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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 1930 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, br:dges 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 steel.

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,

¢) 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 IIT Madras, with assistance
from a number of academic, research, design and contracting mst:tutes/orgamzatlons 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 (Torouto),

S16.1-94 Ontario, Canada M9W 1R3.

ENV 1993-1-1: Eurocode 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
18 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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Indian Stdndard

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, étc, 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 1S 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
struciure 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 defiections.

1.3.3 Action Effect oi 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 — Horlzontal 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 Limir — The stress range, corresponding
to the particular detail, below which cyclic loading need
not be considered in cumulative fatigune damage
evaluation (corresponds to 108 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. o

1.3.27 Design Spectrum — 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-I¥ 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 yvield deformation is
usually termed as ductility,

1.3.31 Durability — 1t 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 buckhng of a laterally
unsupported beam.

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

1.3.39 Elastic Limit — 1t 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
parallei to the direction of load transfer.

1.3.41 Evrection Loads — The actions (loads and
deformations) experienced by the structure excluswe]y
during erection.

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

'}
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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
fluctnations of stress, leading to progressive cracking
of a structural element.

1.3.47 Futigue 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.

1.3.438 Fatfgue 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
" concrele 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 atiachment 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 — Stiffngss of 2 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 dug 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).

1.3.56 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
cambet, 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 Fartial 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 (#), 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 PmofStress — The stress to which high stréngth
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 strocture, 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 Limir 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, pIar_le or cross-section.

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

1.3.91 Silenderness Ratio — The ratio of the effective
length of 2 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 occurs.

1.3.93 §-N Curve — The curve defining the relationship
between the number of stress cycles to failure (N} at
a constant stress range (5,), during fatigue loading of
a structure.

1.3.94 Snow Load — Load 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
ctfort 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.
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1.3.97 Stickability — 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 Strength — 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 Cyele 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.

13.111 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

A — Reduced effective flange area

A, — Total flange area

A, — Gross cross-sectional area

Ay — (Gross cross-sectional area of flange

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

A, — Net area of the total cross-section

AL — 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

Ay — Nominal bearing area of bolt on any
plate

A, — Cross-sectional area of a bearing
fload 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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A, — 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)

A, — Shear area

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

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

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

a, — Peak acceleration

a, — Unsupported length of individual
elements being laced between lacing
points

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

b — Outstand/width of the element -

b, — Stiff bearing length, Stiffener bearing
length :

b, — Effective width of flange between
pair of bolts

b, — Width of the flange

b, — Width of flange as an internal element

b, — Width of flange outstand

b, —— Panel zone width between column
flanges ‘at beam-column junction

b, — Shear lag distance .

b, — Width of tension field

b, — Width of outstanding leg _

C — Centre-to-centre longitudinal

-distance of battens

Ca — Coefficient of thermal expansion

Cuy, Coe — Moment amplification factor about
respective axes

¢ — Spacing of transverse stiffener

c, — Moment amplification factor for

: braced member .

€ — Momen¢ reduction factor for ldteral
torsional  buckling strength
calculation . )

c, — Moment amplification factor for
sway frame _

b — Overall depth/diameter of the cross-
section

d —- Depth of web, Nominal diameter

d, — Twice the clear distance from the
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compression flange angles, piates 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 berfding 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 colurnn,
Euler buckling stress

Design compressive stress

Exireme fibre compressive stress
corresponding elastic lateral buckling
moment

Equivalent stress at service load
Fatigue stress range corresponding to
5 x 108 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 holt at service
load

Actual tensile stress at service load
Actual tensile stress of the bolt at
service load o
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

— Actnal 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 7 °C

Yield stress of steel at 20°C
Characteristic yield stress of bolt
Characteristic yield stress of flange
Average vield 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 perpendicuiar to the
plane of the frame

Moment of inertia of the comptression
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 '
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I —

Transformed moment of inertia of the
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
holis in over sized and slotted holes
Effective [ength 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 ratic of the
laced column accounting for shear

_ deformation

Shear buckling co-efficient
Warping restraint factor

Regression coefficient

Exposed surface area to mass ratio
Actoal iength, 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

{ — Centre-to-centre length of the
supporting member

£, — Distance between prying force and
bolt centre line

1 - Grip length of bolts in & connection

] — Length of the joint

A — Length between points of lateral
support to the compression flange in
a beam

l, — Distance from bolt centre line to the
toe of fillet weld or to half the root
radius for a rolled section

L, — Length of weld

M — Bending moment

M, — Applied bending moment

M, -— Elastic critical moment
corresponding to lateral torsional
buckling of the beam

M, — Design flexural strength

M, — Moment capacity of the section under
high shear

M, — Design bending strength about the
minor axis of the cross-section

M, — Design bending strength about the
major axis of the cross-section

M — Reduced effective moment

M, ~— Reduced plastic moment capacity of
the flange plate ‘

My — Design plastic resistance of the flange
alone

M, — Design bending strength under

combined axial force and uniaxial
moment

M4, M —Design bending strength under
combined axial force and the
respective  uniaxial moment acting

alone

M, — Plastic moment capacity of the
section A

M, — Moment in the beam at the
intersection of the beam and column
centre lines

M, — Moments in the column above and-
below the beam surfaces

M, — Plastic design strength

My — Plastic design strength of flanges only

M, — Applied moment on the stiffener

M, — Moment at service (working) load

M, — Moment resistance of tension flange

M, — Factored applied moment about the

“ minor axis of the cross-section

<4l
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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 belts in the bokt 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 Ioad

Design axial compressive strength
Pesign 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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— 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
balt

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 tension 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 forte 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 boit
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 beiow 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

10

member with respect to extreme
compression fibre
Z, — Elastic section modulus of the
member with respect to extreme
tension fibre
Z - Plastic section modulus
— Contribution to the plastic section
modulus of the total shear area of the
cross-section
Y. — Distance between point of application
of the load and shear centre of
the cross-section

¥, — Co-ordinate of the shear centre in
respect to cenfroid

o — Imperfection factor for buckling
strength in columns and beams

K4 —— Coefficient of thermal expansion

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

By Py — Equivalent uniform moment factor
" for flexural buckling for y-y and z-z
axes respectively

Bz  — Equivalent uniform moment factor
: for lateral torsional buckling

% - Strength reduction factor to account
for buckling under compression

L — Strength reduction factor, %, at fwI

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

8 — Storey deflection

8 -~ Horizontal deflection of the bottom
of storey due to combined gravity
and notional load

3, — Load amplification factor

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

) —- Inclination of the tension field stress
in web

4 — Unit weight of steel

¥ -— Partial safety factor for load

Y — Partial safety factor for material

Yoo — Partial satety factor against yield
stress and buckling

Youl — Partial safety factor against ultimate
stress

Yo — Partial safety factor for bolted
connection with bearing type bolts

Yo — Partial safety factor for bolted

connection with High Strength
Friction Grip boits

-t



Y — Partial safety factor for fatigue load

Yot — Partial safety factor for fatigue
strength

- —— Partial safety factor against shear
failure

Viaw — Partial safety factor for strength of
weld

£ — Yield stress ratio (2507 £} '*

A — Non-dimensional slenderness ratio =

JL(KPE = Jff =
JE /P,

— Elastic buckling load factor
A — Equivalent slenderness ratio

Ar — Non-dimensional slenderness ratio in
lateral bending

A — Elastic buckling lead factor of each
storey

T} -— Poisson’s ratio

s — Correction factor

He — Coefficient of friction (slip factor)

i, — 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 — Actua! shear stress range for the detail
category

T, — Buckling shear stress

T, -~ Permissible shear stress at the service
load

T, — Elastic critical shear stress

T; —— Fatigue shear stress range

Temw  — Highest shear stress range

Ty — Design shear fatigue strength

T, — Patigue shear stress range at ¥ cycle
for the detail category

T, — Actnal shear stress at service load

v — Ratio of the moments at the ends of
the laterally unsupported length of
a beam

r — Frame buckling load factor

NOTE — The subscripts y, z dencte the y-y and z-z axes of the
section, respectively. For symmetrical sections, y-y denotes the
miner 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: '

11
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a) Forces and loads, in kN, kN/m, kN/m?;

b) Unit mass, in kg/m?,

¢) Unit weight, in kN/m?;

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

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

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

1.6 Standard Dimensions, Form and Weight

The dimensions, form, weight, tolerances of all rolled
shapes, all riveis, bolts, nuts, studs, and welds and other
members used in any steel struocture shall conform to
IS 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 aliotting
distinct identification marks to each separate part of
stee]l 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 ihe cross-section
1) axis parallel to flanges, and
2} axis parallel to smaller leg in angle
section.
d) u-u major axis (when it does not coincide with
Z-z axis).
e) v-yvminor 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

the steels commonly vsed in sieel 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. . -

-2.2.1 The provisions in this section are applicable to -

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 method
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, £ = 2.0 x 105 N/mm?
{MPa)

¢) Poisson ratio, n =0.3

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

e} Co-efficient of thermal expansion o =12 x
oe/eC :

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, £,; 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. fr_om steel

Fi6. 1 Axes or MEMBERS

12
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Table T Tensile Properties of Structural Steel Products
(Clauses 1.3.113, 1.3.119 and 2.2.4.2)

; st Indian  Grade/Classification Properties
F . No. Standard — I N - ~
z Yield Stress Ultimate Tensile Stress Elongation,
B MPa, Min MPa. Min Percent,
Min
(n ) 3 1G] (3) (6}
[8] —_ J— ——
D 280 270-410 28
i IS513 DD 250 270-370 12
EDD 220 270-330 35
¢ Exd0xx 330 410-540 6
Exdlxx 330 410-540 20
Ex42xx 330 410-540 22
Ex43xx 330 410-540 24
Exddxx 330 410-540 24
. < Ex50xx 360 510-610 16
i} 15814 Ex5ixx 360 510-610 18
Ex52xx 360 510-610 12
Ex53xx 360 510-610 20
Ex54xx 160 510-610 20
L Ex55xx 360 510-610 20
Ex56xx 360 510-610 20
0 — - J—
D — 25
iiiy 181079 { DD — %gg“;gg 28
EDD — ) 32
260-380
, 3.6 P 330 25
4.6 — 400 22
4.8 — 420 —
5.6 : — 500 20
5.8 — 520 —
. 6.8 — 600 —
) g;ig \ 8.8 (d < 16 mm) 640" 800 12
8.8 (d> 16 mm) 660 " 830 12
9.8 720 ° 900 10
10.9 940 1 040 9
\ 12.5 1100" 1220 8
, 1 200 370 26
1A 220 410 25
2 230 430 24
2A 250 460 22
3 270 490 21
v) IS 1873 1A 280 540 20
4 120 620 15
5 350 710 13
6 370 740 10
dort
— M
“e20 >20
o s {37 m ot s
' 250 240 -
t _ t ¢
A A
~— ~. ™
<16 >16and >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) IS 2002 2 265 255 245 215 200  410-530 410-530 400-330 22 21
3 290 285 280 255 230 460-580 450-570 440-570 21 20

13
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Table I (Concluded)

SI Indian Grade/Classification Properties
No. Standard e —
Yield Stress Ultimate Tensile Stress Elongation,
MPa, Min MPa, Min Percent, Min
(n @ (3) {4} (5) (6)
dort
-~ . M —
<20 20-40 >4
E 165 (Fe 290} 165 165 165 290 23
E 250 (Fe 410 W) A 2350 24(} 230 4]0 23
E250 (Fe410 W) B 250 240 230 410 23
E 250 (Fe 410 W) C 250 240 230 410 23
vill) 1§ 2062 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
E450 (Fe 570) D 450 430 420 570 20
E 450 (Fe 590) E 450 430 420 590 20
dort
~ ~— N
<25 > 25 and < 50
x) 183039 230 220 400-490 2
‘” 235 235 400-490 P
235 235 400-450
22
Grade | 240 350-450 25 :
X 156240 { Grade 2 243 360-450 34
Annealed Condition . 160 . 330410 30
xi) 187557 { As-Drawn Condition 190 410-490 20
HFC 210/CDS§ i 210 330 20
210/ERW210
. HFC 240/CD3
xii) 189295 TAQ/ERW240 240 410 18
HFC 310/CDS
3 [O/ERW] 10 e 430 I3
170 290 30 i
2 210 330 28 E
xiii) 1S 10748 3 240 410 25
4 275 430 20
5 3ilo 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. E
2 Abbreviations: O = Ordinary, D = Drawing, DD = Deep Drawing, EDD = Extra Deep Drawing,
[} Stress at 0.2 percent non-proportional elongation, A,
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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
inIS 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

Boits, nuts and washers shall conform as appropriate
to IS 1363 (Parts 1 to 3), IS 1364 (Parts 1 to 5), IS 1367
(Paris 1 to 20), IS 3640, IS 3757, IS 4000, IS 5369,
I8 5370,1S 5372, 1S 5374, IS 5624, IS 6610, 1S 6623,
IS 6639, and IS 6649. The recommendations in IS 4000
shall be followed.

2.5 Sieel Casting
Steel casting shall conform to IS 1030 or IS 2708,

2.6 Welding Consumable

2.6.1 Covered electrodes shall conform to I8 814 or
1S 1395, as appropriate.

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

2.6.3 The supply of seolid filler wires for submerged
arc welding of structural steels shall conform to
1S 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
18 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
ioading.

3.L.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 (see
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 5.3.3):

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 leads;

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 Joad 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 shali 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
iocalities 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 considerec.

a)
b)

Dead load + imposed load,

Dead load + imposed load + wind or
earthquake load,

Dead load + wind or earthquake load, and
Dead load + erection load.

9]
d)

NOTE — In the case of structures supporting cranes, imposed
toads 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 lcads,
eccentricity effects induced by the vertical loads,
impact factors, lateral (surge) and longitudinal
{horizontal) thrusts, not acting simultanecusly, 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;

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.

b)

<)

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.

1.5.7 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)

b}

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:

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

2) Thesectional 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 elements 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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b)

c)

d)

IS 800 : 2007

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 piate
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
glement in excess of the semi-compact section
limit.

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)

b)

c)

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.

Outside elements or outstands — These are
elements attached along only one of the
lengitudinal 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)
r Ct_lmpression Element Ratio Class of Section
Class 3
Class ! Class 2 :
Plastic Compact Semi-compact
(1) (2 E)) 4 (5)
Rolled section bty 94 10,55 15.7¢ )
Outstanding element of 3
compression flange Welded section bt 845 9.4¢ 13.6¢
Internal element of Compression due to
compression flange bending bt 293¢ B 25 ;
Axial compression b & Not applicable f
Neutral axis at mid-depth /ity 845 [05¢ 126
‘ 105.0¢
If ry is negative: dfte E
Web ofan I, Bde L+, 126.0€
::;:i-::x Generally L4+ 105.0€ 1+2r,
If r; is positive : ity but <42¢ 1+ 1.5 but < 42¢
- but < 42¢
Axial compression Ay Not applicable 42 :
Web of a channel arty 42 42 42
Angle, compression due to bending (Both criteria should b/t 24¢ 10.5¢ 15.7¢
be satisfied) i 9.4 & 10.55 15.75
Single angle, or double angles with the components bt 15.7¢ ,
separated, axial compression (All three criteria should be. | d’t Not applicable 13.7¢ "-
satisfied) : {b+d)/t 25¢
Outstanding leg of an angle in contact back-to-back in a o
double.angle member @t 94z 105 1578
Outstanding leg of an angle with its back in continuous
contact with another component d/t 245 10.5¢ 1574
Sten_1 of a T-section, rolled ar cut from a rolled i-or H- Dite 8.45 94g 18.9¢
section
Circular hollow tube, including welded tube subjected to:
a) moment ) Dt 2 526 1468
b} axial compression Dt Not applicable 88
NOTES
I Elements which exceed semi-compact limits are to be taken as of slender cross-section,
2 5=(250/£)",

3 Webs shali be checked for shear buckling in accordance with 8.4,2 when ot > 676, where, & 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
element, 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
favourable classification. )

§ The stress ratio | and r; are defined as;

_ Actual average axial stress (negative if tensile)
: Design compressive stress of web alone

Actual average axial stress (negative if tensile)
" Design compressive stress of overll section
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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.

1S 800 : 2007

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) OQutstanding width of compound clement (b,)
to its own thickness.

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.

b)

c)

3.8 Maximum Effective Stenderness Ratio

The maximum effective slenderness ratio, K7./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 ‘7’ is appropriate radius of gyration
based on the effective section as defined in 3.6.1.

Table 3 Maximum Values of Effective
Slenderness Ratios

81 Member Maximum
No. Effective
Slenderness
Ratio
(KL/r)
0] (2) (&)
i}y A member carrying compressive loads 180
resulting from dead loads and imposed
loads )
ii) A tension member in which a reversal 180
of direct stress occurs due to loads other
than wind or seismic forces
i) 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 torsional 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 resuiting 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 fo 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 shall
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 is 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

by 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 3.10.3.1t03.10.3.3
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).

L 180m

END OF COVERED BUILDING/SECTION

F1G. 3 MaximMuM LENGTH OF BUILDING wiTH ONE
BaY oF BrRACING

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.

| EXPANSION
T JOINT

\

\

|
|
|
|
|

50m —=

90m

a0m
I

Fig. 4 Maxmum Lencth oF BuiLpin/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 3, 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)
b)
c)

Elastic analysis in accordance with 4.4,
Plastic analysis in accordance with 4.5,
Advanced analysis in accordance with
Annex B, and

Dynamic analysis in 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 assdmed
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

d)

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

stiffness 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.
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 §, over a
storey height k, due to the notional horizontal

b)

c)
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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’
2 000
2) For unclad frame or clad frames, when
the stiffening effect of the cladding is
taken into account in the deflection
calculations:
< i
4 000
3) 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.

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 af 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 crthagonal
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 alse for multi-component
earthquake forces [see IS 1893 (Part 1)].

For vertical loading in 2 multi-storey building
structure, provided with bracing or shear walls
to resist all laterat forces, each level thereof,
together with the columns immediately above
and below, may be considered as a sub-

b)

structure, the columns being assumed fixed:

at the ends remote from the level under
consideration.

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

c)

The span length of a flexural member in a continuous
frame system shall be taken as the distance 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.

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. ’ )

b)
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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) Imposed load 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 connecticn 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 (&) 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
bottorn 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
equividlent. 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; ‘
¢} combined with temperature effects; and
d) 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 Cl 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
Jrames

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
Jrames

The design bending moment shall be calculated as the
product of moment amplification factor [see 9.3.2.2
(Cpy Cyp)] 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

1 it T e
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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/, should not exceed the values given
in the plastic section (see 3.7, Table 2), Where other

. 112
50
sections are used the ratio [}_J should not exceed
1

the values given for plastic section (for simple outstand,
asin 3.7y,

where
I, = second moment of area of the stiffener about
‘the face of the element petpendicular 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;

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

¢} 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 wali panels or diaphragms of
profiied wall panel is not taken into account,
and where elastic buckling load factor, A,
{see 4.6) satisfies 1 /4,2 10.

If10>2, JA 24.6the second—order effects may
be con51dered by amplifying the design load
effects obtained from plastic analysis by a
factor 6, = {0.91_/(i_-1)}.

Ifi/ .1 < 4.6, second order ¢lasto-plastic
analysts or second-order elastic analysis
(see 4.4.3) is to be carried out.

b) For un-clad frames or 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, i,
(see 4.6) satisfies 1 / 4,220
I£20 > 2 /4,2 5. 75 the second-order effects
may be considered by amplifying the design
load effects obtained from plastic analysis by
a factor § = {0.92_ /(4 —1)}.

If 4,/ %< 5.75, second-order elasto-plastic
analysis or second-order elastic analysis
(see 4.4.3) shall be carried out.

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 valve of A, depends on the foad 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 f,, 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 colurnns, where
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f.q is the axial compressive stress in the coluran 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,
.- for each column shall be determined as P, = A £
where £, 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 cach storey of the building, as given

below:.

lﬂ[ﬁf =
' N (p/L)
where
P = member axial force from the factored load
analysis, with tension taken as negative; and
L = column length and the summaticn 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
requiremnents 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; :

Have adequate durability under normal
maintenance; '

Do not suffer overall damage or collapse

b)

<)
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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.
Choosing structural forms, layouts and
details and designing such that:
i) the siructure has low sensitivity to
hazardous conditions; and

2)

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

Choaosing suitable material, design and
detailing procedure, construction
specifications, and control procedures for
shop fabrication and field construction as
relevant to the particular structure.

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

ii)

3)

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 73 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 orthogonal
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
a load 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 unusnal 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 steess
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 Limit states 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.
2

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 ils parts including
supports and foundations,

¢} 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.

b) 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).

c) Repairable damage or crack due to fatigue.

d) Corrosion, durability.

e) Fire,

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 duve 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.

c) Accidental actions Q) Actions expected due
to explosions, and impact of vehicles, etc.

5.3.2 Characteristic Actions (Loads})

5.3.2.1 The Characteristic Actions, Q, 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 IS 875 (Part 1)]..

b) the variable loads, values of which are
specified in relevant standard [see I8 875 (all
Parts) and IS 1893 (Part 1)].

¢) 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. ‘

5.3.2.2 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, G, is expressedas @; = Z‘]’,k a,
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 joad,

¢) 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 réquire
consideration of the following:

a) Loss of équilibrium 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, Y, for Limit States
(Clauses 3.5.1 and 5.3.3)

Limit State of Serviceability
_A

Combination Limit State of Strength
— — - —~ -~
DL LL" WLMEL AL DL LL” WL/EL
A . A
o ™ ('_ ™
Leading  Accompanying Leading Accompanying
(n (2 3 4 () % O (8) 9 (10
DL+LLACL 1.5 1.5 1.05 — —_ 10 1.0 1.0 —
DL+LL+CL+ 1.2 12 105 0.6 —_ 1.0 0.8 0.8 0.8
WLJEL r2 12 0.53 1.2
DL+WL/EL 1.5 (0.9)" — — 13 — 10 — — 1.0
DL+ER 1.2 12 — — — = — _— —
(0‘9)31
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.

U 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 (VerticalfHori;ontal), AL = Accidental load, ER =

Frection load, EL = Earthquake load.

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

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

Sd=Su/"/m

where partial safety factor for materials, Y., account
for:
a)

Possibility of unfavourable deviation of
material strength from the characteristic value,
Possibility of unfavourable variation of
member sizes,

Possibility of unfavourable reduction in
member strength due to fabrication and
tolerances, and

Uncertainty in the calculation of strength of
the members.

b)

c)
d)

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.

5511 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.

¢) 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.
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.

dy

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 Joads such as givenin4.3.6
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, y; 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

b) The permanent and variable actions and their . . e 1e . .
. o ; governing normal use. Serviceability limit state is [imit
effects causing instability shall be combined . . .o .
. h . state beyond which the service criteria specified below,
using appropriate load factors as per the Limit
. . \ are no longer met;
State requirements, to obtain maximum
destabilizing effect. a} Deflection limit,
Table 5 Partial Safety Factor for Materials, v,
(Clause 5.4.1)
st Definition Partial Safety Factor
No.
1) Resistance, governed by yielding, ., 1.10
i) Resistance of member to buckling, 3, .
jii)  Resistance, governed by ultimate stress, Yool 1.25
iv)  Resistance of connection: Shop Fabrications Field Fabrications
a) Bolis-Friction Type, 7, 1.25 1.25
b) Bolts-Bearing Type, 1.25 1.25
¢} Rivets, 3, 1.25 1.25
1.25 1.50

d) Welds, s,
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b) Vibration limit,

¢} -Durability consideration, and

d) Fire resistance.
Unless specified otherwise, partial safety factor for
loads, 7, of value equal to unity shall be used for all
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

IS 800 : 2007

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 (2) (3) 4 5 (6)
Elastic claddi
{ Live load/ Wind load * Purlins and Girts astic cladding gpgmgg
' Brittle cladding . P
Elastic claddi /24
Live load Simple span astie cladding Span/240
Brittle cladding Span/300
Elastic claddi 5 0
Live load Cantilever span astic cladding pan/12
- ’ Brittle cladding Span/I50
&
B Profiled Metal Sheeti n/180
§ < Live load/ Wind load - Rafter supporting roffled Metal Sheeting Spa
. Plastered Shecting Span/240
E’ S;Z?;;g:;i (Manual B " Gantry Crane Span/560
‘3 Crane load (Electric
: operation up to 50 1) Gantry Crane Span/150
& Crane load {Electric
é k operation over 50 ) Gantry Crane Spanf1 000
- Elastic claddi i
No cranes Columa astic cladding Height/150
f Masonry/Brittle cladding Height/240
Crane (absolute) Span/400
2 Crane + wind Gantry (lateral) { Relative displacement
g between rails supporting 10 mm
K] { l crane
Gantry (Elastic cladding; .
Height/200
Cranes wind Column/frame [ pendent operated)
Gantry {Brittle cladding; cab .
\ \ operated) Height/400
{ ( Elements nol susceptibleto o a0,
. . cracking P
Live load Floor and Roof i
. Elements susceptible to
" 8 { cracking Span/360
g ] Elements not susceptible to
= ; > e I
rg R \ cracking Span/130
a Live load Cantitever - ol
o ements susceptible to -
§ . cracking Span/180
Elastic claddi ight/300
. Wind Building astic cladding Heigh
g - Brittle cladding Height/500
\ Wind Inter storey drift — Storey heighy/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)
b)
¢)
d)
e
5.6.3.1 The durability of steel structures shall be
ensured by following recornmendations in Section 5.

Specialist literature may be referred to for more detailed
and additional information in design for durability.

Environment,

Degree of exposure,

Shape of the member and the structural detail,
Protective measure, and '
Ease of maintenance.

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 bricfly 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 = design strength of the member.

The design strength of 2 member under axial tension,
T is the lowest of the design strength due to yielding
of gross section, 7,,, rupture strength of critical section,
T4y, and block shear T given in 6.2, 6.3 and 6.4,
respectively.

6.2 Design Strength Due to Yielding of Gross Section

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

ng = Agf;v ijD

where
J, = yicld stress of the material,
A, = 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::/'le

where
Y = partial safety factor for failure at ultimate
stress (see Table 3),
fo = ultimate stress of the material, and
A, = net effective area of the member given by,







P
An=[b—ndh + z—f'—] t

T 4g;

where

b, t = width and thickness of the plate,
. respectively, '

4, = 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 _

i = subscript for summation of all the inclined
‘legs.

P
—Q
g AN
4 dh
g 7/
4
- *_.__ @\
g ~

— ®
9 V4
—0o

Fig. 5 Prates wite Borrs HoLgs v TensioN

6.3.2 Threaded Rods

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

Tdn =0.9 Anf;llvml

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 = 09 Ancf;.l l ’le + B A:E'—" f)" /.Ymﬂ
where

B = 1.4-0.076 (wh) (f,5,) (b/L) < (}i."{mo/ﬂ“{ml)
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 = O'5‘1'1n-ﬁu‘/’}lml

where

o = 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;

A, = netarea of the total cross-section;

A,, = netarea of the connected leg;

Ay, = gross area of the outstanding leg; and

t = thickness of the leg.

bs=w

by=w+w -1

Fic. 6 ANGLES WITH SINGLE LEG CONNECTIONS

6.3.4 Other Section -

The rupture strength, Ty, of the double angles,
channels, [-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 P 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 fy/( \[5 ’Ymo) + 0'9Atnfn erml ]
or

Tap = (0.94,, £, /({3 Yout) + A Jy o)
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where

A, 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),

Ay 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

Jofy = ultimate and yield stress of the material,
respectively. :

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 arcund 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, ¢,
or d as given Table 7.

712 The design compressive strength Py, of a member

is given by:
P <P
where .
Pd =Aefcd
2 i
L Ze——g% |
= 4443 | _
{

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:

f;/-‘vm(]

e ] = <
Afl‘:d ¢+[¢2_l2]0_5 Xf;./'ymo - .f;q/“{mﬂ
where '
¢ = 05[1+a(d-0.2+4A%
A = non-dimensional effective slenderness ratio
- Vil (T e
¥y @ y r
nE
fie = Euler buckling stress = (g7 /\*.
cc ( /r)
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

1
= ’:¢+(¢2 _12)0'5]
Aqo = partial safety factor for material
strength,
2 T
el .
(] + i
| |
/
SR S
) | ———8 —a—b
|
78 Angle

Fic. 7 BLock Suear FAILURE
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NOTE — Calculated values of design compressive stress, f4
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 fg, 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, ¢
(Clauses 7.1.1 and 7.1.2.1)

b c d
0.34 0.49 0.76

Buckling Class a
0.21

o

7.2 Effective Length of Compression Members

72.1 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 actuat 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

IS 860 : 2007

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
diffienlties 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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Table 10 Buckling Class of Cross-Sections

(Clause 7.1.2.2)

4

Cross-Section Limits Buckling About Axis Buckling
Class
H (2) £)] 18))]
Rolled I-Sections e, > 1.2
4 <40 mm e a
Y-y b
| 40 <mm <4 < 100 mm &z b
h »-¥ c
z Abe< 12 .
t <100 mm rz
y-y c
L& |
z-zZ d
=y 1;>100 mm vy d
Welded I-Section t <40 mmn -z b
-y c
¥
|l fw__i.._ b 1y >40 mm -z c
1 ” ’
L_b_...]
-y
Hollow Section
Hot rolled Any a
Cold formed Any b
Welded Box Section
Generally A b
¥ | (except as below) fny
t ;M !.ff Thick welds and
h J | I S
E ! Tz b/y< 30 z-Z [
|
T ! kit, < 30 ¥y c
L__b_..l
—y
Channel, Angle, T and Solid Sections
—y '
1 Any ¢ ’
T
-y
Built-up Member
Any c
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Table 11 Effective Length of Prismatic Compression Members

IS 80¢ : 2007

{Clause 7.2.2)
Boundary Conditions Schematic Effective
. e .
— -— Representation Length
At One End At the Other End
~ ~~- Y ~ - =
Translation Rotation Translation Rotation
(1) 2) &) “ (5) (6}
4
\ N
[}
]
!
g Restrained Restrained Free Free
1 ” > 2.0L
e
1
\
Free Restraincd Free Restrained \ J
B Restrained Free Restrained Free 1.6L
'J Restained Restrained Free Restrained 1.2L
Vi
; . a
H {
i Restrained Restrained Restrained Free \\ 0.8L
ki \
T,
BSNNANRRAN]
'f
I
. Restrained Restrained Restrained Restrained l\ 0.65L
: NOTE — L is the unsupported length of the compression member (see 7.2.1).
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7.3 Design Details
7.3.1 Thickness of Plate Elements

Classification of members on the basis of thickness of
constituent plate elements shall satisfy the width-
thickness ratio requirements specified in Table 2.

7.3.2 Effective Sectional Area, A,

Except as modified in 3.7.2 (Class 4), the gross
sectional area shall be taken as the effective sectional
area for all compression members fabricated by
welding, bolting and riveting so long as the section is
semi-compact or better. Holes not fitted with rivets,
bolts or pins shall be deducted from gross area to
calculate effective sectional area. '

7.3.3 Eccentricity for Stanchions and Columns

7.3.3.1 For the purpose of determining the stress in a
stanchion or column section, the beam reactions or
similar loads shall be assumed to be applied at an
eccentricity of 100 mm from the face of the section or
at the centre of bearing whichever dimension gives the
greater ecceniricity, and with the exception of the
following two cases:

a} In the case of cap connection, the load shall
be assumed to be applied at the face of the
column or stanchion section or at the edge of
packing, if used towards the span of the beam.

b) In the case of a roof truss bearing on a cap,
no eccentricity be taken for simple bearings
without connections capable of developing
any appreciable moment. In case of web
member connection with face, actual
eccentricity is to be considered.

7.3.3.2 In continuous columns, the bending moments
due to eccentricities of loading on the columns at any
floor may be divided. equally between the columuas

above and below that floor level, provided that the -

moment of inertia of one column section, divided by
its effective length does not exceed 1.5 times the
corresponding value of the other column. Where this
ratio is exceeded, the bending moment shall be divided
in proportion to the moment of inertia of the column
sections divided by their respective effective lengths.

7.3.4 Splices

7.3.4.1 Where the ends of compression members are
prepared for bearing over the whole area, they shall be
spliced to hold the connected members accurately in
position, and to resist bending or tension, if present. Such
splices should maintain the intended member stiffness
about each axis. Splices should be located as close to
the point of inflection as possible. Qtherwise their
capacity should be adeguate to carry magnified moment
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(see 9.3.2.2). The ends of compression members faced
for bearing shall invariably be machined to ensure perfect
contact of surfaces in bearing,

7.3.4.2 Where such members are not faced for complete
bearing, the splices shall be designed to transmit all
the forces to which the members are subjected.

7.3.4.3 Wherever possible, splices shall be
proportioned and arranged so that the centroidal axis
of the splice coincides as nearly as possible with the
centroidal axes of the members being jointed, in order
to avoid eccentricity; but where eccentricity is present
in the joint, the resulting stress shall be accounted for,

7.4 Column Bases
7.4.1 General

Column bases should have sufficient stiffness and
strength to transmit axial force, bending moments and
shear forces at the base of the columns to their
foundation without exceeding the load carrying
capacity of the supports. Anchor bolts and shear keys
should be provided wherever necessary. Shear
resistance at the proper contact surface between steel
base and concrete/grout may be calculated using a
friction coefficient of 0.45.

The nominal bearing pressure between the base plate
and the support below may be determined on the basis
of linearly varying distribution of pressure. The
maximun bearing pressure should not exceed the
bearing strength equal to 0.6f,,, where £, is the smaller
of characteristic cube strength of concrete or bedding
material.

7.4.1.1 If the size of the base plate is larger than that
required to limit the bearing pressure on the base
support, an equal projection ¢ of the base plate beyond
the face of the column and gusset may be taken as
effective in transferring the column load as given in
Fig. 9, such that bearing pressure on the effective area
does not exceed bearing capacity of concrete base.

7.4.2 Gusseted Bases

For stanchion with gusseted bases, the gusset plates,
angle cleats, stiffeners, fastenings, etc, in combination
with the bearing area of the shaft, shall be sufficient to
take the loads, bending moments and reactions to the
base plate without exceeding specified strength. All
the bearing surfaces shall be machined to ensure perfect
contact.

7.4.2.1 Where the ends of the column shaft and the .

gusset plates are not faced for complete bearing, the
weldings, fastenings connecting them to the base plate
shall be sufficient to transmit all the forces to which
the base is subjected.




" 7.4.2.2 Column and base plate connections

Where the end of the column is connected directly to
the base plate by means of full penetration butt welds,
the connection shall be deemed to transmit to the base
all the forces and moments to which the colurun is

subjected.
7.4.3 Slab Bases

Columns with slab bages need not be provided with
gussets, but sufficient fastenings shall be provided to
retain the paris securely in place and to resist all
moments and forces, other than direct compression,
including those arising during transit, unloading and
erection.

7.4.3.1 The minimum thickness, ; of rectangular slab
bases, supporting columns under axial compression
shall be

L =25w (@035 W/ f, >t
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When only the effective area of the base plate is used
as in 7.4.1.1, ¢® may be used in the above equation
(see Fig. 9) instead of (a® ~ 0.35%).

7.4.3.2 When the slab does not distribute the column
load uniformly, due to eccentricity of the load etc,
special calculation shall be made to show that the base
is adequate to resist the moment due to the non-uniform
pressure from below.

- 7.4.3.3 Bases for bearing upon concrete or masonry
need not be machined on the underside.

-7.4.3.4 In cases where the cap or base is fillet welded
directly to the end of the column without boring and
shouldering, the contact surfaces shall be machined to
give a perfect bearing and the welding shall be
sufficient to transmit the forces as required in 7.4.3.
Where full sttength butt welds are provided, machining
of contact surfaces is not required.

7.5 Angle Struts
7.5.1 Single Angle Struts

The compression in single angles may be transferred
either concentrically to its centroid through end gusset
or eccentrically by connecting one of its legs to a gusset
or adjacent member.

7.5.1.1 Concentric loading

When a single angle is concentrically loaded in
compression, the design strength may be evaluated
using 7.1.2.

7

where
w = uniform pressure from below on the slab
base under the factored load axial
compression;
a, b= larger and smaller projection, respectively
of the slab base beyond the rectangle
circumscribing the column; and
t, = flange thickness of compression member.
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7.5.1.2 Loaded through one leg

The flexural torsional buckling strength of single angle
loaded in compression through one of its legs may be
evaluated using the equivalent slenderness ratio, ;Lg_ as

given below:
’lr: = 1’k|+ kz ?\.3\, + k] }L:

ki ky k; = constants depending upon the end
condition, as given in Table 12,

)

where

(b, +b,) 12

A, = and Ap =
frrzs rle
g, |=—— Eij—
250 250
where
f = centre-to-centre length of the supporting
member,
w = radius of gyration about the minor axis,
by, b,= width of the two legs of the angle,
t = thickness of the leg, and
€ = yield stress ratio ( 250/£,)°%.
Table 12 Constants &, k, and k,
St No.of Bolts  Gusset/Con- k, k, k&
No.  at Each End necting
Connection Member
Fixity "
iy & (3} 4) & 1
i) Fixed { 020 035 20
22 ]
Hinged 070 060 5
i) Fixed { 0.75 0.35 20
! Hinged 125 050 60

" Stiffeness of in-plane rotational restraint provided by the
gusset/connecting member,

For partial restraint, the X_can be interpolated between the A,
results for fixed and hinged cases.

7.5.2 Double Angle Struts

. 7.5.2.1 For double angle discontinuous struts,
connected back to back, on opposite sides of the gusset
or a section, by not less than two bolts or rivets in line
along the angles at each end, or by the equivalent in

welding, the load may be regarded as applied axially.

The effective lerigth, KL, in the plane of end gusset
shall be taken as between 0.7 and 0.85 times the

stress shall not exceed the values based on 7.1.2 The
angles shall be connected together over their lengths
so as to satisly the requirements of 7.8 and 10.2.5.

7.5.2.2 Double angle discontinuous struts connected
back-to-back, to one side of a gusset or section by one
or more bolts or rivets in each angle, or by the
equivalent in welding, shall be designed in accordance
with 7.5.1 and the angles shall be connected together
over their lengths so as to satisfy the requirements
of 7.8 and 10.2.5.

7.5.3 Continuous Members

Double angle continuous struts such as those forming
the flanges, chords or ties of trusses or trussed girders,
orthe legs of towers shall be designed as axially loaded
compression members, and the effective length shall
be taken in accordance with 7.2.4.

7.5.4 Combined Stresses

In addition to axial loads, if the struts carry loads which
cause fransverse bending, the combined bending and
axial stresses shall be checked in accordance with 9.3,
For determining the permissible axial and bending
stresses, the effective length shall be taken in
accordance with the 7.2 and 8.3.

7.6 Laced Columns
7.6.1 General

7.6.1.1 Members comprising two main components
laced and tied, should where practicable, have a radius
of gyration about the axis perpendicular to the plane
of lacing not less than the radius of gyration about the
axis paralle! to the plane of lacing (see Fig. 10A
and 10B),

- 7.6.1.2 As far as practicable, the lacing system shall

distance between intersections, depending on the .

degree of the restraint provided. The effective length,
KL, inthe plane perpendicular to that of the end gusset,
shali be taken as equal to the distance between centres
of intersections. The calculated average compressive
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be uniform throughout the length of the column.

7.6.1.3 Except for tie plates as specified in 7.7, double
laced systems (see Fig. 10B) and single laced systems
{see Fig. 10A) on opposite sides of the main
components shall not be combined with cross members
(ties} perpendicular to the longitudinal axis of the strut
(see Fig, 10C), unless all forces resulting from
deformation of the strut members are calculated and
provided for in the design of lacing and its fastenings.

7.6.1.4 Single laced systems, on opposite faces of
the components being laced together shall preferably
be in the same direction so that one is the shadow of
the other, instead of being mutually opposed in
direction.

7.6.1.5 The effective slenderness ratio, (KI/r),, of laced
columns shall be taken as 1.05 times the (KL/P)g, the
actual maximum slendernessratio, in order to account
for shear deformation effects.
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7.6.2 Width of Lacing Bars

In bolted/riveted construction, the minimum width of
lacing bars shall be three times the nominal diameter
of the end bolt/rivet.

7.6.3 Thickness of Lacing Bars

The thickness of flat lacing bars shall not be less than
one-fortieth of its effective length for single lacings
and one-sixtieth of the effective length for double
lacings. :

7.6.3.1 Rolled sections or tubes of equivalent strength
may be permitted instead of flats, for lacings.

7.6.4 Angle of Inclination

Lacing bars, whether in double or single systems, shall
be inclined at an angle not less than 40° nor more than
70° to the axis of the built-up member.

7.6.5 Spacing

7.6.5.1 The maximum spacing of lacing bars, whether
connected by bolting, riveting or welding, shall also
be such that the maximum slenderness ratio of the
components of the main member {a,/r,), between
consecutive lacing connections is not greater than 50
or 0.7 times the most unfavourable slenderness ratio
of the member as a whole, whichever s less, where a,
is the unsupported length of the individual member
between lacing points, and r, is the minimum radius
of gyration of the individual member being laced
together

7.6.5.2 Where lacing bars are not tapped to form the
connection to the components of the members, they
shall be so connected that there is no appreciable
interruption in the triangulation of the system.

7.6.6 Design of Lacings

7.6.6.1 The lacing shall be proportioned to resist a total
transverse shear, ¥, atany point in the member, equal
to at least 2.5 percent of the axial force in the member
and shall be divided equally among all transverse-
lacing systems in parallel planes.

7.6.6.2 For members carrying calculated bending stress
due to eccentricity of loading, applied end moments
and/or lateral loading, the lacing shall be proportioned
to resist the actual shear due to bending, in addition to
that specified in 7.6.6.1.

7.6.6.3 The slenderness ratio, KL/r, of the lacing bars
shall not exceed 145. In bolted/riveted construction,
the effective length of lacing bars for the determination
of the design strength shall be taken as the length
between the inner end fastener of the bars for single
lacing, and as 0.7 of this length for double lacings
effectively connected at intersections. In welded
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construction, the effective lengths shall be taken as 0.7
times the distance between the inner ends of welds
connecting the single lacing bars to the members,

NOTE — The required section for lacing bars as compression/
tension members shall be determined by using the appropriate
design stresses, f,, subject (o the requirements given in 7.6.3,
to 7.6.6 and T, in 6.1,

7.6.7 Attachment to Main Members

The bolting, riveting or welding of lacing bars to the
main members shall be sufficient to transmit the force
calculated in the bars. Where welded lacing bars
overlap the main members, the amount of ap measured
along either edge of the lacing bar shall be not less
than four times the thickness of the bar or the thickness
of the element of the members to which it is connected,
whichever is less. The welding should be sufficient to
transmit the load in the bar and shall, in any case, be .
provided along each side of the bar for the fuil fength
of lap.

7.6.8 End Tie Plates

Laced compression members shall be provided with
tie plates as per 7.7 at the ends of lacing systems and
at intersection with other members/stays and at points
where the lacing systems are interrupted.

7.7 Battened Columns
7.7.1 General

7.7.1.1 Compression members composed of two main
components battened should preferably have the
individual members of the same cross-section and
symmetrically disposed about their major axis. Where
practicable, the compression members should have a
radius of gyration about the axis perpendicular to the
plane of the batten not less than the radius of gyration
about the axis parallel to the plane of the batten (see
Fig. I1). :

7.7.1.2 Battened compression members, not complying
with the requirements specified in this section or those
subjected to eccentricity of loading, applied moments
or lateral forces in the plane of the battens (see Fig. 11),
shall be designed according to the exact theory of
elastic stability or empirically, based on verification
by tests. '

NOTE — If the column section is subjected to eccentricity or

other moments about an axis perpendicular to battens, the

“battens and the column section should be specially designed
for such moments and shears, :

7.7.1.3 The battens shall be placed opposite to each
other at each end of the member and at points where
the member is stayed in its length and as far as
practicable, be spaced and proportioned uniformly
throughout, The number of battens shall be such that
the member is divided into not less than three bays
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7.7.1.4 The effective slenderness ratio (KL/r), of battened
columns, shall be taken as 1.1 times the (KL/7),, the
maximum actual slenderness ratio of the column, to
account for shear deformation effects.

7.1.2 Design of Battens
7.7.2.1 Baitens

Battens shall be designed to carry the bending moments
and shear forces arising from transverse shear force ¥,
equal to 2.5 percent of the total axial force on the whole
compression member, at any point in the length of the
member, divided equally between parallel planes of
battens. Battened member carrying calculated bending
moment due to eccentricity of axial loading, calculated
end moments or lateral loads parallel to the plane of
battens, shail be designed to carry actual shear in
addition to the above shear. The main members shall
also be checked for the same shear force and bending
moments as for the battens.
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Battens shall be of plates, angles, channels, or [-sections
and at their ends shall be riveted, bolted or welded to
the main components $o as to resist simultaneously a
shear ¥, = V,C/NS along the column axis and a moment
M = V,C/2N at each connection,

where
V, = transverse shear force as defined above;
C = distance between centre-to-centre of battens,
longitudinally; _
N = number of parallel planes of battens; and
$ = minimum transverse distance between the
centroid of the rivet/bolt group/welding
connecting the batten to the main
member.
7.1.2.2 Tie piates

Tie plates are members provided at the ends of battened
and laced members, and shall be designed by the same
method as battens. In no case shall a tie plate and its
fastenings be incapable of carrying the forces for which
the lacing or batten has been designed.

7.7.2.3 Size

When plates are used for battens, the end battens and
those at points where the member is stayed in its length

~ shall have an effective depth, longitudinally, not less
" than the perpendicular distance between the centroids
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of the main members. The intermediate battens shall
have an effective depth of not less than three quarters
of this distance, but in no case shall the effective depth
of any batten be less than twice the width of one
member, in the plane of the battens. The effective depth
of a batten shall be taken as the longitudinal distance
between outermost bolts, rivets or welds at the ends.
The thickness of batten or the tie plates shall be not
less than one-fiftieth of the distance between the
innermost connecting lines of rivets, bolts or welds,
perpendicular to the main member.

7.7.2.4 The requirement of bolt size and thickness of
batten specified above does not apply when angles,
channels or I-sections are used for battens with their legs
or flanges perpendicular to the main member. However,
it should be ensured that the ends of the compression
members are tied to achieve adequate rigidity.

7.7.3 Spacing of Battens

In battened compression members where the individual
members are not specifically checked for shear stress
and bending moments, the spacing of battens, centre-
to-centre of its end fastenings, shall be such that the
slenderness ratio (KL/r) of any component over that
distance shall be neither greater than 50 nor greater
than 0.7 times the slenderness ratio of the memberas a
whole about its z-z (axis parallel to the battens).
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7.7.4 Attachment to Main Members
71.7.4.1 Welded connections

Where tie or batten plates overlap the main members,
the amount of lap shall be not less than four times the
thickness of the plate. The length of weld connecting
each edge of the batten plate to the member shall, in
aggregate, be not less than half the depth of the batten
plate. At least one-third of the weld shall be placed at
each end of this edge. The length of weld and depth of
batten plate shall be measured along the longitudinal
axis of the main member.

In addition, the welding shall be returned along the
other two edges of the plates trangversely to the axis
of the main member for a length not less than the
minimum lap specified above,

7.8 Compression Members Composed of Two
Components Back-to-Back

7.8.1 Compression members composed of two angles,
channels, or tees back-to-back in contact or separated
by a small distance, shall be connected together by
tiveting, bolting or welding so that the ratio of most
unfavourable slenderness of each member between the
intermediate connections is not greater than 40 or 0.6
times the most unfavourable ratio of slenderness of
the strut as a whole, whichever is less {see Section 10),

7.8.2 In no case shall the ends of the strut be connected
together with less than two rivets or bolts or their
equivalent in welding, and there shall be not less than
two additional connections in between, spaced
equidistant along the length of the strut. Where the
members are separated back-to-back, the rivets or bolts
through these connections shall pass through solid
washers or packing in between. Where the legs of the
connected angles or the connected tees are 125 mm
wide or more, or where webs of channels are 150 mm

wide or over, not less than two rivets or bolts shall be

used in each connection, one on line of each gauge
mark,

7.8.3 Where these connections are made by welding,
solid packing shall be used to effect the jointing uniess
the members are sufficiently close together to permit
direct welding, and the members shall be connected
by welding along both pairs of edges of the main
components,

7.8.4 The rivets, bolts or welds in these connections
shall be sufficient to carry the shear force and moments,
if any, specified for battened struts (see 7.7.3), and in
no case shall the rivets or bolts be less than 16 mm
diameter for members upto and including 10 mm thick;
20 mm diameter for members upto and including
16 mm thick; and 22 mm diameter for members over
16 mm thick.

7.8.4.1 Compression members connected by such
riveting, bolting or welding shall not be subjected to
transverse loading in a plane perpendicular to the
riveted, bolted or welded surfaces.

7.8.5 Where the components are in contact back-to-
back, the spacing of the rivets, bolts or intermittent
welds shall not exceed the maximum spacing for
compression members given in (see Section 10).

SECTION 8
DESIGN OF MEMBERS SUBJECTED TO
BENDING

8.1 General

Members subjected to predominant bending shall have
adequate design strength to resist bending moment,
shear force, and concentrated forces imposed upon and
their combinations. Further, the members shall satisfy
the deflection limitation presented in Section 5, as
serviceability criteria. Member subjected to other
forces in addition to bending or biaxial bending shail
be designed in accordance with Section 9.

8.1.1 Effective Span of Beams

The effective span of a beam shall be taken as the
distance between the centre of the supports, except
where the point of application of the reaction is taken
as eccentric at the support, when it shall be permissible
to take the effective span as the length between the
assumed lines of the reactions.

8.2 Design Strength in Bending (Flexure)

The design bending strength of beam, adequately
supported against lateral torsional buckling (laterally
supported beam) is governed by the yield stress
(see 8.2.1). When a beam is not adequately supported
against lateral buckling (laterally un-supported beams)
the design bending strength may be governed by lateral
torsional buckling strength (see 8.2.2).

" The factored design moment, M at any section, in a
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beam due to external actions, shall satisfy

MM,
where

My = design bending strength of the section,
calculated as given in 8.2.1.2.

8.2.1 Laterally Supported Beam

A beam may be assumed to be adequately supported
at the supports, provided the compression flange has
full lateral restraint and nominal torsional restraint at
supports supplied by web cleats, partial depth end
plates, fin plates or continuity with the adjacent span.
Full lateral restraint to compression flange may be
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assumed to exist if the frictional or other positive
restraint of a floor connection to the compression flange
of the member is capable of resisting a lateral force
not less than 2.5 percent of the maximum force in the
compression flange of the member. This may be
considered to be uniformly distributed along the flange,
provided gravity loads constitute the dominant loading
on the member and the flodr construction is capable
of resisting this lateral force.

The design bending strength of a section which is not
susceptible to web buckling under shear before yielding
(where d/t,, < 67€) shall be determined according
to 8.2.1.2.

8.2.1.1 Section with webs susceptible to shear buckling
before yielding '

When the flanges are plastic, compact or semi-compact
but the web is susceptible to shear buckling before
yielding (d/t,, <67¢), the design bending streagth shall
be calculated using one of the following methods:

a) The bending moment and axial force acting
on the section may be assumed to be resisted
by flanges only and the web is designed only
to resist shear {see 8.4).

b) The bending moment and axial force acting
on the section may be assumed to be resisted
by the whole section. In such a case, the web
shall be designed for combined shear and
normal stresses using simple elastic theory in
case of semi-compact webs and simple plastic
theory in the case of compact and plastic
webs,

8.2.1.2 When the factored design shear force does not
exceed 0.6 V,;, where V, is the design shear strength of
the cross-section (see 8.4), the design bending strength,

M, shall be taken as:

Md =ﬁbz1}fy / '}’mo

To avoid irreversible deformation under serviceability
loads, M, shall be less than 1.2 Z,f, /v, incase of
simply supported and 1.5 Z f, /¥,o in cantilever beams;

where
B, = 1.0 for plastic and compact sections;
B, = Z/Z,forsemi-compact sections;

Z, Z, = plastic and elastic section modulii of the
cross-section, respectively;

f}_ " = yield stress of the material; and
Yo = partial safety factor (see 5.4.1).

8.2.1.3 When the design shear force (factored), V
exceeds 0.6V, where V, is the design shear strength of
the cross-section (see 8.4) the design bending strength,
M, shall be taken
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M= M,
where

M,, = design bending strength under high shear as
defined in 9.2.

8.2.1.4 Holes in the tension zone

a) The effect of holes in the tension flange, on
the design bending strength need not be
considered if

(Ane 7Ag) 2 () Yoy /Y o} 1 0.9
where '

Ay /Ay

H

ratio of net to gross area of
the flange in tension,

Fh = ratio of yield and altimate
- stress of the material, and

= ratio of partial safety
factors against ultimate to
yield stress (see 5.4.1).

When the A /A, does not satisfy the above
requirement, the reduced effective flange area,
A_;satisfying the above equation may be taken
as the effective flange area in tension, instead
of Ay

‘)}m l/ Ymﬂ

b) The effect of holes in the tension region of
the web on the design flexural strength need
not be considered, if the limit given in (a)
above is satisfied for the complete tension
zone of the cross-section, comprising the
‘tension flange and tension region of the
web. : '

c) Fastener holes in the compression zone of the
cross-section need not be considered in design
bending strength calculation, except for
oversize and slotted holes or holes without
any fastener.

8.2,1.5 Shear lag effects

The shear lag effects in flanges may be disregarded

provided:

a) For outstand elements (supported along one
edge), b, g L 7/ 20; and

b) For internal elements (supported along two
edges), b, < L,/ 10.

== o

where
L, = length between points of zero moment
(inflection) in the span,
b, = width of the flange with outstand, and
-b; = width of the flange as an internal element.

Where these limits are exceeded, the effective width
of flange for design strength may be calculated using
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specialist literature, or conservatively taken as the value
satisfying the limit given above,

8.2.2 Laterally Unsupported Beams

Resistance to lateral torsional buckling need not be
checked separately (member may be treated as laterally
supported, see 8.2.1) in the following cases:

a) Bending is about the minor axis of the section,
b) Sectien is hollow (rectangular/ tubular) or
solid bars, and
¢) Incase of major axis bending, A, (as defined
herein) is less than 0.4,
The design bending strength of laterally unsupported
beam as governed by lateral torsional buckling is given
by:
M= ﬁb Zpﬁm
where

B,

1.0 for plastic and cumpact sections.

Z/Z, for semi-compact sections.

Z, Z, = plastic section modulus and elastic section
modulus with respect to extreme
compression fibre.

Jra = design bending compressive stress,

obtained as given below [see Tables 13(a)

and 13(b)] '

Joo =Xix Iy Mo

%+ = bending stress reduction factor to
account for lateral torisonal buckling,
given by:

i

0.5 £ 10
Pur ¥ [‘f":Z.T - A‘E’r] }

Xir = {

fir = 05[1+05 (A —02)+ 4, |

Or, the imperfection parameter is given by:
o r = 0.2] for rolled steel section
o, = 0.49 for welded steel section

The non-dimensional slenderness ratio, A, is given
by

A= B, Z,f, /M, S 1.2 Z.f,/M,

M, = elastic critical moment calculated in
accordance with 8.2.2.1, and

S v = extreme fibre bending compressive stress

where

corresponding to elastic lateral buckling

moment (see 8.2.2.1 and Table 14),
B.2.2.1 Elastic lateral torsional buckling moment

In case of simply supported, prismatic members with
symmetric cross-section, the elastic ateral buckling
moment, M. can be determined from:

n’ EI n* EI
Mr:r = ; GI(+ : =16b Zp fcr,h
{[ (LLT) ] fr (LLT) } }

Jeep 0f non-slender rolled steel sections in the above
equation may be approximately calculated from the
values given in Table 14, which has been prepared using
the following equation;

5 / 2 0.5
-
Jap = Lz E;. 1+L =X o
T (Lyg/r) 268 A/t '
The foltowing simplified equation may be used in the
case of prismatic members made of standard rolled
I-sections and welded doubly symmetric [-sections,

for calculating the elastic lateral buckling moment,
M, (see Table 14):

2305
Yy - n* EI b, 1+_1_(LLT/G]
Y7 20{ a7t

where
&, = torsional constant = » £ /3 for open
section;
I, = warping constant;

I, r= moment of inertia and radius of gyration, -

respectively about the weaker axis;
L = effective length for lateral torsional buckling

(see 8.3);
hy = centre-to-centre distance between {langes; and
tr = thickness of the flange.

M, for different beam sections, considering loading,
support condition, and non-symmetric section, shall
be more accurately calculated using the method given
in Annex E.

8.3 Effective Length for Lateral Torsional Buckling

8.3.1 For simply supported beams and girders of span
length, L, where no lateral restraint to the compression
flanges is provided, but where each end of the beam is
restrained against torsion, the effective length Z,; of
the lateral buckling to be used in 8.2.2,1 shall be taken
as in Table 15.
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In simply supported beamns with intermediate lateral
restraints against lateral torsional buckling, the effective
length for lateral torsional buckling to be used
in 8.2.2.1, L, shall be taken as the length of the relevant
segment in between the lateral restraints, The effective
length shatl be equal to 1.2 times the length of the
relevant segment in between the lateral resteaints.

Restraint against torsional rotation at supports in these
beams may be provided by:

a) web or flange cleats, or

b) bearing stiffeners acting in conjunction with
the bearing of the beam, or

c) lateral end frames or external supports
providing lateral restraint to the compression
flanges at the ends, or

d) their being built into walls.

8.3.2 For beams, which are provided with members
giving effective lateral restraint to the compression
flange at intervals along the span, in addition to the
end torsional restraint required in 8.3.1, the effective
length for lateral torsional buckling shall be taken as
the distance, centre-to-centre of the restraint members
in the relevant segment under normat loading condition
and 1.2 times this distance, where the load is not acting
on the beam at the shear and is acting towards the shear
centre $0 as to have destabilizing effect during.lateral
torsional buckling deformation.

8.3.3 For cantilever beams of projecting length L, the
effective length L ;. to be used in 8.2.2.1 shall be taken
as in Tablel6 for different support conditions.

8.3.4 Where amember is provided intermediate lateral
supports to improve the lateral buckling strength, these
restraints should have sufficient strength and stiffness
to prevent lateral movement of the compression flange

at that point, relative to the end supports. The
intermediate lateral restraints should be either
connected to an appropriate bracing system capable
of transferring the restraint force to the effective lateral
support at the ends of the member, or shounld be
connected to an independent robust part of the structure
capable of transferring the restraint force. Two or more
parallel member requiring such lateral restraint shall
not be simply connected together assuming mutual
dependence for the lateral restraint.

The intermediate lateral restraints should be connected
to the member as close to the compression flange as
practicable. Such restraints should be closer to the
shear centre of the compression flange than to the shear
centre of the section. However, if torsional restraint
preventing relative rotation between the two flanges is
provided, the intermediate lateral restraint may be
connected at any appropriate level. '

For beams which are provided with members giving
effective lateral restraint at intervals along the span,
the effective lateral restraint shall be capable of resisting

-a force of 2.5 percent of the maximum force in the

compression flange taken as divided equally between
the points at which the restraint members are provided.
Further, each restraint point should be capable of
resisting 1 percent of the maximum force in the
compression flange.

8.3.4.1 In a series of such beams, with solid webs,
which are connected together by the same system of
restraint members, the sum of the restraining forces
required shall be taken as 2.5 percent of the maximum
flange force in one beam only.

8.3.4.2 In the case of a series 6f latticed beams, girders
orroof trusses which are connected together by the same
system of restraint members, the sum of the restraining

Table 15 Effective Length for Simply Supported Beams, L, ;.
' (Clause 8.3.1)

81 ‘Conditions of Restraint at Supports Loading Condition
No. — — —— - A
Torsional Restraint Warping Restraint Normal Destabilizing
] )] &) # (5
iy Fully restrained Both flanges fully restrained 070 L 085L
ii)  Fully restrained Cormpression flange fully restrained 075 L 090 L
iii)  Fully restrained Both flanges fully restrained 030L 095 L
iv)  Fully restrained Compression flange partially restrained 085L LO0 L
v}  Fully restrained ‘Warping not restrained in both flanges 1.00L 1.20 L
vi) . Partially restrained by bottom flange Warping not restrained in both flanges 10L+2D [2L+2D
support connection
Warping not restrained in both flanges 12L+2D 14L+2D

vii)  Partially restrained by bottom flange
bearing suppart

NOTES

1 Torsional restraint prevents rotation about the longitudinal axis,
2 Warping restraint prevents rotation of the flange in its plane,
3 D is the overall depth of the beam.,
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forces required shall be taken as 2.5 percent of the
maximum force in the compression flange plus 1.25
percent of this force for every member of the series other
than the first, up fo a maximum total of 7.5 percent.

8.3.5 Purlins adequately restrained by sheeting need
not be normally checked for the restraining forces
required by rafters, roof trusses or portal frames that
carry predominately roof loads provided there is
bracing of adequate stiffness in the plane of rafters or
roof sheeting which is capable of acting as a stressed
skin diaphragm.

8.3.6 In case of beams with double curvature bending,
adequate direct lateral support to the compression
flange in the hogging moment region may be provided
as given above for simply supported beam, The effect
of support to the tension (top) flange in the hogging
moment region on lateral restraint to the compression
flange may be considered as per specialist literature.

8.4 Shear

The factored design shear force, V, in a beam due to
external actions shall satisfy

VsV,
where
V, = design strength
= Vil Yo
where
Y. = partial safety factor against shear failure

{see 5.4.1).
The nominal shear strength of a cross-section, V, may
be governed by plastic shear resistance (see 8.4.1) or
strength of the web as governed by shear buckling
(see 8.4.2).

8.4.1 The nominal plastic shear resistance under pure
shear is given by:

V.=V,
where
A
Vp = v -fyw
NE)
A, = shear area, and
fyw = yield strength of the web.

8.4.1.1 The shear area may be calculated as given below:

I and channel sections:

Major Axis Bending:
~ Hot-Rolled — hi,
Welded — dt,
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Minor Axis Bending:

Hot-Rolled or Welded — — 2b ¢

Rectangular hollow sections of uniform thickness:

Loaded parallel to depth (&)  — AR/(b+R)
Loaded parallel to width (b} — Ab/(b+h)
Circutar hollow tubes of uniform thickness —2 A/ %

Plates and solid bars — A
where

A = cross-section area,

b = overall breadth of tubular section, breadth

of [-section flanges,

d = clear depth of the web between flanges,

h = overall depth of the section,

t; = thickness of the flange, and

t, = thickness of the web.

W
NOTE — Fastener holes need not be accounted for in plastic
design shear strength calculation provided that:

A 2 (y 112 Ot M) AJO9

If A,, does not satisfy the above condition, the effective shear

area may be taken as that satisfying the above limit. Block

shear Failure criteria may be verified at the end connections,

Section 9 may be referred to for design strength under combined
- high shear and bending.

8.4.2 Resistance to Shear Buckling

8.4.2.1 Resistance to shear buckling shall be verified
as specified, when

% >67€ for a web without stiffeners, and

>67£1}—-KLf b with stiff
S35 foraweb wi stiffeners

where

K, = shear buckling coefficient (see 8.4.2.2), and

£ = 250/ f,
8.4.2.2 Shear buckling design methods

The nominal shear strength, V,, of webs with or without
intermediate stiffeners as governed by buckling may
be evaluated using one of the following methods:

4) Simple post-critical method — The simple
post critical method, based on the shear
buckling strength can be used for webs of I-
section girders, with or without intermediate
transverse stiffener, provided that the web has
transverse stiffeners at the supports. The
nominal shear strength is given by:

Vn = ch
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b)

where

V., = shear force corresponding to web
buckling

= Ava
where -

T, = shear stross corresponding to web
buckling, determined as follows:

1) when A, <0.8
T, = fyw/\E
2) when 0.8 <A, < 1.2
5, = [1-08(4, -08)](£,/3)

3ywhen, 212 1,=f,/(v312)

where
A, = non-dimensional web slenderness
ratio for shear buckling stress,
given by:
Ao =y h[(V35,)
t,. = theelastic critical shear siress of the
Web = —M,_
o 12(t-p)an, T
where
u = Poisson’s ratio, and

K, = 5.35 when transverse stiffeners are
provided only at supports

= 4.0 +5.35 /(c/d)? for cld< 1.0
= 5.35+4.0/(c/d)y? for c/d= 1.0

where ¢, d are the spacing of
transverse stiffeners and depth of
the web, respectively.

Tension field method — The tension field
method, based on the post-shear buckling
steength, may be used for webs with
intermediate transverse stiffeners, in addition
to the transverse stiffeners at supports, provided
the panels adjacent to the panel under tension
field action, or the end posts provide anchorage
for the tension fields and if ¢/d > 1.0, where ¢,
d are the spacing of transverse stiffeners and
depth of the web, respectively.

In the tension field method, the nominal shear

- resistance, V,, is given by:

Vn = Vlf
where

Ve =[A, 7% +09w, ¢, fsing]<V,
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where
T, = buckling strength, as obtained from
8.4.2.2(a)

v = yield strength of the tension field
obtained from

(=357 4y ]y

W = 1.57,sin 20
¢ = inclination of the tension field

(]

wy = the width of the tension field, given
by:

=d cosp + (¢ —5,~5,) sin @

= yield stress of the web

= depth of the web

= spacing of stiffeners in the web

1l

T, = shear stress corresponding to
buckling of web 8.4.2.2(a)

5, = anchorage lengths of tension field

SC’ t
along the compression and tension
flange respectively, obtained from:
0.3
F= —-4g_ _ﬂ. < c
sing| £, ¢t,
where

M; = reduced plastic moment capacity of
the respective flange plate
(disregarding any edge stiffener)
after accounting for the axial force,
N¢ in the flange, due to overal!
bending and any external axial
force in the cross-section, and is
calculated as:

M, =0256,17 f, [ 1N/ (b, £t ym,,)ﬂ

where
by, t; = width and thickness of the relevant
flange respectively
Jye = yield stress of the flange

B.5 Stiffened Web Panels
8.5.1 End Panels Design (see Fig. 12)

The design of end panels in girders in which the interior
panel (panel A) is designed using tension field action
shall be carried in accordance with the provisions given
herein. In this case the end panel should be designed
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Table 16 Effective Length, L, for Cantilever of Length, L

{Clause 8.3.3}
Restraint Condition Loading Condition
At Support At Top Normal Destabilizing
() e : (3 C)]
a) Continuous, with [ateral restraint to top | i)  Free 3.0L . 7.5L
flange i) Lateral restraint to top 2.7L 7.5L
flange 24L 4.54
iit) Torsional restraint 2.1% 3.6L
iv) Lateral and torsional
restraint
b) Continuous, with partial torsinal iy Free 2.0L 5.0L
restraint ii) Lateral restraint to top 1.8L 5.0L
flange 1.6L 3.0L
iif) Torsional restraing 1.4L 24L
iv) Lateral and torsional
restraint
¢) Continuous, with lateral and torsional [i) Free 1.0L 2.5L
restraint ii) Lateral restraint to top 0.9L 2.5L
flange i 0.8L 1.5L
i) Torsional restraint 0.7L 1.2L
iv) Lateral and torsional
restraint
d) Restrained laterally, torsionally and}i) Free 0.8L 1.4L
against rotation on plan ii) Lateral restraint to top 0.7L 14L
. L flange 0.6L 0.6L
iii) Torsional restraint 0.5L 0.5L
, iv) Lateral and torsional
ki restraint )
Top restraint consitions
i i) Free ii) Lateral restraint to top iii) Torsional restraint iv) Lateral and torsional
5 ) flange restraint
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using only simple post critical method, according
to 8.4.2.2(a).

Additionally, the end panel along with the stiffeners
should be checked as a beam spanning between the
flanges to resist a shear force, R and a moment, M,
due 1o tension field forces as given in 8.5.3. Further,
end stiffener should be capable of resisting the reaction
plus a compressive force due to the moment, equal to
M (see Fig. 12).

8.5.2 End Panels Designed Using Tension Field Action
{(see Fig. 13 and Fig. 14)

The design of end panels in girders, which are designed
using tension field action shall be carried out In
accordance with the provisions mentioned herein. In
this case, the end panel (Panel B) shall be designed
according to 8.4.2.2(b).

Additionally it should be provided with an end post
consisting of a single or double stiffener (see Fig. 13
and Fig. 14), satisfying the following:

a) Single stiffener (see Fig. 13) — The top of

the end post should be rigidly connected to
the flange using full strength welds.
The end post should be capable of resisting
the reaction pius a moment from the anchor
forces equal to 2/3 M, due to tension field
forces, where M, is obtained from 8.5.3. The
width and thickness of the end post are not
to exceed the width and thickness of the
flange.

b)  Double stiffener (see Fig. 14) — The end post
should be checked as a beam spanning between
the flanges of the girder and capable of resisting
a shear force R and a moment, M due to the
tensien field forces as given in 8.5.3.

8.5.3 Anchor Forces

The resuliant longitudinal shear, R, and a moment M,
from the anchor of tension field forces are evaluated
as given below:

H, H.d
Re=ry and My==5
where
172
i, =125ﬂ[h— J
p
af,

d = webdepth

If the actual factored shear force, V in the panel

designed using tension field approach is less than the

shear strength, Vas given in 8.4.2.2(b), then the values
Vv

of H, may be reduced by the ratio V.-V

£r

where

Vi = the basic shear strength for the panel
utilizing tension field action as given in
8.4.2.2(b), and

Vi = critical shear strength for the panel designed
utilizing tension field action as given
in 8.4.2.2(a).

8.5.4 Panels with Openings — Panels with opening of
dimension greater than 10 percent of the minimum
pane!l dimension should be designed without using
tension field action as given in 8.4.2.2(b). The adjacent
panels should be designed-as an end panel as given in
8.5.1 or 8.5.2, as appropriate.

BEARING

STIFFENER PANEL B

PANEL A d $

\owrwara

NOTES

I Panel A is designed utilizing tensjon field action as given in 8.4.2.2(b).
2 Panel B is designed without utilizing tension field action 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 M, as

given in 8.5.3.

Fic. 12 Enp Paner Destonep NoT Using TENSION FIELD AcCTioN
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4
BEARING
STIFFENER AND
END POST A PANEL A PANEL A d -

NOTES
1 Pane! A is designed utilizihg tension feld action as given in 8.4.2.2(b).

2 Panel B is designed utilizing tension field action as given in 8.4.2.2(b).
3 Bearing stiffener and end post is designed for combination of compressive

given in 8.5.3,
Fic. 13 Enp PaneL DesiGNED Using TENSION FiELD ACTION (SINGLE STIFFENER)

toads due to bearing and a moment equal to 23 M, as

END POST ¢
BEARING
STIFFENER
PANEL A PANEL A d %

| ldnied

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

2 Bearing stiffener is designed for compressive force due to bearing as given in 8.4.2.2(a).
3 End post is designed for horizontal shear R, and moment M, as given in 8.5.3.

Fic. 14 Enp PaneL DesioNeDp Using TENSION FieLp AcTion (DOUBLE STIFFENER)

8.6 Design of Beams and Plate Girders with Selid longitudinal edges),

Webs 1) when3dzc2d
8.6.1 Mini Web Thick
6.1 Minimum Web Thickness -?—S200 e

w

The thickness of the web in a section shall satisfy the

following requirements: 2) when0.74d<c<d

o

8.6.1.1 Serviceability requirement <200€
4) When transverse stiffeners are not provided, by
3) whene<d
i52(]0.9 (web connected to flanges along d . T0e

t

W tw

both longitudinal edges) 4) when ¢ >3d, the web shall be considered
as unstiffened,

d
—<
¢ 90£ (web connected to flanges along ¢) When transverse stiffeners and longitudinal

b)

one longitudinal edge only),
When only transverse stiffeners are provided
(in webs connected to flanges along both

63

stiffeners at one level only are provided
(0.2 d from compression flange) according
t0 8.7.13 (a)
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1) when24d> ¢c> d

4 =250¢,,
¢

w

2) when0.7dd<ec<d

£ <250¢,

3) whene<0.744d

4 <3406,

w

d) When asecond longitudinal stiffener (located
at neutral axis is provided)
4 < 400¢,,
where
d = depth of the web,
t, = thickness of the web,
¢ = spacing of transverse stiffener
(see Fig. 12 and Fig. 13),
£, = yield stress ratio of web = |&0 .
Fow
and
Jyw = yield stress of the web.

8.6.1.2 Compression flange buckling requirement

Tn order to avoid buckling of the compression flange into
the web, the web thickness shall satisfy the following:

a) When transverse stiffeners are not provided

£S3458E

w

b) When transverse stiffeners are provided and

Iy whenc21.54d

4 345g;

tw

2) whenec<1.5d4

L

w

-~ where

d depth of the web,

= thickness of the web,

¢ = spacing of transverse stiffener
(see Fig. 12 and Fig. 13),
2
£ = yieldstressratio of web= ﬂ,

yf
and
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Sy = yield stress of compression
flange.

8.6.2 Secrional Properties

8.6.2.1 The effective sectional areca of compression
flanges shall be the gross area with deductions for
excessive width of plates as specified for compression
members (see Section 7) and for open holes occurring
in a plane perpendicular to the direction of stress at
the section being considered (see 8.2.1.4).

The effective sectional area of tension flanges shall be
the gross sectional area with deductions for holes as
specified in 8.2.1.4, '

The effective sectional area for parts in shear shall be
taken as specified in 8.4.1.1.

8.6.3 Flanges

8.6.3.1 In riveted or bolted construction, flange angles
shall form as large a part of the area of the flange as
practicable (preferably not less than one-third) and the
number of {lange plates shall be kept to a minimum.

In exposed situations, where flange angles are used, at
least one plate of the top flange shall extend over the
full length of the girder, unless the top edge of the web
is machined flush with the flange angles. Where two
or more flange plates are used, tacking rivets shall be
provided, if necessary to comply with the requirements
of Section 10,

Each flange plate shall extend beyond its theoretical
cut-off point, and the extension shall contain sufficient
rivets, bolts or welds to develop in the plate, the load
calculated for the bending moment on the girder section
(taken to include the curtailed plate) at the theoretical
cut-off point.

The outstand of flange plates, that is the projection -
beyond the outer line of connections to flange angles,
channel or joist flanges or in the case of welded
constructions their projection beyond the face of the
web or tongue plate, shall not exceed the values given

-in 3.7.2 (see Table 2),

In the case of box girders, the thickness of any plate,
or the aggregate thickness of two or more plates, when
these plates are tacked together to form the flange, shall
satisfy the requirements given in 3.7.2 (see Table 2).

8.6.3.2 Flange splices

Flange splices should preferably, not be located at
points of maximum stress. Where splice plates are
used, their area shall be not less than 5 percent in excess
of the area of the flange element spliced; their centre
of gravity shall ceincide, as nearly as possible, with
that of the element spliced. There shall be enough bolts,
rivets or welds on each side of the splice to develop
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the load in the element spliced plus 5 percent but in no
case should the strength developed be less than 50
percent of the effective strength of the material spliced.
In welded construction, flange plates shall be joined
by complete penetration butt welds, wherever possible.
These butt welds shall develop the full strength of the
plates.

8.6.3.3 Connection of flanges to web

The flanges of plate girders shall be connected to the
web by sufficient rivets, bolts or welds to transmit the
maximum horizontal shear force resulting from the
bending moment gradient in the girder, combined with
any vertical loads which are directly applied to the
flange. If the web is designed using tension field
method as given in 8.4.2.2 (b), the weld should be able
to transfer the tension field stress, f,,, acting on the
web.

8.6.3.4 Bolted/Riveted construction

For girders in exposed situations and which do not have
flange plates for their entire length, the top edge of the
web plate shall be flush with or above the angles, and
the bottom edge of the web plate shall be flush with or
set back from the angles.

8.6.3.5 Welded construction

The gap between the web plates and flange plates shafl
be kept to a minimum and for fillet welds shall not
exceed 1 mm at any point before welding.

8.6.4 Webs
8.6.4.1 Effective sectional area of web of plate girder

The effective cross—sectionél area shall be taken as the
full depth of the web plate multiplied by the thickness.

NOTE — Where webs are varied in thickness in the depth of

the section by the use of tongue plates or the like, or where the

proportion of the web included in the flange area is 25 percent
or more of the overall depth, the above approximation is not
permissible and the maximum shear stress shall be computed
on theory.

8.6.4.2 Splices in webs

Splices and cutouts for service ducts in the webs should
preferably not be located at points of maximum shear
force and heavy concentrated loads.

Splices in the webs of the plate girders and rolled
sections shall be designed to resist the shears and
moments at the spliced section {(see Annex F).

In riveted or bolted construction, splice plates shall be
provided on each side of the web. In welded
construction, web splices shall preferably be made with
complete penetration butt welds.

8.6.4.3 Where additional plates are reguired to
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augment the strength of the web, they shall be placed
on each side of the web and shall be equal in thickness,
The proportion of shear force assumed to be resisted
by these plates shall be limited by the amount of
herizontal shear which they can transmit to the flanges
through their fastenings, and suchreinforcing plates
and their fastenings shall be carried up to the poinis
at which the flange without the additional plates is
adequate.

8.7 Stiffener Design
8.7.1 General

8.7.1.1 When the web of a member acting alone (that
is without stiffeners) proves inadequate, stiffeners for
meeting the following requirements should be
provided:

a) Intermediate transverse web stiffener — To
improve the buckling strength of a slender
web due to shear (see 8.7.2).

by Lead carrying stiffener — To prevent local
buckling of the web due to
concentrated loading (see 8.7.3 and 8.7.5).

¢) Bearing stiffener — To prevent local crushing
of the web due to concentrated loading
(see 8.7.4 and 8.7.6).

d) Torsion stiffener — To provide torsional
restraint to bearns and girders at supports
(see 8.7.9).

e) Diagonal stiffener — To provide local
reinforcement to a web under shear and
bearing (see 8.7.7).

£y Tension stiffener — To transmit tensile forces
applied to a web through a flange (see 8.7.8).

The same stiffeners may perform more than one
function and their design should comply with the
requirements of all the functions for which designed.

8.7.1.2 Qustand of web stiffeners

Unless the outer edge is continuously stiffened, the
outstand from the face of the web should not exceed
201.

When the outstand of web is between l4t‘q8 and ZOIQE,
then the stiffener design should be on the basis of a
core section with an outstand of 14th, where I is the
thickness of the stiffener.

8.7.1.3 Suff bearing length

The stiff bearing length of any element &, is that length
which cannot deform appreciably in bending. To
determine ,, the dispersion of foad through a steel bearing
element should be taken as 45° through solid material,
such as bearing plates, flange plates, etc (see Fig. 15).
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8.7.1.4 Eccentricity

Where a load or reaction is applied eccentric to the
centreline of the web or where the centroid of the
stiffener does not lie on the centreline of the web, the
resulting eccentricity of loading should be accounted
for in the design of the stiffener.

8.7.1.5 Buckling resistance of stiffeners

The buckling resistance Fy should be based on the
design compressive stress f,; (see 7.1.2.1) of a strut
(curve ¢), the radius of gyration being taken about the
axis paralle! to the web. The effective section is the
full area or core area of the stiffener (see 8.7.1.2)
together with an effective length of web on each side
of the centreline of the stiffeners, limited to 20 times
the web thickness. The design strength used should be
the minimum value obtained for buckling about the
web or the stiffener.

The effective length for intermediate transverse
stiffeners used in calculating the buckling resistance,
F 4. should be taken as 0.7 times the length, L of the
stiffener.

The effective length for load carrying web stiffeners
used in calculating the buckling resistance, F,,,
assumes that the flange through which the load or
reaction is applied is effectively restrained against
lateral movement relative to the other flange, and
should be taken as:

a) KL = 0.7Lwhen flange is restrained against
rotation in the plane of the stiffener (by other
structural elements).

b) KL = L, when flange is not so restrained:

where

L =length of the stiffener.

If the load or reaction is applied to the flange by a
compression member, then unless effective lateral
restraint is provided at that point, the stiffener should
be designed as part of the compression member
applying the load, and the connection between the
column and beam flange shall be checked for the effects
of the strut action.

8.7.2 Design of Intermediate Transverse Web Stiffeners
B.7.2.1 General

Intermediate transverse stiffeners may be provided on
one or both sides of the web.

8.7.2.2 Spacing

Spacing of intermediate stiffeners, where provided,
shall comply with 8.6.1 depending on the thickness of
the web.

8.7.2.3 Qurstand of stiffeners

The outstand of the stiffeners should comply
with 8.7.1.2.

8.7.2.4 Minimum stiffeners

Transverse web stiffeners not subject to external loads
or moments should have a second moment of area, [,
about the centreline of the web, if stiffeners are on both
sides of the web and about the face of the web , if
single stiffener on only one side of the web is used
such that:

if 242,

1,20.754 , and

\/
1
4’
—J\-

Fig. 15 STirF BEARING LENGTH, b,
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1.54°
if Cd < \/E ] Is = C‘Z
where
4 = depth of the web;
t, = minimum required web thickness for

spacing using tension field action, as given
in 8.4.2.1; and

¢ = actual stiffener spacing,

8.7.2.5 Buckling check on intermediate transverse web
stiffeners

Stiffeners not subjected to external loads or moments
should be checked for a stiffener force:

F:; =V—'v::r/7m0 s F;[d

where
F, = design resistance of the intermediate
stiffeners, :
V = factored shear force adjacent to the stiffener,
and
V.. = shear buckling resistance of the web panel

designed without using tension field action
as givenin 8.4.2.2(a).

meet the conditions for load carrying web stiffeners
in 8.7.3. In addition they should satisfy the following
interaction expression:

fok +£—+ M, <1
F, E, M

qd

If F, < F,, then (F — F,) should be taken as zero;
where

F, = stiffener force given above;

Fy

design resistance of an intermediate web
stiffener corresponding to buckling about an
axis parallel to the web (see 8.7.1.5);

F. = external load or reaction at the stiffener;

F, = design resistance of a load carrying
stiffener corresponding to buckling about
axis parallel to the web (see 8.7.1.5);

M = moment on the stiffener due to
eccentrically applied load and transverse
load, if any; and

M, = yield moment capacity of the stiffener
based on its elastic modulus about its
centroidal axis parallel to the web.

Stiffeners subject to external loads and moments should "
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8.7.2.6 Connection of intermediate stiffeners to web

Intermediate transverse stiffeners not subject to
external loading should be connected to the web so as
to withstand a shear between each component of the
stiffenter and the web (in kN/mm) of not less than:

12/(58,)
where
t, = web thickness, in mm; and
b. = outstand width of the stiffener, in mm.

For stiffeners subject to external loading, the shear
between the web and the stiffener due to such loading
has to be added to the above value.

Stiffeners not subject to external loads or moments may
terminate clear of the tension flange and in such a
situation the distance cut short from the line of the weid
should not be more than 4t¢,.

8.7.3 Load Carrying Stiffeners
8.7.3.1 Web check

Load carrying web stiffeners should be provided where
compressive forces applied through a flange by loads
or reactions exceed the buckling strength, Fq,, , of the
unstiffened web, calculated using the following:

The effective length of the web for evaluating the
slenderness ratio is calculated as in 8.7.1.5. The area
of cross-section is taken as (b, + n,) £,

where
b, = width of stiff bearing on the flange

(see 8.7.1.3), and

dispersion of the load through the web at
45°, to the level of half the depth of the cross-
section, :

The buckling strength of this web about axis parallel
to the web is calculated as given in 7.1.2.1, using
curve ‘c’.

8.7.4 Bearing Stiffeners

iy

Bearing stiffeners should be provided for webs where
forces applied through a flange by loads or reactions
exceeding the local capacity of the web at its connection
to the flange, F,, given by:

E, =(b+ )ty Foe/ Yoo

where

&
|

= siiff bearing length (see 8.7.1.3),
length obtained by dispersion through the

It}

ny
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flange to the web junctionataslope of I : 2.5
to the plane of the flange, .

t, thickness of the web, and
- yield stress of the web.

[l

8.7.5 Design of Load Carrying Stiffeners
8.7.5.1 Buckling check

The external load or reaction, F, on a stiffener should
not exceed the buckling resistance, 7, of the stiffener
as given in 8.7.1.5.

Where the stiffener also acts as an intermediate stiffener
it should be checked for the effect of combined loads
in accordance with 8.7.2.5.

8.7.5.2 Bearing check

Load carrying web stiffeners should also be of sufficient
size that the bearing strength of the stiffener, Foq given
below is not less than the load transferred, #,

P::)sd = Aqf;'q/ (OSYmO) 2 'F;c

where
F, = external load or reaction,
Aq = area of the stiffener in contact with the
flange, and
fyg = yleld stress of the stiffener.

8.7.6 Design of Bearing Stiffeners

Bearing stiffeners should be designed for the applied
load or reaction less the local capacity of the web as
given in 8,7.4. Where the web and the stiffener material
are of different strengths the lesser value should be
assumed to calculate the capacity of the web and the
stiffener. Bearing stiffeners should project nearly as
much as the overhang of the flange through which load
is transferred.

8.7.7 Design of Diagonal Stiffeners

Diagonal stiffeners should be designed to carry the
portion of the applied shear and bearing that exceeds
the capacity of the web.

Where the web and the stiffener are of different
strengths, the value for design should be taken as given
in 8.7.6.

8.7.8 Design of Tension Stiffeners

Tension stiffeners should be designed to carry the
portion of the applied load or reaction less the capacity
of the web as given in 8.7.4 for bearing stiffeners.

Where the web and the stiffener are of different
strengths, the value for design should be taken as given
in 8.7.6.
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8.7.9 Torsional Stiffeners

Where bearing stiffeners are required to provide
torsional restraint at the supports of the beam, they
should meet the following criteria:

a) Conditions of 8.7.4. and

b} Second moment of area of the stiffener section
about the centreline of the web, I, should be
such that;

1,20340, DT,

where

= 0.006 for L,y /r, <50,
= 0.3 Lig/r,)for 50<L; fr,=100,
= 30/( Ly /r, Y for L, fr, > 100,
D= overall depth of beam at support,

Ty = maximum  thickness of
compression flange in the span
under consideration,

KL = laterally unsupported effective
length of the compression flange
of the beam, and

radius of gyration of the beam
about the minor axis.

8.7.10 Connection to Web of Load Carrying and
Bearing Stiffeners

I‘y =

Stiffeners, which resist loads or reactions applied
through a flange, should be connected to the web by
sufficient welds or fasteners to transmit a design force
equal to the lesser of:

a) tension capacity of the stiffener; and

b) sum of the forces applied at the two ends of
the stiffener when they act in the same
direction or the larger of the forces when they
act in opposite directions.

Stiffeners, which do not extend right across the web,
should be of such length that the shear stress in the
web due to the design force transmitted by the stiffener
does not exceed the shear strength of the web. In
addition, the capacity of the web beyond the end of
the stiffener should be sufficient to resist the applied
force.

8.7.11 Connection to Flanges
8.7.11.1 In tension

Stiffeners required to resist tension should be connected
to the flange transmitting the load by continuous welds
or non-slip fasteners.

8.7.11.2 In compression

Stiffeners required to resist compression should




connected by continuous welds or non-slip fasteners.

The stiffener should be fitted against'or connected to
both flanges when:

a) aload is applied directly over a support, or

b) it forms the end stiffener of a stiffened web,
or

¢) it acts as a torsion stiffener.

8.7.12 Hollow Sections

Where concentrated loads are applied to hollow
sections consideration should be given to lacal stresses
and deformations and the section reinforced as
necessary.

B.7.13 Horizonial Stiffeners

Where horizontal stiffeners are used in addition to
vertical stiffeners, they shall be as follows:

a) One horizontal stiffener shall be placed on the
web at a distance from the compression flange
equal to 1/5 of the distance from the
compression flange angle, plate or tongue
plate to the neutral axis when the thickness
of the web is less than the limits specified
in 8.6.1. The stiffener shall be designed so
that 7_ is not less than 4ct,* where [ and ¢, are
as defined in 8.7.2.4 and ¢ is the actual
distance between the vertical stiffeners

b) A second horizontal stiffener (single or
double) shall be placed at the neutral axis of
the girder when the thickness of the web is
less than the limit specified in 8.6.1. This
stiffener shall be designed so that I, is not less
than d, ¢, where I, and ¢, are as defined
in 8.7.2.4 and d, is twice the clear distance

; from the compression flange angles, plates or

L tongue plates to the neutral axis;

; ¢) Horizontal web stiffeners shall extend
between vertical stiffeners, but need not be
continuous over them; and

d) Horizontai stiffeners may be in pairs arranged
on each side of the web, or single located on
one side of the web.

8.8 Box Girders

The design and detailing of box girders shall be such
as to give full advantage of its higher load carrying
capacity. Box girder shall be designed in accordance
with specialist literature. The diaphragms and
horizontal stiffeners should conform to 8.7.12
and 8.7.13.

8.8.1 All diaphragms shall be connected such as to
transfer the resultant shears to the web and fianges.

~ either be fitted against the loaded flange or
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8.8.2 Where the concentrated or moving load does not
act directly on top of the web, the local effect shall be
considered in the design of flanges and the diaphragms.

8.9 Purlins and Sheeting Rails (Girts)

All purlins shall be designed in accordance with the
requirements for uncased beams as specified in 8.2.1
and 8.2.2, and the limitations of bending stress based
on lateral instability of the compression flange and the
limiting deflection specified under 5.6.1 for the design
of puilins. The maximum bending moment shall not
exceed the values specified in 8.2.1. The calculated
deflections should not exceed those permitted for the
type of roof cladding used as specified in 5.6.1. In
calculating the bending moment, advantage may be
taken of the continuity of the purlin over supports. The
bending about the two axes should be determined
separately and checked according to the biaxial
bending requirements specified in Section 9.

8.10 Bending in a Non-principal Plane

8.10.1 When the flexural deflection of 2 member is
constrained to a non-principal plane by lateral restraints
preventing lateral deflection, then the force exerted by
the restraints shall be determined, and the principal
axes bending moments acting on the member shall be
calculated from these forces and applied forces, by a
rational analysis. The combined effect of bending
about the principal axes shall satisfy the requirements
of Section 9.

8.10.2 When the deflections of a member loaded in a
non-principal plane are unconstrained; the principal
axes bending moments shall be calculated by arational
analysis. The combined effect of bending about the
principal axes shall satisfy the requirements of
Section 9.

SECTION 9
MEMBER SUBJECTED TO COMBINED
FORCES

9.1 General

This section governs the design of members subjected
to combined forces, such as shear force and bending,
axial force and bending, or shear force, axial force and
bending.

9.2 Combined Shear and Bending

9.2.1 No reduction in moment capacity of the section is
necessary as long as the cross-section is not subjected
to high shear force (factored value of applied shear force

" is less than or equal to 60 percent of the shear strength

of the section as given in 8.4). The moment capacity
may be taken as, M, (see 8.2) without any reduction.
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9.2.2 When the factored value of the applied shear force
is high (exceeds the limit specified in 9.2.1), the
factored moment of the section should be less than the
moment capacity of the section under higher shear
force, M,,, calculated as given below:

a) Plastic or Compact Section
My, =M~ B(M,-M,) S12Z.f, /7.

where

B

My = plastic design moment of the
whole section disregarding high
shear force effect (see 8.2.1.2)
considering web buckling effects
(see 8.2.1.1),

V = factored applied shear force as
governed by web yielding or web
buckling, '

V, = design shear strength as governed
by web yielding or web buckling
{see 8.4.1 or 8.4.2),

M;, = plastic design strength of the area
of the cross-section excluding the
shear area, considering partial
safety factor ¥, and '

]

(2vsv,-1)

Z. = elastic section modulus of the
whole section.

b) Semi-compact Section

Mdv = Zl: fv/'j’mﬂ

9.3 Combined Axial Force and Bending Moment

Under combined axial force and bending moment, section
strength as governed by material failure and member
strength as governed by buckling failure shall be checked
in accordance with 9.3.1 and 9.3.2 respectively.

9.3.1 Secrion Strength
9.3.1.1 Plastic and compact sections

In the design of members subjected to combined axial
force (tension or compression) and bending moment,
the following should be satisfied:

M a, oy
( ! ] +( M, J £ 1.0

Mndy Mndz
Conservatively, the following equation may also be
used under combined axial force and bending moment:

M
£—+ 2 +i!’—<1.0

Nd Mdy Mdz -
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where
M, M, = factored applied moments about the
minor and major axis of the cross-section,
respectively;
M, My, = design reduced flexural strength under

combined axial force and the respective
uniaxial moment acting alone (see
9.3.1.2);

N = factored applied axial force (Tenston, T
or Compression, P);

N; = design strength in tension, 7, as obtained
from 6 orin compression due to yielding
givenby N, =4, f, 1Y

My, My, = design sirength under corresponding
moment acting alone (see 8.2);
A, = gross area of the cross-section;
o, 0, = constants as given in Table 17; and
Yo = partial factor of safety in yielding.

9.3.1.2 For plastic and compact sections without bolts
holes, the following approximations may be used for
evaluating M, and M, ,:

a) Plates
M= M,;(1-n?%

b) Welded I or H sections

2
n—a .
My, =M, [1‘( ] ]5 My, wheren>a

l-a

M,y =My, (1 —n) /(1 -05a) S M,,

where

n=N/N
¢) Forstandard I or H sections

forn<02 M, =M,
forn>02 M, =156M, (1-n)(n+0.6)

ndy
M, =111M,(l-nmsM,
d) For rectangular hollow sections and welded
box sections

When the section is symmetric about both
axes and without bolt holes

My, =M, (1 -m)/(1-05a) <M,
M,=M,(1-n/(1-05a)sM,
where
a,=(A-2b1)/A<0S5
a =(A-2ht)/AZ0S5

e) Circular hollow tubes without bolt holes

M, = 1.04 M, (1-n'") S M,

anda=(A-256t;)/AS05




'9.3.1.3 Semi-compact section

1n the absence of high shear force (see 9.2.1), semi-
compact section design is satisfactory under combined
axial force and bending, if the maximum longitudinal
stress under combined axial force and bending, f,
satisfies the following criteria:

f;sf;r/YmD

For cross-section without holes, the above criteria
reduces to,

where

Ny, My, M, are as defined in 9.3.1.1.

Table 17 Constants ¢, and «,
(Clause 9.3.1.1)

Sl Section @ oy
No.
) (2) &) Gy}
iy Tand channel Snzl 2
ii) -Circular tubes 2 2
iify Rectangular 1.66/ 1.66/
tubes (1-1.132 6 (1-11349<6
iv)  Sofid rectangles 1.73+1.84 1.73+18 4

NOTE — n = N/Ne.

9.3.2 Overall Member Strength

Members subjected to combined axial force and
bending moment shall be checked for overall buckling
failure as given in this section.

9.3.2.1 Bending and axial tension

The reduced effective moment, M, g, under tension and
bending calculated as given below, should not exceed
the bending strength due to lateral torsional buckling,
M, (see 8.2.2).

Mg =[M-yTZ /A)<M,

where

M, T = factored applied moment and tension,

respectively;
A = area of cross-section;
Z_ = elastic section modulus of the section

ec
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with respect to extreme compression
fibre; and ’

0.8, if T and M can vary independently,
or otherwise

= 1.0
9.3.2.2 Bending and axial compression

=
[}

Members subjected to combined axial compression and
biaxial bending shall satisfy the following interaction
relationships:

c. M
Pk, g Mgy
P M, M,

dy Ll
Coy M
L orosx, Ty

sz Mdy

z

where

Cry, Co = equivalent uniform moment factor as per

Table 18;
P = applied axial compression under factored
load;
M, M, = maximum factored applied bending

moments about y and z-axis of the
member, respectively;

P, Py, = design strength under axial compression
as governed by buckling about minor (y)
and major (2) axis respectively;

M,,, M,, = design bending strength about y (minor)
or z (major) axis considering laterally
unsupported length of the cross-section
{see Section 8);

K, = 1+ (A,~02n,<1+08n,
K, =1+(A,~02n,< 1+ 08 n,; and

0.1A 1 ny S 0.1n,

(Cor— 0.25)  (Cpp—025)°

)
5

1

—

n, n, = ratio of actual applied axial force to the
design axial strength for buckling about
the y and z axis, respectively, and

C,.r = equivalent uniform moment factor for
lateral torsional buckling as per Table 18
corresponding to the actual moment
gradient between lateral supports against
torsional deformation in the critical
region under consideration.
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SECTION 140
CONNECTIONS

10.1 General

10.1.1 This section deals with the design and detailing
requirements for joints between members. Connection
elements consist of components such as cleats, gusset
plates, brackets, connecting plates and connectors such
as rivets, bolts, pins, and welds. The connections in a
structure shall be designed so as to be consistent with
the assumptions made in the analysis of the structure
and comply with the requirements specified in this
section. Connections shall be capable of transmitting
the calculated design actions.

10.1.2 Where members are connected to the surface
of a web or the flange of a section, the ability of the
web or the flange to transter the applied forces locally
should be checked and where necessary, local stiffening
provided.

10.1.3 Ease of fabrication and erection should be
considered in the design of connections. Attention
should be paid to clearances necessary for field
erection, tolerances, tightening of fasteners, welding
procedures, subsequent inspection, surface treatment
and maintenance.

10.1.4 The ductility of steel assists the distribution of

forces generated within a joint. Effects of residual
siresses and stresses due to tightening of fasteners and
normal tolerances of fit-up need not therefore be
considered in connection design, provided ductile
behaviour is ensured.

10.1.5 In general, use of different forms of fasteners
to transfer the same force shall be avoided. However,
when different forms of fastencrs are used to carry a
shear load or when welding and fasteners are
combined, then one form of fastener shall be normally
designed to carry the total load. Nevertheless, fully
tensioned friction grip bolts may be designed to share
the load with welding, provided the bolts are fully
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tightened to develop necessary pretiension after
welding.

10.1.6 The partial safety factor in the evaluation of
design strength of connections shall be taken as given
in Table 5.

10.2 Location Details of Fasteners
10.2.1 Clearances for Heles for Fasteners

Bolts may be located in standard size, over size, short
slotted or long slotted hole. '

a) Standard clearance hole — BExcept where
fitted bolts, bolts in low-clearance or oversize
holes are specified, the diameter of standard
clearance holes for fasteners shall be as given
in Table 19.

b) Oversize hole —Holes of size larger than the
standard clearance holes, as given in Table
19 may be used in slip resistant connections
and hold down bolted connections, only
where specified, provided the over size holes
in the outer ply is covered by a cover plate of
sufficiently large size and thickness and
having a hole not larger than the standard
clearance hole (and hardened washer in slip
resistant connections).

c) Short and long slots — Sloited holes of size
larger than the standard clearance hole, as
given in Table 19 may be used in slip resistant
connections and hold down bolted
connections, only where specified, provided
the over size holes in the outer ply is covered
by a cover plate of sufficiently large size and
thickness and having a hole of size not larger
than the standard clearance hole (and
hardened washer in slip resistant connection).

10.2.2 Minimum Spacing

The distance between centre of fasteners shall not be
less than 2.5 times the nominal diameter of the fastener.

Table 19 Clearances for Fastener Holes
(Clause 10.2.1)

Sl Nominal Size of Size of the Hole = Nominal Diameter of the Fastener + Clearances
Mo, Fastener, d mm
mm A
~ TN
Standard Clearance in Qver Size Clearance in the_hillgth of the Slot
Diameter and Width 1 in Diamet
of Slot Clearance in Diameter “ Short Slot Long Stot ~
(1) 2) (3) 4 ) (5) )
i) 12 - 14 1.0 3.0 4.0 25d
ii}) 16 -22 20 4.0 6.0 25d
iii} 24 2.0 6.0 3.0 25d
iv) Larger than 24 3.0 8.0 10.0 254
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10.2.3 Maximum Spacing

10.2.3.1 The distance between the centres of any two
adjacent fasteners shall not exceed 32¢ or 300 mm,
whichever is less, where £ is the thickness of the thinner
plate.

10.2.3.2 The distance between the centres of two
adjacent fasteners (pitch) in a line lying in the direction
of stress, shall not exceed 16¢ or 200 mm, whichever
is less, in tension members and 127 or 200 mm,
whichever is less, in compression members; where 7 is
the thickness of the thinner plate. In the case of
compression members wherein forces are transferred
through butting faces, this distance shall not exceed
4.5 times the diameter of the fasteners for a distance
equal to 1.5 times the width of the member from the
butting faces.

10.2.3.3 The distance between the centres of any two
consecutive fasteners in a line adjacent and paratlel to
an edge of an outside plate shall not exceed 100 mm
plus 4¢ or 200 mm, whichever is less, in compression
and tension members; where £ is the thickness of the
thinner outside plate.

10.2.3.4 When fasteners are staggered at equal intervals
and the gauge does not exceed 75 mm, the spacing
specified in 10.2.3.2 and 10.2.3.3 between centres of
fasteners may be increased by 50 percent, subject to
the maximum spacing specified in 10.2.3.1.

10.2.4 Edge and End Distances

10.2.4.1 The edge distance is the distance at right angles
to the direction of stress from the centre of a hole to
the adjacent edge. The end distance is the distance in
the direction of stress from the centre of a hole to the
end of the element.

In slotted holes, the edge and end distances should be
measured from the edge or end of the material to the
centre of its end radius or the centre line of the slot,
whichever is smaller. In oversize holes, the edge and
end distances should be taken as the distance from the
relevant edge/end plus half the diameter of the standard
clearance hole corresponding to the fastener, less the
nominal diameter of the oversize hole.

10.2.4.2 The minimum edge and end distances from
the centre of any hole to the nearest edge of a plate
shall not be less than 1.7 times the hole diameter in
case of sheared or hand-flame cut edges; and 1.5 times
the hole diameter in case of rolled, machine-flame cut,
sawn and planed edges.

10.2.4.3 The maximum edge distance to the nearest
line of fasteners from an edge of any un-stiffened part
should not exceed 12 te, where € = (250/fy)"? and ¢ is
the thickness of the thinner outer plate. This would

not apply to fasteners interconnecting the components
of back to back tension members. Where the members
are exposed to corrosive influences, the maximum edge
distance shall not exceed 40 mm plus 4f, where ¢ is the
thickness of thinner connected plate.

10.2.5 Tacking Fasteners

10.2.5.1 In case of members covered under 10.2.4.3,
when the maximum distance between centres of two
adjacent fasteners as specified in 10.2.4.3 is exceeded,
tacking fasteners not subjected to calculated stress shall
be used.

10.2.5.2 Tacking fasteners shall have spacing in a line
not exceeding 32 times the thickness of the thinner
outside plate or 300 mm, whichever is less. Where the
plates are exposed to the weather, the spacing in line
shall not exceed 16 times the thickness of the thinner
outside plate or 200 mm, whichever is less. In both
cases, the distance between the lines of fasteners shall
not be greater than the respective pitches.

10.2.5.3 All the requirements specified in 10.2.5.2 shall
generally apply to compression members, subject to
the stipulations in Section 7 affecting the design and
construction of compression members.

14.2.5.4 [n tension members (see Section 6) composed
of two flats, angles, channels or tees in contact back to
back or separated back to back by a distance not

" exceeding the aggregate thickness of the connected parts,
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tacking fasteners with solid distance picces shall be
provided at a spacing in line not exceeding 1 000 mm.

10.2.5.5 For compression members covered in
Section 7, tacking fasteners in a line shall be spaced at
a distance not exceeding 600 mm.

10.2.6 Countersunk Heads

For countersunk heads, one-half of the depth of the
countersinking shall be neglected in calculating the
length of the fastener in bearing in accordance
with 10.3.3. For fasteners in tension having
countersunk heads, the tensile strength shall be reduced
by 33.3 percent, No reduction is required to be made
in shear strength calculations.

10.3 Bearing Type Bolis
10.3.1 Effective Areas of Bolts

10.3.1.1 Since threads can occur in the shear plane,
the area A, for resisting shear should normally be taken
as the net tensile stress area, A of the bolts. For bolts
where the net tensile stress area is not defined, A, shall
be taken as the area at the root of the threads.

10.3.1.2 Where it can be shown that the threads do not
occur in the shear plane, A, may be taken as the cross
section area, A, at the shank.




10.3.1.3 In the calculation of thread length, allowance
" should be made for tolerance and thread run off.

10.3.2 A bolt subjected to a factored shear force (V)
shall satisfy the condition

Voo = Vo

where V,, is the design strength of the bolt taken as the
smaller of the value as governed by shear, Vi,
(see 10.3.3) and bearing, V,,, (see 10.3.4).

10.3.3 Shear Capacity of Bolt

The design strength of the bolt, V. as governed shear
strength is given by: '

Vdsb = Vnsb/ Ymb
where

v

nsh

=nominal shear capacity of a bolt,
calculated as follows:

fo

Vv =-E(nﬂ Ayt Ash)

ash

where

= ultimate tensile strength of a bolt;

a

, = number of shear planes with threads
intercepting the shear plane;

n, = number of shear planes without threads
intercepting the shear plane;
A, = nominal plain shank area of the bolt; and
A, =netshear area of the bolt at threads, may
be taken as the area corresponding to
root diameter at the thread.
10.3.3.1 Long joints

When the length of the joint, { of a splice or end
connection in a compression or tension element
confaining more than two bolis (that is the distance
between the first and last rows of bolts in the joint,

[ measured in the direction of the load transfer) exceeds
3 ) 15d in the direction of Ioad, the nominal shear capacity
B (see 10.3.2), V,, shall be reduced by the factor 3y, given
by:

{

By = 1.075 - 4,/ (200 &) but 0.75 £ B < 1.0
= 1.075 ~ 0.005(1; /d)

where

d = Nominal diameter of the fastener.

NOTE — This provision does not apply when the distribution
of shear over the length of joint is uniform, as in the connection
of web of a section to the flanges.

10.3.3.2 Large grip lengths
When the grip length, [, (equal to the total thickness of

T e R
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the connected plates) exceeds 5 times the diameter, d
of the bolts, the design shear capacity shall be reduced
by a factor B,,, given by:

By =8 d/(3 d+ 1) =8 /(3+, /d)

By, shall not be more than B given in 10.3.3.1. The
grip length, /, shall in no case be greater than 84.

10.3.3.3 Packing plates

The design shear capacity of bolts carrying shear
through a packing plate in excess of 6 mm shall be
decreased by a factor, Bpk given by:

Bpk =(1-0.0125 fc)
where

Ly = thickness of the thicker packing, in mm.

10.3.4 Bearing Capacity of the Bolt

The design bearing strength of a bolt on any plate, V.,
as governed by bearing is given by:

‘ldpb = ‘/hpb / linb

where
Vun = nominal bearing strength of a bolt
=25k, drf,
where
€ p -f:lh
& is smaller of s ———==025, =2 1.0;
, 18 smaller o 3 ‘ia 3 ‘10 ji

e, p =end and pitch distances of the fastener
along bearing direction;
d, = diameter of the hole;

i S, = ultimate tensile stress of the boltand the
ultimate tensile stress of the plate,
respectively:

d = nominal diameter of the bolt; and

t = summation of the thicknesses of the
connected plates experiencing bearing
stress in the same direction, or if the bolts
are countersunk, the thickness of the
plate minus one half of the depth of
countersinking.

The bearing resistance (in the direction normal to the
slots in stotted holes) of bolts in holes other than
standard clearance holes may be reduced by
multiplying the bearing resistance obtained as above,
V_ ., by the factors given below:

npb*
a) Over size and short slotted holes - 0.7, and
b) Long slotted holes -05.
NOTE — The block shear of the edge distance due to
bearing force may be checked as given in 6.4,
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10.3.5 Tension Capacity

A bolt subjected to a factored tensile force, T, shall
satisfy:

Ty Ty

where

Tay =T/ Yoo

T, = nominal tensile capacity of the bolt,

calculated as:
C 090fu A< Aw U/ o)

where

f, = ultimate tensile stress of the bolt,

fyp = yield stress of the bolt,

A, = net tensile stress area as specified in the
appropriate Indian Standard (for bolts
where the tensile stress area is not
defined, A, shall be taken as the area at
the bottom of the threads), and

A, = shank area of the bolt.
10.3.6 Bolt Subjected 1o Combined Shear and Tension

A bolt required to resist both design shear force (V,)
and design tensile force (7,} at the same time shall

satisfy:
2 2
(E"—] +(f—“] < 1.0
vdb k ‘[dh }
where
Vs = factored shear force acting on the bolt,
Vy, = design shear capacity (see 10.3.2},
T, = factored tensile force acting on the bolt, and

T, - design tension capacity (see 10.3.5).

10.4 Friction Grip Type Boiting

10.4.1 In friction grip type bolting, initial pretension
in bolt (usually high strength) develops clamping force
at the interfaces of elements being joined. The frictional
resistance to slip between the plate surfaces subjected
ta clamping force opposes slip due to externally applied
shear. Friction grip type bolts and nuts shall conform
to IS 3757. Their installation procedures shall conform
to IS 4000. ‘

10.4.2 Where slip between bolted plates cannot be
tolerated at working loads (slip critical connections},
the requirements of 10.4.3 shall be satisfied. However,
at ultimate loads, the requirements of 10.4.4 shall be
satisfied by all connections.

10.4.3 Slip Resistance

Design for friction type bolting in which slip is required
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to be limited, a bolt subjected only to a factored design
shear force, V,; int the interface of connections at which
slip cannot be telerated, shall satisfy the following:

st < Vdsf
where

Vise = Vst Yoot

V. = nominal shear capacity of a bolt as
governed by slip for fricticn type
connection, calculated as follows:

v, -ﬂfneKth

nsf —

where

up = coefficient of friction (slip factor) as
specified in Table 20 (g, =0.553),

= number of effective interfaces offering
frictional resistance to slip,

= 1.0 for fasteners in clearance holes,

= (.85 for fasteners in oversized and short
slotted holes and for fasteners in long
slotied holes loaded perpendicular to the
slot,

= 0.7 for fasteners in long slotted holes
loaded parallel to the slot,

Yar = 1.10 (if slip resistance is designed at
service load),

= 1.25 (if slip resistance is designed at
ultimate load),

= minimum bolt tensicn (proof load) at
installation and may be taken as
Anbfl‘l’ 7

A, = net area of the bolt at threads, and
S, = proof stress (= 0.70 f;,).

NOTE — V,, may be evaluated at a service lead or ultimate
Ioad using appropriate partial safety factors, depending upon
whether slip resistance is required at service load or ultimate
load.

10.4.3.1 Long joints

The provision for the long joints in 10.3.3.1 shall apply
to friction grip connections also.

10.4.4 Capacity after slipping

When friction type bolts are designed not to slip only
under service loads, the design capacity at ultimate load
may be calculated as per bearing type connection
{see 10.3.2 and 10.3.3).

NOTE — The block shear resistance of the edge distance due
to bearing force may be checked as given in 6.4.

10.4.5 Tension Resistance

A friction bolt subjected to a factored tension force (T;)
shall satisfy:




T;=Ty

= Tnf/yml‘
nominal tensile sirength of the friction bolt,
calculated as:

O'Qj;.lb An Sf;'h Asb(Ym l/ Ym)

f.» = ultimate tensile stress of the bolt;

A_ = pet tensile stress area as specified in
various parts of IS 1367 (for bolts where
the tensile stress area is not defined, 4,
shall be taken as the area at ihe root of

the threads);
A, = shank area of the bolt; and

T, = partial factor of safety.

Table 20 Typical Average Values for Coefficient
of Friction {(u,)

(Clause 10.4.3)

Si Treatment of Surface Coefficient
Ne. of Friction,
Hy
- 1) (2) 3
. i) Surfaces not treated : 0.20
- ii) Surfaces blasted with short or grit with 0.50
N . any loose rust removed, no pitting
s jii} . Surfaces blasted with shot or grit and 0.10
_ hot-dip galvanized
iv} Surfaces blasted with shot or grit and 0.25
4 spray-metallized with zinc (thickness
; 50-70 zm)
i v} Surfaces blasted with shot or grit and 0.30
: painted with cthylzinc silicate coat
{thickness 30-60 zm)
3 vi) Sand blasted surface, after light rusting 0.52
k vii) Surfaces blasted with shot or grit and 0.30
" painted with ethylzinc silicate coat
] {thickness 60-80 zm)
3 viil)  Surfaces blasted with shot or grit and 0.30
k painted with alcalizinc silicate coat
; (thickness 60-80 xm)
ix) Surface blasted with shot or grit and 0.50
spray metallized with aluminium
(thickness > 50 ym})
%} Clean mill scale 0.33
xi})  Sand blasted surface 0.48
xii) Red lead painted surface 0.1

10.4.6 Combined Shear and Tension

Bolis in a connection for which inp. in the serviceability
; limit state shall be limited, which are subjected to a
tension force, 7, and shear force, V, shall satisfy:

2 2
) ()
v:if ]:.lf

<

1.0
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where

V,; = applied factored shear at design load,
Vs = design shear strength,

T; = externally applied factored tension at
design load, and

T, = design tension strength.

10.4.7 Where prying force, O as illustrated in Fig. 16
is significant, it shall be calculated as given below and
added to the tension in the bolt.

I 2t
Q=—"|T, _ﬁ'ﬂf—z

24, 2711,
where

I, = distance from the bolt centreline to the toe
of the fillet weld or to half the root radins
for a rolled section,

[, = distance between prying force and bolt
centreline and is the minimum
of either the end distance or the value given
by:

L =11t Bt
y
where

B = 2 for non pre-tensioned bolt and 1 for pre-
tensioned bolt,

n = 1.5, _

b, = effective width of flange per pair of bolts,

f, = proof stress in consistent units, and

t = thickness of the end plate.

2Ts

I

I}

l N ’Y la

B i FTA
- | N
l_ T
LEIL] ] i d
a
T+ Q

T.+Q

Fic. 16 CoMBINED PryinG Force AND TENSION
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10.5 Welds and Welding
10.5.1 General

Requirements of welds and welding shall conform to
.18 816 and IS 9595, as appropriate.

18.5.1.1 End returns

Fillet welds terminating at the ends or sides of parts
should be returned continuously around the corners
for a distance of not less than twice the size of the
weld, unless it is impractical to do so. This is
particularly important on the tension end of parts
carrying bending loads.

10.5.1.2 Lap joint

In the case of lap joints, the minimum lap should not
be less than four times the thickness of the thinner part
joined or 40 mm, whichever is more. Single end fillet
should be used only when lapped parts are restrained
from openings. When end of an element is connected
only by parallel longitudinal fillet welds, the length of
the weld along either edge should not be less than the
transverse spacing between longitudinal welds.

10513 A siﬁgle fillet weld should not be subjected to
moment about the fongitudinal axis of the weld.

10.5.2 Size of Weld

10.5.2.1 The size of normal fillets shall be taken 4s the
minimum weld leg size. For deep penetration welds,
where the depth of penetration beyond the root run is
a minimum of 2.4 mm, the size of the fillet should be
taken as the minimum leg size plus 2,4 mm.

10.5.2.2 For fillet welds made by semi-automatic or
automatic processes, where the depth of penetration is
considerably in excess of 2.4 mm, the size shall be
taken considering actual depth of penetration subject
to agreement between the purchaser and the contractor.

10.5.2.3 The size of fillet welds shall not be less than
3 mm. The minimum size of the first run or of a single
ron fillet weld shall be as given in Table 21, to avoid
the risk of cracking in the absence of preheating.

10.5.2.4 The size of butt weld shall be specified by the
effective throat thickness.

10.5.3 Effective Throat Thickness
10.5.3.1 The effective throat thickness of a fillet weld

shall not be less than 3 mm and shall generally not exceed
0.7¢, or 1.0¢ under special circumstances, where t is the
thickness of the thinner plate of elements being welded.

Table 21 Minimum Size of First Run orofa
Single Run Fillet Weid

(Clause 10.5.2.3)

Sl Thickness of Thicker Part Minimum Size

No. mm mm
Over Up to and
Including
H (2} 3) 4
i - 10 3
ii) 10 20 3
i} 20 32 ) 6
iv) 32 50 8 of fizrst run

10 for minimum size of
weld

NOTES .
1 When the minimum size of the fillet weld given in the table
is greater than the thickness of the thinner part, the minimum
size of the weld should be equal to the thickness of the thinner
part. The thicker part shall be adequately preheated to prevent
cracking of the weld.
2 Where the thicker part is more than 50 mm thick, special
precantions like pre-heating should be taken.

‘10.5.3.2 For the purpose of stress calculation in fillet

welds joining faces inclined to each other, the effective
throat thickness shall be taken as K times the fillet size,
where K is a constant, depending upon the angle
between fusion faces, as given in Table 22,

10.5.3.3 The effective throat thickness of a complete
penetration butt weld shalt be taken as the thickness of
the thinner part joined, and that of an incomplete
penetration butt weld shall be taken as the minimum
thickness of the weld metal cormumon to the parts joined,
excluding reinforcements.

10.5.4 Effective Length or Area of Weld

10.5.4.1 The effective length of fillet weld shall be
taken as only that length which is of the specified size
and required throat thickness. In practice the actual
length of weld is made of the effective length shown
in drawing plus two times the weld size, but not less
than four times the size of the weld.

10.5.4.2 The effective length of butt weld shall be taken
as the length of the continuous full size weld, but not
less than four times the size of the weld.

Table 22 Values of X for Different Angles Between Fusion Faces
(Clawse 10.5.3.2)

Angle Between Fusion Faces 60°-90°

Constant, X 0.70 0.635

91°-100°

101°-106° 107°-1t3° 114‘;—120°

0.60 0.55 0.50
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10.5.4.3 The effective area of a plug weld shall be
considered as the nominal area of the hole in the plane
of the faying surface. These welds shall not be designed
to carry stresses.

10.5.4.4 If the maximum length [ of the side welds
transferring shear along its length exceeds 150 times
the -throat size of the weld, ¢, the reduction in weld
strength as per the long joint (see 10.5.7.3) should be
considered. For flange to web connection, where the
welds are loaded for the full length, the above limitation
would not apply.

10.58.5 Intermittent Welds

.10.5.5.1 Unless otherwise specified, the intermittent

fillet welding shall have an effective length of not
less than four times the weld size, with a minimum
of 40 mm.

10.5.5.2 The clear spacing between the effective lengths
of intermittent fillet weld shall not exceed 12 and 16
times the thickness of thinner plate joined, for
compression and tension joint respectively, and in no
case be more than 200 mm.

10.5.5.3 Unless otherwise specified, the intermittent
butt weld shall have an effective length of not less than
four times the weld size and the longitudinal space

between the effective length of welds shall not be more.
than 16 times the thickness of the thinner part joined.

The intermittent welds shall not be used in positions
subject to dynamic, repetitive and alternating stresses.

10.5.6 Weld Types and Quality

For the purpose of this code, weld shall be fillet, butt,
slot or plug or compound welds. Welding electrodes
shall conform to IS 814.

10.5.7 Design Stresses in Welds
10.5.7.1 Shop welds
10.5.7.1.1 Fillet welds

Design strength of a fillet weld, f,, shall be based on
its throat area and shall be given by:

f wd = f wn I ymw
where

fm = £/30

f, = smaller of the ultimate stress of the weld
or of the parent metal, and

Yaw = partial safety factor (see Table 5).

10.5.7.1.2 Butt welds

Butt welds shall be treated as parent metal with a
thickness equal to the throat thickness, and the stresses
shall not exceed those permitted in the parent metal.
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10.5.7.1.3 Slot or plug welds

The design shear stress on slot or plug welds shall be
as per 10.5.7.1.1.

10.5.7.2 Site welds

The design strength in shear and tension for site welds
made during erection of structural members shall be
calculated according to 10.5.7.1 but using a partial
safety factor vy, of 1.5.

10.5.7.3 Long joints

When the length of the welded joint, I, of a splice or
end connection in a compression or tension element is
greater than 150 1, the design capacity of weld
(see 10.5.7.1.1), f,,, shall be reduced by the factor

0.2,
B =127 ) <1.0

50¢,
where -
I, = length of the joint in the direction of the
force transfer, and
t, = throat size of the weld.

1
10.5.8 Filler Weld Applied to the Edge of a Plate or
Section

10.5.8.1 Where a fillet weld is applied to the square
edge of a part, the specified size of the weld should

_ generally be atleast 1.5 mm less than the edge thickness
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in order to avoid washing down of the exposed arris
(see Fig. 17A).

10.5.8.2 Where the fillet weld is applied to the rounded
toe of a rolled section, the specified size of the weld
should generally not exceed 3/4 of the thickness of the
section at the toe (see Fig. 17B).

10.5.8.3 Where the size specified for a fillet weld is
such that the parent metal will not project beyond the
weld, no melting of the outer cover or covers shall be
allowed to occur to such an extent as to reduce the
throat thickness (see Fig. 18).

10.5.8.4 When fillet welds are applied to the edges of
a plate. or section in members subject to dynamic
loading, the fillet weld shall be of full size with its leg
length equal to the thickness of the plate or section,
with the limitations specified in 10.5.8.3.

10.5.8.5 End fillet weld, normal to the direction of force
shall be of unequal size with a throat thickness not
less than 0.5, where ¢ is the thickness of the part, as
shown in Fig. 19. The difference in thickness of the
welds shall be negotiated at a uniform slope. '

10.5.9 Stresses Due to Individual Forces

When subjected to either compressive or tensile or
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18A Desirahle

18B Acceptable because of
Full Throat Thickness

18C Not Acceptable because of
Reduced Throat Thickness

Fi6. 18 FuLt Size FILLET WELD APPLIED T0 THE EDGE OF A PLATE OR SECTION

shear force alone, the stress in the weld is given by:

p

fiorg= i1
where _

Jf, = calculated normal stress due to axial force,
in N/mm?;

¢ = shear stress, in N/mm?;

P = force transmitted (axial force N or the shear
force Q@);

t, = effective throat thickness of weld, in mm;
and

{, = effective length of weld, in mm.

10.5.10 Combination of Stresses
10.5.10.1 Fillet welds

10.5.10.1.1 When subjected to a combination of normal
and shear stress, the equivalent stress f, shall satisfy
the following:

f=Nfi+3g S«_/_EL_

mw

where
Ji = normal stresses, compression or tension, due
to axial force or bending moment
(see 10.5,9), and
g = shearstress due to shear force or tension (see

10.5.9).
10.5.10.1.2 Check for the combination of stresses need
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not be done for;

a) side fillet welds joining cover plates and
fiange plates, and

b) fillet welds where sum of normal and shear
stresses does not exceed £, (see 10.5.7.1.1).

10.5.10.2 Butt welds

10.5.16.2.1 Check for the combination of stresses in
butt welds need not be carried out provided that;

a) butt welds are axially loaded, and

b) in single and double bevel weids the sum of
normal and shear stresses does not exceed the
design normal stress, and the shear stress does
not exceed 30 percent of the design shear
stress.

10.5.10.2.2 Combined bearing, bending and shear

Where bearing stress, f;, is combined with bending
(tensile or compressive), Ji and shear stresses, g under
the most unfaverable conditions of loading in butt
welds, the equivalent stress, £, as obtained from the
following formula, shall not exceed the values allowed
for the parent metal:

fo= R4 fy 30

where
Jo = equivalent stress;
fo = calculated stress due to bending, in N/mm?;
Jwe = calculated stress due to bearing, in N/mm?;
and
g = shear stress, in N/mm?2.
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10.5.11 Where a packing is welded between two’
members and is less than & mm thick, or is too thin to
allow provision of adequate welds or to prevent
buckling, the packing shall be trimmed flush with the
edges of the element subject to the design action and
the size of the welds along the edges shall be increased
over the required size by an amount equal to the
thickness of the packing. Otherwise, the packing shall
extend beyond the edges and shall be fillet welded to
the pieces between which it is fitted.

10.6 Design of Connections

Each element in a connection shall be designed so that
the structure is capable of resisting the design actions.
Connections and adjacent regions of the members shall
be designed by distributing the design action effects
such that the following requirements are satisfied:

a) Design action effects distributed to various
elements shall be in equilibrium with the
design action effects on the connection,

b) Required deformations in the elements of the
connections are within their deformations
capacities,

c) All elements in the connections and the
adjacent areas of members shal} be capable
of resisting the design action effects acting
on them, and
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d) Connection elements shall remain stable
under the design action effects and
deformations.

10.6.1 Connections can be classified as rigid, semi-rigid
and flexible for the purpose of analysis and design as
per the recommendation in Annex F. Connections with
sufficient rotational stiffness may be considered as rigid.
Examples of rigid connections include flush end-plate
connection and extended end-plate connections.
Connections with negligible rotational stiffness may be
considered as flexible (pinned). Examples of flexible
connections include single and double web angle
connections and header plate connections. Where a
connection cannot be classified as either rigid or flexible,
it shall be assumed to be semi-rigid. Examples of semi-
rigid connections include top and seat angle connection
and top and seat angle with single/double web angles.

10.6.2 Design shall be on the basis of any rational
method supported by experimental evidence. Residual
stresses due to installation of bolts or welding normally
need not be considered in statically loaded structures.
Connections in cyclically loaded structures shall be
designed considering fatigue as given in Section 13.
For earthquake load combinations, the connections
shall be designed to withstand the calculated design
action effects and exhibit required ductility as specified
in Section 12.
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10.6.3 Beam and column splice shall be designed in
accordance with the recommendation given in F-2
and F-3.

10.7 Minimum Design Action on Connection

Connections carrying design action effects, except for
lacing connections, connections of sag rods, purlins
and girts, shall be designed to transmit the greater of:

a) the design action in the member; and
b} the minimum design action effects expressed
either as the value or the factor times the
member design capacity for the minimum size
of member required by the strength limit state,
specified as follows:
1) Connections in rigid construction — a
‘bending moment of at least 0.5 times the
member design moment capacity
2) _Connections to beam in simple
canstruction — a shear force of at least
0.15 times the member design shear
capacity or 40 kN, whichever is lesser

3) Connections at the ends of tensile or
compression member — aforce of at least
0.3 times the member design capacity

4) Splices in members subjected to axial
tension — a force of at least 0.3 times
the member design capacity in tension

5) Splices in members subjected to axial
compression — for ends prepared for full
contact in accordance with 17.7.1, it shall

" be permissible to carry compressive
actions by bearing on contact surfaces.
‘When members are prepared for full
contact to bear at splices, there shall be
sufficient fasteners to licld all parts
securely in place. The fasteners shall be
sufficient to transmit a force of at least
0.15 times the member design capacity
in axial compression.

When members are not prepared for full
contact, the splice material and its
fasteners shall be arranged to hold all
parts in line and shall be designed to
transmit a force of at feast 0.3 times the
member design capacity in axial
compression. _

In addition, splices located between
peints of effective lateral support shall
be designed for the design axial force,
P, plus & Jesign bending moment, not
less than the design bending moment
M,=(P,1)/1000

where, [, is the distance betwgen points
of effective lateral support.

6) Splices in flexural members — abending

moment of 0.3 times the member design
capacity in bending. This provision shall
not apply to splices designed to transmit
shear force only.
A splice subjected to a shear force only
shall be designed to transmit the design
shear force together with any bending
moment resulting from the eccentricity
of the force with respect to the centroid
of the group.

7) Splices in members subject to combined

actions — a splice in a member subject
to a combination of design axial tension
or design axial compression and design
bending moment shall satisfy
requirements in (4), (5) and (6) above,
simultaneously.
For earthquake load combinations, the
design action effects specified in this
section may need to be increased to meet
the required behaviour of the steel frame
and shall comply with Section 12.

10.8 Intersections

Members or components meeting at a joint shall be
arranged to transfer the design actiohs between the
parts, wherever practicable, with their centroidal axes
meeting at a point. Where there is eccentricity at joints,
the members and components shall be designed for
the design bending moments which result due fo
eccentricity.

The disposition of fillet welds to balance the design
actions about the centreidal axis or axes for end
connections of single angle, double angle and similar
type members is not required for statically loaded
members but is required for members, connection
components subject to fatigue loading.

Eccentricity between the centroidal axes of angle
members and the gauge lines. for their bolted end
connections may be neglected in statically loaded
members, but shall be considered in members and
connection components subject to fatigue loading.

10,9 Choice of Fasteners

Where slip in the serviceability limit state is to be
avoided in a connection, high-strength bolts in a
friction-type joint, fitted bolts or welds shall be used.

Where a joint is subjected to impact or vibration, either
high strength bolts in a friction type joint or ordinary

~ bolts with locking devices or welds shall be used.

10.16 Connection Components

Connection components {cleats, gusset plates, brackets




and the like) other than connectors, shall have their
capacities assessed using the provisions of Sections 3,
6,7, 8 and 9, as applicable.

10.11 Analysis of a Bolt/Weld Group
10.11.1 Bolt/Weld Group Subject to In-plane Loading
10.11.1.1 General method of dnaly.sis

The design force in a bolt/weld or design force per
unit length in a bolt/weld group subject to in-plane
joading shall be determined in accordance with the
following:

a) The connection plates shall be considered to
be rigid and to rotate relative to each other
about a point known as the instantaneous
centre of rotation of the group.

In the case of a group subject to a pure couple
only, the instantaneous centre of rotation
coincides with the group centroid. In the case
of in-plane shear force applied at the group
centroid, the instantaneous centre of the
rotation is at infinity and the design force is
uniformly distributed throughout the group.
In all other cases, either the results of
independent analyses for a pure couple alone
and for an in-plane shear force applied at the
group ceniroid shall be superposed, or a
recognized method of analysis shall be used.
The design force in a bolt or design force per
unit length at any point in the group shali be
assumed to act at right #ngles to the radius
from that point to the instantaneous centre,
and shall be taken as proportional to that
radius.

10.11.2 Bolt/Weld Group Subject to Qut-of-Plane
Loading

10.11.2.1 General method of analysis

b)

<)

The design force of a bolt in bolt group or design force
per unit Iength in the fillet weld group subject to out-
of-plane loading shall be determined in accordance
with the following:

a) Design force in the bolts or per unit length in
the fillet weld group resulting from any shear
force or axial force shall be considered to be
equally shared by all bolts in the group or
uniformly distributed over the length of the
fillet weld group.

Design force resulting from a design bending

moment shall be considered to vary linearly

with the distance from the relevant centroidal

axes:

1) In bearing type of boit group plates in
the compression side of the neutral axis

b)
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and only bolts in the tension side of the
neutral axis may be considered for
calculating the neutral axis and second
moment of arga.

In the friction grip bolt group only the
bolts shall be considered in the
calculation of neutral axis and second
moment of area.

The fillet weld proup shall be con31dered
in isolation from the connected element;
for the calculation of centroid and second
moment of the weld length. '

10.11.2.2 Alternative analysis

2)

3)

The design force per unit length in a fillet weld/bolt
group may aliernatively be determined by considering
the fillet weld group as an extension of the connected
member and distributing the design forces among the
welds of the fillet weld group so as to satisfy
equilibrium between the fillet weld group and the
elements of the connected member.

10.11.3 Bolt/Weld Group Subject to In-plane and
Out-of-Plane Loading

10.11.3.1 General method of analysis

The design force in a bolt or per unit length of the
weld shall be determined by the superposition of
analysis for in-plane and out-of-plane cases discussed
in10.15.1 and 10.11.2,

10.11.3.2 Alternative analysis

The design force in a bolt or per unit length in the
fillet weld group may alternatively be determined by
considering the fillet weld group as an extension of
the connected member and proportioning the design
force per bolt or unit length in the weld group to satisfy
equilibrium between the bolt/weld group and the
elements of the connected member.

Force calculated in the most stressed bolt or highest
force per unit length of the weld shall satisfy the
strength requirements of 10.3, 10:4 or 10.5, as

" appropriate.
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10.12 Lug Angles

10.12.1 Lug angles connecting outstanding leg of a
channel-shaped member shall, as far as possible, be
disposed symmetrically with respect to the section of
the member.

16.12.2 In the case of angle members, the lug angles
and their connections to the gusset or other supporting
member shall be capable of developing a strength not
less than 20 percent in excess of the force in the
outstanding leg of the member, and the attachment of
the lug angle to the main angle shall be capable of
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developing a strength not less than 40 percent in excess
of the force in the outstanding leg of the angle.

10.12.3 In the case of channel members and the like,
the lug angles and their connection to the gusset or
other supporting member shall be capable of
developing a strength of not less than 10 percent in
excess of the force not accounted for by the direct
connection of the member, and the attachment of the
lug angles to the member shall be capable of developing
20 percent in excess of that force.

10.12.4 In no case shall fewer than two bolts, rivets or
equivalent welds be used for attaching the lug angle to
the gusset or other supporting member,

10.12.5 The effective connection of the lug angle shall,
as far as possible terminate at the end of the member
connected, and the fastening of the lug angle to the
main member shall preferably start in advance of the
direct connection of the member to the gusset or other
supperting member.

10.12.6 Where lug angles are used to connect an angle
member, the whole area of the member shall be taken
as effective not withstanding the requirements of
Section 6 of this standard.

SECTION t1
WORKING STRESS DESIGN

11.1 General

11.1,1 General design requirements of Section 3 shall
apply in this section.

11.1.2 Methods of structural analysis of Section 4 shall
also apply to this section. The elastic analysis method
shall be ased in the working stress design.

11.1.3 The working stress shall be calculated applying
respective partial load factor for service load/working
load.

11.1.4 In load combinations involving wind or seismic

loads, the permissible stresses in steel structural
members may be increased by 33 percent. For anchor
bolts and construction loads this increase shall be
limited to 25 percent. Such an increase in allowable
stresses should not be considered if the wind or seismic
load is the major load in the load combination (such as
acting along with dead load alone).

11.2 Tension Members
11.2.1 Actual Tensile Stress

The actual tensile stress, £, on the gross area of cross-
section, A, of plates, angles and other tension members
shall be less than or equal to the smaller value of
permissible tensile stresses, £, as given below:
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Actual tensile stress, f, = T,/A,

The permissible stress, £, is smallest of the values as
obtained below:

a) As governed by yielding of gross section
fu=06f,
b} As governed by rupture of net section
1) Plates under tension
fu=069T, /4,
2) Angles under tension
fu=069T, /4,
¢) As governed by block shear
So=069T, /A,
where

T, = actual tension under working
(service) load,

A, = gross area,

Ty, = design strength in- tension of
respective plate/angle calculated in
accordance with 6.3, and

Ty, = design block shear strength in

tension of respective plate/angle
calculated in accordance with 6.4.

11.3 Compression Members
11.3.1 Actual Compressive Stress

The actual compressive stress, J. at working (service) load,
P, of a compression mernber shall be less than or equal to
the permissible compressive stress, £, as given below:

Actual compressive stress, f,= P/ A,

The permissible compressive stress, f,, = 0.60 £,

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

7.1.2.1 (for angles see 7.5.1.2).
11.3.2 Design Details

Design of the compression members shall conform
to 7.3.

11.3.3 Column Bases

The provisions of 7.4 shall be followed for the design
of column bases, except that the thickness of a simple
column base, 7, shall be calculated as:

o= 3w (a?-0351)/f,
where

uniform pressure from below on the slab
base due to axial compression; .

w
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larger and smaller projection of the slab base
beyond the rectangle circumscribing the
column, respectively; and

permissible bending stress in column base
equal to 0.75 f,..

11.3.4 Angle Struts

I

. provisions of 7.5 shall be used for design of angle
. struts, except that the limiting actual stresses shall be
" caleulated in accordance with 11.3.1.

" 11.3.5 Laced and Battened Columns

The laced and battened columns shall be designed in
accordance with 7.6 and 7.7, except that the actual
stresses shall be less than the permissible stresses given

in11.3.1.
11.4 Members Subjected to Bending
11.4.1 Bending Stresses

The actual bending tensile and compressive stresses,

forr Joe at working (service) load moment, M, of 2

bending member shall be less than or equal to the
permissible bending stresses, foy S respectively, as
given herein. The actual bending stresses shall be
calculated as:

: fbc=Ms/zec and fbtzMs/Zet

The permissible bending stresses, fy,. or f;;, shall be '

the smaller of the values obtained from the following:

a) .Laterally supported beams and beams
bending about the minor axis:

1) Plastic and compact sections
S OTfy =066 f,
2) Semi-compact sections
JineOT f = 0.60 £,
b) Laterally unsupported beams subjected to
major axis bending:
fuo=060M,/Z,
f.;hl= 0.60 Md Izel
¢) Plates and solid rectangles bending about

minor axis:
fabc =f;b: = 07Sf;
where

Z

» Zo= clastic section miodulus for the

cross section with respect to
exireme compression and tension
fibres, respectively;

f, = yield stress of the sect; and

M, = design bending strength of a
laterally unsupported beam bent
about major axis, calculated in
accordance with 8.2.2.
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11.4.2  Shear Stress in Bending Members

The actual shear stress, T, at working load, V, of a
bending member shall be less than or equal to the
permissible shear stress, 7, given below:

Actual shear stress, T, = V, /A,
The permissible shear stress is given by:

a) When subjected pure shear:
T =040 f,

b) When subject to shear buckling (see 8.4.2.1):
t,=070V /A,

where
V, = design shear strength as given in 8.4.2,2 (a), and
A, = shear area of the cross-section as given
in 8.4.1.
11.4.3 Plate Girder

Provisions of 8.3, 8.4, 8.5, 8.6 and 8.7 shall apply, for
the design of plate girder, except that the allowable
stresses shall conform to 11.4.1 and 11.4.2.

11.4.4 Box Girder

In design of box girder the provisions of 8.8 shall apply,
except that the allowable bending stresses shall
conform to 11.4.1.

11.5 Combined Stresses
11.5.1 Combined Bending and Shear

Reduection in allowable moment need not be considered
under combined bending and shear.

11.5.2 Combined Bending and Axial Force

Members subjected to combined axial compression and
bending shall be so proportioned to satisfy the
following requirements:

a) Member stability requirement:

C
—j-:‘—+0.6Ky -—"“’fih'(LT Joe o 1.0;
f;f-)' abey abez

c .
2 +0.6K, iy +K, Cocfier < 1 o

fHCZ

where

j;bcy ahez

Cpy, Cry = equivalent uniform moment
factor as per Table 18,

f. = applied axial compressive stress
under service load, '

JocpJocz = applied compressive stresses
due to bending about the major
(y) and minor {z) axis of the
member, respectively,
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allowable axial compressive
stress as governed by buckling
about minor (y) and major (z)
axis, respectively,

.ﬁlcy’f;icz =

allowable bending compressive
stresses due to bending about
minor (¥) and major (z) axes of
the cross-section (see 11.4),

1+(A,~-02n,s1+08n,
=1+A,-02n,s1+08n,

f;abcy' -ﬁ:hcz =

0.1A, . 1,
(Cor —0.25)

0.1n,
(Coux — 029)°

5
&
|

ratio of actual applied axial
stress to the allowable axial
stress for buckling about the y
and z axis, respectively;

= gquivalent uniform moment
factor; and

= non-dimensional slenderness
ratio (see 8.2.2).

" b) Member strength requirement

At a support he values f,, . and f,,,shall be
calculated using laterally supported member
and shall satisfy:

oA +f"°” s <10
0‘6fy f;bcy f;bcz

11.5.3 Combined Bending and Axial Tension

Members subjected to both axial tension and bending
shall be proportioned so that the following condition
is satisfied: '

J —é‘y—+i—“’—51.0

?a(. f;bly fabtz

where

Sy Faz = permissible tensile stresses under
bending about minor (y) and major (2}
axis when bending alone is acting, as
givenin 114.1.

11.5.4 Combined Bearing, Bending and Shear Stresses

Where a bearing stress is combined with tensile or
compressive stress, bending and shear stresses under
“the most unfavourable conditions of loading, the
equivalent stress, f, obtained from the following
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formula, shall not exceed 0.9@

fo= R R

where
T = actual shear stress,
f. = actual tensile stress,
fy = yield stress, and
5 o= actual bearing stress.

The value of permissible bending stresses f;,., and fi,.,
to be used in the above formula shall each be lesser of
the values of the maximum allowable stresses f, and
f.p, in bending about appropriate axis.

11.6 Connections

11.6.1 All design pravisions of Section 10, except for
the actual and permissible stress calculations, shall

apply.
11.6.2 Actual Stresses in Fasteners

11.6.2.1 Actual stress in bolt in shear, f;, should be
Tess than or equal to permissible stress of the bolt, £,
as given below:

The actual stress in bolt in shear, £, = V. /Ay,

The permissible stress in bolt in shear, f,, = 0.60

Vnsh /Asb
where
V,, = actual shear force under working (service)
load,
V., = nominal shear capacity of the bolt as given
in 10.3.3, and
A, = nominal plain shank area of the bolt.

11.6.2.2 Actual stress of bolt in bearing on any plate,
fup should be less than or equal to the permissible
bearing stress of the bolt/plate, f,,, as given below:

Actual stress of bolt in bearing on any plate,
f;ab = VsblApb
The permissible bearing stress of the bolt/plate,
Jopp = 060V 1AL,

where
V,eo = nominal bearing capacity of a bolt on any
plate as given in 10.3.4, and
A, = nominal bearing area of the bolt on any plate.

11.6.2.3 Actual tensile stress of the bolt, fi, should be
less than or equal to permissible tensile stress of the
bolt, £, as given below:

Actual tensile stress of the bolt, f,= T,/ Ay,
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The permiissible tensiie siress of the bolt,
Jup =060 T, /Ay

where
T, = tension in bolt under working (service) load,
T, = design tensile capacity of a bolt as given in

10.3.5, and
Ay = nominal plain shank area of the bolt.

11.6.2.4 Actual compressive or tensile or shear stress
of a weld, f,, should be less than or equal to permissible
stress of the weld, £, as given below:

The pérmissible stress of the weld, f,, =0.6 f,,

where

f.a = nominal shear capacity of the weld as
calculated in 10.5.7.1.1.
11.6.2.5 If the bolt is subjected to combined shear and
tension, the actual shear and axial stresses calculated
in accordance with 11.6.2.1 and 11.6.2.3 do not exceed
the respective permissible stresses f,, and f,, then the
expression given below should satisfy:

A4
f Jao

fufiy = actual shear and tensile stresses
respectively, and

where

S fu = permissible shear and tensile strésses
respectively.

11.6.3 Stresses in Welds

11.6.3.1 Actual stresses in the throat area of fillet welds
shall be less than or equal to permissible stresses, f,,
as given below:

fau=04Ff,
11.6.3.2 Actual stresses in the butt welds shall be less

~ than the permissible stress as governed by the parent

metal welded together.

SECTION 12
DESIGN AND DETAILING FOR
EARTHQUAKE LOADS

12.1 General

Steel frames shall be so designed and detailed as to
give them adequate strength, stability and ductility to
resist severe earthquakes in all zones classified in
IS 1893 (Part 1) without collapse. Frames, which form
a part of the gravity load resisting system but are not
intended to resist the lateral earthquake loads, need
not satisfy the requirements of this section, provided
they can accommodate the resulting deformation

87

IS 800 : 2007

without premature failure.

12.2 Load and Load Combinations

12.2.1 Earthquake loads shall be calculated as per
IS 1893 (Part 1), except that the reduction factors
recommen-ded in 12,3 may be used.

12.2.2 In the limit state design of frames resisting
earthquake loads, the load combinations shall conform
to Table 4.

12.2.3 In addition the following load cornbination shall
be considered as required in 12.5.1.1, 12.7.3.1,
12.11.2.2 and 12,11.3.4:"

a) 1.2 Dead Load (DL) + (.5 Live Load (LL) =
2.5 Earthquake Load (EL); and

b) 0.9 Dead Load (DL) * 2.5 Barthquake Load
(EL).

12.3 Response Reduction Factor

For structures designed and detailed as per the
provision of this section, the response reduction factors
specified in Table 23 may be used in conjunction with
the provision in IS 1893 for calculating the design
earthquake forces.

Table 23 Response Reduction Factor (R) for

Building System
| Lateral {.oad Resisting System R
No.
(n (2 _ (3)

i) Braced Frame Systems:
a) Ordinary Concenirically Braced Frames 4

(OCBF)
b}  Special Concentrically Braced Frame 4.5
(SCBF)
¢) EBccentrically Braced Frame (EBF) . 5
ii) Moinent Frame System.
a)  Ordinary Moment Frame (OMF). 4
b}  Special Moment Frame (SMF) 5

12.4 Connections, Joints and Fasteners

12.4.1 All bolts used in frames designed to resist
earthquake loads shall be fully tensioned high strength
friction grip (HSFG) bolts or turned and fitted bolis.

12.4.2 All welds used in frames designed to resist
earthquake loads shall be complete penetratton butt welds,
except in column splices, which shall conform to 12.5.2.

12.4.3 Bolted joints shall be designed not to share load
in combination with welds on the same faying surface.

12.5 Columns

12.5.1 Column Strength

When P/P,is greater than 0.4, the requirements
in 12.5.1.1 and 12.5.1.2 shall be met.
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Where
P, = required compressive strength of the
member, and
Py = design stress in axial compression as

obtained from 7.1.2.

12.5.1.1 The required axial compressive and axial
tensile strength in the absence of applied moment, shall
be determined from the load combination in 12.2.3.

12.5.1.2 The required strength determined in 12.5.1.1
need not exceed either of the maximum load transferred
to the column considering 1.2 times the nominal
strength of the connecting beam or brace element, or
the resistance of the foundation to uplift.

12.5.2 Column Splice

12.5.2.1 A partial-joint penetration groove weld may
be provided in column splice, such that the design
strength of the joints shall be at least equal to 200 percent
of the required strength,

12.5.2.2 The minimum required strength for each
flange splice shall be 1.2 times J/A¢ as showing Fig,
20, where A; is the area of each flange in the smaller
connected column.

12.6 Storey Drift

The storey drift limits shall conform to IS 1893. The
deformation compatibility of members not designed
to resist seismic lateral load shall also conform to
IS 1893 (Part 1).

Pmin =12 fyA 7 P,-,.,jn =12 fyA !

f J

—p—

A
v

Fig. 20 PARTIAL PENETRATION GROOVE WELD IN
CoOLUMN SPLICE

12,7 Ordinary Concentrically Braced Frames
(OCBF)

12.7.1 Ordinary concentrically braced frames (OCBE)
should be shown to withstand inelastic deformation
corresponding to a joint rotation of at least 0.02 radians
without degradation in strength and stiffness below the
full yield value, Ordinary concentrically braced frames
meeting the requirements of this section shall be
deemed to satisfy the required inelastic deformation.

12.7.1.1 Ordinary concentrically braced frames shail
‘not be used in seismic zones IV and V and for buildings
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with importance factor greater than unity ( > 1.0) in
seismic zone III.

12,7.1.2 The provision in this section apply for
diagonal and X-bracing only. Specialist literature
may be consulted for V and inverted V-type bracing.
K-bracing shall not be permitted in systems to resist
earthquake.

12.7.2 Bracing Members

12.7.2.1 The slenderness of bracing members shall not
exceed 120.

12.7.2.2 The required compressive strength of bracing
member shall not exceed 0.8 times P, where P, is the
design strength in axial compression (see 7.1.2).

12.7.2.3 Along any line of bracing, braces shall be
provided such that for lateral loading in either direction,
the tension braces will have to resist between 30 to 70
percent of the total lateral load.

12.7.2.4 Bracing cross-section can be plastic, compaci
or semi-compact, but not slender, as defined in 3.7.2.

12.7.2.5 For all built-up braces, the spacing of tack
fasteners shall be such that the unfavourable
slenderness ratio of individual element, between such
fasteners, shall not exceed (.4 times the governing
slenderness ratio of the brace itself. Bolted connections
shall be avoided within the middle one-fourth of the
clear brace length (0.25 times the length in the middle),

12.7.2.6 The bracing members shall be desi gned so that
gross area yielding (see 6.2) and not the net area rupture
(see 6.3) would govern the design tensile strength.

12,7.3 Bracing Connections

12.7.3.1 End connections in bracings shall be designed
to withstand the minimum of the foliowing:

a)
b)

A tensile force in the bracing equal to 1.2 A
Force in the brace due to load combinations
in 12.2.3; and , ) :
Maximum force that can be transferred to the
brace by the system.

12.7.3.2 The connection should be checked for tension
rupture and block shear under the load determined
in12.7.3.1.

12.7.3.3 The connection shall be designed to withstand
a moment of 1.2 times the full plastic moment of the

)

- braced section about the buckling axis.

12.7.3.4 Gusset plates shall be checked for buckling
out of their plane.

12.8 Special Concentrically Braced Frames (SCBF)

12.8.1 Special concentrically braced frames (SCBE)
should be shown to withstand inelastic deformation




“corresponding to a joint rotation of at least 0.04 radians
without degradation in strength and stiffness below the
full yield value. Special concentrically braced frames
meeting the requirements of this section shall be
deemed to satisfy the required inelastic deformation.

12.8.1.1 Special concentrically braced frames (SCBF)
may be used in any seismic zone [see 1S 1893 (Part 1)]
and for any building (importance-factor value).

12.8.1.2 The provision in this section apply for diagonal
and X-bracing only. Specialist literature may be
consulted for V and inverted V-type bracing. K-bracing
shall not be permitted in system to resist earthquake.

12.8.2 Bracing Members

12.8.2.1 Bracing members shall be made of E250B
steel of IS 2062 only.

12.8.2.2 The slenderness of bracing members shall not
exceed 160 (only hangers).

12.8.2.3 The required compressive strength of bracing
member shall not exceed the design strength in axial
compression Py (see 7.1.2}

12.8.2.4 Along any line of bracing, braces shall be
provided such that for lateral loading in either direction,
the tension braces will resist between 30 to 70 percent
of the load.

12.8.2.5 Braced cross-section shail be plastic as defined
in 3.7.2.

12.8.2.6 In built-up braces, the spacing of tack
connections shall be such that the slenderness ratio of
individual element between such connections shall not
exceed 0.4 times the governing slenderness ratio of
the brace itself. Bolted connection shail be avoided
within the middle one-fourth of the clear brace length
(0.25 times the length, in the middle).

12.8.2.7 The bracing members shall be désigned so that
gross area yielding (see 6.2) and not the net area rupture
(see 6.3) would govern the design tensile strength.

12.8.3 Bracing Connections

12.8.3.1 Bracing end connections shall be designed to
withstand the minimum of the following:

a) Actensileforce inthe bracing equalto 1.1fA;
and
b) Maximum force that can be transferred to the
brace by the system.
12.8.3.2 The connection should be checked for tension
rupture and block shear under the load determined
in12.8.3.1.

12.8.3.3 The connection shall be designed to withstand
a moment of ‘1.2 times the full plastic moment of the
braced section about the critical buckling axis.
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12.8.3.4 Gusset plates shall be checked for buckling
out of their plane.

12.8.4 Column

12,8.4.1 The column sections used in special
concentrically braced frames (SCBF) shall be plastic
as defined in 3.7.2.

12.8.4.2 Splices shall be located within the middle one-
third of the column clear height. Splices shall be
designed for the forces that can be transferred to it. In
addition, splices in columns shall be designed to
develop at least the nominal shear strength of the
smaller connected member and 50 percent of the
nominal flexural strength of the smaller connected
section.

12.9 Eccentrically Braced Frames (EBF)

Eccentrically braced frames (EBF) shall be designed
in accordance with specialist literature.

12.10 Ordinary Moment Frames (OMF)

12.10.1 Ordinary moment frames (OMF) should be
shown to withstand inelastic deformation
corresponding to ajoint rotation of 0.02 radians without
degradation in strength and stiffness below the full yield
value (M). Ordinary moment frames meeting the
requirements of this section shall be deemed to satisfy
the required inelastic deformation,

12.10.1.1 Ordinary moment frames (OMF} shall not
be used in seismic zones I'V and V and for buildings
with importance factor greater than unity (f >1.0) in
seismic zone IIL

12.18.2 Beam-to-Column Joints and Connections

Connections are permitted to be rigid or semi-rigid
moment connections and should satisfy the criteria
in 12.10.2.1 1o 12,10.2.5,

12.10.2.1 Rigid moment connections should be
designed to withstand a moment of at least 1.2 times
of either the full plastic moment of the connected beam
or the maximum moment that can be delivered by the
beam to the joint due to the induced weakness at the
ends of the beam, whichever is less.

12.16.2.2 Semi-rigid connections should be designed
to withstand either a moment of at least 0.5 times the
full plastic moment of the connected beam or the
maximum moment that can be delivered by the system,
whichever is less. The design moment shali be achieved
within a rotation of 0.01 radians. The information given
in Annex F may be used for checking.

12,10.2.3 The stiffness and strength of semi-rigid
connections shall be accounted for in the design and
the overall stability of the frame shall be ensured,



1S 800 : 2007

12.10.2.4 The rigid and semi-rigid connections should
be designed to withstand a shear resulting from the
load combination 1.2DL + 0.5LL plus the shear
corresponding to the design moment defined
in 12.10.2.1 and 12,10.2.2, respectively.

'12.10.2.5 In rigid fully welded connections, continuity
plates (tension stiffener, see 8.7) of thickness equal to
or greater _than the thickness of the beam flange shall
be provided and welded to the column flanges and web.

1211 S[iecial Moment Frames (SMF)

12.11.1 Special moment frames (SMF} shall be made
of E250B steel of IS 2062 and should be shown to
withstand inelastic deformation corresponding to a
joint rotation of 0.04 radians without degradation in
strength and stiffness below the full yield value (M)

Special moment frames meeting the requirements of”

this section shall be deemed to satisfy the required
inelastic deformation.

12.11.1.1 Special moment frames (SMF) may be used
in any seismic zone [see IS 1893 (Part 1)] and for any
buildings (importance-factor values),

-12.11.2 Beam-to-Column Joints and Connections

12.11.2.1 Ail beam-to-column connections shall be
rigid (see Annex F) and designed to withstand a
moment of at least 1.2 times the full plastic moment of
the connected beam. When a reduced beam section is
used, its minimum flexural strength shall be at least
equal to 0.8 times the full plastic moment of the
unreduced section.

12.11.2.2 The cennection shall be designed to
withstand a shear resulting from the load combination
1.2DL + O.5LL plus the shear resulting from the
application of 1.2 in the same direction, at each end
of the beam (causing double curvature bending). The
shear strength need not exceed the required value
corresponding to the load combination in 12.2.3,

12.11.2.3 In column strong axis connections (beam and
column web in the same plane), the panel zone shall
be checked for shear buckling in accordance with 8.4.2
at the design shear defined in 12.11.2.2. Column web
doubler plates or diagonal stiffeners may be used to
strengthen the web against shear buckling. '

12.11.2.4 The individual thickness of the column webs
and doubler plates, shall satisfy the following:

t 2(d+b,)/90

where
t = thickness of column web_or doubler plate,
d, = panel-zone depth between continuity plate,
and
b, = panel-zone width between column flanges.
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12.11.2,5 Continuity plates (tension stiffner} (see 8.7)
shall be provided in all strong axis welded connections
except in end plate connection.

12.11.3 Beam and Column Limitation

12.11.3.1 Beam and column sections shall be either
plastic or compact as defined in 3.7.2. At potential
plastic hinge locations, they shall necessarily be plastic.

12.11.3.2 The section selected for beams and columns
shall satisfy the following relation:

2 My
ZMPB

21.2

where

ZMW = sum of the moment capacity in the
column above and below the beam
centreline; and :

ZMP,, = sum of the moment capacity in the
_bearns at the intersection of the beam and
column centrelines.

In tall buildings, higher mode effects shall be accounted
for in accordance with specialist literature.

12.11.3.3 Lateral support to the column at both top
and bottom beam flange levels shall be provided so as
to resist at least 2 percent of the beam flange strength,
except for the case described in 12.11.3.4.

12.11.3.4 A plane frame designed as non-sway in the
direction perpendicular to its plane, shall be checked
for buckling, under the load combination specified
in $2.2.3. :

12,12 Column Bases

12.12.1 Fixed column bases and their anchor bolts
should be designed to withstand a moment of 1.2 times




_:the full plastic moment capacity of the columa section.

"The anchor bolts shall be designed to withstand the
combined action of shear and tension as well as prying
action, if any.

'12.12.2 Both fixed and hinged column bases shall be
designed to withstand the full shear under any load
case or 1.2 times the shear capacity of the column
section, whichever is higher.

SECTION 13
FATIGUE

13.1 General

Structure and structural elements subject to loading
that could lead to fatigue failure shall be designed
against fatigue as given in this section. This shall
however not cover the following:

a) Corrosion fatigue,
_Low cycle (high stress) fatigue,
Thermal fatigue,
Stress corrosion cracking,
Effects of high temperature (> 150° C), and

Effects of low temperature (< brittle transition
temperature).

13.1.1 For the purpose of design against fatigue,
different details (of members and connections) are
classified under different fatigue class. The design
stress range corresponding to various number of cycles,
. are given for each fatigue class. The requirements of
this section shall be satisfied with, at each critical
location of the structure subjected to cyclic loading,
considering relevant number of cycles and magnitudes
of stress range expected to be experienced during the
life of the structure.

13.2 Design
13.2.1 Reference Design Condition

The standard S-N curves for each detail category are
given for the following conditions:

a) Detail is located in a redundant load path,
wherein local failure at that detail alone will

not lead to overall collapse of the structure.
Nominal stress history at the local point in
the detail is estimated/evaluated by a
conventional method without taking into
account the local stress concentration effects
due to the detail.

Load cycles are not highly irregular.
Details are accessible for and subject to
regular inspection.

Structure is exposed to only mildly corrosive

b)

c)
d)

e)
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environment as in normal atmospheric
condition and suitably protected against
corrosion (pit depth < 1 mm).

Structure is not subjected to temperature
exceeding 150 °C.

Transverse fillet or butt weld connects plates
of thickness not greater than 25 mm.

Holes shall not be made in members and
connections subjected to fatigue.

f)

g}

h)

Fatigue need not be investigated, if condition

-in 13.2.2.3, 13.5.1 or 13.6 is satisfied.

The values obtained from the standard S-N curve shall
be modified by a capacity reduction factor u, when
plates greater than 25 mm in thickness arc joined
together by transverse fillet or butt welding, given by:

pe = (25405 < 1.0

where
! =

actual thickness in mm of the thicker plate
being joined.

No thickness correction is necessary when full
penetration butt weld reinforcements are machined
flush and proved free of defect through non-destructive
testing.

13.2.2 Design Spectrum
13.2.2.1 Stress evaluation

Design stress shall be determined by elastic analysis
of the structure to obtain stress resultants and the local
stresses may be obtained by a conventional stress
analysis method. The normal and shear stresses shall
be determined considering all design actions on the
members, but excluding stress concentration due to the
geometry of the detail. The stress concentration effect
is accounted for in detail category classification

{(see Table 26). The stress concentration, however, not

characteristic of the detail shall be accounted for
separately in the stress calculation.

In the fatigue design of trusses made of members with
open sections, in which the end connections are not
pinned, the stresses due to secondary bending moments
shall be taken into account, unless the slendemess ratio
(KL/¥), of the member is greater than 40.

In the determination of stress range at the end
connections between hollow sections, the effect of
connection stiffness and eccentricities may be
disregarded, provided

a) the calculated stress range is multiplied by
appropriate factor given in Table 24(a) in the
case of circular hollow section connections
and Table 24(b) in the case of rectangular

hollow section connections.
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b) the design throat thickness of fillet welds in
the joints is greater than the wall thickness of
the connected member.

13.2.2.2 Design stress spectrim

In the case of loading events producing non-uniform
stress range cycle, the stress spectrum may be obtained
- by a rational method, such as ‘rain flow counting’ or
an equivalent method.

13.2.2.3 Low fatigue

Fatigue assessment is not required for a member,
connection or detail, if normal and shear design stress
ranges, f satisfy the following conditions:

f <27/ Yeate

or if the actual number of stress cycles, Ny satisfies

27/, J’

N <5x106[
5 '}’mf

where
Yo, Y = partial safety factors for strength and
load, respectively (see 13.2.3), and
F = actual fatigue stress range for the detail.

Table 24 (a) Multiplying Factors for Calculated
Stress Range (Circular Hollow Sections)
(Clause 13.2.2.1)

:; Type of Connection  Chords Verticals Diagonals
{n 2) .3 ) {5
i) Gap K type 1.5 [.0 1.3
connections LN type 1.5 i.8 14
iiy Overlap K type 1.5 i.0 1.2
connections Lygype 1.5 1.65 125

Table 24 (b) Multiplying Factors for Calculated
Stress Range (Rectangular Hollow Sections)
(Clause 13.2.2.1) -

Chords Verticals Diagonals

St Types of Joint
No. :
) 2) )] {4) &)
i)y Gap K type 1.5 L0 1.5
connections | Ntype 1.5 22 16
i) Overlap K type 1.5 1.0 1.3
connections N type 1.5 2.0 1.4

13.2.3 Partial Safety Factors

13.2.3.1 Partial safety factor for actions and their
effects (Y

Unless and otherwise the uncertainty in the estimation
of the applied actions and their effects demand a higher
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value, the partial safety factor for loads in the evaluation
of stress range in fatigue design shall be taken as 1.0, .

13.2.3.2 Partial safety factor for fatigue strength (Y,.)

Partial safety factor for strength is influenced by
consequences of fatigue damage and level of inspection
capabilities.

13.2.3.3 Based on consequences of fatigue failure,
component details have been classified as given in
Table 25 and the corresponding partial safety factor
for fatigue strength shall be used:

a) Fail-safe structural component/detail is the
one where local failure of one component due
to fatigue crack does not result in the failure
of the structure due to availability of alternate

load path (redundant system).
Non-fail-safe structural component/detail is
the one where local failure of one component
~ leads rapidly to failure of the structure due to
its non-redundant nature.

b)

Table 25 Partial Safety Factors for Fatigue
Strength (v,
(Clause 13.2.3.3)

Sl No. Inspection and Access Consequence of Failure
~ —A =
Fail-Safe Non-fail-Safe
D (2) (3) @
iy  Periodic inspection, mainte- -
nance and accessibility to  1.00 1.23
detail is good
i)  Petiodic inspection, mainte-
nance and accessibility to  1.15 1.35
detail is poer
13.3 Detail Category

Tables 26 (a) to (d) indicate the classification of
different details into various categories for the purpose
of assessing fatigue strength. Details not classified in
the table may be treated as the lowest detail category
of a similar detail, unless superior fatigue strength is
proved by testing and/or analysis.

Holes in members and connections subjected to fatigue
loading shall not be made: '

a) using punching in plates having thickness
greater than 12 mm unless the holes are sub-
punched and subsequently reamed to remove
the affected material around the punched hole,
and '
using gas cutting unless the holes are reamed
to remove the material in the heat affected

zone.

b)
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3.4 Fatigue Strength
1 g e o= £ 3f5x10°/ Ngc
The fatigue strength of the standard detail for the
normal or shear fatigue stress range, not corrected for by Shear stress
effects discussed in 13.2.1, is given below (see also
F[g. 22 and Fig. 23): ) Tf - Tfn {/5( 106 /NSC
a) Normal stress range where
6
when Ny <35 10 fu 7= design normal and shear fatigue stress
range of the detail, respectively, for
fo= £ }5%10° Ny life cycle of Ny, and
" when - 5x1 0, < Ny, < 108 o fi T = normal and shear fatigue strength

of the detail for 5 x 108 cycles, for
the detail category (see Table 26).

Table 26 (a) Detail Category Classification, Group 1 Non-welded Details
(Clauses 13.2.2.1 and 13.3)

‘St Detail Constructional Details
No. . Category - - I

) . ) '[llustrahon_(srze Note) Description
(N @ - ' &) . {h

Rolled and extruded products

) . % i} Plates and flats (1}
) o i) Rolled sections (2)
} iii) Seamless tubes (3)

_‘.i) 118 ' ‘ Sharp edges, surface and rolling flaws to he

removed by grinding in the direction of applied
stress.

Baolted connections

(4} and (5): Stress range calculated on the
grass section and on the net section.
Unsupported  one-sided  cover  plate
connections shall be avoided or the effect of
the eccentricity taken intp account in
calculating stresses

Material with gas-cut or sheared edges with no
draglines
{6): Al hardened material and visible signs
of edge discontinuitics to be removed by
machining or grinding in the direction of
applied stress.

ii) 103

vt

Material with machine gas-cui edges with
draglines or manual gas-cut material

iii) 92 (7) : Corners and visible signs of edge
discontinuities to be removed by grinding in the
direction of the applied stress,

NOTE — The arrow indicates the location and direction of the stresses acting i the basic material for which the stress range is to be
calculated on a plane normal to the arrow.
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Table 26 (b) Detail Category Classification, Group 2 Welded, Details — Not in Hollow Sections
{Clauses 13.2.2.1 and 13.3)

Si

(B

No.

Detail
Category

3]

Ceonstructional Details

Tltustration (see Note)

(3

Description

4

i)

92

Welded plate I-section and box girders with
continuous lengitudinal welds

(8) & (9) : Zones of continuous automatic
longitudinal fillet or butt welds carried out from both
sides and all welds not having un-repaired stop-start
positions.

83

Welded plate I-section and box girders with
continuous longitudinal welds

(10) & (11) : Zones of continuous automatic butt
welds made from one side only with a continucus
backing bar and all welds not having un-repaired
stop-start positions.

{12) : Zones of continuous longitudinal fillet or butt
welds carried out from both sides but containing
stop-start  positions. For continuous manual
longitudinal fillet or butt welds carried out from both
sides, use Detail Category 92.

i)

66

Welded plate I-section znd hox girders with
continuocus lengitudinal welds

{13) : Zones of continucus longitudinal welds carried
out from one side only, with or without stop-start
positions.

iv)

59

Intermittent longitudinal welds

{(14) : Zones of intermittent longitudinal welds

v)

52

Intermittent longitudinal welds

(13) : Zones containing cope holes in longitudinally
welded T-joints. Cope hole not to be filled with
weld.

vi)

83

Transverse butt welds (complete penetrati'un)

Weld run-off tabs to be used, subsequently removed
and ends of welds ground flush in the direction of
stress., Welds to be made from two sides.

(16) : Transverse splices in plates, flats and rolled
sections having the weld reinforcement ground flush
to plate surface. 100 percent NDT inspection, and
weld surface to be free of exposed porosity in the
weld metal.

(17) : Plate girders welded as in (16) before
assembly.

{18) : Transverse splices as in (16} with reduced or
tapered transition with taper <1:4
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Table 26 (b) (Continued)

Sl
No.

m

Detail

Category

2

Constructional Details

THlustration (see Note)

(3}

Description

1)

vii)

66

~a

(19)
TAPER £1:4

3 =

21

(20)

Transverse buit welds (complete penetration)

Welds run-off tabs to be used, subsequetitly removed
and ends of welds ground flush in the direction of
stress. Welds to be made from two sides.

(19) : Transverse splices of plates, rolled sections or
plate girders.

(20) : Transverse splice of rolled sections or welded
plate girders, without cope hole, With cope hole use
Detail Category 52, as in (15),

(21) : Transverse splices in plates or flats being tapered
in width or in thickriess where the taperis < 1:4.

viif)

59

1:4 < TAPER
€125

(22)

Transverse butt welds (complete penetration)

Weld run-off tabs to be used, subsequently removed
and ends of welds ground flush in the direction of
stress. Welds to be made from two sides,

(22) : Transverse splices as in {21) with taper in
width or thickness >1:4 but <1:2.5.

ix)

52

e TS

23 24)

; {“’}"““ 210 mm{ [} 1

Z|

FoosTeTTreey

' ! 210mm

Transverse butt welds (complete penetration)

(23) : Transverse butt-welded splices made on a
backing bar. The ‘end of the fillet weld of the backing
strip shall stop short by more than 10 mm from the
edpes of the stressed plate.

{24} : Transverse butt welds as per (23) with taper on
width or thickness <1:2.5.

x)

37

r =10mm

NS T

Transverse butt welds (complete penetration)

(25) : Transverse butt welds as in (23) where fillet
welds end closer than 10 mm to plate edge.

xi)

52

Cruciform joints with load-carrying welds

{26) : Full penetration welds with intermediate plate
NDT inspected and free of defects, Maximum
misalignment of plates either side of joint to be
< 0.15 times the thickness of intermediate plate.

xii)

41

@n

27

(28)

(27) & 28)

7(27) : Partial penetration or fillet welds with stress

range calculated on plate area,

(28) : Partial penetration or fillet welds with stress
range calculated on throat area of weld.

xil)

46

-STRESS AREA
QF MAIN PLATE

Overlapped welded joints

(29) : Fillet welded lap joint, with welds and
overlapping elements having a design capacity
greater than the main plate. Stress in the main plate
to be calculated on the basis of area shown in the
illustration.
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Table 26 (b) (Concluded)

Sl
No.

1] €y

Detail
Category

Constructional Details

IHustration (see Note)

)]

Description

)

Xiv) 41

(30)

wy | 33

(3D

(30) & {31)

Overlapped weld joinis

(30) : Filiet welded lap joint, with welds and main
plate both having a design capacity greater than the
overlapping elements,

(31) : Fillet welded lap joint, with main plate and
overlapping elements both having a design capacity
greater than the weld.

66

(33)

(33)

1/3 £ b

59

<50 mm

52

50</ <100 min

1/6 < w/b <1/3

. 37
Xvi)

100 mm </

33

r/b<1/6

Welded attachments (nor-load carrying welds) —
Longitudinal welds

(32) : Longitudinal fillet welds. Class of detail varies
according to the length of the attachment weld as
neted,

(33) : Gusset welded to the edge of a plate or beam
flange. Smeoth transition radius (), formed by
machining or flame cutting plus grinding. Class of
detail varies according to #/ ratio as noted.

xvii) 59

(34}

Welded attachments

{34) : Shear connectors on base materiaf {failure in
base material).

59

1< 12 mm

Xviii)

52

t>12 mm

(35)

210mm

%

(38}

Transverse welds

(35) : Transverse fillet welds with the end of the
weld 210 mm from the edge of the plate.

(36) : Vertical stiffencrs welded to a beam or plate
girder flange or web by continuous or intermittent
welds. In the case of webs carrying combined
bending and shear design actions, the fatigue
strength shall be determined using the stress range. of
the principal stresses.

(37) : Diaphragms of box girders welded 1o the
flange or web by continucus or intermittent welds,

37

1ror iy
<25 mm

Xix
) 27

frort,
>25 mm

Caver plates in beams and plate girders

(38) : End zones of single or multiple welded cover
plates, with or without a weld across the end. For 2
reinforcing plate wider than the flange, an end weld
is essential.

67

Welds loaded in shear

(39) : Fillet welds transmitting shear. Stress range o
be calculated on weld throat area.

(40) : Stud welded shear connectors (failure in the
weld) loaded in shear (the shear stress range to be
calculated on the nominal section of the stud),

NOTE — The arrow indicates the location and direction of the stresses acting in the basic material for which the stress range is to be
calculated on a plane normal to the arrow.
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Table 26 (c) Detail Category Classification, Group 3 Bolts
(Clauses 13.2.2.1 and 13.3)

Constructional Details

Detail Category
Ulustratiun (see Note) Description

(2 o €) ‘ 4
Bolts in shear (8.8/TB bolting category only)

L -] - | (41) : Shear stress range calculated on the
minor diameter area of the bolt (4}

NOTE -— If the shear on the joint is
83 ) N insufficient to cause slip of the joint the
——— shear in the bolt need not be considered in
fatigue.

Bolis and threaded reds in tension (tensile
stress to be calculated on the tensile stress

+ * area, Ay

I (42) : Additional forces due to prying effects

the stress range depends on the connection
geometry,
NOTE — In connections with tensioned
balts, the change in the force in the bolts is
often less than the applied force, but this
B effect is dependent on the geometry of the
B ) * + connection. It is not normally required that
' any allowance for fatigue be made in
calcalating the required number of bolts in
such connections.

shall be taken into account. For tensional boits,
ii) 27 —

(42)

-k NOTE — The arrow indicates the location and direction of the stresses acting in the basic material for which the stress range is to be
“E calculated on a plane normal to the arow.
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Table 26 (d) Detail Category Classification, Grotip 4
‘Welded Details in Hollow Sections
(Clause 13.2.2.1 and 13.3)

Sl Detail Category Constructional Details
No. IHustration (see Note) ' Description
0 @ (3) 1€))
103 ' Continuous automatic longitudinal welds
(43) : No stop-starts, or as manufactured, proven free to
. ! detachable discontinuities,
) @, =)
(43) 3
66 Transverse butt welds
(t=z 8 mm) (44) : Butt-welded end-to-end connection of circular
: 52 hollow sections.
i) (¢ <8 mm) NOTE — Height of the weld reinforcement less
than 10 percent of weld with smooth transition to
N the plate surface. Welds made in flat position and
g ) proven fiee to detachable discontinuities.
52 T = ) - {45) : Butt-welded end-to-end connection 6f rectangular 3
iy L (¢z8mm) ? -— d I j - hollow sections
iii R N
41 2]
(t< 8 mm) {45)
41 Butt welds to intermediate plate —
(t2 8 mm) (46} : Circular hollow sections, end-to-end butt-welded ;
iv) 37 with an intermediate plate.
{t <8 mm)
37 (47) Rectangular hollow sections, end-to-end butt
(¢ 2 8 mm) welded with an intermediate plate E
v)
30
{{<8mm)
52 ] o= gmmem—=mm=m Welded attachments (non-load-carrying)
4 9- . l:] (48) : Circular or rectangular hollow section, fillet
' A welded to another section. Section width parallel to
vi) | stress dirsction <100 nim.
‘ __‘ Lgecrtonmnm
£ 100mm ki
(48)
33 [ Fillet welds to intermediate plate _ o
.. (<8 mm) D (49) : Circutar hollow sections, end-to-end fillet welded | A
vii) 29 - with an intermediate plate. :
(t <8 mm) (49) . ;
29 = (50) : Rectangular holiow sections, end-to-end fillet '
(tz8 mm) E : ’ welded with an intermediate plate.
i) p { o
{t <8 mm)
{50) '

NOTE — The arrow indicates the location and direction of the stresses acting in the basic material for which the stress range is to be
calculated on a plane normal to the arrow.
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13.5 Fatigue Assessment

The design fatigue strength for Ny life cycles (fp T
may be obtained from the standard fatigue strength
for Ny cycles by multiplying with correction factor,
4, for thickness, as mentioned in 13.2.1 and dividing
by partial safety factor given in Table 25.

13.5.1 Exemptions

At any point in a structure if the actual normal and
shear stress range fand T are less than the design fatigue
strength range corresponding to 5 X 108 cycles with
appropriate partial safety factor, no further assessment
for fatigue is necessary at that point.

13.5.2 Stress Limitations

13.5.2.1 The maximum (absolute) value of the normal
and shear stresses shall never exceed the elastic limit
(£, 1) for the material under cyclic loading.

13.5.2.2 The maximum stress range shall not exceed

1.5 f, for norma siresses and 1.5 f,/ﬁ for the shear
stresses under any circumstance.

IS 800 : 2007

13.5.2.3 Constant stress range

The actual normal and shear stress range fand T at a
point of the structure subjected to Nyc cycles in life
shall satisfy.

fsffd = aurff/}’mﬁ.

TS T = He Tl Yoo

where
i, = correction factor (see 13.2.1),
Yo = partial safety factor against fatigue failure,

given in Table 25, and

f;» T = normal and shear fatigue strength ranges for
the actual life cycle, Ny, obtained from 13.4.

13.5.2.4 Variable stress range

Fatigue assessment at any point in a structure, wherein
variable stress ranges f; or T4 for »; number of cycles
(i =1 to r) are encountered, shall satisfy the following:

a) For normal stress (f)

1000

500
o
s 400
= 300
T
5 Stress range corresponding
> 200 to 2x10 8 cycles

\
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&: 40 : Detail category N
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Q 30
pou

20

1 s 6 7 "

0 10 2 3 4 568 10 2 3 4 56 10 2 3 4 58 10

NUMBER OF STRESS CYCLES (Ngg)

Fig. 23 §-N CURVE FOR SHEAR STRESS



IS 860 : 2007

_Z”i 5 _
=7 — <10
5%10° (L fn /Yo ) 7

TS 1
2 mf
i=1

+
SX10° (W £ /Y )

b) For shear stresses (T)

i”i To' <5%10° (LWTp /Y )
i=[

where ¥; is the summation upper limit of all the
normal stress ranges (f)) having magnitude lesser
than (u_ f;,/¥.n) for that detail and the lower limit of
all the normal stress ranges (f;) having magnitude
greater than (g, fi,/V.r} for the detail. In the above
summation all normal stress ranges, f,, and 7; having
magnitude less than .55y, f,, and 0.55y, 1, may
be disregarded.

13.6 Necessity for Fatigue Assessment
a) Fatigue assessment is not normally required
for building structures except as follows:

1) Members supporting lifting or rolling
loads,

2) Member subjected to repeated stress
cycles from vibrating machinery,

3} Members subjected to wind induced
oscillations of a large number of cycles
in life, and

4) Members subjected to crowd induced
oscillations of a large number of cycles
in life.

b) No fatigue assessment is necessary if any of
the following conditions is satisfied.

1) The highest normal stress range f; ..
satisfies

f;'. Max < 27nuc "Imel

2) The highest shear stress range T; ,,,
satisfies

Tf. Max < 67-“&: ‘!}’mﬁ

3) The total number of actual stress cycies
N, satisfies

3
N S 5%10° (—2—7-&1-J

'Ymﬁ fieg

where

Juq = equivalent constant amplitude
stress range in MPa given by

100

- fi f= stress ranges falling above and
below the f, the stress range
corresponding to the detail at
5 x 10° number of life cycles.

SECTION 14
DESIGN ASSISTED BY TESTING

14.1 Need for Testing

Testing of structures, members or components of
structures is not required when designed in accordance
with this standard. Testing may be accepted as an
alternative to calculations or may become necessary
in special circumstances.

Testing of a structural system, member or component
may be required to assist the design in the following
cases:

a) When the calculation methods available are not
adequate for the design of a particular structure,
member or component, testing shall be
undertaken in place of design by calculation
or to supplement the design by calculation;

b) Where'rules_or methods for design by
calculation would lead to uneconomical
design, experimental verification may be
undertaken to avoid conservative design;

¢) When the design or construction is not entirely
in accordance with sections of this standard,
experimental verification is recommended;

d) When confirmation is required on the
consistency of production of material,
components, members or structures originally
designed by calculations or testing; and

e} When the actual performance of an existing
structure capacity is in question, testing shall
be used to confirm it.

14.1.1 Testing of structural system, member or
component shall be of the following categories:

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




