling load factor

NOTE — The subscripts y, £ denote the y-y and z-z axes of the
section, respectively. For symmetrical sections, y-y denotes the
minor principal axis whilst z-z denotes the major principal axis
(see 1.8).

1.5 Units

For the purpose of design calculations the following
units are recommended:
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a) Forces and loads, in kN, kN/m, kN/m?;

b) Unit mass, in kg/m?;

c) Unit weight, in kN/m?;

d) Stresses and strengths, in N/mm? (MN/m? or
MPa); and

e) Moments (bending, etc), in kNm.

For conversion of one system of units to another
system, IS 786 (Supplement) may be referred.

1.6 Standard Dimensions, Form and Weight

The dimensions, form, weight, tolerances of all rolled
shapes, all rivets, bolts, nuts, studs, and welds and other
members used in any steel structure shall conform to
1S 808 and IS 1852, wherever applicable.

1.7 Plans and Drawings

1.7.1 Plans, drawings and stress sheet shall be prepared
according to IS 8000 (Parts 1 to 4), IS 8976 and IS 962.

1.7.1.1 Plans

The plans (design drawings) shall show the sizes,
sections, and the relative locations of the various
members. Floor levels, column centres, and offsets
shall be dimensioned. Plans shall be drawn to a scale
large enough to convey the information adequately.
Plans shall indicate the type of construction to be
employed; and shall be supplemented by such data on
the assumed loads, shears, moments and axial forces
to be resisted by all members and their connections, as
may be required for the proper preparation of shop
drawings. Any special precaution to be taken in the
erection of structure, from the design consideration
shall also be indicated in the drawing.

1.7.1.2 Shop drawings

Shop drawings, giving complete information
necessary for the fabrication of the component parts
of the structure including the location, type, size,
length and detail of all welds and fasteners shall be
prepared in advance of the actual fabrication. They
shall clearly distinguish between shop and field rivets,
bolts and welds. For additional information to be
included on drawings for designs based on the use of
welding, reference shall be made to appropriate Indian
Standards. Shop drawings shall be made in
conformity with IS 962. A marking diagram allotting
distinct identification marks to each separate part of
steel work shall be prepared. The diagram shall be
sufficient to ensure convenient assembly and erection
at site.

1.7.2 Symbols used for welding on plans and shop
drawings shall be according to IS 813.
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1.8 Convention for Member Axes

Unless otherwise specified convention used for
member axes is as follows (see Fig. 1):

a) x-x along the member.
b) y-y an axis of the cross-section.
1) perpendicular to the flanges, and

2) perpendicular to the smaller leg in an
angle section.

¢) z-z an axis of the cross-section
1) axis parallel to flanges, and
2) axis parallel to smaller leg in angle

section.

d) u-umajor axis (when it does not coincide with
Z-7 axis).

e) v-vminor axis (when it does not coincide with
y-y axis).

SECTION 2
MATERIALS

2.1 General

The material properties given in this section are
nominal values, to be accepted as characteristic values
in design calculations.

2.2 Structural Steel

2.2.1 The provisions in this section are applicable to
the steels commonly used in steel construction, namely,
structural mild steel and high tensile structural steel.

2.2.2 All the structural steel used in general
construction, coming under the purview of this standard
shall before fabrication conform to IS 2062.

2.2.3 Structural steel other than those specified in 2.2.2
may also be used provided that the permissible stresses
and other design provisions are suitably modified and
the steel is also suitable for the type of fabrication
adopted.

2.2.3.1 Steel that is not supported by mill test result
may be used only in unimportant members and details,
where their properties such as ductility and weldability
would not affect the performance requirements of the
members and the structure as a whole.

However, such steels may be used in structural system
after confirming their quality by carrying out
appropriate tests in accordance with the methed
specified in IS 1608.

2.2.4 Properties

The properties of structural steel for use in design, may
be taken as given in 2.2.4.1 and 2.2.4.2.

2.2.4.1 Physical properties of structural steel
irrespective of its grade may be taken as:

a) Unit mass of steel, p =7 850 kg/m*

b) Modulus of elasticity, E = 2.0 x 105 N/mm?
(MPa)

c) Poisson ratio, L = 0.3

d) Modulus of rigidity, G = 0.769 x 10° N/mm?
(MPa)

e) Co-efficient of thermal expansion o, = 12 x
10¢/°C

2.2.4.2 Mechanical properties of structural steel

The principal mechanical properties of the structural
steel important in design are the yield stress, fy ; the
tensile or ultimate stress, fu ; the maximum percent
elongation on a standard gauge length and notch
toughness. Except for notch toughness, the other
properties are determined by conducting tensile tests
on samples cut from the plates, sections, etc, in
accordance with IS 1608. Commonly used properties
for the common steel products of different
specifications are summarized in Table 1.

2.3 Rivets

2.3.1 Rivets shall be manufactured from steel

Fic. 1 AXES oF MEMBERS
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Table 1 Tensile Properties of Structural Steel Products
(Clauses 1.3.113,1.3.119 and 2.2.4.2)

Si Indian  Grade/Classification Properties
No. Standard : : —
Yield Stress Ultimate Tensile Stress Elongation,
MPa, Min MPa. Min Percent,
Min
(0 @ %) (4) (5) (6)
O J— — —
D 280 270-410 28
iy 18513 DD 250 270-370 32
EDD 220 270-350 35
r Ex40xx 330 410-540 16
Ex41xx 330 410-540 20
Ex42xx 330 410-540 22
Ex43xx 330 410-540 24
Ex44xx 330 410-540 24
3 {  ExsOxx 360 510-610 16
i) 15814 ExS1xx 360 510-610 18
Ex52xx 360 510-610 i8
ExS3xx 360 510-610 20
Ex54xx 360 510-610 20
Ex55xx 360 510-610 20
v\ Exsexx 360 510-610 20
O — . —
D — 25
i) 151079 DD — 240-400 28
EDD 260-390 32
- 260-380
r 3.6 - 330 25
4.6 — 400 22
4.8 — 420 —
5.6 — 500 20
5.8 — 520 —
) 6.8 — 600 —
v) Eia’.f’?? \ 8.8 (d < 16 mm) 640 " 800 12
8.8 (d> 16 mm) 660 830 12
98 7209 900 10
10.9 940 " 1040 9
\ 129 100" 1220 8
. 1 200 370 26
1A 220 410 25
2 230 430 24
2A 250 460 22
3 270 490 21
v) IS1875 4 3A 280 540 20
4 320 620 15
5 350 710 13
\ 6 370 740 10
dort
A
“<20 >20
0 im0 {5 w it x
' 250 240 -
t t t
A J\
~— ~. N
<16 >l6and >40 and >60 and >100 and <60 >60and >100 <60 >60
<40 <60 <100 <350 <100 and and
<350 <350
. 1 235 225 215 200 185  360-480 360-480 350-480 24 23
vii) 1§ 2002 2 265 255 245 215 200 410-530 410-530 400-530 22 21
3 290 285 280 255 230  460-580 450-570 440-570 21 20

13
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Table 1 (Concluded)

SI Indian Grade/Classification Properties
No. Standard
Yield Stress Ultimate Tensile Stress Elongation,
MPa, Min MPa, Min Percent, Min
(1) (2) 3) “4) (%) (6)
dort
A
' N
<20 20-40 > 40
(& 165 (Fe 290) 165 165 165 290 23
E 250 (Fe 410 W) A 250 240 230 410 23
£ 250 (Fe410 W) B 250 240 230 410 23
E 250 (Fe 410 W) C 250 240 230 410 23
viil) 12062 < E 300 (Fe 440) 300 290 280 440 22
E 350 (Fe 490) 350 330 320 490 22
E 410 (Fe 540) 410 390 380 540 20
E 450 (Fe 570) D 450 430 420 570 20
k E 450 (Fe 590)E 450 430 420 590 20
dort
A
el N
1 <25 >25and < 50
i) 153039 11 230 220 400-490 2
i 235 235 400-490 e
235 235 400-490 2
Grade | 240 350-450 25
X 15620 { Grade 2 245 360-450 34
Annealed Condition 160 330-410 30
xi)  IS7557 { As-Drawn Condition 190 410-490 20
( HFC 210/CDS 210 330 20
210/ERW210
B HFC 240/CDS 240 410 18
xii) 189295 4 240/ERW240
HFC 310/CDS
L 310/ERW310 310 450 15
- 1 170 290 30
2 210 330 28
xiii) 1510748 % 3 240 410 25
4 275 430 20
L 5 310 490 15

NOTES
1 Percent of elongation shall be taken over the gauge length 5.65/S,, where S, = Original cross-sectiondl area of the test specimen.
2 Abbreviations: O = Ordinary, D = Drawing, DD = Deep Drawing, EDD = Extra Deep Drawing.

1) Stress at 0.2 percent non-proportional elongation, Min.
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conforming to IS 7557. They may also be
manufactured from steel conforming to IS 2062
provided that the steel meets the requirements given
in IS 1148.

2.3.2 Rivets shall conform to IS 1929 and IS 2155 as
appropriate.

2.3.3 High Tensile Steel Rivets

High tensile steel rivets, shall be manufactured from
steel conforming to IS 1149.

2.4 Bolts, Nuts and Washers

Bolts, nuts and washers shall conform as appropriate
to IS 1363 (Parts 1 to 3), IS 1364 (Parts 1 to 5), IS 1367
(Parts 1 to 20), IS 3640, IS 3757, IS 4000, IS 5369,
IS 5370, 1S 5372, 18 5374, 18 5624, IS 6610, IS 6623,
IS 6639, and IS 6649. The recommendations in 1S 4000
shall be followed.

2.5 Steel Casting
Steel casting shall conform to IS 1030 or 1S 2708.

2.6 Welding Consumable

2.6.1 Covered electrodes shall conform to IS 814 or
IS 1395, as appropriate.

2.6.2 Filler rods and wires for gas welding shall
conform to IS 1278.

2.6.3 The supply of solid filler wires for submerged
arc welding of structural steels shall conform to
IS 1387.

2.6.4 The bare wire electrodes for submerged arc
welding shall conform to IS 7280. The combination
of wire and flux shall satisfy the requirements of
IS 3613.

2.6.5 Filler rods and bare electrodes for gas shielded
metal arc welding shall conform to IS 6419 and
IS 6560, as appropriate.

2.7 Other Materials

Other materials used in association with structural steel
work shall conform to appropriate Indian Standards.

SECTION 3
GENERAL DESIGN REQUIREMENTS

3.1 Basis for Design
3.1.1 Design Objective

The objective of design is the achievement of an
acceptable probability that structures will perform
satisfactorily for the intended purpose during the design
life. With an appropriate degree of safety, they should
sustain all the loads and deformations, during
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construction and use and have adequate resistance to
certain expected accidental loads and fire. Structure
should be stable and have alternate load paths to prevent
disproportionate overall collapse under accidental
loading.

3.1.2 Methods of Design

3.1.2.1 Structure and its elements shall normally, be
designed by the limit state method. Account should be
taken of accepted theories, experimental information
and experience and the need to design for durability.
Calculations alone may not produce safe, serviceable
and durable structures. Suitable materials, quality
control, adequate detailing and good supervision are
equally important.

3.1.2.2 Where the limit states method cannot be
conveniently adopted; the working stress design (sec
Section 11) may be used.

3.1.3 Design Process

Structural design, including design for durability,
construction and use should be considered as a whole.
The realization of design objectives requires
compliance with clearly defined standards for
materials, fabrication, erection and in-service
maintenance.

3.2 Loads and Forces

3.2.1 For the purpose of designing any element,
member or a structure, the following loads (actions)
and their effects shall be taken into account, where
applicable, with partial safety factors and combinations
(see 8.3.3):

a) Dead loads;

b) Imposed loads (live load, crane load, snow
load, dust load, wave load, earth pressures,
etc);

¢) Wind loads;

d) Earthquake loads;

e) Erection loads;

f) Accidental loads such as those due to blast,
impact of vehicles, etc; and

g) Secondary effects due to contraction or

expansion resulting from temperature
changes, differential settlements of the
structure as a whole or of its components,
eccentric connections, rigidity of joints
differing from design assumptions.

3.2.1.1 Dead loads should be assumed in design as
specified in IS 875 (Part 1).

3.2.1.2 Imposed loads for different types of occupancy
and function of structures shall be taken as
recommended in IS 875 (Part 2). Imposed loads arising
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from equipment, such as cranes and machines should
be assumed in design as per manufacturers/suppliers
data (see 3.5.4). Snow load shall be taken as per
IS 875 (Part 4).

3.2.1.3 Wind loads on structures shall be taken as per
the recommendations of IS 875 (Part 3).

3.2.1.4 Earthquake loads shall be assumed as per the
recommendations of IS 1893 (Part 1).

3.2.1.5 The erection loads and temperature effects shall
be considered as specified in 3.3 and 3.4 respectively.

3.3 Erection Loads

All loads required to be carried by the structure or any
part of it due to storage or positioning of construction
material and erection equipment, including all loads
due to operation of such equipment shall be considered
as erection loads. Proper provision shall be made,
including temporary bracings, to take care of all stresses
developed during erection. Dead load, wind load and
also such parts of the live load as would be imposed
on the structure during the period of erection shall be
taken as acting together with the erection loads. The
structure as a whole and all parts of the structure in
conjunction with the temporary bracings shall be
capable of sustaining these loads during erection.

3.4 Temperature Effects

3.4.1 Expansion and contraction due to changes in
temperature of the members and elements of a structure
shall be considered and adequate provision made for
such effect.

3.4.2 The temperature range varies for different
localities and under different diurnal and seasonal
conditions. The absolute maximum and minimum
temperatures, which may be expected in different
localities of the country, may be obtained from the
Indian Metrological Department and used in assessing
the maximum variations of temperature for which
provision for expansion and contraction has to be made
in the structure.

3.4.3 The range of variation in temperature of the
building materials may be appreciably greater or lesser
than the variation of air temperature and is influenced
by the condition of exposure and the rate at which the
materials composing the structure absorb or radiate
heat. This difference in temperature variations of the
material and air shall be given due consideration. The
effect of differential temperature within an element or
member, due to part exposure to direct sunlight shall
also be considered.

3.4.4 The co-efficient of thermal expansion for steel is
as given in 2.2.4.1(e).
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3.5 Load Combinations

3.5.1 Load combinations for design purposes shall be
those that produce maximum forces and effects and
consequently maximum stresses and deformations.
The following combination of loads with appropriate
partial safety factors (see Table 4) may be considered.

a) Dead load + imposed load,

b) Dead load + imposed load + wind or
earthquake load,

c) Dead load + wind or earthquake load, and

d) Dead load + erection load.

NOTE — In the case of structures supporting cranes, imposed
loads shall include the crane effects as given in 3.5.4.

3.5.2 Wind load and earthquake loads shall not be
assumed to act simultaneously. The effect of each shall
be considered separately.

3.5.3 The effect of cranes to be considered under
imposed loads shall include the vertical loads,
eccentricity effects induced by the vertical loads,
impact factors, lateral (surge) and longitudinal
(horizontal) thrusts, not acting simultaneously, across
and along the crane rail, respectively [see IS 875
(Part 2)].

3.5.4 The crane loads and their combinations to be
considered shall be as indicated by the customer. In
the absence of any specific indications, the load
combinations shall be in accordance with the
provisions in IS 875 (Part 2) or as given below:

a) Vertical loads with full impact from one
loaded crane or two cranes in case of tandem
operation, together with vertical loads without
impact from as many loaded cranes as may
be positioned for maximum effect, along with
maximum horizontal thrust from one crane

only or two in case of tandem operation;
Loads as specified in 3.5.4(a), subject to
cranes in maximum of any two bays of the
building cross-section shall be considered for
multi-bay multi-crane gantries;

b)

¢) The longitudinal thrust on a crane track rail
shall be considered for a maximum of two

loaded cranes on the track; and

Lateral thrust (surge) and longitudinal thrust
acting across and along the crane rail
respectively, shall be assumed not to act
simultaneously. The effect of each force, shall
however be investigated separately.

d)

3.5.5 While investigating the effect of earthquake
forces, the resulting effect from dead loads of all cranes
parked in each bay, positioned to cause maximum effect
shall be considered.



3.5.6 The crane runway girders supporting bumpers
shall be checked for bumper impact loads also, as
specified by the manufacturers.

3.5.7 Stresses developed due to secondary effects such
as handling; erection, temperature and settlement of
foundations, if any, shall be appropriately added to the
stresses calculated from the combination of loads stated
in 3.5.1, with appropriate partial safety factors.

3.6 Geometrical Properties
3.6.1 General

The geometrical properties of the gross and the
effective cross-sections of a member or part thereof,
shall be calculated on the following basis:

a) The properties of the gross cross-section shall
be calculated from the specified size of the
member or part thereof or read from
appropriate table.

The properties of the effective cross-section
shall be calculated by deducting from the area
of the gross cross-section, the following:

b)

1) The sectional area in excess of effective
plate width, in case of slender sections
(see 3.7.2).

2) The sectional areas of all holes in the section

except for parts in compression. In case of
punched holes, hole size 2 mm in excess
of the actual diameter may be deducted.

3.7 Classification of Cross-Sections

3.7.1 Plate clements of a cross-section may buckle
locally due to compressive stresses. The local buckling
can be avoided before the limit state is achieved by
limiting the width to thickness ratio of each element
of a cross-section subjected to compression due to axial
force, moment or shear.

3.7.1.1 When plastic analysis is used, the members shall
be capable of forming plastic hinges with sufficient
rotation capacity (ductility) without local buckling, to
enable the redistribution of bending moment required
before formation of the failure mechanism.

3.7.1.2 When elastic analysis is used, the member shall
be capable of developing the yield stress under
compression without local buckling.

3.7.2 On basis of the above, four classes of sections
are defined as follows:

a) Class 1 (Plastic) — Cross-sections, which
can develop plastic hinges and have the
rotation capacity required for failure of the
structure by formation of plastic mechanism.

The width to thickness ratio of plate elements
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shall be less than that specified under Class 1
(Plastic), in Table 2.

Class 2 (Compact) — Cross-sections, which
can develop plastic moment of resistance, but
have inadequate plastic hinge rotation
capacity for formation of plastic mechanism,
due to local buckling. The width to thickness
ratio of plate elements shall be less than that
specified under Class 2 (Compact), but greater
than that specified under Class 1 (Plastic), in
Table 2.

Class 3 (Semi-compact) — Cross-sections,
in which the extreme fiber in compression can
reach yield stress, but cannot develop the
plastic moment of resistance, due to local
buckling. The width to thickness ratio of plate
elements shall be less than that specified under
Class 3 (Semi-compact),but greater than that
specified under Class 2 (Compact), in Table 2.
Class 4 (Slender) — Cross-sections in which
the elements buckle locally even before
reaching yield stress. The width to thickness
ratio of plate elements shall be greater than
that specified under Class 3 (Semi-compact),
in Table 2. In such cases, the effective sections
for design shall be calculated either by
following the provisions of IS 801 to account
for the post-local-buckling strength or by
deducting width of the compression plate
element in excess of the semi-compact section
limit.

b)

c)

d)

When different elements of a cross-section fall under
different classes, the section shall be classified as
governed by the most critical element.

The maximum value of limiting width to thickness
ratios of elements for different classifications of
sections are given in Table 2.

3.7.3 Types of Elements

a) Internal elements — These are elements
attached along both longitudinal edges to
other elements or to longitudinal stiffeners
connected at suitable intervals to transverse
stiffeners, for example, web of I-section and
flanges and web of box section.

b) Outside elements or outstands — These are
elements attached along only one of the
longitudinal edges to an adjacent element, the
other edge being free to displace out of plane,
for example flange overhang of an I-section,
stem of T-section and legs of an angle section.
¢) Tapered elements — These may be treated as
flat elements having average thickness as

defined in SP 6 (Part 1).
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Table 2 Limiting Width to Thickness Ratio

(Clauses 3.7.2 and 3.7.4)

Compression Element Ratio Class of Section
Class 1 Class 2 S Cilzss 3 t
Plastic Compact emi-compac
1 2) 3) 4 5)
Rolled section b/t %.4¢ 10.5¢ 15.7¢
Outstanding element of
compression flange Welded section b/ te 8.4¢ 9.4¢ 13.6¢
Internal element of Compression due to
compression flange bending b 293¢ 3.5¢ 42¢
Axial compression b/ ts Not applicable
Neutral axis at mid-depth d/ity 84¢ 105¢ 126¢
. . 105.0¢
If ry is negative: d/ty
Web ofan I, B4e 147, 126.0 ¢
G 1
:3,-;;3:“ enerally 1+7 105.0¢ 1+2r
If | is positive : dit. but<42¢ 1+1.5r but <42¢
but < 42¢
Axial compression dn., Not applicable 42z
Web of a channel d/ty 42¢ 42¢ 42e
Angle, compression due to bending (Both criteria should bt 94¢ 10.5¢ 15.7¢
be satisfied) dan 94¢ 10.5¢ 15.7¢
Single angle, or double angles with the components b/t 15.7¢
separated, axial compression (All three criteria should be dn Not applicable 15.7¢
satisfied) (b+d)/t 25¢
Outstanding leg of an angle in contact back-to-back in a
double angle member an 94¢ 10.5¢ 15.7¢
Outstanding leg of an angle with its back in continuous
contact with another component i 94s 10.5¢ 157
Stem of a T-section, rolled or cut from a rolled I-or H- Dty 8.4s 945 18.9¢
section
Circular hollow tube, including welded tube subjected to:
a) moment Dt 2 52¢ 146¢
b) axial compression D/t Not applicable 882

NOTES

2£=(250/£)".

favourable classification.
5 The stress ratio », and r, are defined as:

Actual average axial stress (negative if tensile)

n= T T
Design compressive stress of web alone

Actual average axial stress (negative if tensile)

Design compressive stress of overll section

1 Elements which exceed semi-compact limits are to be taken as of slender cross-section.

3 Webs shall be checked for shear buckling in accordance with 8.4.2 when d/t > 67¢, where, b is the width of the element (may be
taken as clear distance between lateral supports or between lateral support and free edge, as appropriate), ¢ is the thickness of
clement, d is the depth of the web, D is the outer diameter of the element (see Fig. 2, 3.7.3 and 3.7.4).

4 Different elements of a cross-section can be in different classes. In such cases the section is classified based on the least
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The design of slender compression element (Class 4)
considering the strength beyond elastic local buckling
of element is outside the scope of this standard.
Reference may be made to IS 801 for such design
provisions. The design of slender web elements may
be made as given in 8.2.1.1 for flexure and 8.4.2.2 for
shear.
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3.7.4 Compound Elements in Built-up Section
(see Fig. 2)

In case of compound elements consisting of two or
more elements bolted or welded together, the limiting
width to thickness ratios as given in Table 2 should be
considered on basis of the following:
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a) Outstanding width of compound element (b,)
to its own thickness.

b) The internal width of each added plate
between the lines of welds or fasteners
connecting it to the original section to its own
thickness.

Any outstand of the added plates beyond the
line of welds or fasteners connecting it to
original section to its own thickness.

)

3.8 Maximum Effective Slenderness Ratio

The maximum effective slenderness ratio, KL/r, values
of a beam, strut or tension member shall not exceed
those given in Table 3. ‘KL’ is the effective length of
the member and ‘r’ is appropriate radius of gyration
based on the effective section as defined in 3.6.1.

Table 3 Maximum Values of Effective

Slenderness Ratios
Si Member Maximum
No. Effective
Slenderness
Ratio
(KLJr)
)] @ (3)
i) A member carrying compressive loads 180
resulting from dead loads and imposed
loads
il) A tension member in which a reversal 180
of direct stress occurs due to loads other
than wind or seismic forces
iii) A member subjected to compression 250
forces resulting only from combination
with wind/earthquake actions, provided
the deformation of such member does
not adversely affect the stress in any
part of the structure
iv)  Compression flange of a beam against 300
lateral torsionai buckling
v) A member normally acting as a tie in a 350
roof truss or a bracing system not
considered . effective when subject to
possible reversal of stress into
compression resulting from the action
of wind or earthquake forces"
vi) Members always under tension" (other 400

than pre-tensioned members)

" Tension members, such as bracing’s, pre-tensioned to avoid
sag, need not satisfy the maximum slenderness ratio limits.

3.9 Resistance to Horizontal Forces

3.9.1 In designing the steel frame work of a building,
provision shall be made (by adequate moment
connections or by a system of bracing) to effectively
transmit to the foundations all the horizontal forces,
giving due allowance for the stiffening effect of the
walls and floors, where applicable.

3.9.2 When the walls, or walls and floors and/or roofs
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are capable of effectively transmitting all the horizontal
forces directly to the foundations, the structural steel
framework may be designed without considering the
effect of wind or earthquake.

3.9.3 Wind and earthquake forces are reversible and
therefore call for rigidity and strength under force
reversal in both longitudinal and transverse directions.
To resist torsional effects of wind and earthquake
forces, bracings in plan should be provided and
integrally connected with the longitudinal and
transverse bracings, to impart adequate torsional
resistance to the structure.

3.9.3.1 In shed type steel mill buildings, adequate
bracings shall be provided to transfer the wind or
earthquake loads from their points of action to the
appropriate supporting members. Where the
connections to the interior columns or frames are
designed such that the wind or earthquake loads will
not be transferred to the interior columns, the
exterior columns or frames shall be designed to resist
the total wind or earthquake loads. Where the
connections to the interior columns and frames are
designed such that the wind or earthquake effects
are transferred to the interior columns also, and
where adequate rigid diaphragm action can be
mobilized as in the case of the cast-in place RC slab,
both exterior and interior columns and frames may
be designed on the assumption that the wind or
earthquake load is divided among them in proportion
to their relative stiffness. Columns also should be
designed to withstand the net uplifting effect caused
by excessive wind or earthquake. Additional axial
forces arising in adjacent columns due to the vertical
component of bracings or due to frame action shall
also be accounted for.

3.9.3.2 Earthquake forces are proportional to the
seismic mass as defined in IS 1893. Earthquake forces
should be applied at the centre of gravity of all such
components of mass and their transfer to the foundation
should be ensured. Other construction details,
stipulated in IS 4326 should also be followed.

3.9.3.3 In buildings where high-speed travelling cranes
are supported or where a building or structure is
otherwise subjected to vibration or sway, triangulated
bracing or rigid portal systems shall be provided to
reduce the vibration or sway to an acceptable
minimum.

3.9.4 Foundations

The foundations of a building or other structures shalt
be designed to provide the rigidity and strength that
has been assumed in the analysis and design of the
superstructure.



3.9.5 Eccentrically Placed Loads

Where a wall, or other gravity load, is placed
eccentrically upon the flange of a supporting steel
beam, the beam and its connections shall be designed
for torsion, unless the beam 1is restrained laterally in
such a way as to prevent the twisting of the beam.

3.10 Expansion Joints

3.10.1 In view of the large number of factors involved
in deciding the location, spacing and nature of
expansion joints, the decision regarding provision of
expansion joints shall be left to the discretion of the
designer.

3.10.2 Structures in which marked changes in plan
dimensions take place abruptly, shall be provided with
expansion joints at the section where such changes
occur. Expansion joints shall be so provided that the
necessary movement occurs with minimum resistance
at the joint. The gap at the expansion joint should be
such that;

a) It accommodates the expected expansion/
contraction due to seasonal and durinal
variation of temperature, and

b) It avoids pounding of adjacent units under

earthquake. The structure adjacent to the joint

should preferably be supported on separate
columns but not necessarily on separate
foundations.

3.10.3 The details as to the length of a structure where
expansion joints have to be provided may be
determined after taking into consideration various
factors such as temperature, exposure to weather and
structural design. The provisions in 3.10.3.1 t0 3.10.3.3
are given as general guidance.

3.10.3.1 If one bay of longitudinal bracing is provided
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at the centre of the building or building section, the
length of the building section may be restricted to
180 m in case of covered buildings and 120 m in case
of open gantries (see Fig. 3).

180 m

END OF COVERED BUILDING/SECTION

Fic. 3 MAXIMUM LENGTH OF BUILDING WITH ONE
Bay oF BRACING

3.10.3.2 If more than one bay of longitudinal bracing
is provided near the centre of the building/section, the
maximum centre line distance between the two lines
of bracing may be restricted to 50 m for covered
buildings (and 30 m for open gantries) and the
maximum distance between the centre of the bracing
to the nearest expansion joint/end of building or section
may be restricted to 90 m (60 m in case of open
gantries). The maximum length of the building section
thus may be restricted to 230 m for covered buildings
(150 m for open gantries). Beyond this, suitable
expansion joints shall be provided (see Fig. 4).

3.10.3.3 The maximum width of the covered building
section should preferably be restricted to 150 m beyond
which suitable provisions for the expansion joint may
be made.

3.10.4 When the provisions of these sections are met
for a building or open structure, the stress analysis due
to temperature is not required.

e EXPANSION
: JOINT

I

¥ 90m 50 m

90 m |

Fic. 4 MaxiMUM LENGTH OF BUILDING/SECTION WITH Two BAYS OF BRACINGS
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SECTION 4
METHODS OF STRUCTURAL ANALYSIS

4.1 Methods of Determining Action Effects
4.1.1 General

For the purpose of complying with the requirements
of the limit states of stability, strength and serviceability
specified in Section 5, effects of design actions on a
structure and its members and connections, shall be
determined by structural analysis using the assumptions
of 4.2 and 4.3 and one of the following methods of
analysis:

a) Elastic analysis in accordance with 4.4,

b) Plastic analysis in accordance with 4.5,

¢) Advanced analysis in accordance with
Annex B, and

d) Dynamic analysis 1n accordance with IS 1893

(Part 1).

The design action effects for design basis earthquake
loads shall be obtained only by an elastic analysis. The
maximum credible earthquake loads shall be assumed
to correspond to the load at which significant plastic
hinges are formed in the structure and the
corresponding effects shall be obtained by plastic or
advanced analysis. More information on analysis and
design to resist earthquake is given in Section 12 and
IS 1893 (Part 1).

4.1.2 Non-sway and Sway Frames

For the purpose of analysis and design, the structural
frames are classified as non-sway and sway frames as
given below:

a) Non-sway frame — One in which the
transverse displacement of one end of the
member relative to the other end is effectively
prevented. This applies to triangulated frames
and trusses or to frames where in-plane
stitfness is provided by bracings, or by shear
walls, or by floor slabs and roof decks secured
horizontally to walls or to bracing systems
parallel to the plane of loading and bending
of the frame.

b) Sway frame — One in which the transverse
displacement of one end of the member
relative to the other end is not effectively
prevented. Such members and frames occur
in structures which depend on flexural action
of members to resist lateral loads and sway,
as in moment resisting frames.

¢) A rigid jointed multi-storey frame may be

considered as a non-sway frame if in every

individual storey, the deflection 8, over a

storey height i, due to the notional horizontal
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loading given in 4.3.6 satisfies the following

criteria;

1) For clad frames, when the stiffening
effect of the cladding is not taken into
account in the deflection calculations:

h

s

<
2 000

For unclad frame or clad frames, when
the stiffening effect of the cladding is
taken into account in the deflection
calculations:

2)

< h“

~ 4000
A frame, which when analyzed
considering all the lateral supporting
system does not comply with the above
criteria, should be classified as a sway
frame, even if it is braced or otherwise
laterally stiffened.

3)

4.2 Forms of Construction Assumed for Structural
Analysis

4.2.1 The effects of design action in the members and
connections of a structure shall be determined by
assuming singly or in combination of the following
forms of construction (see 10.6.1).

4.2.1.1 Rigid construction

In rigid construction, the connections between
members (beam and column) at their junction shall be
assumed to have sufficient rigidity to hold the original
angles between the members connected at a joint
unchanged under loading.

4.2,1.2 Semi-rigid construction

In semi-rigid construction, the connections between
members (beam and column) at their junction may not
have sufficient rigidity to hold the original angles
between the members at a joint unchanged, but shall
be assumed to have the capacity to furnish a dependable
and known degree of flexural restraint. The relationship
between the degree of flexural restraint and the level
of the load effects shall be established by any rational
method or based on test results (see Annex F).

4.2.1.3 Simple construction

In simple construction, the connections between
members (beam and column) at their junction will not
resist any appreciable moment and shall be assumed
to be hinged.

4.2.2 Design of Connections

The design of all connections shall be consistent with



the form of construction, and the behaviour of the
connections shall not adversely affect any other part
of the structure beyond what is allowed for in design.
Connections shall be designed in accordance with
Section 10.

4.3 Assumptions in Analysis

4.3.1 The structure shall be analyzed in its entirety
except as follows:

a) Regular building structures, with orthogonal
frames in plan, may be analyzed as a series
of parallel two-dimensional sub-structures
(part of a structure), the analysis being carried
out in each of the two directions, at right
angles to each other, except when there is
significant load redistribution between the
sub-structures (part of a structure). For
earthquake loading three dimensional analysis
may be necessary to account for effects of
torsion and also for multi-component
carthquake forces [see IS 1893 (Part 1)].
For vertical loading in a multi-storey building
structure, provided with bracing or shear walls
to resist all lateral forces, each level thereof,
together with the columns immediately above
and below, may be considered as a sub-
structure, the columns being assumed fixed
at the ends remote from the level under
consideration.

b)

c) Where beams at a floor level in a multi-bay
building structure are considered as a sub-
structure (part of a structure), the bending
moment at the support of the beam due to
gravity loads may be determined based on the
assumption that the beam is fixed at the far
end support, one span away from the span
under consideration, provided that the floor

beam is continuous beyond that support point.
4.3.2 Span Length

The span length of a flexural member in a continuous
frame system shall be taken as the disiance between
centre-to-centre of the supports.

4.3.3 Arrangements of Imposed Loads in Buildings

For building structures, the various arrangements of
imposed loads considered for the analysis, shall include
at least the following:

a) Where the loading pattern is fixed, the
arrangement concerned.

b) Where the imposed load is variable and not

greater than three-quarters of the dead load,

the live load may be taken to be acting on all

spans.
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c) Where the imposed load is variable and
exceeds three-quarters of the dead load,
arrangements of live load acting on the floor
under consideration shall include the
following cases:

1) Imposed load on alternate spans,
2) Imposedload on two adjacent spans, and
_3) Imposed load on all the spans.
4.3.4 Base Stiffness

In the analysis of all structures the appropriate base
stiffness about the axis under consideration shall be
used. In the absence of the knowledge of the pedestal
and foundation stiffness, the following may be
assumed:

a) When the column is rigidly connected to a
suitable foundation, the stiffness of the
pedestal shall be taken as the stiffness of the
column above base plate. However in case of
very stiff pedestals and foundations the
column may be assumed as fixed at base.

b) When the column is nominally connected
to the foundation, a pedestal stiffness of
10 percent of the column stiffness may be

assumed.

When an actual pin or rocker is provided in
the connection between the steel column and
pedestal, the column is assumed as hinged at
base and the pedestal and foundation may be
appropriately designed for the reactions from
the column.

d) In case of (a) and (b), the bottom of the
pedestal shall be assumed to have the
following boundary condition in the absence
of any detailed procedure based on theory or

tests:

1) When the foundation consist of a group
of piles with a pile cap, raft foundation
or an isolated footing resting on rock or
very hard soil, the pedestal shall be
assumed to be fixed at the level of the
bottom of footing or at the top of pile
cap.

When the foundation consist of an
isolated footing resting on other soils,
pedestal shall be assumed to be hinged
at the level of the bottom of footing.
When the pedestal is supported by a
single pile, which is laterally surrounded
by soil providing passive resistance, the
pile shall be assumed to be fixed at a
depth of 5 times the diameter of the pile

2)

3)
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below the ground level in case of compact
ground or the top level of compact soil
in case of poor soil overlying compact
soil.
4) When the column is founded into rock,
it may be assumed to be fixed at the

interface of the column and rock.
4.3.5 Simple Construction

Bending members may be assumed to have their ends
connected for shear only and to be free to rotate. In
triangulated structures, axial forces may be determined
by assuming that all members are pin connected. The
eccentricity for stanchion and column shall be assumed
in accordance with 7.3.3.

4.3.6 Notional Horizontal Loads

To analyze a frame subjected to gravity loads,
considering the sway stability of the frame, notional
horizontal forces should be applied. These notional
horizontal forces account for practical imperfections
and should be taken at each level as being equal to 0.5
percent of factored dead load plus vertical imposed
loads applied at that level. The notional load should
not be applied along with other lateral loads such as
wind and earthquake loads in the analysis.

4.3.6.1 The notional forces should be applied on the
whole structure, in both orthogonal directions, in one
direction at a time, at roof and all floor levels or their
equivalent. They should be taken as acting
simultaneously with factored gravity loads.

4.3.6.2 The notional force should not be,
a)

applied when considering overturning or
overall instability;
b) combined with other horizontal (lateral)

loads;
<)
d)

combined with temperature effects; and

taken to contribute to the net shear on the
foundation.

4.3.6.3 The sway effect using notional load under
gantry load case need not be considered if the ratio of
height to lateral width of the building is less than unity.

4.4 Elastic Analysis
4.4.1 Assumptions

Individual members shall be assumed to remain elastic
under the action of the factored design loads for all
limit states.

The effect of haunching or any variation of the cross-
section along the axis of a member shall be considered,
and where significant, shall be taken into account in
the determination of the member stiffness.
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4.4.2 First-Order Elastic Analysis

In a first-order elastic analysis, the equilibrium of the
frame in the undeformed geometry is considered, the
changes in the geometry of the frame due to the loading
are not accounted for, and changes in the effective
stiffness of the members due to axial force are
neglected. The effects of these on the first-order
bending moments shall be allowed for by using one of
the methods of moment amplification of 4.4.3.2
or 4.4.3.3 as appropriate. Where the moment
amplification factor C,, C,, calculated in accordance
with 4.4.3.2 or 4.4.3.3 as appropriate, is greater than
1.4, a second-order elastic analysis in accordance with
Annex B shall be carried out.

4.4.3 Second-Order Elastic Analysis

4.4.3.1 The analysis shall allow for the effects of the
design loads acting on the structure and its members
in their displaced and deformed configuration. These
second-order effects shall be taken into account by
using either:

a) A first-order elastic analysis with moment
amplification in accordance with 4.4.2,
provided the moment amplification factors,
Cy and C_are not greater than 1.4; or

b) A second-order elastic analysis in accordance

with Annex B.

4.4.3.2 Moment amplification for members in non-sway
frames

For a member with zero axial compression or a member
subject to axial tension, the design bending moment is
that obtained from the first order analysis for factored
loads, without any amplification.

For a braced member with a design axial compressive
force P, as determined by the first order analysis, the
design bending moment shall be calculated considering
moment amplification as in 9.3.2.2.

4.4.3.3 Moment amplification for members in sway
frames

The design bending moment shall be calculated as the
product of moment amplification factor {see 9.3.2.2
(Crry C,,)] and the moment obtained from the first
order analysis of the sway frame, unless analysis
considering second order effects is carried out
(see 4.4.3).

4.4.3.4 The calculated bending moments from the first
order elastic analysis may be modified by redistribution
upto 15 percent of the peak calculated moment of the
member under factored load, provided that:

a)

the internal forces and moments in the



members of the frame are in equilibrium with

applied loads.
b) all the members in which the moments are
reduced shall belong to plastic or compact
section classification (see 3.7).
4.5 Plastic Analysis
4.5.1 Application

The effects of design action throughout or on part of a
structure may be determined by a plastic analysis,
provided that the requirements of 4.5.2 are met. The
distribution of design action effects shall satisfy
equilibrium and the boundary conditions.

4.5.2 Requirements

When a plastic method of analysis is used, all of the
following conditions shall be satisfied, unless adequate
ductility of the structure and plastic rotation capacity
of its members and connections are established for the
design loading conditions by other means of evaluation:

a) The yield stress of the grade of the steel used
shall not exceed 450 MPa.

The stress-strain characteristics of the steel
shall not be significantly different from those
obtained for steels complying with IS 2062
or equivalent and shall be such as to ensure
complete plastic moment redistribution. The
stress-strain diagram shall have a plateau at
the yield stress, extending for at least six times
the yield strain. The ratio of the tensile
strength to the yield stress specified for the
grade of the steel shall not be less than 1.2.
The elongation on a gauge length complying
with IS 2062 shall not be than 15 percent, and
the steel shall exhibit strain-hardening
capability. Steels conforming to IS 2062 shall
be deemed to satisfy the above requirements.

b)

The members used shall be hot-rolled or
fabricated using hot-rolled plates and sections.

9]
d) The cross-section of members not containing
plastic hinges should be at least that of
compact section (see 3.7.2), unless the
members meet the strength requirements from
elastic analysis.

e) Where plastic hinges occur in a member, the
proportions of its cross-section should not
exceed the limiting values for plastic section
given in 3.7.2.

The cross-section should be symmetrical
about its axis perpendicular to the axis of the
plastic hinge rotation,

The members shall not be subject to impact
loading, requiring fracture assessment or

g
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fluctuating loading, requiring a fatigue
assessment (see Section 13).

4.5.2.1 Restraints

If practicable, torsional restraint (against lateral
buckling) should be provided at all plastic hinge
locations. Where not feasible, the restraint should be
provided within a distance of D72 of the plastic hinge
location, where D is the total depth of section.

The torsional restraint requirement at a section as
above, need not be met at the last plastic hinge to form,
provided it can be clearly identified.

Within a member containing a plastic hinge, the
maximum distance L, from the restraint at the plastic
hinge to an adjacent restraint should be calculated by
any rational method or the conservative method given
below, so as to prevent lateral buckling.

Conservatively L, (in mm) may be taken as

38 r
L, < .
m 5 2 112
AN R NES
130 250 40
where
f. = actual compressive stress on the cross-
section due to axial load, in N/mm?;
f, = yield stress, in N/mm?;
r, = radius of gyration about the minor axis, in
mm;
. . 0.5
X, = torsional index, x, =1.132 (AL/[.1) ;
A = area of cross-section; and
I, 1, I, = warping constant, second moment of the

cross section above the minor axes and
St. Venant’s torsion constant, respectively.

Where the member has unequal flanges, r, should be
taken as the lesser of the values of the compression
flange only or the whole section.

Where the cross-section of the member varies within
the length L,,, the maximum value of r, and the
minimum value of x, should be used.

The spacing of restraints to member lengths not
containing a plastic hinge should satisfy the
recommendations of section on lateral buckling
strength of beams (see 8.2.2). Where the restraints are
placed at the limiting distance L_, no further checks
are required.

4.5.2.2 Stiffeners at plastic hinge locations

Web stiffeners should be provided where a concentrated
load, which exceeds 10 percent of the shear capacity
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of the member, is applied within D/2 of a plastic hinge
location (see 8.2.1.2). The stiffener should be provided
within a distance of half the depth of the member on
either side of the hinge location and be designed to
carry the applied load in accordance with 8.7.4. If the
stiffeners are flat plates, the outstand width to the
thickness ratio, b/t, should not exceed the values given
in the plastic section (see 3.7, Table 2). Where other

12
ISO
sections are used the ratio ('I—J should not exceed
t
the values given for plastic section (for simple outstand,
as in 3.7);

where
I, = second moment of area of the stiffener about
the face of the element perpendicular to the
web; and
I, = St.Venant’s torsion constant of the stiffener.

4.5.2.3 The frame shall be adequately supported against
sway and out-of-plane buckling, by bracings, moment

resisting frame or an independent system such as shear
wall.

4.5.2.4 Fabrication restriction

Within a length equal to the member depth, on either
side of a plastic hinge location, the following
restrictions should be applied to the tension flange and
noted in the design drawings. Holes if required, should
be drilled or else punched 2 mm undersize and reamed.
All sheared or hand flame cut edges should be finished
smooth by grinding, chipping or planning.

4.5.3 Assumptions in Analysis

The design action effects shall be determined using a
rigid-plastic analysis.

It shall be permissible to assume full strength or partial
strength connections, provided the capacities of these
are used in the analysis, and provided that

a) in a full strength connection, the moment
capacity of the connection shall be not less

than that of the member being connected;
in a partial strength connection, the moment
capacity of the connection may be less than
that of the member being connected; and

b)

in both cases the behaviour of the connection
shall be such as to allow all plastic hinges
necessary for the collapse mechanism to
develop, and shall be such that the required
plastic hinge rotation does not exceed the
rotation capacity at any of the plastic hinges
in the collapse mechanism.
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In the case of building structures, it is not normally
necessary to consider the effect of alternating plasticity.

4.5.4 Second-Order Elastic Analysis

Any second-order effects of the loads acting on the
structure in its deformed configuration may be
neglected, provided the following are satisfied:

a) Forclad frames, provided the stiffening effects
of masonry infill wall panels or diaphragms of
profiled wall panel is not taken into account,
and where elastic buckling load factor, 1
(see 4.6) satisfies /1c,//1p2 10.

If10>4 /4 2 4.6 the second-order effects may
be considered by amplifying the design load
effects obtained from plastic analysis by a
factor § = {0.9 4, /(A — 1)}.

If 1,/ 4, < 4.6, second-order elasto-plastic
analysis or second-order elastic analysis
(see 4.4.3) is to be carried out.

For un-clad frames ot for clad frames where
the stiffening effects of masonry infill or dia-
phragms of profiled wall panel is taken into
account, where elastic buckling load factor, 4_
(see 4.6) satisfies 4/ 4,2 20

1£20> A /4 2 5.75 the second-order effects
may be considered by amplifying the design
load effects obtained from plastic analysis by
a factor § = {0.9 4, /(4,~1)}.

Ifa/ xp< 5.75, second-order elasto-plastic
analysis or second-order elastic analysis
(see 4.4.3) shall be carried out.

b)

4.6 Frame Buckling Analysis

4.6.1 The elastic buckling load factor (A ) shall be the
ratio of the elastic buckling load set of the frame to the
design load set for the frame, and shall be determined
in accordance with 4.6.2.

NOTE — The value of A, depends on the load set and has to
be evaluated for each possible set of load combination.

4.6.2 In-plane Frame Buckling

The elastic buckling load factor (A,) of a rigid-jointed
frame shall be determined by using:

a) One of the approximate methods of 4.6.2.1
and 4.6.2.2 or

b) A rational elastic buckling analysis of the
whole frame.

4.6.2.1 Regular non-sway frames (see 4.1.2)

In a rectangular non-sway frame with regular loading
and negligible axial forces in the beams, the Euler
buckling stress £, for each column shall be determined
in accordance with 7.1.2.1. The elastic buckling load
factor (A,,) for the whole frame shall be taken as the
lowest of the ratio of (f, /) for all the columns, where



f.4 1s the axial compressive stress in the column from
the factored load analysis.

4.6.2.2 Regular sway frames

In a rectangular sway frame with regular loading and
negligible axial forces in the beams, the buckling load,
P, for each column shall be determined as P, . = A f,.
where f,is the elastic buckling stress of the column in
the plane of frame, obtained in accordance with 7.1.2.1.
The elastic buckling load factor A, for the whole frame
shall be taken as the lowest of all the ratios, A,
calculated for each storey of the building, as given
below:

AGCY =
‘ Y (P/L)
where
P = member axial force from the factored load
analysis, with tension taken as negative; and
L = column length and the summation includes
all columns in the plane frame within a
storey.
SECTION 5
LIMIT STATE DESIGN
5.1 Basis for Design

5.1.1 In the limit state design method, the structure
shall be designed to withstand safely all loads likely to
act on it throughout its life. It shall not suffer total
collapse under accidental loads such as from explosions
or impact or due to consequences of human error to an
extent beyond the local damages. The objective of the
design is to achieve a structure that will remain fit for
use during its life with acceptable target reliability. In
other words, the probability of a limit state being
reached during its lifetime should be very low. The
acceptable limit for the safety and serviceability
requirements before failure occurs is called a limit state.
In general, the structure shall be designed on the basis
of the most critical limit state and shall be checked for
other limit states.

5.1.2 Steel structures are to be designed and constructed
to satisfy the design requirements with regard to
stability, strength, serviceability, brittle fracture,
fatigue, fire, and durability such that they meet the
following:

a) Remain fit with adequate reliability and be
able to sustain all actions (loads) and other
influences experienced during construction
and use;

b) Have adequate durability under normal

maintenance;

¢) Do not suffer overall damage or collapse
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disproportionately under accidental events
like explosions, vehicle impact or due to
consequences of human error to an extent
beyond local damage. The potential for
catastrophic damage shall be limited or
avoided by appropriate choice of one or more
of the following:

1) Avoiding, eliminating or reducing
exposure to hazards, which the structure
is likely to sustain.

2) Choosing structural forms, layouts and
details and designing such that:

i) the structure has low sensitivity to
hazardous conditions; and

ii) the structure survives with only local
damage even after serious damage
to any one individual element by the

hazard.
Choosing suitable material, design and
detailing procedure, construction
specifications, and control procedures for

shop fabrication and field construction as
relevant to the particular structure.

3)

The following conditions may be satisfied to avoid a
disproportionate collapse:

a) The building should be effectively tied
together at each principal floor level and each
column should be effectively held in position
by means of continuous ties (beams) nearly
orthogonal, except where the steel work
supports only cladding weighing not more
than 0.7 kN/m? along with imposed and wind
loads. These ties must be steel members such
as beams, which may be designed for other
purposes, steel bar reinforcement anchoring
the steel frame to concrete floor or steel mesh
reinforcement in composite slab with steel
profiled sheeting directly connected to beam
with shear connectors. These steel ties and
their end connections should be capable of
resisting factored tensile force not less than
the factored dead and imposed loads acting
on the floor area tributary to the tie nor less
than 75 kN. Such connection of ties to edge
column should also be capable of resisting
1 percent of the maximum axial compression
in the column at the level due to factored dead
and imposed loads. All column splices should
be capable of resisting a tensile force equal
to the largest of a factored dead and live load
reaction from a single floor level located
between that column splice and the next
column splice below that splice. Lateral load
system to resist notional horizontal loads
prescribed in 4.3.6 should be distributed
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throughout the building in nearly orthogonat
directions so that no substantial portions is
connected at only one point to such a system.
Precast concrete or other heavy floor or roof
units should be effectively anchored in the
direction of their span either to each other over
the support or directly to the support.
b) Where the above conditions to tie the columns
to the floor adequately are not satisfied each
storey of the building should be checked to
ensure that disproportionate collapse would
not precipitate by the notional removal, one
at a time, of each column.
¢) Where each floor is not laterally supported
by more than one system, check should be
made at each storey by removing one such
lateral support system at a time to ensure that
disproportionate collapse would not occur.
The collapse is considered disproportionate,
if more than 15 percent of the floor or roof
area of 70 m?collapse at that level and at one
adjoining level either above or below it, under
aload equal to 1.05 or 0.9 times the dead load,
0.33 times temporary or full imposed load of
permanent nature (as in storage buildings) and
(0.33 times wind load acting together.

5.1.3 Structures designed for unusual or special
functions shall comply with any other relevant
additional limit state considered appropriate to that
structure.

5.1.4 Generally structures and elements shall be
designed by limit state method. Where limit state
method cannot be conveniently adopted, working stress
design (see Section 11) may be used.

5.2 Limit State Design

5.2.1 For achieving the design objectives, the design
shall be based on characteristic values for material
strengths and applied loads (actions), which take into
account the probability of variations in the material
strengths and in the loads to be supported. The
characteristic values shall be based on statistical data,
if available. Where such data is not available, these
shall be based on experience. The design values are
derived from the characteristic values through the use
of partial safety factors, both for material strengths and
for loads. In the absence of special considerations, these
factors shall have the values given in this section
according to the material, the type of load and the limit
state being considered. The reliability of design is
ensured by satisfying the requirement:

Design action < Design strength

5.2.2 Limitstates are the states beyond which the structure
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no longer satisfies the performance requirements
specified. The limit states are classified as:

a) Limit state of strength; and
b) Limit state of serviceability.
’

5.2.2.1 The limit states of strength are those associated
with failures (or imminent failure), under the action of
probable and most unfavourable combination of loads
on the structure using the appropriate partial safety
factors, which may endanger the safety of life and
property. The limit state of strength includes:

a)

Loss of equilibrium of the structure as a whole
or any of its parts or components.

b) Loss of stability of the structure (including
the effect of sway where appropriate and
overturning) or any of its parts including
supports and foundations.

c) Failure by excessive deformation, rupture of
the structure or any of its parts or components.

d) Fracture due to fatigue.

e) Brittle fracture.

5.2.2.2 The limit state of serviceability include:

a) Deformation and deflections, which may
adversely affect the appearance or effective
use of the structure or may cause improper
functioning of equipment or services or may
cause damages to finishes and non-structural
members.

Vibrations in the structure or any of its
components causing discomfort to people,
damages to the structure, its contents or which
may limit its functional effectiveness. Special
consideration shall be given to systems
susceptible to vibration, such as large open
floor areas free of partitions to ensure that
such vibrations are acceptable for the intended
use and occupancy (see Annex C).

¢) Repairable damage or crack due to fatigue.
d) Corrosion, durability.
e) Fire.

b)

5.3 Actions

The actions (loads) to be considered in design include
direct actions (loads) experienced by the structure due
to self weight, external actions etc., and imposed
deformations such as that due to temperature and
settlements.

5.3.1 Classification of Actions

Actions are classified by their variation with time as
given below:

a) Permanent actions (Q ): Actions due to self-
weight of structural and non-structural



components, fittings, ancillaries, and fixed
equipment, etc.

b) Variable actions (Q ): Actions due to
construction and service stage loads such as
imposed (live) loads (crane loads, snow loads,
etc.), wind loads, and earthquake loads, etc.

¢) Accidental actions (Qa): Actions expected due
to explosions, and impact of vehicles, etc.

5.3.2 Characteristic Actions (Loads)

5.3.2.1 The Characteristic Actions, @, are the values
of the different actions that are not expected to be
exceeded with more than 5 percent probability, during
the life of the structure and they are taken as:

a) the self-weight, in most cases calculated on
the basis of nominal dimensions and unit
weights [see 1S 875 (Part 1)].

b) the variable loads, values of which are
specified in relevant standard [see IS 875 (all
Parts) and IS 1893 (Part 1)].

c) the upper limit with a specified probability
(usually 5 percent) not exceeding during some
reference period (design life).

d) specified by client, or by designer in
consultation with client, provided they satisfy
the minimum provisions of the relevant
loading standard.

§.3.2.2 The characteristic values of accidental loads
generally correspond to the value specified by relevant
code, standard or client. The design for accidental load
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is generally not required in building unless it is required
by client or approving authority in which case,
generally recommendation in 5.1.2 c) or specialist
literature shall be followed.

5.3.3 Design Actions
The Design Actions, O, is expressedas Oy = Z Ya Qa
k

where

Y = partial safety factor for different loads &,
given in Table 4 to account for:

a) Possibility of unfavourable deviation of
the load from the characteristic value,
b) Possibility of inaccurate assessment of
the load,
¢) Uncertainty in the assessment of effects
of the load, and
d) Uncertainty in the assessment of the
limit states being considered.
The loads or load effects shall be multiplied by the
relevant Y; factors, given in Table 4, to get the design
loads or design load effects.

5.4 Strength

The ultimate strength calculation may require
consideration of the following:

a) Loss of equilibrium of the structure or any
part of it, considered as a rigid body; and

b) Failure by excessive deformation, rupture or

Table 4 Partial Safety Factors for Loads, v, for Limit States
(Clauses 3.5.1 and 5.3.3)

Combination Limit State of Strength Limit State of Serviceability
I A
1) \ r b -\
DL LL WL/EL AL DL LL WL/EL
A A
r ™ r )
Leading  Accompanying Leading Accompanying
() (2) (3) “4) (5) © O 8) 9) (10)
DL+LL+CL 1.5 1.5 1.05 — — 1.0 1.0 1.0 —_
DL+LL+CL+ 1.2 1.2 1.05 0.6 — 1.0 0.8 0.8 0.8
WL/EL 1.2 12 0.53 1.2
DL+WL/EL 1.5(0.9)” — — 1.5 — 10 — — 1.0
DL+ER 1.2 1.2 — — — —_ — — —
0.9y

DL+LL+AL 1.0 0.35 0.35 — 1.0 — —_ — —

"When action of different live loads is simultaneously considered, the leading live load shall be considered to be the one causing the

higher load effects in the member/section.

® This value is to be considered when the dead load contributes to stability against overturning is critical or the dead load causes

reduction in stress due to other loads.
Abbreviations:

DL = Dead load, LL = Imposed load (Live loads), WL = Wind load, CL = Crane load (Vertical/Horizontal), AL = Accidental load, ER =

Erection load, EL = Earthquake load.

NOTE — The effects of actions (loads) in terms of stresses or stress resultants may be obtained from an appropriate method of analysis

asin 4.
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loss of stability of the structure or any part of
it including support and foundation.

5.4.1 Design Strength

The Design Strength, S, is obtained as given below
from ultimate strength, S, and partial safety factors for
materials, ¥, given in Table 5.

Sd=Su/Ym

where partial safety factor for materials, 7y, account
for:
a) Possibility of unfavourable deviation of
material strength from the characteristic value,
b) Possibility of unfavourable variation of
member sizes,
c) Possibility of unfavourable reduction in
member strength due to fabrication and
tolerances, and

d) Uncertainty in the calculation of strength of
the members.

5.5 Factors Governing the Ultimate Strength
5.5.1 Stability

Stability shall be ensured for the structure as a whole
and for each of its elements. This should include,
overall frame stability against overturning and sway,
as given in 5.5.1.1 and 5.5.1.2.

5.5.1.1 Stability against overturning

The structure as a whole or any part of it shall be
designed to prevent instability due to overturning, uplift
or sliding under factored load as given below:

a) The Actions shall be divided into components
aiding instability and components resisting
instability.

b) The permanent and variable actions and their
effects causing instability shall be combined
using appropriate load factors as per the Limit
State requirements, to obtain maximum
destabilizing effect.

¢) The permanent actions (loads) and effects
contributing to resistance shall be multiplied
with a partial safety factor 0.9 and added
together with design resistance (after
multiplying with appropriate partial safety
factor). Variable actions and their effects
contributing to resistance shall be disregarded.

d) The resistance effect shall be greater than or
equal to the destabilizing effect. Combination
of imposed and dead loads should be such as
to cause most severe effect on overall stability.

5.5.1.2 Sway stability

The whole structure, including portions between
expansion joints, shall be adequately stiff against sway.
To ensure this, in addition to designing for applied
horizontal loads, a separate check should be carried
out for notional horizontal loads such as given in 4.3.6
to evaluate the sway under gravity loads.

5.5.2 Fatigue

Generally fatigue need not be considered unless a
structure or element is subjected to numerous
significant fluctuations of stress. Stress changes due
to fluctuations in wind loading normally need not be
considered. Fatigue design shall be in accordance with
Section 13. When designing for fatigue, the partial
safety factor for load, ¥; equal to unity shall be used
for the load causing stress fluctuation and stress range.

5.5.3 Plastic Collapse

Plastic analysis and design may be used, if the
requirement specified under the plastic method of
analysis (see 4.5) are satisfied.

5.6 Limit State of Serviceability

Serviceability limit state is related to the criteria
governing normal use. Serviceability limit state is limit
state beyond which the service criteria specified below,
are no longer met;

a) Deflection limit,

Table 5 Partial Safety Factor for Materials, 7,
(Clause 5.4.1)

Sl Definition
No.

Partial Safety Factor

i) Resistance, governed by yielding, .0

ii)  Resistance of member to buckling, ¥

ili)  Resistance, governed by ultimate siress,
iv) Resistance of connection:

a) Bolts-Friction Type, %
b) Bolts-Bearing Type,
c) Rivets, %,
d) Welds, ¥

1.10
1.10
1.25
Shop Fabrications Field Fabrications
1.25 1.25
1.25 1.25
1.25 1.25
1.25 1.50




b) Vibration limit,

¢) Durability consideration, and

d) Fire resistance.
Unless specified otherwise, partial safety factor for
loads, y; of value equal to unity shall be used for ail
loads leading to serviceability limit states to check the

adequacy of the structure under serviceability limit
states.

5.6.1 Deflection

The deflection under serviceability loads of a building
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or a building component should not impair the strength
of the structure or components or cause damage to
finishings. Deflections are to be checked for the most
adverse but realistic combination of service loads and
their arrangement, by elastic analysis, using a load
factor of 1.0. Table 6 gives recommended limits of
deflections for certain structural members and systems.
Circumstances may arise where greater or lesser values
would be more appropriate depending upon the nature
of material in element to be supported (vulnerable to
cracking or not) and intended use of the structure, as
required by client.

Table 6 Deflection Limits

Type of Deflection  Design Load Member Supporting Maximum
Building Deflection
1) ) 3) %) ©)
Elastic claddi
{  Liveload/ Windload  Purlins and Girts astic claccing Span
Brittle cladding pan
Live load Simple span Elastic cladding Span/240
Brittle cladding Span/300
Elastic claddi Span/12
Live load Cantilever span astic cladding pan/120
= Brittle cladding Span/150
(43
h= Profiled Metal Sheeti Span/180
E < Live load/ Wind load  Rafter supporting olec Ve ceting pa
Plastered Sheeting Span/240
o Crane load (Manual
;cgn opetation) Gantry Crane Span/500
3 Crane load (Electric
2 operation up to 50 t) Gantry Crane Span/750
£ Crane load (Electric
_§ k operation over 50 t) Gantry Crane Span/1 000
- . l d- . l
No cranes Column Elastic cladding Height/150
( Masonry/Brittle cladding Height/240
Crane (absolute) Span/400
= Crane + wind Gantry (lateral) { Relative displacement
8 between rails supporting 10 mm
3 ﬁ { crane
Gantry (Elastic cladding; .
Height/200
dent 1
Crane+ wind Column/frame penden 0p.era ed) '
k Gantry (Brittle cladding; cab Height/400
operated)
4 .
( E::;?;:ts not susceptible to Span/300
Live load Floor and Roof &
_ Elements susceptible to
" 3 < cracking Span/360
g s Element ible t
E 3 cr;;:?g s not susceptible to Span/150
a Live load Cantilever & .
P \ Elem:cnts susceptible to Span/180
g cracking
Elastic claddi Height/300
= Wind Building astic cladding eig
g Brittle cladding Height/500
\ = Wind Inter storey drift — Storey height/300
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5.6.1.1 Where the deflection due to the combination
of dead load and live load is likely to be excessive,
consideration should be given to pre-camber the beams,
trusses and girders. The value of desired camber shall
be specified in design drawing. Generally, for spans
greater than 25 m, a camber approximately equal to
the deflection due to dead loads plus half the live load
may be used. The deflection of a member shall be
calculated without considering the impact factor or
dynamic effect of the loads on deflection. Roofs, which
are very flexible, shall be designed to withstand any
additional load that is likely to occur as a result of
ponding of water or accumulation of snow or ice.

5.6.2 Vibration

Suitable provisions in the design shall be made for
the dynamic effects of live loads, impact loads and
vibration due to machinery operating loads. In severe
cases possibility of resonance, fatigue or
unacceptable vibrations shall be investigated.
Unusually flexible structures (generally the height
to effective width of lateral load resistance system
exceeding 5:1) shall be investigated for lateral
vibration under dynamic wind loads. Structures
subjected to large number of cycles of loading shall
be designed against fatigue failure, as specified in
Section 13. Floor vibration effect shall be considered
using specialist literature (see Annex C)

5.6.3 Durability

Factors that affect the durability of the buildings, under
conditions relevant to their intended life, are listed
below:

a) Environment,

b) Degree of exposure,

¢) Shape of the member and the structural detail,
d) Protective measure, and

e) Ease of maintenance.

5.6.3.1 The durability of steel structures shall be
ensured by following recommendations in Section 15.
Specialist literature may be referred to for more detailed
and additional information in design for durability.

5.6.4 Fire Resistance

Fire resistance of a steel member is a function of its
mass, its geometry, the actions to which it is subjected,
its structural support condition, fire protection
measures adopted and the fire to which it is exposed.
Design provisions to resist fire are briefly discussed in
Section 16. Specialist literature may be referred to for
more detailed information in design of fire resistance
of steel structures.
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SECTION 6
DESIGN OF TENSION MEMBERS

6.1 Tension Members

Tension members are linear members in which axial
forces act to cause elongation (stretch). Such members
can sustain loads upto the ultimate load, at which stage
they may fail by rupture at a critical section. However,
if the gross area of the member yields over a major
portion of its length before the rupture load is reached,
the member may become non-functional due to
excessive elongation. Plates and other rolled sections
in tension may also fail by block shear of end bolted
regions (see 6.4.1).

The factored design tension 7, in the members shall
satisfy the following requirement:

T<T,

where
Ty

The design strength of 2 member under axial tension,
7, is the lowest of the design strength due to yielding
of gross section, 7,,. rupture strength of critical section,
T, and block shear Ty, given in 6.2, 6.3 and 6.4,
respectively.

= design strength of the member.

6.2 Design Strength Due to Yielding of Gross Section

The design strength of members under axial tension,
T,, as governed by yielding of gross section, is given
by

ng = Agf;{ /YmO

where
fy = yield stress of the material,
Ag = gross area of cross-section, and
Ymo = partial safety factor for failure in tension by

yielding (see Table 5).

6.3 Design Strength Due to Rupture of Critical
Section

6.3.1 Plates

The design strength in tension of a plate, T, as
governed by rupture of net cross-sectional area, A, at
the holes is given by

Tdn = 09 Anf;l/ 'le

where
Yn1 = partial safety factor for failure at ultimate
stress (see Table 5),
Ju = ultimate stress of the material, and
A, = neteffective area of the member given by,



2
A“={b—ndh + 2—1)—"—} t

T 4g
where
b, t = width and thickness of the plate,
. respectively,

d, = diameter of the bolt hole (2 mm in addition
to the diameter of the hole, in case the
directly punched holes),

g = gauge length between the bolt holes, as
shown in Fig. 5,

p, = staggered-pitch length between line of bolt
holes, as shown in Fig. 5,

n = number of bolt holes in the critical section,

and

subscript for summation of all the inclined
‘legs.
Ps

—
—ao_
=
<
=
—d

dn

N\

©

/

Fic. 5 PLaTES WITH BoLTs HOLES iN TENSION

6.3.2 Threaded Rods

The design strength of threaded rods in tension, T, as
governed by rupture is given by

Tdn =09 Anf;I/ le

where
A, = netroot area at the threaded section.
6.3.3 Single Angles

The rupture strength of an angle connected through
one leg is affected by shear lag. The design strength,
T,, as governed by rupture at net section is given by:

Tdn =0.9 Ancfu / le + BAgo fy/'YmO

where
B = 1.4-0.076 (w/t) (fff,) b/L) < (f Yoy Vi)
> 0.7
where
w = outstand leg width,
b, = shear lag width, as shown in Fig. 6, and
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L

. = length of the end connection, that is the

distance between the outermost bolts in the
end joint measured along the load direction
or length of the weld along the load
direction.
For preliminary sizing, the rupture strength of net
section may be approximately taken as:

Tdn = aAnfu /le
where

0.6 for one or two bolts, 0.7 for three bolts
and 0.8 for four or more bolts along the
length in the end connection or equivalent
weld length;

net area of the total cross-section;
net area of the connected leg;

gross area of the outstanding leg; and
thickness of the leg.

bg =w

bs=w+w, -t

FiG. 6 ANGLES WITH SINGLE LEG CONNECTIONS

6.3.4 Other Section

The rupture strength, T, of the double angles,
channels, I-sections and other rolled steel sections,
connected by one or more elements to an end gusset is
also governed by shear lag effects. The design tensile
strength of such sections as governed by tearing of net
section may also be calculated using equation in 6.3.3,
where [ is calculated based on the shear lag distance,
b, taken from the farthest edge of the outstanding leg
to the nearest bolt/weld line in the connected leg of
the cross-section.

6.4 Design Strength Due to Block Shear

The strength as governed by block shear at an end
connection of plates and angles is calculated as given
in 6.4.1.

6.4.1 Bolted Connections

The block shear strength, T, of connection shall be
taken as the smaller of,

Tdb = [Avg f;'/( \/—3_ YmO) + 09Atnf;1 /le ]
or

Tdb = (09Avn fu /( \/3- le) + Atg fy /YmO )
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where

A,y A,,= minimum gross and net area in shear along
bolt line parallel to external force,
respectively (1-2 and 3-4 as shown in
Fig. 7A and 1-2 as shown in Fig. 7B),

A, = minimum gross and net area in tension
from the bolt hole to the toe of the angle,
end bolt line, perpendicular to the line of
force, respectively (2-3 as shown in
Fig. 7B), and

= ultimate and yield stress of the material,
respectively.

A

$:44

oy

6.4.2 Welded Connection

The block shear strength, T, shall be checked for
welded end connections by taking an appropriate
section in the member around the end weld, which can
shear off as a block.

SECTION 7
DESIGN OF COMPRESSION MEMBERS

7.1 Design Strength

7.1.1 Common hot rolled and built-up steel members
used for carrying axial compression, usually fail by
flexural buckling. The buckling strength of these
members is affected by residual stresses, initial bow
and accidental eccentricities of load. To account for
all these factors, the strength of members subjected to
axial compression is defined by buckling class a, b, c,
or d as given Table 7.

7.1.2 The design compressive strength P, of a member
is given by:

P<P,

where

Pd = Aefcd

7A Plate

where
A, = effective sectional area as defined
in 7.3.2, and
f.q = design compressive stress, obtained

as per 7.1.2.1.

7.1.2.1 The design compressive stress, f,, of axially
loaded compression members shall be calculated using
the following equation:

ar
fa ="—y_2—‘02—07 = xfly/YmO < fy/YmO
o+[¢*-2?]
where
9 = 05(1+0(h-02)+2A%
A = non-dimensional effective slenderness ratio
2
— — 2
= i /f = \/fy (K) /n E
n*E

". = Euler buckling stress = :
f o= ke
where

KL/r = effective slenderness ratio or ratio
of effective length, KL to
appropriate radius of gyration, r;

o = imperfection factor given in
Table 7;

x = stressreduction factor (see Table 8)
for different buckling class,
slenderness ratio and yield stress
S S

- [:¢+(¢2 _lz)o.sj'
A, = partial safety factor for material
strength.
1 2 |
R P I
4, 63 |
] |
/—¢ -y _
|—t—@ -‘-——‘
|
7B Angle

FiG. 7 BLock SHEAR FAILURE



NOTE — Calculated values of design compressive stress, f,
for different buckling classes are given in Table 9.

7.1.2.2 The classification of different sections under
different buckling class a, b, c or d, is given in Table
10. The stress reduction factor ), and the design
compressive stress f,, for different buckling class, yield
stress, and effective slenderness ratio is given in Table
8 for convenience. The curves corresponding to
different buckling class are presented in non-
dimensional form, in Fig. 8.

Table 7 Imperfection Factor, o
(Clauses 7.1.1 and 7.1.2.1)

Buckling Class a b c d

o 0.21 0.34 0.49 0.76

7.2 Effective Length of Compression Members

7.2.1 The effective length KL, is calculated from the
actual length L, of the member, considering the
rotational and relative translational boundary
conditions at the ends. The actual length shall be taken
as the length from centre-to-centre of its intersections
with the supporting members in the plane of the
buckling deformation. In the case of a member with a
free end, the free standing length from the center of
the intersecting member at the supported end, shall be
taken as the actual length.

7.2.2 Effective Length

Where the boundary conditions in the plane of buckling

1.0
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can be assessed, the effective length, KL can be
calculated on the basis of Table 11. Where frame
analysis does not consider the equilibrium of a framed
structure in the deformed shape (second-order analysis
or advanced analysis), the effective length of
compression members in such cases can be calculated
using the procedure given in D-1. The effective length
of stepped column in single storey buildings can be
calculated using the procedure given in D-2.

7.2.3 Eccentric Beam Connection

In cases where the beam connections are eccentric in
plan with respect to the axes of the column, the same
conditions of restraint as in concentric connection shall
be deemed to apply, provided the connections are
carried across the flange or web of the columns as the
case may be, and the web of the beam lies within, or in
direct contact with the column section. Where practical
difficulties prevent this, the effective length shall be
taken as equal to the distance between points of
restraint, in non-sway frames.

7.2.4 Compression Members in Trusses

In the case of bolted, riveted or welded trusses and
braced frames, the effective length, KL, of the
compression members shall be taken as 0.7 to 1.0 times
the distance between centres of connections, depending
on the degree of end restraint provided. In the case of
members of trusses, buckling in the plane perpendicular
to the plane of the truss, the effective length, KL shall
be taken as the distance between the centres of
intersection. The design of angle struts shall be as
specified in 7.5.
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