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Structural Engineering and Structural Sections Sectional Committee, CED 7

FOREWORD

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

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

18 800 is the basic Code for general construction in steel stractures and is the prime document for any structural
design and has influence on many other codes governing the design of other special steel structures, such as
towers, bridges, silos, chimneys, etc. Realising the necessity to update the standard to the state of the art of the
steel construction techpology and economy. the curtent revision of the staridard was undertaken, Consideration
has been given t¢ 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,
professiopal bedies 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 (1T Madras). The project was supported by Institute of Steel Development and Growth
(INSDAG) Kolkata. There has been considerable contribution from INSDAG and 11T Madras, with assistance
from a number of academic, research, design and contracting institutes/organizations, in the preparation of the
revised standard,

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

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

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

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

516.1-94 Ontario, Canada M9W 1R3.

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

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

For the purpose of dectding whether a particular requirement of this standard, is complied with, the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2: 1960 ‘Rules for rounding off numerical values {revised)’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard.
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Indian Standard

GENERAL CONSTRUCTION IN
STEEL — CODE OF PRACTICE

( Third Revision )

SECTION 1
GENERAL

1.1t 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 o be used, reference may
be made to IS 875 for dead, live, snow and wind loads
and to IS 1893 (Part 1) for earthquake loads.

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

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

1.2 References

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

1.3 Terminology

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

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

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

1.3.3 Action Effect or Load Effect — The internal force,
axial, shear, bending or wisting 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 Buckiing 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 Characieristic 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 Characterisiic 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 oceur.

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 momeni, but has inadeguate plastic
retation capacity needed for formation of a plastic
collapse mechanism of the member or struciure.

1.3.18 Constant Siress 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 — Hoerizontal and vertical loads
from cranes.

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

1.3.22 Cut-off Limit — The stress range, corresponding
to the particular detail, below which cyclic loading need
not be considered in cumulative fatigue damage
evaluation (corresponds t0 10° numbers of cycles in
most cases).

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

1.3.24 Deflecrion — lt is the deviation from the
standard poesition of a member or structure,

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

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

1.3.27 Design 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 $-N curve to be used in
fatigue assessment.

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

NOTE — In the case of members with fire protection material

applied, the exposed surface area is to be taken as the internal
surface area of the fire protection material.

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

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

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

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

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

1.3.49 Fire Exposure Condition

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

NOTES

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

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

b) Four-sided fire exposure condition — Steel
member, which may be exposed to fire on all
sides.

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

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

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

1.3.54 Friction Type Connection — Connection
effected by using pre-tensioned high strength bolts

-where shear force transfer is due to mobilisation of

friction between the connected plates due to clamping
force developed at the interface of connected plates
by the bolt pre-tension.

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

1.3.56 Gravity Load — Loads arising due to
gravitational effects.

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

1.3.58 High Shear — High shear condition is caused
when the actual shear dve 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 exclading, 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
leading and vanishing stiffness.

1.3.61 Lateral Restraint for a Beam (see 1.3.34)

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

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

1.3.64 Live Load (see 1.3.59)

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

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

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

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

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

1.3.70 Period of Structural Adequacy under Fire —
The time {1, in minutes, for the member to reach the
limit state of siructural inadequacy in a standard fire
test. ’

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

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

1.3.73 Plastic Collapse ~— The failure stage at which
sufficient number of plastic hinges have formed due
to the joads {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 vyielding 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 vielded due
to bending moment.

L.3.77 Plastic Secrion — 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 — 1t is the absolute value of
the ratio of lateral strain to longitudinal strain under
uni-axial loading.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1.3.94 Snow Load — Load on a struciure 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 impacis of an impact wrench or by the full
effort of a person using a standard spanner.

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



1.3.97 Srickabiliry — 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 uait 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 10 fatlure by yielding
or buckling.

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

1.3.103 Stress — The internal force per unit area of
1he original cross-section.

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

1.3.105 Stress Cycle Counting — Sum of mdividual
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 anominal 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 1o the
standard fire test.

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

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

1.3.111 Sway — The lateral deflection of a frame.

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

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

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

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

1.3.117 Ultimare Siress (see 1.3.113)

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

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

1.4 Symbols

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

condition. unless otherwise defined elsewhere in this
Code.

A —- Area of cross-section

A, — Area at root of threads

A, — Effective cross-sectional area

Ay — Reduced effective flange area

A, — Total flange area

A, — Gross cross-sectional area

Ay — Gross cross-sectional area of flange

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

A, — Net area of the total cross-section

A -— Net tensile cross-sectional area of bolt

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

A, — Net cross-sectional area of each
flange

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

A, — Nominal bearing area of bolt on any
plate

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

A, — Tensile stress area

Ay — Gross cross-sectional area of a bolt
at the shank

A — Gross sectional area in tension from

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

— Shear area

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

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

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

— Peak acceleration

— Unsupported length of individual
elements being laced between lacing
points

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

— OQutstand/width of the element

~— Suff bearing length, Stiffener bearing
length

— Effective width of flange between
pair of bolts

— Width of the flange
— Width of flange as an internal element
— Width of flange outstand

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

— Shear lag distance
— Width of tension field
— Width of outstanding leg

— Centre-to-centre
distance of battens

— Coefficient of thermat expansion

— Mowment amplification factor about
respective axes

— Spacing of transverse stiffener

— Moment amplification factor for
braced member

— Moment reduction factor for lateral
torsional  buckling  strength
calculation

— Moment amplification factor for
sway frame

— Overall depth/diameter of the cross-
section

~— Depth of web, Nominal diameter
— Twice the clear distance from the

longitudinal

E
E(T)
E(20)
E

[

Fa

w

O-r’ S-rj ﬂ-“‘j

eo!
g

_g'l'! 2N

o

El

e

WA, a

|

1est. Min

.1.1

test. R

"

esl, 5

-

]

-

B

]

=

A

S

A

f
Jue
S
S
fow

compression flange angles, plates or
tongue plates to the neutral axis

— Diameter of a bolt/ rivet hole

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

— Panel zone depth in the beam-column
junction

— Modulus of elasticity for steel
— Modulus of elasticity of steel at T'°C
— Modalus 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

— Nommnal 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 boltin shear
at service load
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— Permissible tensile stress at service

load

— Permissible tensile stress of the bolt

at service load

Permissible stress of the weld at
service load

Actual bending stress at service load

Actual bending stress in compression
at service load

Design bending compressive stress
corresponding to lateral buckling

Actual bearing stress due to bending
at service load

Actual bending stress in iension at
service load

Permissible bending siress in column
basc at service load

Actual axial compressive stress at
service load

Elastic buckling stress of a column,
Euler buckling stress
Design compressive stress

Extreme fibre compressive stress
corresponding elastic lateral buckling
moment

Equivalent stress at service load

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

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

Normal fatigue stress range

Normal stress in weld ai service load
Proof stress

Actual bearing stress at service load

Actual bearing stress in bending at
service load

Bearing strength of the stiffeners
Frequency

Actual shear stress in bolt at service
load

Actual tensile stress at service load

Actual tensile stress of the bolt at
service load

Characleristic ultimate tensile stress
Charactenistic ultimate tensile stress
of the bolt

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

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

Maximurn longitudinal stress under
combined axial force and bending

Characteristic yield stress

Yield stress of steel at T °C

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

Average yield stress as obtained from
test

Characteristic yield stress of
connected plate

Characteristic yield stress of stiffener
material

Characteristic yield stress of the web
material

Modulus of rigidity for steel

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

Total height from the base to the floor
level concerned

Height of the column

Effective thickness

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

Storey height

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

about an axis perpendicular to the
plane of the frame

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

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

Second moment of inertia

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



IS 800 : 2007

i —

Transformed moment of inertia of the
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 o account for the
high strength friction grip connection
boits in over sized and slotted holes
Effective length of the member

Appropriate effective slenderness
ratio of the section

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

Actual maximum  effective
slenderness ratio of the laced column

Effective slenderness ratio of the
laced column accounting for shear
deformation

Shear buckling co-efficient
Warping restraint factor

Regression coefficient

Exposed surface area to mass ratio

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

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

Effective length for lateral torsional
buckling

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

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

M
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— Centre-to-centre length of the

supporting member

Distance between prying force and
bolt centre line

Grip length of bolts in a connection
Length of the joint

Length between points of lateral
support to the cornpression flange in
a beam

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

Length of weld

Bending moment

Applied bending moment

Elastic critical moment
corresponding to lateral torsional
buckling of the beam

Design flexural strength

Moment capacity of the section under
high shear

Pesign bending strength about the
minor axis of the cross-section
Design bending strength about the
major axis of the cross-section
Reduced effective moment
Reduced plastic moment capacity of
the flange plate

Design plastic resistance of the flange
alone

Design bending strength under
combined axial force and uniaxial
moment

M .~—Design bending strength under

combined axial force and the
respective uniaxial moment acting
alone

Plastic moment capacity of the
section

Moment in the beam at the
intersection of the beam and column
centre lines

Moments in the column above and
below the beam surfaces

Plastic design strength

Plastic design strength of flanges only
Applied moment on the stiffener
Moment at service (working) load
Moment resistance of tension flange

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



1S 800 : 2007

— Moment capacity of the stiffener R, — Net shear in bolt group at bolt *§”
based on its elastic modulus R — Response reduction factor

— Factored applled moment about the er —_— F[ange shear resistance
major axis of the cross-section R, -— Ultimate strength of the member at

"
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Number of parallel planes of battens

Design strength in tension or in
COmpression

Axial force in the flange

Number-of stress cycles

Number of bolts in the bolt group/
critical section

Number of effective interfaces
offering frictional resistance to slip
Number of shear planes with the
threads intercepting the shear plane
in the bolted connection

— Number of shear planes without

threads intercepting the shear planc
in the bolted connection

Factored applied axial force
Elastic buckling load
Destgn axial compressive strength

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

Elastic Euler buckling load

— Minimum required strength for each

flange splice
Required compressive strength
Actual compression at service load

Yield strength of the cross-section
under axial compression

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

Staggered pitch length along the

direction of the load between lines of
the bolt holes (see Fig. 5)

Prying force

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

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

Design strength of the member at
room temperature

o)

[

o |

SN

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 boit under axial
tension; Block shear strength at
end connection

Externally applied tension

Factored tension force of friction type
bolt

Limiting temperature of the steel

Nominal strength of bolt under axial
tension

— Design tension capacity
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Design tension capacity of friction
type bolt

Nominal tensile strength of friction
type bolt

Actual 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,

Factered applied shear force
Shear in batten plate

Factored frictional shear force in
friction type connection

Critical shear sirength corresponding
to web buckling

Design shear strength
Block shear strength
Nominal shear strength of bolt

Bearing capacity of bolt for friction
type connection

Plastic shear resistance under pure
shear

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

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

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

Design shear strength in friction type
bolt

Factored design shear force of
friction bolts

Applied transverse shear
Shear resistance in tension field
Total load

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

Width of tension field

Torsional index

Elastic section modulus

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

— Elastic section modulus of the

member with respect to extreme
tension fibre

— Plastic section modulus
— Contribution to the plastic section

modulus of the total shear area of the
cross-section

— Distance between point of application

of the load and shear centre of
the cross-section

— Co-ordinate of the shear centre in

respect to centroid

-~ Imperfection factor for buckling

strength in columns and beams

— Coefficient of thermal expansion
— Ratio of smaller to the larger bending

moment at the ends of a beam
column

Equivalent wniform moment factor
for flexural buckling for v-y and z-z
axes respectively

Equivalent uniform moment factor
for lateral torsional buckling

— Strength reduction factor to account

for buckling under compression

— Strength reduction factor, ¥, at £,
— Surength reduction factor to account

for lateral torsional buckling of
beams

— Storey deflection
— Horizontal deflection of the bottom

of storey due to combined gravity
and notional load

— Load amplification factor
— Horizontal deflection of the top of

storey due to combined gravity and
notional load

— Inclination of the tension field stress

in web

— Unit weight of steel

— Partial safety factor for load

— Partial safety factor for material

— Paruial safety factor against yield

stress and buckling

— Partial safety factor against ultimate

stress

— Partial safety factor for bolted

connection with bearing type bolts

— Partial safety factor for bolted

connection with High Strength
Friction Grip bolts



Yo — Partial safety factor for fatigue foad

Yar — Partial safety factor for fatigne
strength

Yore — Partial safety factor against shear
failure

Yorw — Partial safety factor for strength of
weld

£ — Yield stress ratio (230 / f,)'"*

A — Non-dimensional slenderness ratio =
,bg, (KL I E = Jf,zfm =

A, — Elastic buckling load factor

A, — Equivalent slenderness ratio

y -— Non-dimensional slendemess ratio in
lateral bending

A — Elastic buckling load factor of each
storey

i — Poisson’s ratio

H, — Correction factor

J1n — Coefficient of friction (slip factor}

H, — Capacity reduction factor

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

P — Unit mass of steel

t — Actual shear stress range for the detail
category

7, —— Buckling shear stress

T, — Permissible shear stress at the service
load

Toe -— Elastic critical shear stress

T, — Fatigue shear stress range

T, ww  — Highest shear stress range

Ty — Design shear fatigue strength

Ty — Fatigue shear stress range at N cycle

for the detail category
T, — Actual shear stress at service load

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

I — Frame buckling load factor

NOTE — The subscripls v, - denote the y.y and z-z axes of the
section, respectively. For symmetrical sections, y-v denotes the
minot principal axis whilst z-z denotes the major principal axis
{see LB).

1.5 Units

For the purpose of design calcolations the following
units are recommended:
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a)
b)
c)
d)

Forces and loads, in kN, kN/m, kN/m?;

Unit mass, in kg/m?*;

Unit weight, in kN/m?;

Stresses and strengths, in Nfmm? (MN/m? or
MPa); and

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

For conversion of one system of units to another
system, 1S 786 (Supplement) may be referred.

1.6 Standard Dimensions, Form and Weight

The dimensions, form, weight, tolerances of all rolled
shapes, ali rivets, bolts, nuts, studs, and welds and other
members used in any steel structure 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), 1S 8976 and IS 962.

1.7.1.1 Plagns

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 dataon
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 precantion to be taken in the
erection of structure, from the design consideration
shall also be indicated in the drawing.

1.7.1.2 Shop drawings

Shop drawings, giving complete information
necessary for the fabrication of the component parts
of the structure including the location, type, size,
length and detail of all welds and fasteners shall be
prepared in advance of the actual fabrication. They
shall clearly distinguish between shop and field rivets,
bolts and welds. For additional information to be
included on drawings for designs based on the use of
welding, reference shall be made to appropriate Indian
Standards. Shop drawings shall be made in
conformity with IS 962. A marking diagram allotting
distinct identification marks to each separate part of
sieel 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.
by y-y an axis of the cross-section.
1} perpendicular to the flanges, and
2) perpendicular to the smaller leg in an
angle section.
€) z-z an axis of the cross-section
1) axis parallel to flanges, and
2) axis parallel to smaller leg in angle
section.
d}  u-t major axis (when it does not coincide with
z-7 axis},
e) v-vminor axis (when it does not coincide with
y-y axis).

SECTION 2
MATERIALS

2.1 General

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

2.2 Structural Steel

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

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

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

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

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

2.2.4 Properties

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

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

a) Unit mass of steel, p =7 850 kg/m®

b) Modulus of elasticity, E = 2.0 x 1{* N/mm?
(MPa)}

¢} Poisson ratio, 4 = 0.3

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

e) Co-efficient of thermal expansion & = 12 x
104 /°C

2.2.4.2 Mechanical properties of structural steel

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

2.3 Rivets

2.3.1 Rivets shall be manufactured from steel

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

sl Indian  Grade/Classification Properties
Ne. Standard e S —
Yield Stress Ultimate Tensile Stress Elongation,
MPa, Min MPa. Min Percent,
Min
{13 (2) (3) (4) 5) (6)
O _— — J—
D 280 270-410 28
15513 DD 250 270-370 32
EDD 220 270-350 35
¢ Ex40xx 330 410-540 16
Ex41xx 330 410-540 20
Fx42xx 330 410-540 py]
Ex43xx 330 410-540 24
Exd4dxx 330 410-540 24
‘ {  Exsoux 360 510-610 16
iy 15814 Cx51xx 360 510610 18
Ex52xx 360 510-610 18
Ex53xx 360 $10-610 20
Ex54xx 160 510-610 20
Ex55xx 360 510-610 20
N ExS6xx 360 510-610 20
O — _ -
D — 25
ity 181079 { DD - iggjgg 28
EDD - 260-380 32
p 3.6 — 330 25
4.6 — 400 232
43 — 420 —
5.6 — 500 20
58 — 520 —
. 6.3 — 600 —
w hﬁ;jg \ 8.8 (d < 16 mm) 640" 800 12
8.8 (d > 16 mm) 660 £30 12
9.8 720 ¢ 900 10
10.9 940 " 1040 9
k 12.9 1100" 1220 8
. [ 200 370 26
1A 220 410 25
2 230 430 24
2A 250 460 22
3 270 490 21
v IS1875 4 3A 280 540 20
4 320 620 15
5 350 710 13
\ 6 370 740 10
dort
P
“<20 >20
vi) 1S 1990 { ; g 220 200 1?3130 gg
' 250 240 0
) ¢ )
~ s ™ N A ™
<16 >16and 40 and >60 and >100 and <60 >60 and =100 260 =60
<40 <60 =100 <350 5100  and and
<350 <350
) 1 235 225 215 200 185  360-480 360-480 350-480 24 P
vii) 18 2002 2 265 255 245 215 200 410-530 410-530 400-530 22 2t
3 290 285 280 255 230 460-580 450-570 440-570 21 20

13
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Table 1 (Concluded)

| Indian Grade/Classification ]w
No. Standard — —
Yield Stress Ultimate Tensile Stress Elongation,
MPa, Min MPa, Min Percent, Min
(y 2) 3 4) {3) (6)
dort
e
-~ Y
<20 20-40 > 40
[ k165 (Fe 290) 165 165 165 290 23
E 250 (Fe 410 W) A 250 240 230 410 23
[ 250 (Fe 410 W) B 250 240 230 410 23
E 250 (Fe 410 W) C 250 240 230 410 23
vill) IS 2062 < E 300 (Fe 440) 300 290 280 440 2
E 350 (Fe 490) 350 330 320 490 22
E 410 (Fe 540) 410 390 380 540 20
£ 450 (Fe 570) D 450 430 420 570 20
| E 450 (Fe 590) E 450 430 420 590 20
dort
A
~ N
! <25 > 35 and s 50
) 153039 I 230 220 400-490 2
i 235 235 400-490 p
233 235 400-490 3
Grade | 240 350-450 25
©  Bexo { Grade 2 245 360-450 34
Annealed Condition 160 330-41G 30
iy 187557 { As-Drawn Condition 190 410-490 20
¢ HFC 210/CDS 210 330 20
210/ERW210
HEC 240/CDS
xii) 189295 4 240/ERW240 240 #0 18
HFC 310/CDS
L 31/ERW310 310 450 15
1 170 290 30
2 210 330 2
xiii) IS 10748 % 3 240 410 25
4 275 430 20
L 5 310 490 15
NOTES

1 Percent of clongation shall be taken over the gauge length 5.65 F where §, = Original cross-sectiond] area of the test specimen.
2 Abbreviations: O = Ordinary, D = Drawing, DD = Deep Drawing, EDD = Extra Deep Drawing,
1) Stress at 0.2 percent non-proportional elongation, Adin.

14



conforming to IS 7557. They may aiso be
manufactured from steel conforming to 1S 2062
provided that the steel meets the requirements given
in IS 1148,

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

2.3.3 High Tensile Steel Rivets

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

2.4 Bolts, Nuts and Washers

Bolts, nuts and washers shall conform as appropriate
to IS 1363 (Parts 1 to 3), IS 1364 (Parts 1 to 5), IS 1367
(Parts 1 to 20}, IS 3640, IS 3757, IS 4000, 1S 5369,
15 5370,18 5372,18 5374,18 5624, IS 6610, IS 6623,
IS 6639, and 1S 6649. The recommendations in IS 4000
shall be followed.

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

2.6 Welding Consumable

2.6.1 Covered electrodes shall conform to IS 814 or
1S 13935, as appropriate.

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

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

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

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

2.7 Other Materials

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

SECTION 3
GENERAL DESIGN REQUIREMENTS

3.1 Basis for Design
3.1.1 Design Objective

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

3.1.2 Methods of Design

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

3.1.2.2 Where the limit states method cannot be
conveniently adopted; the working stress design (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)

Dead loads;

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

Wind loads;

Earthquake loads;

Erection loads;

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

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.

a)
b)

<)
d)
e}
f)

g)

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

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

Al loads required 10 be carried by the structure or any
part of it due to storage or positioning of construction
material and erection equipment, including all loads
due to operation of such equipment shall be considered
as erection loads. Proper provision shall be made,
including temporary bracings, to take care of all stresscs
developed during exection. 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 al! paris of the structure in
conjunction with the temporary bracings shall be
capable of sustaining these loads during erection.

3.4 Temperature Effects

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

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

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

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

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

a)
b)

Dead load + imposed load,

Dead load + imposed load + wind or
earthquake load,

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

c)
d)

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

3.5.2 Wind ltoad and earthquake loads shall not be
assumed {e act simultaneously. The effect of each shall
be considered separately.

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

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

a) Vertical loads with full impact from one
lpaded 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 horizoxntal 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
foaded 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)

c)

d)

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



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

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

3.6 Geometrical Properties
3.6.1 General

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

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

The propeirties 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).

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

2)

3.7 Classification of Cross-Sections

3.7.1 Plate elements of a cross-section may buckle
localty 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 o 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 {ollows:

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 ratic of plate elements
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shall be less than that specified under Class 1
(Plastic), in Table 2,

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

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

b)

c)

d)

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

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

3.7.3 Types of Elements

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

b)Y Outside elements or outstands — These are
elements attached along only one of the
longitudinal edges to an adjacent element, the
other edge being free to displace out of plane,
for example flange overhang of an [-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).

c)
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Table 2 Limiting Width to Thickness Ratio

(Clauses 3.7.2 and 3.7.4)

Compression Element Ratio Class of Section
Class 1 Class 2 oy
Plastic Compact crmt-compae
(N (2) (3) (4) 5
Rolled section by 9.4¢ 10.5¢ 15.7¢
Quistanding clzment of
compression flange Welded section b 8.4¢ 94¢ 13.6¢
Internal element of Compression due to
compression flange bending b 29.3¢ 355 42¢
Axial compression LI Not applicable
Neutral axis at mid-depth drta B4e 1052 126¢
. . 105.0¢
I ry is negative; d’te
Webofanl, - 84¢ I+ 1260¢
H or box Generally 1+r 1+ 2
section ' 105.0¢ 2
If 1y is positive : i, but < 42¢ t+1.5¢ but <42¢
. but <42¢
Axial compression it Not applicable A2z
Web of a channe) ity 2e 42g 42g
Angle, compression due to bending (Both criteria should b4 24g 10.5¢ 15.7¢
be satisfied) an 94 ¢ 10.5¢ 1572
Siogle angle, or double angles with the components bt 15.7¢
separated, axial compression (All three criteria should be &t Not applicable 15.7¢
satisfied) (b+dlt 258
OQutstanding Jeg of an angle in contact back-to-back in a
double angle member d 94s 10.55 15.7¢
Qutstanding leg of an angle with its back in continuous
contact with ancther component ant fald 10.35 15.7¢
Stem of a T-section, rolled or cut from a rolled I-or H-
section Dt Bde 9.4 18.9¢
Circular holtow tube, including welded tube subjected to:
a) moment bt 42¢ 528 1468
b} axial compression D Not applicable 885

NOTES

2e=(250/4)".

favautable classification.
5 The stress ratio # and #; are defined as:

_ Actual average axial stress {negative if tensile)
' Dresign compressive stress of web alone

_ Actval average axial stress (negative if tensile)
Design compressive stress of overll section

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

3 Webs shall be checked for shear buckling in accordance with 8.4.2 when dlt > 67g, where, b is the width of the element {may be
taken as clear distance between lateral supports or between laterat support and free edge, as appropriate), ¢ is the thickness of
element, 4 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 ¢lements of a cross-section can be in different classes. In such cases the section is classified based on the least
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The design of slender compression element (Class 4)
considering the strength beyond elastic local buckling
of element is outside the scope of this standard.
Reference may be made to IS 801 for such design
provisions. The design of slender web elements may
be made as given in 8.2.1.1 for flexure and 8.4.2.2 for
shear.
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3.7.4 Compound Elemenits 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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b, — Internal Element Width
b, — External Element Width

FiG. 2 DIMENSIONS OF SECTIONS
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a) Outstanding width of compound element (5,)
to its own thickness.

The internal width of each added plaie
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 Slenderness Ratio

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

Table 3 Maximum Values of Effective

Slenderness Ratios
S Member Maximum
No. Effective
Slenderness
Ratio
{(KLir}
(1 (2} (3
i) A member carrying compressive loads 180
resulting from dead loads and imposed
loads
ii) A tension member in which a reversal 180
of direct stiess occurs due to loads other
than wind or seismic forces
iii) A member subjected o compression 250
forces reselting only from combination
with wind/earthquake actions, provided
the deformation of such member does
not adversely affect the stress in any
pari of the structure
iv) Compression flange of a beam against 300
lateral torsionai buckling
¥} A member normally acting as a tie in a 350
roof truss or a bracing system not
considered . effective when subject 1o
possible reversal of stress into
compression resulting from the action
of wind or earthquake forces"
vi}  Members always under tension! (other 400

than pre-tensioned members)

I 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 reversibie 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 shail be designed to resist
the total wind or earthquake loads. Where the
connections to the interior columns and frames are
designed such that the wind or earthquake effects
are transferred to the interior columns also, and
where adequate rigid diaphragm actien 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 earthguake. 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
compoenents 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 Foundartions

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.



31.9.5 Eccentrically Placed Loads

Where a wall, or other gravity load, is placed
eccentrically upon the flange of a supporting steel
beamn, 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 locatien, 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 o seasonal and durinal
variation of temperature, and

b) [t 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 provisionsin 3.10.3.1t03.10.3.3
are given as general guidance.

3.10.3.1 If one bay of longitudinal bracing is provided

IS 800 : 2007

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 antd 120 m in case
of open gantries (see Fig. 3).

>

><,

180 m |

END OF COVERED BUILDING/SECTION

Fig. 3 MaxiMum 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
- JOINT

\

50 m —=i

a0m

90m

|
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Fi. 4 MaxiMum LENGTH OF BUILDING/SECTION WiTH Two BAys oF BRACINGS
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SECTION 4
METHODS OF STRUCTURAL ANALYSIS

4.1 Methods of Determining Action Effects
4.1.1 General

For the purpose of complying with the requirements
of the limit states of stability, strength and serviceability
specified in Section 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 I).

d)

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

4.1.2 Non-sway and Sway Frames

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

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

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

A rigid jointed multi-storey frame may be

considered as a non-sway frame if in every

individual storey, the deflection &, over a

storey height ki, due to the notional horizontal

¢)

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

< 3
2 000

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

2)

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

3)

4.2 Forms of Construction Assumed for Structural
Analysis

4.2.1 The effects of design action in the members and
connections of a structure shall be determined by
assaming singly or in combination of the following
forms of construction (see 10.,6.1),

4.2.1.1 Rigid construction

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

4.2.1.2 Semi-rigid construction

In semi-rigid construction, the connections between
members (beam and column) at their junction may not
have sufficient rigidity to hold the original angles
between the members at a joint anchanged, 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 shatl 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.
Counections shall be designed in accordance with
Section 10.

4.3 Assumptions in Analysis

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

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

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 suppori, on¢ span away from the span
under consideration, provided that the floor
beam s continuous beyond that support point.

4.3.2 Span Length

b)

<)

The span length of a flexural member i» a continuous
frame system shall be taken as the disiunce between
centre-to-cenire 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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¢) 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)
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:

Imposed load on alternate spans,

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

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

assumed.

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

the column.

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

tests:

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

2y 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

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.

When the column is founded into rock,
it may be assumed to be fixed at the
interface of the column and rock.

4)

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 timne, at roof and all floor levels or their
equivalent. They should be taken as acting
simulianeously with factored gravity loads.

4.3.6.2 The notional force should not be,
a)

applied when censidering overturning or
overall instability;

combined with other horizontal (lateral)
loads;

combined with temperature effects; and
taken to contribute to the net shear on the
foundation.

b)

)
d)

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 configaration. 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,

C, and C, are not greater than 1.4; or

A second-order elastic analysis in accordance
with Annex B,

b)

4.4.3.2 Moment amplification for members in non-sway
frames

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

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

4.4.3.3 Moment amplification for members in sway
frames

The design bending moment shall be calculated as the
product of moment amplification factor {see 9.3.2.2
(Coy Chy7)] 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
arder elastic analysis may be modified by redistribution
upto 15 percent of the peak calculated moment of the
member under factored load, provided that:

a)

the internal forces and moments in the



members of the frame are in equilibrium with
applied loads.

all the members in which the moments are
reduced shall belong to plastic or compact
section classification (see 3.7).

b)

4.5 Plastic Analysis
4.5.1 Application

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

4.5.2 Requiremenis

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

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

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

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

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

b)

<)

d)

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

given in 3.7.2.

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

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

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

4.5.2.1 Restraints

If practicable, torsional restraint (against lateral
buckling) should be provided at all plastic hinge
locations. Where not feasible, the restraint should be
provided within a distance of D/2 of the plastic hinge
location, where D is the total depth of section.

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

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

Conservatively L (in mm) may be taken as

38
L =
m 2 2 112
FARNE/ANES
130 250 ) 40
where
f. = actual compressive stress on the cross-
section due to axial load, in N/mm?;
f, = yield stress, in N/mm?;
ry = radius of gyration about the minor axis, in
mm;
x, = torsional index, x, =1.132 {AIWHYII)O's;
A = area of cross-section; and
1,1, I, = warping constant, second moment of the

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

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

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

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

4.5.2.2 Stiffeners at plastic hinge locations

Web stiffeners should be provided where a concentrated
load, which exceeds 10 percent of the shear capacity
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of the member, is apphied 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, &%, should not exceed the values given
in the plastic section (see 3.7, Table 2). Where other

150

112
sections are used the ratio [ I ) should not exceed

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

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

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

resisting frarne 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 ¢lse punched 2 mm undersize and reamed.
All sheared or hand flame cut edges should be finished
smoocth by grinding, chipping or planning.

4.5.3 Assumptions in Analysis

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

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

a} in a full strength connection, the moment
capacity of the connection shall be not less
than that of the member being connected;

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

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.

b)

c)
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In the case of building structures, it is not normally
necessary to consider the effect of alternating plasticity.

4.5.4 Second-Order Elastic Analysis

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

a) Forclad frames, provided the stiffening effects
of masonry infill wall panels or diaphragms of
profiled wall panel is not taken into account,
and where elastic buckling load factor, 4
(see 4.6) satisfies 4 /2 2 10.

If 10> 4 /4 = 4.6 the second-order effects may
be considered by amplifying the design load
effects obtained from plastic analygis by a
factor & = {0.9 4, /(4 - D}.

If 4./ 2 < 4.6, second-order etasto-plastic
analysis or second-order elastic analysis
{see 4.4.3) is to be camried out.

For un-clad frames or for clad frames where
the stiffening effects of masonry infill or dia-
phragms of profiled wali panel is taken into
account, where elastic buckling load factor, 4_,
(see 4.6) satisfies A / 4,220

1f20> A /4 2 5.75 the second-order effects
may be considered by amplifying the design
load effects obtained from plastic analysis by
a factor 6, = {0.9 4, /(A.~1)}.

If 4,/ 2, < 5.75, second-order elasto-plastic
analysis or second-order elastic analysis
(see 4.4.3) shali be carried out.

or

b)

4.6 Frame Buckling Analysis

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

NOTE — The value of A, depends on the load set and has to
be evafuated 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 (£, /) for all the columns, where



4 is the axial compressive stress in the column from
the factored load analysis.

4,6.2.2 Regular sway frames

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

= Z(POC/L)
"Xy

where
P = member axial force from the faciored load
analysis, with tension taken as negative; and
L = column length and the summation includes
all columns in the plane frame within a
storey.
SECTIONS
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
coltapse under accidental toads such as from explosions
or impact or due to consequences of human error to an
extent beyond the local damages. The objective of the
design is to achieve a structure that will remain fit for
use during its life with acceptable target reliability. In
other words, the probability of a limit state being
reached during its lifetime should be very low. The
acceptable limit for the safety and serviceability
requirements before failure occurs is called a limit state,
In general, the structure shall be designed on the basis
of the most critical limit state and shall be checked for
other limit states.

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

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

Have adeguate 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 o hazards, which the structure
is likely to sustain.

Choosing structural forms, layonts and
details and designing such that:

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

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

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

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

2)

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 75 kN. Such connection of ties to edge
column should also be capable of resisting
1 percent of the maximum axial compression
in the column at the level due to factored dead
and imposed loads. All column splices shouid
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 thai column splice and the next
column splice below that splice. Lateral load
system (0 resist notional horizontal loads
prescribed in 4.3.6 should be distributed
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throughoui 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.

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 (o 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
adjotning level either above or below it, under
aload equal to 1.05 or 0.9 times the dead load,
0.33 times temporary or full imposed load of
permanent nature (as in storage buildings) and
0.33 times wind load acting together.

b)

c)

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

5.1.4 Generally structures and elements shall be
designed by limit state method. Where limit state
method cannot be conveniently adopted, working stress
design (see Section [1)} 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 shail 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.
£

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 equilibrivm of the structure as a whole

or any of its parts or components.

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

Failure by excessive deformation, tupture of
the structure or any of its parts or components.
Fracture due to fatigue,

Brittle fracture,

b)

<)

d)
e)
5.2.2.2 The limit state of serviceability include;

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

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

c) Repairable damage or crack due to fatigue.
d} Corrosion, durability.

e) Fire.

b)

5.3 Actions

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

5.3.1 Classification of Actions

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

a) Permanent actions {Q ). Actions due to self-
weight of structural and non-structural



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

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

¢} Accidental actions (Q ). Actions expected due
to explosions, and impact of vehicies, etc.

5.3.2 Characteristic Actions (Loads)

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

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

b) the variable loads, values of which are
specified in relevant standard [see IS 8§75 (all
Parts) and IS 1893 (Part 1}].

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

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

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 foad
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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 ¢) or specialist
literature shall be followed.

5.3.3 Design Actions
The Design Actions, O, is expressed as Q= z‘j’m a,
k

where

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

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

5.4 Strength

The ultimate strength calculation may require
consideration of the following:

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

b) Failure by excessive deformation, rupture or

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

Combination Limit State of Strength Limit State of Serviceability
I, N N
- e T ' T
DL LL" WL/EL AL DL L WIL/EL
. L
'd I - it
Leading  Accompanying Leading Accompanying
(1) (2) 3) 4) 5 (6) (7 8) 9) (10)
DL+EL+CL 1.5 1.5 105 — — 1.0 1.0 1.0 om
DLA+LL+CL+ 1.2 1.2 1.05 0.6 — 1.0 0.8 0.8 08
WL/EL 1.2 1.2 0.53 1.2
DE+WL/EL L5 (@.9)" - — 1.5 — L0 —_ — 10
DL+ER 1.2 1.2 — — —_ — — —
09"
DL+LL+AL 1.0 .35 0.35 —_ 10 — —_ — —

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

higher load effects in the member/section.

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

reduction in stress due 1o other loads.
Abbreviations:

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

Erection load, EL = Eanthquake load.

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

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

5.4.1 Design Strength

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

5,=8,/v,

where partial safety factor for materials, ¥, account
for:
a} Possibility of unfavourable deviation of
mtaterial strength from the characteristic value,
b) Possibility of unfavourable variation of
member sizes,

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

dy Uncertainty in the calculation of strength of
the members,

5.5 Factors Governing the Ultimate Strength
5.5.1 Srability

Stability shall be ensured for the structure as a whole
and for each of its elements. This should include,
overall frame stability against overturning and sway,
as given in 5,5,1,1 and 5.5,1.2,

5.5.1.1 Stability against overturning

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

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

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

¢} The permanent actions (loads) and effects
contributing to resistance shall be muitiplied
with a partial safety factor 0.9 and added
together with design resistance (after
multiplying with appropriate partial safety
factor). Variable actions and their effects
contributing to resistance shall be disregarded.
d) The resistance effect shall be greater than or
equal to the destabilizing effect. Combination
of imposed and dead loads should be such as
to cause most severe effect on overall stability.

5.5.1.2 Sway stability

The whole structure, including pottions between
expansion joints, shall be adequately stiff against sway.
To ensure this, in addition to designing for applied
horizontal loads, a separate check should be carried
out for notional horizontal loads such as given in 4.3.6
to evalvate 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 fluctwations 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
governing normal use. Serviceability limit state is limit
state beyond which the service criteria specified below,
are no longer met:

a) Deflection limit,

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

Sl Definition
No.

Partial Safety Factor

i) Resistance, poverned by yielding, %,

ii)  Resistance of member to buckling, ¥,

iti}  Resistance, governed by ultimate stress, j,,
iv)  Resistance of connection:

a) Bolis-Friction Type, ¥
by Bolis-Bearing Type, 7.
¢} Rivets, g,
dy Welds, p.

1.10
110
1.25
Shop Fabrications Field Fabrications
1.25 1.25
125 1.25
1.25 1.25
1.25 1.50




b} Vibration limit,

¢) Durability consideration, and

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

Table 6 Deflection Limits
Type of Deflection  Design Load Member Supporting Maximum
Building Deflection
(n (2) (3) {5} (6)
. . . : Elastic cladding Span/150
Live load/ Wind load  Purlins and Girts
( ( Britfle cladding Span/180
Live ioad Simple span Elastic cladding Span/240
Brittle cladding Span/300
Live load Cantilever span Elastic cladding Span/120
= Brittle cladding Span/150
2 M .
;‘: < Live load/ Wind load  Rafter supporting Frofiled | Sheeting Span/180
Plastered Sheeting Span/240
Crane load (Manual
:?éi) operation) Gantry Crane Span/500
3 Crane load (Electric
: operation up te 50 t) Gantry Crane Span/?50
g Crane load {Electric
'§ \ operation over 50 t) Gantry Crane Span/1 000
No cranes Column Elastic cladding Height/150
{ Masonry/Britile cladding Height/240
Crane {absolute) Span/400
= Crane + wind Ganury {lateral) Relative displacement
< between rails supporting 10 mm
3 l crane
Gantry (Elastic cladding; .
Height/200
Crane+ wind Column/frame pendent operated)
Gantry (Brittle cladding; cab ,
\ operated) Height/400
' ( Elements not susceptible to Span/300
Live load Floor and Roof cracking
- Elements susceptible o
“ g { cracking Span/360 .
€
g el Elements not susceptible to Spanf150
= *J , . cracking pa
& Live load Cantilever B .
- ements susceptible to
g Ny cracking Span/180
3 Wind Building Elastic cladding Height/300
2 Brittle cladding Height/500
k - Wind Inter storey drift — Storey height/300
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5.6.1.1 Where the deflection due to the combination
of dead load and live load is likely 1o 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 1o 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
te 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)

Environment,

Degree of exposure,

Shape of the member and the structural detail,
Protective measure, and

Ease of maintenance.

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

5.6.4 Firc Resistance

Fire resistance of a steel member is a function of its
mass, its geomedtry, the actions to which it is subjected,
its structural support condition, fire protection
measures adopted and the fire to which it is exposed.
Design provisions to resist fire are briefly discussed in
Section i6. Specialist literature may be referred to for
more detailed information in design of fire resistance
of steel structures.
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SECTION 6
PESIGN 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 T, in the members shall
satisfy the following requirement:

T<T,
where

T; = design strength of the member.
The design strength of @ member under axial tension,
T, is the lowest of the design strength due to yielding
of gross section, T,,.. rupture strength of critical section,
Ty, and block shear Ty, 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,
T, as governed by yielding of gross section, is given
by

T =4, 1y Mo
where

yield stress of the material,

A, = gross area of cross-section, and

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, 4, at
the holes is given by

Tdn = 09 Allfl‘.ll‘le

where
Yn1 = partial safety factor for failure at uitimate
stress (see Table 5),
f, = ultimate stress of the material, and

A, net effective area of the member given by,



Pi

A, =[b—nd,, +
T 48,

|

bt = width and thickness of the plate,
. respectively,

where

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

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

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

number of bolt holes in the critical section,
and

subscript for summation of all the inclined
legs.
Ps

—
o
— )
=
=
—a
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dn

©

4

6.3.2 Threaded Rods

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

Tdn = 09 Anf;.lf Tml

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 Ancfn / Ym] + BAgo fy Nmﬂ

where
B = 1.4-0.076 (w/) (f/f) (b/L) < (f Yol ¥ems)
= 07
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 boits 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 = aAnfl:l 'f’}’ml
where

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

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

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

by ®w

bg=w+w-1

FiG. 6 ANGLES WITH SINGLE LEG CONNECTIONS

6.3.4 Other Section

The rupture strength, T,, of the double angles,
channels, I-sections and other rolled steel sections,
connected by one or more elements to an end gusset is
also governed by shear lag effects. The design tensile
strength of such sections as governed by tearing of net
section may also be calculated using equation in 6.3.3,
where B 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,

To= (A f,1(f3 Yo + 094 f, o]

or

Tdb = (OgAvn f;l Jr'( \’3 ‘Ymi) +Atg fy ,Ym[l )
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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),

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

= ultimate and yield stress of the material,
respectively.

foty

6.4.2 Welded Connection

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

SECTION 7
DESIGN OF COMPRESSION MEMBERS

7.1 Design Strength

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

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

P<P,

where

Pd = Acfcd

__..l......-....’z
| 4443

——

I:---.--r-? -

--—.--—-‘

——————

7A Plate

where
A, = effective sectional area as defined
in 7.3.2, and
fog = 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:

5,79
fa = = X Ve S £, Ve
¢ + [¢1 - 13 ]Cl
where
d = 05(1+0(-02+2A%
A = non-dimensional effective slenderness ratio
?
— — 1
- BTE = f, (]} [e'E
°E
f.. = Euler buckling stress = {gr /V
« B e = (K47)
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;
¥ = stress reduction factor (see Table 8)
for different buckling class,
slenderness ratio and yield stress
.
= [¢+(¢2 _;"2)""]
A, = Dpartial safety factor for material
strength.
1 2
———— I
4, é3 1 [
Ll
/
B -
|————— ----‘
|
7B Angle

Fig. 7 BLock SHEAR FAILURE



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

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

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

Buckling Class a b d

0.21

[

o 0.34 049 0.76

7.2 Effective Length of Compression Members

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

7.2.2 Effective Length
Where the boundary conditions in the plane of buckling

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

1.2.3 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, orin
direct contact with the column section. Where practical
difficulties prevent this, the effective length shall be
taken as equal to the distance between points of
restraint, in non-sway frames.

7.2.4 Compression Members in Trusses

In the case of bolted, riveted or welded trusses and
braced frames, the effective length, XL, 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 vestraint 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 shail be as
specified in 7.5.

0.9
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0.7

06

0.5

] /fy
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03

0.2

0.1

\k
N
T

0.5 1.0

1.5 2.0 2.5 3.0

Fig. 8 CoLumn BuckLing CurvEs
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Table 8(a) Stress Reduction Factor, % for Column Buckling Class a
(Clauses 7T.1.2.1 and 7.1.2.2)

KLir Yield Stress, £, (MPa)
L f 200 210 220 230 20 250 260 280 300 320 340 360 380 400 20 450 480 510 540
100 11000 1000 1000 1000 1000 1000 1600 1000 1000 1000 1000 1000 1000 1000 1000  1.000 1000 1000  1.000
20 11000 0999 0998 0997 0995 0994 0995 0993 0590 0988 0986 0984 0983 098] 0979 0977 0975 0972 0970
36 10977 0975 0974 0972 0970 0969 0967 0965 0961 0957 0954 0951 0948 0946 0943 0938 0934 0930 0925
40 10952 0949 0947 0944 0542 0939 0937 0934 0926 0921 0916 0911 0906 0901 08% 0888 0381 0873  0.865
50 0923 0919 0915 091 0908 0504 0900 0896 0884 0876 0867 0859 0851 0842 0834 0820 0807 0794 0780
60 10888 0.883 0877 0871 0865 0859 0853 0847 0828 0816 0803 0790 0777 0763 0750 0730 0710 0690 0671
T 10846 0837 0829 0320 081) 0803 0794 0785 0758 0740 0722  0.703 0686 0668 0.651 0626 0602 0579 0557
80 lo793 078t 0769 0757 0746 0734 0722 070 0675 0653 0631 0610 0589 0570 0551 0525 0501 0478 0458
20 10730 0715 0700 0685 0671 0657 0643 0628 0590 0565 0542 0520 0500 0481 0463 0439 0416 039 0377
100 10661 0644 0627 0610 0594 0579 0564 0549 0510 0486 0463 0443 0424 0407 039 0368 0348 0331 0304
HO 0591 0573 0555 0538 0522 0507 0492 0478 0440 0418 0397 0379 0362 0346 0332 0312 0295 0279 0265
120 10525 0507 0489 0473 0458 0443 0429 0416 0381 0361 0343 0326 0311 0207 0284 0267 0252 0238 0226
130 10466 0448 0432 0416 0402 0388 0376 0364 0332 0314 0298 0283 0269 0257 0246 0231 0217 0206  0.195
M0 10413 0397 0382 0368 0355 0342 0331 0320 0291 0275 0260 0247 0235 0224 0214 0200 0189 079 0.170
150 10368 0353 0339 0326 0314 0303 0293 0283 0257 0243 0229 0218 0207 0.I97 0189 0.177 0.166 0157  0.149
160 0320 0316 0303 0291 0280 0270 0261 0252 0229 0215 0204 0493 018 0175 0167 0157 0147 0139 0132
170 0296 0283 0272 0261 0251 0242 0233 0225 0204 0.I92 082 0172 0164 0156 0149 0140 0131 0124  0.117
180 | 0267 0255 0245 0235 0226 0218 0210 0203 0.84 0173 0163 0155 0447 0140 0134 0125 0118 OGIHl 0,105
190 {0242 0231 0222 0213 0205 0197 0190 0.183 0166 0156 0.I147 0140 0433 0126 0.121 G113 0106 0.100  0.095
200 10220 0210 0202 0193 018 0.179 0472 066 0151 0142 04 0827 0120 0115 0109 0102 009 0091  0.086
210 10201 0192 QI8 - 0477 0170 0163 0157 0452 037 0129 012 0115 0110 0104 009 0093 0087 0083 0078
220 1oass 0476 0169 0162 0155 0149 0144 0130 0426 0118  OIF 0106 0100 0.095 0091 0085 0080 0075  0.071
230 loa70  0.062 055 0.149  0.43  0.37 0432 028 0115 0108 0402  0.097 0092 0085 0083 0078 0073 0069  0.065
240 10157  0.149 0043 0137 0032 0127 0122  0JI8 0106 0100 009 0089 0085 0081 0077 0072 0068 0064  0.060
250 o445 0138 0132 0127 0122 017 0113 0109 0098 0092 0087 0082 0078 0074 0071 0066 0062 0059  0.056

008 S1

002



Lt

Table 8(b) Stress Reduction Factor, 7 for Column Buckling Cilass b
(Clauses 7.1.2.1 and 7.1.2.2)

KLir Yield Stress, f,{MPa)
v 200 210 220 230 240 250 260 280 300 320 340 360 380 400 420 450 480 510 540
10 | 1000 1000 1000 1000 1000 1000 1000 100D 1000 1000 1000 1600 1.000 1000 1000 1000 1.000 1000 1000
20 | 1000 0998 099% 0994 0993 0991 0990 098 0983 08981 0578 0975 0972 0570 0967 0963 0960 0956  0.953
30 ] 0963 0961 0958 0.955 0953 0950 0948 0943 0938 0933 0929 0924 0920 0515 0911 0904 0898 0892  0.886
40 | 0925 0821 09i7 0913 0909 0906 0902 0895 0887 0880 0877 0366 0859 0852 0845 0835 0825 0815 0805
50 | 0883 0877 0872 086 0861 0855 0850 0839 0829 081§ 0808 0798 0787 0777 0767 0752 0737 0722 0708
60 | 0835 0827 0820 0812 0805 079 0790 0775 0761 0746 0732 0718 0704 0691 0677 0657 0638 0620 0602
70 [ 6781 077t 0761 0751 0742 0732 0722 0703 0685 0667 0649 0632 0615 0599 0584 0561 0540 0520  9.502
80 | 0721 0709 0697 0685 0673 0661 0650 0627 0.606 0585 0566 0547 0529 0512 049 0474 0453 0434 0416
90 | 0657 0643 0629 0615 0602 0589 0576 0552 0530 0508 0488 0470 0452 0436 0421 0400 0380 0363 0346

100 | 0.593 0577 0562 0548 0534 0520 0507 0483 0461 0440 0421 0403 0387 0372 0355 0339 0321 0306 029

10 ] 0531 0515 0500 0485 0471 0458 0445 0422 040 0381 0364 0348 0333 0319 0306 0289 0274 0260 0247

120 [ 0474 0458 0443 0429 0416 0403 0391 0370 0350 0332 0316 0301 0288 0276 0265 0249 0236 0223 0212

130 | 0423 0408 0394 0380 0368 0356 0345 0325 0307 0291 027 0263 0251 0240 0230 0217 0204 0194  0.184

140 | 0378 0364 0350 0338 0327 0316 0306 0287 0271 0256 0243 0231 0221 0211 06202 0090 0479 0165  0.161

150 | 0338 0325 0313 0302 0291 0281 0272 0255 0241 0227 0215 0205 0195 018 0.478 0167 0458 0149  0.142

160 | 0305 0292 0281 0271 0261 0252 6243 0228 0215 0203 0192 0.A82 0174 0166 0.158 0149 0.140 0133 0126

i70 | 0275 0264 0253 0244 6235 0227 0219 0205 0093 0.8 0172 0163 0155 0448 0.142 0133 0125 0118 0112

130 | 0249 0239 0229 0220 0212 0205 0.98 0185 0074 0164 0.155 0147 0.140 0433 0128 0120 0113 0.106  0.10

190 | 0227 0217 0208 0200 093 018 0179 0168 0157 0.048 0140 0433 0127 0121 0.A15 0108 0102 00% 009

200 § 0207 0198 0.090 0.M83 0.076 0169 0163 0153 0143 0135 0128 €121 Ol115 0110 0105 0098 0092 0087 0083

210 | 0190 0182 0474 0167 0J61 0455 0.149 0140 0131 0023 0117 O.01I0 0105 0100 00% 005 0084 0080  0.075

220 | 0.174 0167 0.60 0154 0.048 0442 0137 0128 0120 0.113 0107 0401 0096 0092 0088 0082 0077 0073 0069

230 | 0.161 0.154 0147 0441 0136 0031 0126 0.018 0.dtl 0104 0098 0093 0088 0084 0080 0075 0071 0067 0063

240 £ 0149 0142 036 0131 0126 0121 0117 0109 002 009 0091 008 0082 0078 0074 0070 0065 0062 0058

25 ) 0438 0132 0126 0421 0417 0112 0.108 0101 0095 0089 0084 0080 0076 0072 0069 0064 0060 0057  0.054

008 51

.
4

L007



Table 8(c) Stress Reduction Factor, y for Column Buckling Class ¢
(Clauses 7.1.2.1 and 7.1.2.2)

KLir Yield Stress, £, (MPa)
l 200 210 220 230 240 250 260 280 300 320 340 360 380 400 420 450 430 510 540
10 | 1000 1000 1000  EO00  1.000 1000 10D 10600 1000 1000 1000 1000 LOOO  1.000 1000 1000 1000 1000  1.000
20 | 0999 0997 0994 0992 0990 0987 0985 098t 0976 0972 0968 0964 0961 0957 0953 0948 0943 0938 0933
30 | 0948 0944 0941 0937 0933 0930 0926 0920 0913 0907 0901 0895 0889 0883 0877 0869 0861 0853  0.845
40 [ 089% 0891 0885 0880 0875 0870 0866 0856 0347 0838 0820 0820 0812 0803 0795 0783 0771 0760  0.748
50 | 0841 0834 0827 0821 0814 0807 0801 0788 0776 0763 0752 0740 0729 0717 0706 0690 0675 0660 0645
60 | 0783 0774 0765 0757 0748 0740 0732 0716 0700 0685 0670 0656 0642 0628 0615 0596 0578 0561 0544
70 [ 6722 0711 0700 0690 0680 0670 0660 0641 0623 0605 0588 0572 0557 0542 0528 0508 048 0471 0454
30 | 0659 0646 0634 0622 0611 0600 0589 0568 0548 0529 0512 0495 0479 0464 0450 0430 0412 0395 0379
90 | 0596 0583 0569 0557 0544 0533 0521 0499 0479 0460 0443 0426 0411 0397 0383 0365 0348 0332 038
00 | 0536 0522 0508 0495 0483 0471 0459 0438 0418 0400 0384 0368 0354 0341 0328 0311 0296 0282 0269
110 | 0480 0466 0453 0440 0428 0416 0405 0385 0366 0349 0333 0319 0306 0294 0283 0268 0254 0242 0230
120 | 0430 0416 0403 0391 0379 0368 0358 0339 0321 0306 0291 0278 0267 0256 0246 0232 0220 0209  0.199
130 | 0385 0372 0360 0348 0337 0327 0317 0299 0283 0269 025 0244 0234 0224 0215 0203 0.192 0.182  0.173
140 | 0346 0333 0322 0311 0301 0291 0282 0266 0251 0238 027 0206 0206 0197 018 0178 0168 0.160  0.152
150 ] 0311 0300 0280 0279 0269 026f 0252 0237 0224 0212 0202 0.9z 0483 0175 0168 O.I58 0140  0.041  0.134
160 [ 0281 6270 0260 0251 0242 0234 0227 0213 0201 0,90 0180 0.172 0164 015 0150 0.141 0133 0126 0120
170 | 0255 0245 0236 0227 0219 0212 0205 0192 048t 0471 0162 0154 0147 0.040 0U3¢  0.126 0119  0.il3  0.107
180 | 0232 0223 0214 0206 0199 0192 0186 0.174 0164 0155 0147 0139 0133 €127 0421 0.114 0107 0402 009
190 | 0212 0203 0095 0188 081 0475 0169 0158 0.049 0140 0.133 0.126 0120 0.5 0110 0103 0097 0092  0.087
200 | 0194 018  0.079 0172 0166 0.160 0.154 0.044 0136 0128 0121 0115 0410 0.105 0.100 0054 0089 0084 0079
210 | 0478 0171 0464 0158  0.52 0046 0141 0432  0.124  OHT7  OHI  0.005 0100 009 0.092 008 0081 0076 0072
220 | 0164 0.U57 0151 0045 0140 0135 0130 0122 04l4 0108 0102 0097 0092 0088 0084 0079 0074 0070  0.066
230 | 0152  0.045 0140 0134 0129 0424  0.020 0112 0105 0099 00% 0089 0085 0081 0077 0073 0068 0065  0.061
240 | 0141 0135 0129 0124 0120 0115 0011 0104 0098  0.002 0087 0082 0078 0075 0071 0067 0063 0060  0.056
250 [ 0131 0125 0120 0.5 M1l 0107 0103 0096 0090 0085 0081 0076 0073 0069 0066 0062 0058  0.055 o.osﬂ
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Table 8(d) Stress Reduction Factor, y for Column Buckling Class d
(Clauses 7.1.2.1 and 7.1.2.2)

KLir Yield Stress, f, (MPa)
v 200 210 220 230 240 250 260 280 300 320 340 360 380 400 420 450 480 510 340
10 1.000 1.000 tL.G00 1.000 1000 1.600 1.060 §.000 1.000 1.000 1000 1.000 1.000 1.000 1.000 1.000 L.0GO .000 1.000
20 0999 0995 0.991 09388 0,984 0980 0977 0970 0964 0958 0952 0946 0940 0.933 6930 0922 0915 0908  0.9501
30 0.922 0916 0911 0906  0.901 03%  0.891 0.881 0872 0863 0.855 0847 0839 0.831 0.823 0813 0802 0792 0782
40 0848  0.84] 0.834 0323 0.821 0.8t5 0808 0.796 0784 0.773 8762 0.751 0.741 0.731 0.721 0707 0694 0681 0.668
50 0.777  0.768 0760  0.752 0.744  0.736 0.728 0.713 0699  0.685 0672 0.659 0647 0.635 0624 0608 0592 0577 0.563
60 0707 0697  0.687 0678 0.668  0.659  0.651 0634 0617  0.602 0.587 0573 0.560 0.547 0535 0517 0501 0486 0471
70 0640  6.629 0618  0.607 0.597  0.587 0578 0559 0542 0.526 G510 0496 0482 0469 0456 0439 0423 0408  0.3%
20 0576 0.564 0.553 0542 0.531 0.521 0.511 0.492 0474 0438 0442 0428 0.414 0402 0390 0373 (358 0344 0330
90 0517 0.505 0.493 0482 0471 0.461 0.451 0432 0.415 0399 0384 0370 0357 0345 0334 0319 0304 0292 0.280
100 0.464 0.451 0440 0428 04)8 0408 0398 0380 0363 0.348 0334 0.321 0.309 0298 0288 0274 0.261 0249  0.23%
110 0416 0404 0392 0.381 0.371 0.36] 0352 0335 0319 0305 0292 0.281 0.270 0259 0250 0237 0226 0215 0206
120 0373 0.361 0.350 0340 0330 032 0313 0297 0282 0269 0257 0246 0.236 0227 0219 0207 0197 0187 0179
130 0.336  0.325 6314 0305 0295 0287 0.27% 0264 0251 0233 0228 0218 0.209 0206 0193 0.182  0.173 0164 0.157
i40 0303 0292 0.283 0274 0.265  0.257 0250 0623 0224 0213 0203  0.494 0.185 0178 017 0.161 0.153 0.145 0.138
150 0274 0.264 0.255 0.247 0.239 0231 0224  0.212 0.201 0190 0.181 0.173 0.165 0.15¢ 0152 0144 0136 0129 0123
160 0.24%  0.240 0.231 0223 0216 0209 0203 0.191 0181 0171 0,163 0.155 0149 0142 0437 0429 0122 0ll6 0110
170 0.227 0218 0210 0203 0196 0.9  0.184 0.173 0164  0I55 0147 0140 0.134 0128 0423 6116 011 0104 0.099
180 0,207 0199 0192 0185 0.179 0.173 0.167  0.157  0.149 0141 0.134  0.127 0.122 116 0111 0105 0099  0.09 0089
190 0.1%0  0.183 0176 0162 0164 0138 0053 0144 0136 0128 0122  Q.116 o111 016 0101 0095  009%  0.085  0.081
200 0475 0.168 062 0156 0150 0145 0140 0432 0124 0118 0112  0.106 0.101 0097  0.093 0.087 0082 0078 0074
210 0.161 0.155 0149 0143 0.138  0.134 0.129  0.121 6.114 0108 0102  0.097 0.093 0.08¢ 0085 0080 0075 0.071 0.068
220 0149  0.143 0.138  0.133 0128 0123 G119 0112 0105 000 0094 (0.090 0086 0082 0078 0074 0069 0066  0.062
230 0.138  0.133 0128 0423 G118 0114 Q110 Gl04 0097 0092 0087  (.083 0.07¢ 0075 0072 0068 0064  0.06] 0.058
240 0129 0123 c.ue 0114 G110 0106 0103 0.09%  0.0% 0085  0.08] 0077 0.07) 0070 0067 0063 0059 0056  0.053
250 0120 0115 0110 0106 0102 0099 0095 0089 (0084 0079 0075 0071 0.068 0.065 0062 0058 0055 0052 0.049

608 81
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Table 9(a) Design Compressive Stress, £y (MPa)} for Column Buckli
(Clause 7.1.2.1)

ng Class a

KLir Yield Stress, f, (MPa)
b 200 210 220 230 240 50 260 280 300 320 340 60 380 400 420 450 480 510 540
10 182 191 200 213 218 227 236 255 273 291 309 327 343 Jo4 382 400 436 464 491
20 182 19 200 208 217 226 235 252 270 287 " 305 322 339 357 374 400 425 451 476
30 178 186 195 203 242 220 229 245 262 279 295 314 323 344 360 384 408 431 454
40 173 181 89 197 205 213 221 237 253 268 283 298 313 328 342 363 384 405 425
50 168 176 183 191 198 205 213 227 241 255 268 281 294 306 318 336 352 368 383
60 162 169 175 182 189 195 202 214 226 237 248 258 268 278 286 299 3to 320 329
70 154 160 166 i 177 182 188 197 207 215 223 230 237 243 249 256 263 268 274
80 144 149 154 [58 163 167 17 178 184 190 195 199 204 207 210 215 219 222 225
90 133 137 140 143 146 149 152 157 161 164 168 170 173 175 177 179 182 i34 185
100 120 123 125 128 130 132 133 136 139 141 143 145 146 148 149 151 152 153 154
119 107 109 (11 112 il4 115 116 118 120 121 123 124 125 126 127 128 129 129 130
120 95.5 96.7 9719 98.9 160 101 101 103 104 105 106 107 107 108 109 109 110 110 i1t
130 846 85.5 86.3 87 §7.7 883 383 29.8 90.6 913 92,0 92.5 93.0 3.5 939 94.4 249 953 95.7
140 752 158 76.4 76.9 774 77.8 78.2 78.9 79.5 80.0 80.5 80.9 813 Bl.6 81.9 523 826 83.0 83.2
150 67.0 674 619 68.2 68.6 689 692 69.7 1.2 0.6 0.9 T1.2 L5 .8 720 72.3 726 729 734
160 59.9 60.3 60.6 60.9 6l.t 61.4 61.6 62.0 62.4 62.7 62.9 63.2 63.4 63.6 63.8 64.0 64.3 64.5 64.6
170 538 54.1 54.3 54.6 54.8 550 §5.1 55.5 55.7 56.0 56.2 56.4 56.6 56.7 569 57.1 57.3 574 57.6
130 486 48.8 49.0 492 493 495 496 49.9 50.1 50.3 30.5 50.6 50.8 50.9 510 51.2 51.3 5L5 516
190 440 442 4.3 4.5 44.6 a7 449 45.1 453 45.4 456 45.7 4538 459 46.0 46.2 463 46.4 44.5
200 40.0 40,2 40.3 404 40.5 407 40.7 40.9 411 412 413 414 4.5 41.6 41.7 41.8 419 42.0 42.1
210 36.6 36.7 368 36.9 37.0 371 372 313 374 3716 317 378 378 379 380 38.1 382 383 383
220 335 336 337 338 339 34.0 340 342 343 344 345 34.5 s 347 347 34.8 349 350 350
230 303 309 31.0 31.1 3.2 312 313 3t4 35 316 316 37 318 31.8 KIS 319 320 321 321
240 28.5 28.5 28.6 28.7 28.7 28.8 288 289 290 29.1 29,1 292 29.3 293 29.4 294 29.5 205 29.6
250 263 26.4 26.5 265 26.6 266 26.7 26.7 26.8 269 269 2740 7.0 271 27.1 12 272 273 273

008 SI
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Table 9(b) Design Compressive Stress, f,, (MPa) for Column Buckling Class b
(Clause 7.1.2.1)

KLir Yield Stress, f, (MPa)
¢ 200 210 220 230 240 250 260 280 300 320 340 360 380 400 420 450 480 510 340
10 182 191 200 209 218 227 236 255 273 291 309 327 345 364 382 409 436 464 491
20 182 190 199 208 217 225 234 251 268 285 302 319 336 353 369 394 419 443 468
30 175 183 192 200 208 216 224 240 256 bal| 287 302 318 33 348 370 39 414 435
40 168 176 183 91 198 206 213 228 242 256 270 283 297 310 323 32 360 378 395
50 161 167 174 i8] 138 194 20 214 226 238 250 261 272 283 293 308 322 335 347
60 152 158 164 170 176 181 187 197 207 217 226 235 243 251 259 269 279 287 295
0 142 147 152 157 162 166 17 179 187 194 201 207 213 218 223 230 236 241 246
30 131 135 139 143 147 150 154 160 165 I70 175 79 183 186 190 194 198 21 204
S0 120 123 126 129 131 134 136 i41 144 148 I51 154 i%6 159 161 163 166 168 170
100 13 110 112 1td 116 118 120 123 126 128 130 13z i34 135 137 139 140 142 143
110 96.5 98.3 100 101 103 104 105 17 LY 11 112 114 15 116 117 118 119 121 izl
120 86.2 875 88.6 89.7 90.7 9.7 92.5 94.1 954 96.6 97.7 98.6 100 100 10t 102 103 104 104
130 709 71.8 78.7 795 80.3 81.0 8L6 8.7 83.7 84.6 854 86.1 86.8 87.3 879 88.6 89.2 89.8 90.3
140 68.7 6.4 70.1 0.7 71.3 71.8 72.3 73.1 73.9 74.6 75.2 75.7 76.2 76.6 77.1 776 78.t 785 789
150 61.6 62.! 62.6 63.1 63.6 4.0 64.3 65.0 65.6 66.1 66.6 67.0 674 67.7 68.1 68.5 63.9 69.2 69.5
160 554 55.8 362 56.6 56.9 513 575 58.1 58.5 590 593 59.7 60.0 60.3 60.5 650.9 61.2 61.5 61.7
170 50.0 50.3 50.7 510 5 } 2 555 31.7 522 525 52.9 532 535 3.7 539 54.1 544 54.7 549 55.1
180 453 456 45.9 46.1 46.3 46.5 46.7 47.1 47.4 41.7 4719 48.§ 48.3 48.5 48.7 489 492 49.3 49.5
190 41.2 41.5 41.7 41.9 42.1 422 424 427 429 432 43.4 436 43.7 439 44.0 442 44.4 44.6 4.7
200 376 38 380 382 383 385 386 389 39.1 39.3 395 396 98 399 40.0 40.2 40.3 405 406
210 345 347 3438 350 3510 352 353 355 357 359 36.0 36.2 36.2 364 36.5 36.6 36.8 369 310
220 317 319 320 321 322 33 324 326 32.8 329 330 331 332 333 334 336 337 333 339
230 202 294 29.5 296 297 293 299 300 30.1 30.3 304 305 306 30.7 30.7 30.8 309 30 311
240 27.1 212 213 21.3 274 275 276 2717 27.8 21.9 280 8.1 282 28.3 283 284 28.5 28.6 287
250 25.1 252 253 253 254 25.5 5.6 257 258 259 26.0 26.0 26.1 262 262 26.3 264 26.5 26.5

: 008 SI
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Table 9(c) Design Compressive Stress, f,, (MPa) for Column Buckling Class ¢
{(Clause 7.1.2.1)

KLir Yield Stress, £, (MPa)
¢ 200 210 220 230 240 250 260 280 300 320 340 360 380 400 420 450 480 510 540
10 182 1Y 200 209 218 227 236 255 273 291 309 327 HS 364 382 409 436 464 491
20 182 190 199 207 216 224 13 250 266 283 299 316 "2 348 364 388 412 435 458
30 172 180 188 196 204 211 219 234 249 264 78 293 307 321 335 355 376 395 415
40 163 170 177 184 191 198 205 218 231 244 256 268 280 292 304 320 337 352 367
50 153 159 165 172 178 183 189 201 212 22 32 242 252 261 270 282 295 306 317
60 142 148 153 158 163 168 173 182 191 199 207 215 222 228 235 244 252 260 267
70 13 136 140 144 148 152 156 163 170 176 132 187 192 197 202 208 213 218 m
80 120 123 127 130 133 136 139 145 149 154 i58 162 165 169 172 176 180 183 t86
90 108 111 14 116 £19 121 123 127 131 134 137 140 142 144 146 149 152 154 156

100 975 100 102 104 105 107 109 12 14 116 119 120 122 124 125 127 129 131 132

110 872.3 820 905 920 933 946 957 979 100 102 103 104 106 107 108 10 11 112 13

120 782 794 806 817 827 837 846 862 816 889 900  OLI 921 930 938 949 959 968 976

130 00  TH L9 728 735 743 750 762 773 183 192 800 807 814 820 829 836 843 849

140 629 636 644 650 656 662 667 677 686 693 W0 W07 72 T8 T3 29 735 741 746

150 566 572 578 583 588 592 597 604 6L 6L7 623 628 633 637 641 646 651 655 659

160 518 516 521 525 529 533 536 542 548 853 557 56.0 565 569 512 516 580 S84 587

170 464 4683 471 475 478 481 484 489 493 498 500 505 508 511 513 SLT 520 523 526

180 422 425 428 431 434 436 439 443 447 450 453 456 458 460 463 466 469 411 473

(90 385 388 590 393 395 397 399 403 406 409 411 414 416 418 420 422 425 427 429

200 353 355 357 359 36 3.3 365 368 370 373 375 377 379 381 382 384 386 388 390

210 324 326 328 330 331 333 334 337 339 341 343 345 347 348 349 350 353 354 356

220 29 301 302 304 305 306 308 310 312 314 35 317 318 319 321 322 324 325 36

230 276 278 279 280 282 283 284 286 288 289 290 192 293 294 295 297 298 299 300

240 256 257 259 260 261 262 263 264 266 267 269 210 2711 w2 23 24 5 W6 217

250 238 239 240 241 242 243 244 245 247 248 249 250 25 252 253 254 155 256 257

: 008 SI
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Table 9(d) Design Compressive Stress, f,, (MPa) for Column Buckling Class d
(Clause 7.1.2.1)

KLir Yicld Stress, f, (MPa)
v 200 210 220 230 240 250 260 280 300 320 340 360 330 400 420 450 480 510 540
10 182 191 200 209 218 227 236 255 273 9 309 2. 345 364 382 409 436 464 491
20 82 190 198 206 215 223 231 247 263 279 294 310 325 340 355 3 %9 42 442
30 168 175 182 189 197 204 211 224 238 251 264 2 290 302 314 332 350 367 384
40 154 161 167 £73 179 185 91 203 204 225 235 246 256 266 275 289 303 36 328
50 i41 147 152 157 162 167 172 182 191 199 208 216 224 23 238 249 258 268 o
60 129 133 137 142 146 150 154 16t 168 175 182 188 193 199 204 212 219 225 231
70 L] 120 124 137 130 133 137 142 148 153 158 162 167 171 174 180 184 189 193
80 5 108 111 i3 116 I8 121 [25 129 133 137 140 143 146 149 153 156 159 162
00 94.1 6.4 98.5 101 103 105 107 110 113 116 119 121 123 126 i28 130 133 135 137
100 84.3 86.2 87.9 9.6 811 926 94.0 946.7 99.1 10t 193 105 107 108 110 112 114 116 117
110 75.6 71.0 8.4 9.7 810 82.1 832 853 871 88.8 50.4 91.8 93,1 94.4 95.5 97.1 98.5 LY 101
120 67.8 69.0 70.1 .1 72.1 710 719 75.5 770 783 79.5 80.6 BL7 826 835 847 85.8 86.9 818
130 61.0 62.0 62.8 637 64.5 65.2 65.9 67.2 68.3 69.4 0.4 7.2 724 72.8 73.5 14.5 754 76.2 769
140 55.0 558 56.5 37.2 378 58.4 59.0 60.0 610 61.8 626 63.3 640 64.6 65.2 66.0 66.7 67.3 67.9
{50 49.8 50.4 51.0 516 521 526 53. 53.9 54.7 554 56,0 56.6 51.2 577 58.1 5838 59.3 559 60.4
160 45.2 45.7 46.2 46.7 471 47.5 419 48.6 49.3 49.9 50.4 50.9 513 517 52.1 527 33.] 53.6 540
170 4].2 41.6 42.1 42.4 423 43.1 435 44.1 44.6 45.1 45.5 459 46.3 46.7 470 47.4 47.8 48.2 48.6
130 377 38.0 384 387 3.0 39.3 96 40.1 40.5 41.0 41.3 41.7 420 423 42,6 43,0 43.3 43.6 439
150 345 M9 35.2 354 35.7 359 36,2 36.6 370 374 317 380 382 385 387 39.1 394 39.6 399
200 s 320 323 325 328 330 332 33.6 33.9 342 345 347 350 352 354 357 359 36,2 364
210 29.3 29.6 29.8 30.0 30.2 304 30.5 309 32 3t4 317 iLe jzi 323 25 27 329 33.1 333
220 271 27.3 .5 37 279 280 282 285 28.7 20.0 29.2 294 29.6 297 29.9 30.1 303 30.5 30.6
230 25.2 25.3 25,5 5.7 258 26.0 26.1 264 26.6 268 27.0 271 27.3 27.5 276 78 219 28.1 28.2
240 234 236 237 239 24.0 24.1 242 24.5 24.7 24.8 250 25.2 253 254 255 257 25.9 260 2614
250 21.8 220 221 222 223 225 226 228 229 231 232 234 235 236 233 239 240 24.1 24.2

L00T ¢ 008 SI
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Table 10 Buckling Class of Cross-Sections

{Ciause 7.1.2.2)

Ad

-y

Cross-Section Limits Buckling About Axis Buckling
Class
(1) (2} (3) 4
Rolled [-Sections Wb>1.2:
¢ <40 mm 2 a
¥y b
r 40 < mm < 4 £ 100 mm z:z b
h yy c
h’b[ﬂ 1.2: b
& < 100 mm iz
¥-¥ [
z°Z d
1;>100 mm - 4
Welded I-Section £ <40 mm Iz b
¥-¥ e
1. >40 mm -2 c
¥-¥ d
-y
Hollow Section
Hot rolied Any a
© @ . Cold formed Any b
Welded Box Section a i
enerally
{except as below) Any b
Thick welds and
b= 30 a4 ¢
ki, < 30 ¥y ¢
Channel, Angle, T and Solid Sections
me
i Any c
N I
=y
Built-up Member
by
Any <
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Table 11 Effective Length of Prismatic Compression Members
(Clause 7.2.2)
Boundary Conditions Schematic Effective
- N Representation Length
At One End At the Other End
P e
_ - - - —
Translation Rotation Translation Rotation
(1) - @ 3 4 (3) ()]
3
Restrained Resteained Free Free
> 20L
\
Free Restrained Free Restrained J
Restrained Free Restrained Free L.OL
l\
Restrained Restrained Free Restrained \ .20
b
k
T
\‘
/
H
Restrained Restrained Restrained Free .‘\\ 0.8
T
ANNANANNN
A
‘I
Restrained Restrained Restrained Restrained 4 0.65L
\\
T

NOTE — L is the unsupported tength 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 basts 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
calculare 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 eccentricity, 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.

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.

b)

7.3.3.2 In continuous columns, the bending moments
due to eccentricities of [oading on the columns at any
floor may be divided equally between the columns
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
correspoinding 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 te 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. Otherwise their
capacity should be adequate 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
propertioned 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
resisiance at the proper contact surface between steel
base and concrete/grout may be caleulated 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
maximum bearing pressure should not exceed the
bearing strength equal to 0.6f,,, where £, is the sraller
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 column is
subjected.

7.4.3 Slab Bases

Columns with slab bases need not be provided with
gussets, but sufficient fastenings shall be provided to
retain the parts 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

o= 25w (=036 W,/ f, > 1,

1S 800 : 2007

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? — 0.3b2).

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 strength butt welds are provided, machining
of contact surfaces is not required.

7.5 Angle Struts

where 7.5.1 Single Angle Struts
w = uniform pressure from below on the slab The compression in single angles may be transferred
base under the factored load axial  Sitherconcentrically toits centroid through end gusset
compression; or eccentrically by connecting one of its legs to a gusset
’ L. X or adjacent member.
a, b= larger and smaller projection, respectively
of the slab base beyond the rectangle  7.5.1.1 Concentric loading
crrcumsc.rlbmg the column; a:nd When a single angle is concentrically loaded in
t; = flange thickness of compression member. compression, the design strength may be evaluated
using 7.1.2.
o M
A 7 7=
¥ 777 1
= Wy
Y % 248 W Z
EFFECTIVE PORTION

STIFFENER

e

2c+t

L S ATILSTSLLSLY

// L)
1 A
z z
1 1
% barrerirmrnrennaiid)
/‘// AT, o, s ///

£C

-»-c-oi-.-—

FiG. 9 EFFECTIVE AREA OF A BASE PLATE
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7.8.1.2 Loaded through one leg

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

given below:
A= kot kAL 4k A2

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

where

b+, )12
A, =—=5 and Ap= M—{
e L
250 250
where
! = ceutre-to-¢entre length of the supporting
member,
r,. = radius of gyration about the minor axis,
b by = width of the two legs of the angle,
f = thickness of the leg, and
€ = yield stress ratio ( 250{f)"°.
Table 12 Constants k, &, and k,
St No.ofBolis Gusset/Con- k, k, k,
Nu. at Each End necting
Connection Member
_ Fixity "
(n 2) 3) ) 3 ®
0 Fixed { 020 035 20
=2 .
Hinged 070 060 5
ii) Fixed { 075 035 20
! Hinged L 125 050 60

" Sliffeness of in-plane rotational restraint provided by the
pussetfcennecting member.

For partial restraint, the A can be interpolated between the &,
resnlis 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 4 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 length, KL, in the plane of end gusset
shall be taken as between 0.7 and 0.85 times the
distance between intersections, depending on the
degree of the restraint provided. The effective length,
KL, in the plane perpendicular to that of the end gusset,
shall be taken as equal to the distance between centres
of intersections. The calculated average compressive
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stress shall not exceed the values based on 7.1.2 The
angles shall be connected together over their lengths
80 as to satisfy 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 mare 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,
or the 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 transverse 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 parallel to the plane of lacing (see Fig. [0A
and 10B).

7.6.1.2 As far as practicable, the lacing system shall
be uniform throughout the length of the column.

7.6.1.3 Except for tie plates as specified in 7.7, double
laced systems (se¢ Fig. 10B) and single laced systems
(see Fig. 10A) on opposite sides of the main
compoenents 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 slendemess ratio, (XL/r),, of laced
columns shall be taken as 1.05 times the (KL, the
actual maximuwm slenderness ratio, 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 tirnes 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 seciions 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, shatl
be inclined at an angle not less than 40° nor more than
70° 10 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 .7 times the most unfavourable slenderness ratio
of the member as a whole, whichever is less, where g,
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 lapped 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, V, at any 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 shail be proportioned
to resist the actnal 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

50

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 compressionf
tension members shall be determined Dy using the appropriate

design stresses, f, subject to the requirements given in 7.6.3,
0766 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
overiap the main members, the amount of lap 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
rransmit the load in the bar and shall, in any case, be
provided along each side of the bar for the full length
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
radivs 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, 11).

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 latera] 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.

NQTE — If the column section is subjected (o eccentricity or
olher maments about an axis perpendicular 1o 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



within its actual length from centre-to-centre of end
connections.
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7.7.1.4 The effective slenderness ratio (KL/+), of battened
columns, shall be taken as 1.1 times the (KL/r),, the
maximum actual slenderness ratio of the column, to
account for shear deformation effects.

1.7.2 Design of Battens
7.7.2.1 Battens

Battens shall be designed to carry the bending moments
an shear forces arising from transverse shear force V,
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, caleulated
end moments or lateral loads parallel to the plane of
battens, shall 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
moiments as for the battens.
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Battens shall be of plates, angies, channels, or I-sections
and at their ends shall be riveted, bolted or welded to
the main components so as to resist simultaneously a
shear V| = V,C/NS along the column axis and a moment
M = V,C/2ZN ar each connection,

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

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 tic plate and its
fastenings be incapable of carrying the forces for which
the lacing or batten has been designed.

7.1.2.3 Size

When plates are used for battens, the end battens and
those at points where the member 18 stayed in its length
shall have an effective depth, longitudinally, not less
than the perpendicular distance between the centroids
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 shail 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 member asa
whole about its z-z (axis parallel to the battens).
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7.7.4 Attachment to Main Members
7.7.4.1 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 transversely 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
riveting, 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 bolis 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 unless
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
CoOmponents.

7.8.4 The rivets, bolts or welds in these comnnections
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.

52

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 limitaticn presented in Section 3, as
serviceability criteria. Member subjected to other
forces in addition to bending or biaxial bending shall
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
beam due to external actions, shall satisfy

M<M,
where

M, = 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 continnity with the adjacent span.
Full lateral restraint to compression flange may be



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 distwributed along the flange,
provided gravity loads constitute the dominant loading
on the member and the floor 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/r, £ 67€) shall be determined according
t0 8.2.1.2.

8.2.1.1 Section with webs susceptible to shear buckling
before vielding

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 strength 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).

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.

b)

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:

M= ﬂazpfy ! Yo

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

where
B, = L.0for plastic and compact sections;
B. = Z/Z,forsemi-compact sections;

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

i

Yo

= yield stress of the material; and
= 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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Md = Mdv
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

(Anf /Agf) 2 (f)/fu) (Tml /Tmn ) ) 09

where
Ay /Ay = ratio of net to gross area of
the flange in tension,
A = ratio of yield and ultimate
stress of the material, and
Yo'to = ratio of partial safety

factors against altimate 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 A,

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.

¢) Fastener holes in the compression zone of the
cross-section need not be considered in design
bending strength caiculation, except for
oversize and slotted holes or holes withowt

any fastener.
8.2.1.8 Shear lag effects

The shear lag effects in flanges may be disregarded
pravided:

a) For outstand elements (supported along one
edge), b, < L,/ 20; and
b) For internal elemems (supported along two
edges), b, < L /10,
where

L,

length between points of zero moment
(inflection) in the span,

b, = width of the flange with outstand, and

It

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 Lateraily Unsupported Beams

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

a)
b}

Bending is about the minor axis of the section,
Section is hollow (rectangular/ tubular) or
solid bars, and

In case 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 prbd
where

B, = 1.0 for plastic and compact sections.

= Z/Z, for semi-compact sections.

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

Jfora = design bending compressive stress,

obtained as given below [see Tables 13(a)
and 13(b)]

Fos =Xex Sy Yoo

¥ir = bending stress reduction factor to
account for lateral torisonal buckling,
given by

1
Oy + [‘i'i’r - )“ET ]M }

Xur = { = 10

fur = 0.5[ 1401 (Ar —02) 44,7 |

o, the imperfection parameter is given by:
oy r = 0.21 for rolled steel section
oy = (.49 for welded steel section
The non-dimensional slenderness ratio, Ay, is given

by
Ay= B Zf, /M, <12 Zf /M,
= f"
f;:r.b
where
M_ = elastic critical moment calculated in
accordance with 8,2.2.1, and
S = extreme fibre bending compressive stress
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corresponding to elastic lateral buckling
moment (see 8.2.2.1 and Table 14),

8.2.2.1 Eiastic lateral torsional buckling moment

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

n*El,

o ) e A

Jerp, Of 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:
1 0.5
1+ L ﬂ
26\ A/t

The following simplified equation may be used in the
case of prismatic members made of standard rolled
I-sections and welded doubly symmetric I-sections,
for calculating the elastic lateral buckling moment,
M, (see Table 14):

®’ El,
(L)

Ll B*E

fcr -
b (LLT/!})Z

2 3705
_T EL h 1-'"_1_ Liy/r,
« 217, 208 h /1,
where
f, = torsional constant = zbi ' /3 for open
section; '
f, = warping constant;
I,,r,= momentof 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 flanges; and
t; = 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 Jateral restraint to the compression
flanges is provided, but where each end of the beam is
restrained against torsion, the effective length L1 of
the lateral buckling to be used in 8.2.2.1 shall be taken
as in Table 15.
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Table 13(a) Design Bending Compressive Stress Corresponding to Lateral Buckling, fi4, @y =90.21

(Clanse 8.2.2)
f 5

- 200 | 210 | 220 | 236 | 20 | 250 | 260 | 280 | 300 | 320 [ 30 | 360 | 380 [ a00 | 420 | 450 | 480 | st0 | s40
10 000 1818 | 1900 | 200 | 2091 | 2182 | 227.3 | 2364 | 2545 | 2727 | 2909 | 309.1 | 3273 | 3455 | 3636 | 3808 | 409.1 | 4364 | 4636 [ 4909
8 000 1318 | 19090 | 200 | 209.1 | 2182 | 2273 | 2364 | 2545 | 2727 | 2909 | 300.1 | 3273 | 3455 | 3636 | 3818 | 4001 | 4364 | 4636 [ 4909
6000 1818 | 1900 | 200 | 2094 | 2182 | 2273 | 2364 | 2545 1 2727 | 2009 | 3091 | 3273 | 3455 | 3636 | 3818 | 4001 | 4364 | 4636 [ 4909
4000 1818 | 1905 | 200 | 209.1 | 2182 | 227.3 | 2364 | 2545 | 2727 | 2909 | 300.1 | 3273 | 2455 | 3636 | 3818 | 409.1 | 4364 [ 4636 [ 4909
2000 1818 | 1905 | 200 | 209.1 | 2182 | 2273 | 2364 | 2545 | 2727 | 2909 | 300.1 | 3273 | 3455 | 3636 [ 3818 | 409.1 | 4364 | 4636 [ 4909
1000 691 | 1795 | 136 | 1965 | 2029 | 209.1 | 2098 | 2291 | 2455 { 2618 | 275.1 | 2913 | 3005 | 3236 ] 3322 | 3559 | 3708 | 3848 | 4124
900 169.1 | 179.5 | 186 | 1945 | 2007 | 2045 | 2154 | 2316 ) 2427 | 2589 | 272 | 2913 | 3005 | 3164 | 3284 | 3305 | 3665 { 3802 | 3927
800 1673 | 1775 | 134 | 1903 | 1964 | 2068 | 2127 | 224 | 240 | 2589 | 2689 | 2847 | 2936 | 3018 | 3245 | 3355 | 3491 | 3709 [ 3878
700 1636 | 1718 | 182 | 1882 | 92 | 2023 | 208 | 2265 | 2373 | 2502 | 2596 | 2782 | 2867 | 2945 | 3055 | 3223 | 3404 | 3524 [ 3633
600 1618 | 168 | 176 | 1819 | 1942 | 1977 | 2033 | 2189 | 2264 | 2444 | 2535 | 2618 | 2764 | 2873 | 204 | 3068 | 3220} 3338 | 3436
500 618 | 1661 | 172 | 1798 | 1855 | 1886 | 2009 | 2087 | 2182 | 2327 | 2442 | 2487 | 2591 | 269.1 | 2749 | 2864 | 2067 | 3014 [ 3142
450 1582 | 1642 | 168 | 1735 | 1833 | 1864 | 1915 | 2062 § 2155 | 224 | 2318 | 2422 | 2487 | 2582 | 2635 | 2741 | 2793 | 202.0 | 29435
400 1509 | 1623 | 166 | 169.4 | 1745 | 18a.1 | 1867 | 196 | 2045 | 2153 | 2225 | 229.v | 2384 | 2436 | 2482 | 2527 | 2608 | 2643 | 2749
350 1473 | 1527 | 162 | 1652 | 1702 | 1727 | 1796 | 1884 | 1936 | 2007 | 2102 | 2127 | 2201 | 2255 | 2200 | 2332 | 240 | 2401 | 2455
300 1436 | 147 | 152 | 1547 | 1615 | 1636 ] 167.8 | 1756 ) 1827 | 186.2 | 1947 | 1964 | 1969 | 2036 | 2062 | 2127 | 2138 | 2179 | 2209
250 1345 | 1375 | 142 | 1843 | 1484 | 1523 | 1536 | 1604 | 1636 | 1658 { 170 | 1735 | 1796 | 1782 | 1795 | 1841 | 833 [ 1855 | 1915
200 1218 | 1240 | 126 | 1206 | 1308 | 1341 | 1347 | 1375 | 1418 | 1425 | 1453 | 1473 | 1485 | 1404 | 1527 | 1st4 | w527 153 | 1574
150 (018 | 103.0 | 104 | 1045 | 1069 | 1068 { 1087 | 1095 | 1118 | [i3.5 | 1144 | 1145 | 1175 | 1364 | 1184 | 186 | 178 | 1205 | 1227
100 745 | 764 | 76 774 | 764 73] 78 7893 791 785, 804 | 818 | 795 | 80 802 | 818 | 829 | 835 | 835
90 673 | 687 | 70 69 698 | 705 | 709 | 73| 709 | 127| M| m 725 | 71| 7251 TM6 | M2| m2| 76
80 618 | 63 62 627 | 633 | 636] 638] 636]| 655| 64 649 | 655 | 656 | 655| 6491 655| 655 | 649 ] 687
70 545 | 554 | 56 565 | 567 | 5681 5671 56 513 | 82| 587 | 589 | 587 | 82| 73] 573 s67| 603 ] 589
60 473 | 417 | 48 4.1 ] 8 50 496 | 484 | 401 | 95| 495 | 49.0 | 484 | s09| 496 491 s24| s 49.1
50 40 400 | 40 418 | 415 | 409 ] 402 | 407 | a09| 407 | 33| as5| as| we| 4« 400 | 436 | 417 442
40 327 | 325 | 3 335 | 327 ] 341 331] 33| 327 3a9| 34 327 | 345 | 327 | 344 | 27| 349 | 325 344
30 755 | 248 | 26 251 | 2621 25 26 255 | 245 | 262 | 247 | 262 | 242 | 255] 267] 245} 262 | 278 | 245
20 164 | 172 | I8 167 | 1751 182] 165] 178 | 164 | 175| 18s| 164 | 173 | 182] 190 164l 175]| i85] 196
10 9.1 95 8 8.4 87 ] o1 9.5 76 | 82 3.7 9.3 98 | 104 73| 76 8.2 87| 93] o8

1 008 51
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Table 13(b) Design Bending Compressive Stress Corresponding to Lateral Backling, f.4 i =0.49

(Clause 8.2.2)
£ 5
o 200 | 210 | 220 | 230 | 20 | 250 | 260 | 280 | 300 | 320 | 300 | 360 | 380 | 400 [ 420 | as0 | as0 | s0 | s40

10000 | 1818 | 1909 | 2000 2000 ] 2182 2273 2364 | 2545 2727 | 2009 | 39.0 | 3273 | 3455 | 3636 | 3818 | 409.0 | 4364 | 4636 | 4909
g000 | 1868 | 1909 | 2000 | 2090 282 2293 2364 | 2545 | 2727 | 2909 | 3001 | 3273 | 3455 | 3636 | 381.8| 4091 4364 | 4636 | 4909
_____ 6000 | 1818 | 1909 | 2000 | 2000 2082 22731 2364 | 2545 | 2727 | 2909 | 300.1 | 3273 | 3455 | 3636 | 3818 | 409.0| 4364 | 4636 | 4909
4000 | 1818 | 1909 | 2000 | 2000 | 2182 | 2273 | 2364 | 2545 | 2727 | 2909 | 9.1 | 3273 | 3455 | 3636 | 3818 | 4001 | 4364 | 4636 | 4909
llllllll 2000 | 1818 ] 1909 | 2000 2004 | 2182 2273 | 2364 | 2565 | 2727 | 2909 | 394 | 3273 | 3455 | 3636 | 3818 | 4091 | 4364 | 4636 | 4909
1000 | 16001 16421 1700 1798 [ 1855 | 1909 | 1962 | 2013 | 2209 | 2356 | 2473 | 2553 | 2660 | 280 | 20027 3027 | 3185 ] 3292 3436
900 | 1545 1642 | 1700 | 1735 | 1833 | 1886 | 1938 | 2036 | 2182 | 2269 | 2380 | 2520 | 2625 | 2691 | 2825 | 2905 | 3055 ] 3199 | 3338
______ 800 | 1527 | 1585 | 1680 | 1715 | 1767 | 18L.8 | 1915 | 201t | 2100 | 2240 ] 2349 | 2422 | 2522 | 2582 | 271.1| 2823 | 2067 | 306 | 319.1
200 | 1509 | 1546 | 1600 1694 | 1724 | 1773 | (220 196 | 2073 | 2153 | 225 | 2324 ] 2384 | 2473 | 2506 | 270 | 2793 | 292.1 | 3044
600 | 1455 1508 | 1540 | 1610] 1680 | 17271 1773 | 1884 | 1936 | 2036 | 2133 | 2225| 228 | 2364 | 2444 | 2536 | 261.8 | 2735 | 2749
500 | 1400 | 1450 | 1500 | 1547 ] (593 161.4] 1678 | 1756 | 1855 | 192 | 2000 | 2062 | 2142 | 2182 | 2253 | 2200 | 240 | 2457 | 2504
"""""" 450 | 1345 | 413 | (340 | 1485 | 1527 | 1568 | 1607 | 168 | 1773 | 1862 | 1916 | 1962 | 2038 | 2109 | 2138 | 2209 | 2313 | 2365 | 2356
400 | 1200 ] 1355 | 1380 ] w22 | 4s4 | 150 | 1536 | 1629 | 1601 | 1745 | 1824 | 1833 | 1935 | 1964 | 202.4 1 2086 | 2095 | 207.0 | 2209
""""""" 350 1236 | 12981 1320 (359 | 1396 | 1432 | 1489 | 1527 | 1582 | 1629 | 10 | 1735 | 1762 | 1818 | 1833 | 1923 | 1964 | 1994 | 2062
300 | 182| 1222 1260 | 1296 | 1309 | 1341 | 1379 | (425 | 1473 ] 1542 | 1576 | 1570 | 1624 | 1673 | 168 | 1759 | 1789 | 1508 | 18L6
250 | 109.1 | 1126 | 160 | 117t | 1200 | 1227 | 12531 1298 | 1309 | 1367 | 1301 | 1407 | 1451 | 149.1 | 1389 | 1514 | 1527 | 1576 | 1571
200 982 | 1012 | 1020 | 1045 t0a7| oot | t087] 112 [ U3 | 193] 1205 | 1201 1234 | 1273 | 126 | 1308 | 1309 | 1298 | 1325
""""" 150 836 | 840 860| 878] 895| 86| 898| 91.6| 955| 960| 958] 982 10027 101.8| 1031 | 1023 | 1047 | 1066 | 1031
100 636 | 630 640| 648 55| 659] 62| 687| 82| 698 7L1] 687 91| 727 725| 76| 72| 72| 76
"""""""" 9 ss2| 573 600 s8s| 611 | 64| 615 611 627 640 649 655| 656| 55| 649 655| 655] 649 | 687
80 5271 535] 540] 544 | 545| 545| 544 56 573 | s82| 87| 589 87| 82| 6lL1| 6l4| 6L1| 603 | 580
""" 70 473 | 417| 480 481 | 480| s00| 496 s0o| 490 495| 25| s24| se8| s09| s35| s3zi 524 | 556 540
60 418 | 420 420| a18| 436 | 432| 425{ 4331 436| 436| 433 | 458] 449 473 | 458 | 450| 480 | 464| 491
TS0 364 | 363 | 360 355| 37.4| 364| 378| 382| 382 378| 374 393| 380) 400| 382 409 303 | 371| 393
40 201 305 300] 2031 305| 205| 307 305 300 320] 309 327 30| 327] 305 327| 305]| 325| 344
30 236 29| 26| 20] 20] 27| 26| 28| 245 23| wr| 29| 22| 255 229 245 2621 232 245
20 164 | 153 | 160 167 53| 159 65| 153 | 164 | 175| 155| 64| (73| 182| 153} 164 | 175| 185] 147
10 9.1 76 80 8.4 87 9.1 95 76 8.2 87| 93 9.8 6.9 73 76 8.2 87 9.3 9.8
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Table 14 Critical Stress, f,, \,
(Clause 8.2.2.1)

KLir ke
8 10 12 14 16 18 20 25 30 35 40 50 60 30 100
10 225512 | 222551 (220026 [219941 [219298 [218857 (218540 |218054 |2t7790 |21763.1 207527 [217405 (27338 217272 1217242
20 62205 50479 | 57945 | S7000 | 56378 | 55947 | 55638 | SS(58 | 54897 | 54738 | 54635 | 54514 | 54448 | 54382 | 54351
30 31493 | 29059 | 27646 | 26760 | 26167 | 25753 | 25453 | 24985 | 24728 | 24571 | 24470 | 24349 | 24283 | 24217 | 24186
40 2036.1 18212 | 16930 | 161038 1 555.1 15158 | 14870 | 14417 | 14165 t 401.1 13910 | 13790 | 13725 13659 | 13628
50 14929 13032 | 11873 11118 | 10599 | 10227 9953 951.7 9221 9120 902.0 $90.2 883.7 8771 §74.2
60 1178.0 1009.5 905.0 835.6 7874 7524 726.4 684.6 660.9 646.1 636.4 6247 618.2 617 608.7
70 973.9 823.2 728.5 664.8 620.1 587.4 562.9 5229 5000 4855 4760 464 .4 458.0 4517 4487
30 831.3 6954 609.2 [ 3507 509.1 478.4 4553 4172 395,1 3812 371.8 360.5 354.1 3477 3447
%0 725.9 602.6 523.6 1695 430.9 402.2 3804 3442 3229 309.3 30022 289.1 282.8 276.5 2735
100 644.7 532.0 4593 409.3 3732 346.4 3258 2914 270.9 257.7 248.8 237.9 231.8 225.5 2225
110 580.4 476.6 409.3 3629 3292 303.9 2845 251.8 2321 2193 210.8 200.] £94.0 1878 1848
120 5219 4319 369.5 326.0 294.5 270.7 2523 2212 2024 190.1 181.6 171.2 165.2 159.1 156.2
130 484.3 395.0 336.8 296.1 266.5 244.1 226.7 197.1 179.0 167.1 158.8 148.6 142.8 136.7 1339
140 447.6 364.2 309.5 2715 2434 222.3 205.8 1715 160.2 148.7 140.7 130.8 1250 1190 116.2
150 4160 3378 286.6 250.6 2242 204.2 188.4 1615 144.8 1337 126.0 116.3 1106 104.7 1019
160 388.7 315.2 266.8 2328 207.8 138.8 173.9 148.2 132.0 1213 1139 104.3 98.3 93.0 90.1
170 3649 295.4 2496 2175 193.7 175.6 161.4 136.7 121.3 1110 103.6 94.4 89.0 8332 80.4
180 2439 278.0 234.6 204.1 1815 164.2 150.6 127.1 12.2 102.2 95.2 86.0 30.7 75.0 723
190 325.2 262.6 213 192.3 170.7 154.2 141.2 118.6 104.3 94.6 378 79.0 737 68.1 85.3
200 308.3 2488 209.6 1817 161.2 145.4 133.0 113 97.5 38.1 314 728 67.8 622 595
210 293.3 236.5 198.9 172.4 152.7 137.6 125.7 104.8 91.5 824 759 67.5 62.6 57.1 54.5
220 279.5 225.3 1893 1639 145.1 130.6 119.1 99.0 86.2 774 7.2 629 58.1 527 50.]
230 267.1 2152 1807 §56.3 133.2 1243 1133 939 815 729 66.9 53.9 54.] 488 462
240 255.8 205.8 172.8 149.4 132.0 118.6 108.0 39.3 72 69.0 63.1 553 50.6 454 423
250 245.3 197.3 165.6 14390 126.3 1134 103.2 85.1 7.5 65.5 59,7 521 415 424 193
260 235.7 189.5 159.0 137.3 1281 108.7 93.8 213 70.1 62.3 56.7 493 448 39.7 312
270 226.8 182.3 152.8 1319 i16.3 104.3 94.7 719 67.0 59.4 539 46.8 422 313 343
230 2186 175.7 147.2 1269 1119 100.2 91.1 747 64.1 56.8 515 44.4 400 352 327
290 210.9 169.4 1419 1223 107.8 96.6 87.7 71.8 61.5 54.3 492 422 38.1 332 30.3
300 203.8 163.7 137.1 118.1 104.1 93.2 84.5 69.1 59.1 52.1 47.1 40.4 362 315 29.0
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In simply supported beams 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 shall be equal to 1.2 times the length of the
relevant segment in between the lateral restraints.

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

¢} 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 normal 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 so as to have desrabilizing effect during lateral
torsional buckling defermation.

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 Table16 for different support conditions.

8.3.4 Where a member is provided intermnediate lateral
suppeorts to improve the laterat 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 should be
connected to an independent robust part of the structure
capable of transfetring 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 of latticed beams, girders
or roof 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)

Sl Conditions of Restraint at Supports Loading Condilion
No. — I -~ s ™~
Torsional Resiraint Warping Restraint Normal Destabilizing
) (2) (3 4) A5
i) Fully restrained Both flanges fully restrained 070 L 0.85L
iiy  Fully restrained Compression flange fully restrained 075L 090 L
iii}  Fully restrained Both flanges folly restrained 0.80 L 095L
ivi  Fully restratned Compression flange partially restrained 085L 1.00 L
v)  Fully restrained Warping not restraimed in both flanges 1.00 L 1.20L
vi)  Panially restrained by bottom flange Warping not restrained in both flanges 1LOL+2D 1.2L+2D
Support connection
vii)  Partially restrained by bottom flange Warping not resirained in both flanges 12L+2D0 14L+2D

bearing support
NOTES

1 Torsional restraint prevents rotation about the longimdinal axis.
2 Warping restraint prevents rotation of the flange in its plane.
3 Dis 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 to a maximom 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 rafiers 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

Ve v,
where
V, = design strength
= V! Yoo
where
Y.o = partial safety factor against shear failure

(see 5.4.1).

The nominal shear strength of a cross-section, ¥, 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

n P
where
v = AU’ f;‘w
" 3
A, = shear area, and
foo = 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 — ht,
Welded — di,
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Minor Axis Bending:
Hot-Rolled or Welded — — 2b1¢,
Rectangular hollow sections of uniform thickness:
Loaded parallel to depth (h) — Ah/(b+h)
Loaded parailel to width(b) — Ab/{(b+h)

Circular hollow tubes of uniform thickness —2A /R

Plates and solid bars -— A
where

A = cross-section area,

b = overall breadth of tubular section, breadth

of I-section flanges,

d = clear depth of the web between flanges,

h = overall depth of the section,

fr = thickness of the flange, and

i =

w

thickness of the web.

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

ALz (11 W o) AJOS

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 o for design sirengih 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

>67e1/-§"— f eb with stiff
5 35 o1 a web with stiffeners

where

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

£ = ﬂ/25(}'/ £/
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:

a) 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 = Vcr
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where

Vcr =

where

where

Tr.e

where

shear force corresponding to web
buckling

AT,

shear stress corresponding to web
buckling, determined as follows:

1) when A, <0.8
Tb =fyw/\/§
2) when 0.8 <A, < 1.2

T, = [1—-0.3(/1.,, "0-8)](-{!*/‘/5}

ywheni, > 1.2 1=/ (\Eli)

non-dimensional web slenderness
ratio for shear buckling stress,
given by:

NENTW W

the elastic critical shear stress of the
K ' E

web = 12(1-12*)[an, T

= Poisson’s ratio, and
= 5.35 when transverse stiffeners are

provided only at supports
4.0+ 5.35 Kcld)? for c/d< 1.0
5.35 +4.0 l(c/d)? for c/d= 1.0

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

b) Tension field method — The tension field
method, based on the post-shear buckling
strength, 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 c,
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:

where

Vn: Vrf

V, =[A, 7, +09w,1, f,sin g} <V,
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where

T, = buckling strength, as obtained from
8.4.2.2(a)

f. = yield strength of the tension field
obtained from

-3t vyt ] -y

¥ = L571,sin2¢
¢ = inclination of the tension field

(]

wy = the width of the tension field, given
by:
= dcosgp+(c—s,~5)sin ¢
fow = yield stress of the web
d = depth of the web

¢ = spacing of stiffeners in the web
1, = shear stress corresponding to
buckling of web 8.4.2.2(a)

5., 5, = anchorage lengths of tension field
along the compression and tension
flange respectively, obtained from:

M 0.5
L[.._] <e
st | f, 1,

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 overall
bending and any external axial
force in the cross-section, and ts
calculated as:

where

M, =025b1] £, [! ~{Ns (Bt S rm.}]}l]

where
b;, t; = width and thickness of the relevant
flange respectively
Fyr = yield stress of the flange

8.5 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)

Resteaint Condition Loading Condition
At Support At Top Normal Destabilizing
(1 2} (3 4y
a) Continuous, with lateral resiraint to top | i} Free 3.0L 1.5L
flange ii) Lateral restraint to top 27L 7.5L
flange 24L 4.5L
jii) Torsional restraint 214 3.6L
i¥} Lateral and tarsional
testraint
b) Continuous, with partial torsinal i) Free 204 5.0L
restraint ii) Lateral restraint to top 1.8L S.0L
flange 1.6L 300
iii) Torsional restraint 1.44 241
iv) Lateral and torsional
restraint
¢) Continuous, with lateral and torsional [i) Free 1.0L 2.5L
restraint ii) Lateral restraint fo top 0.9L 25L
flange 0.8L 1.5L
iii} Torsional restraint 0.7L L.2L
iv) Lateral and torsional
restraing
d) Restrained laterally, torsionally and}i) Free 0.8 141
against rotation on plan ity Lateral restraint to top 0.7 1.4L
L © flange 0.6L 0.6L
iii} Torsional restraint .55 0.5L
iv} Lateral and torsional
restraing

Top restraint consitions

i) Free

=

i)

Laterat restraint to top
flange

iii) Torsional restraint

iv} Lateral and torsional
restraint p
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using only simple pest critical method, according
w0 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 to tension tfield 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 ocut 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 pdsl
consisting of a single or double stiffener (see Fip. 13
and Fig. 14), satisfying the following:

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

the end post should be rigidly connecied to
the flange using full strength welds.
The end post should be capable of resisting
the reaction plus 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
lange.

b)  Double stiffener (see Fig. 14) — The end post
should be checked as a bearn spanning between
the flanges of the girder and capabie of resisting
a shear force R, and a moment, M, due to the
tension field forces as given in 8.53.3.

8.5.3 Anchor Forces

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

A, H d
Re== and M, ==+
where
142
H, = 1.251@(1-;;}

d = webdepth

If the actual factored shear force, V in the panel
designed using tension field approach is less than the
shear strength, Vcas given in 8.4.2.2(b), then the values

V-V
of H_ may be reduced by the ratio
1 v:f - ‘}cr

where

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

V.. = 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
panel 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

a
M~

NOTES

1 Panel A is designed utilizing tension field action as given in 8.4.2.2(b).
2 Panel B is designed without atilizing teasion 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 1o the moment M, as

given in 8.5.3.

FiG. 12 EnD PANEL DeStGNED NOT UsiNg TEnsioN FIELD ACTION
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c
BEARING
STIFFENER AND
END POST - PANEL A PANEL A cli .

NOTES
1 Panel A is designed utiliziﬁg 1ension field action as given in 8.4.2.2¢h).
2 Panel & 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 loads due to bearing and 4 moment equal 10 2/3 M, a3

given in 8.5.3.
Fic. 13 Enp PaNeL DesiGNED Using TeNsION FIELD ACTION (SINGLE STIFFENER)
END POST ¢
BEARING
STIFFENER
PANEL A PANEL A d -~
NOTES

1 Panel A is designed utilizing tension field action as given in £.4.2.2(b).
2 Bearing stiffener is designed for compressive force due to bearing as givea in 8.4.2.2(a).
3 End post is designed for horizontal shear R, and moment A, as given in 8.5.3.

Fic. 14 Enp PaneL DesiohNEp Using TENsSION FIELD ACTioN (DOUBLE STIFFENER)

8.6 Design of Beams and Plate Girders with Selid

Webs

8.6.1 Minimum Web Thickness

The thickness of the web in a section shall satisfy the
following requirements:

8.6.1.1 Serviceability requirement

aj

b)

When transverse stiffeners are not provided,

4 < 200e (web connected to flanges along

W

both longitudinal edges)

. S90€ (web connected to flanges along

one longitudinal edge only),

When only transverse stiffeners are provided
(in webs connected to flanges along both

63

)

longitudinal edges),
1) when3dzczd

—d-SZOO €

w

when0.74d<c<d

[

2)

<200e

W

w

whenc<d

4 <2706,
i

w

3

4) when ¢ > 3d, the web shall be considered

as unstiffened,
When transverse stiffeners and longitudinal
stiffeners at one fevel only are provided
(0.2 d from compression flange) according
10 8,7.13 (a)
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Iy whenlddz ¢= d

4 £ 250¢,
'rw
2y when07Mdd<csd
£ <2506,
"\l
3 whene<0.74d
4 < 340¢,
"W
d)  When a second longitudinal stiffener (located
at neutral axis is provided)
f
£ < 400¢,
f.
where
¢ = depthoof the web,

thickness of the web,

spacing of transverse stiffener
(see Fig. 12 and Fig. 13),

£, = yield stress ratio of web = J:_)_D .
-f‘.\’a

and

How yield siress of the web.

8.6.1.2 Compression flange buckling requirement

in order 1o avoid buckling of the compression flange into

the web, the web thickness shall satis{y the following:
a)  When transverse stiffeners are not provided

d 2
— <345¢;
£
by When transverse stiffeners are provided and
1y whenez15d
d

I

w

< 345¢]

2) whence < 1.5d

/
£ <34s¢,

w

where

d
f =

w

depth of the web,
thickness of the weh,

¢ = spacing of transverse stiffener
{yee Fig. 12 and Fig. 13),
. . 250
& = yield stress ratio of web= [——

»
and

Sy

= yield stress of compression
flange.

8.6.2 Sectional Properties

8.6.2.1 The effective sectional area 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 shail 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
tuken as specified in 8.4.1.1.

8.0.3 Flanges

8.6.3.1 In riveted or bolied 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 flange plates shall be kept to a minimum.

In exposcd situations, where flange angles are used, at
least one plate of the top flange shall extend over the
full tength 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
calcuolated 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 piate, 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),

8.6.1.2 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 coincide, 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 butin no
casc 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
maximurn 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, £, acting on the
web.

8.6.3.4 Bolied/Riveied construction

For girders in exposed situations and which do not have
flange plates for their entire length, the top edge of the
web plate shail 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 shall
be kept to a minimum and for fillet welds shall not
exceed 1 mm at any point before welding,

8.6.4 Webs
8.0.4.1 Effective sectional area of web of plate girder

The effective cross-sectional 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 Jike, or where the
proportion of the web included In the flange arca is 25 percent
ot more of the overall depih, the above approximalion is not

permissible and the maximum shear steess 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 required 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
horizontal shear which they can transmit to the flanges
through their fastenings, and such reinforcing plates
and their fastenings shall be carried up to the points
at which the flange without the additional plates is
adequate.

8.7 Stitfener 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 he
provided:

ay Imtermediate transverse web stiffener — To
improve the buckling strength of a slender
web due to shear (see 8,7.2).

Load 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).

Tarsion stiffener — To provide tersional
restraint to beams and girders at supports
{see 8.7.9).

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

Tension stiffener — To transmit tensile forces
applied to 2 web through a flange (see 8.7.8).

b}

c)

d}

e}

f)

The same stiffepers 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 Ourstand of web stiffeners

Unless the outer edge is continuously stiffened, the
outstand from the face of the web should not exceed
20re.

When the outstand of web is between I4tq€ and 20fq£.
then the stiffener design should be on the basis of a
core section with an outstand of 147.g, where /is the
thickness of the stiffener.

8.7.1.3 Stiff bearing length

The stiff bearing length of any etement &, is that length
which cannot deform appreciably in bending. To
determine b, the dispersion of load 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 ecceniric 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 F, 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 parallel 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,
£ o 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:

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
8.7.2.1 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 Outstand of stiffeners

The outstand of the stiffeners should comply
with 8.7.1.2.

8.7.2.4 Mininuen stiffeners

Transverse web stiffeners not subject to external loads

or moments should have a second moment of area, I,

about the centreline of the web, if stiffeners are on both

ay KL = 0.7Lwhen flange is restrained against  sides of the web and about the face of the web , if
rotation in the plane of the stiffener (by other  single stiffener on only one side of the web is used
structural elements). such that:
b) KL = L, when flange is not so restrained:
if 94242, I, 2075dr . and
1% N
1
! . bytdoie o 4o b —
N i ~ "
N / 45; E ) é < \\\ i 2
—7 S v o N
) = .
by |
> by <
4‘,
)

Fic. 15 STiFF BearinG LENGTH, b,
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3,2
if & <2, 7 2139
¢
where
d = depth of the web;

minimum required web thickness for
spacing using tension field action, as given
in 8.4.2.1; and

actual stiffener spacing.

w

[

8.7.2.5 Buckling check on imtermediate transverse web
stiffeners

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

F:: = V_Vcr/ymo s qu

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

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

Stiffeners subject to external loads and moments should
meet the conditions for load carrying web stiffeners
in 8.7.3. In addition they should satisfy the following
interaction expression:

F;l_ﬂ+£+ M, <1
F, F, M

44 ¥

If Fi<F,,then(F - F,) should be taken as zero;

where
F, = stiffener force given above;
F,4 = 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.
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8.7.2.6 Connection of infermediate 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
stiffener and the web (in kKN/mm)} of not less than:

1./(5b,)
where
r, = 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 tenston flange and in such a
situation the distance cut short from the line of the weld
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, F 4, , 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, + 1} 7.,

where

by 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.

n

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

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

Fw = (bl + ;H)twfyw/ YmO

where
b, = stiff bearing length (see 8.7.1.3),
n, = length obtained by dispersion through the
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flange to the web junction ataslopeof 1:2.5
to the plane of the flange,

! =

W

fow

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

8.7.5 Design of Load Carrving Stiffeners
8.7.5.1 Buckling check

The external load or reaction, F, on a stiffener should
not exceed the buckling resistance, F_j 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
it 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, F, given
below is not less than the load transferred, F,

F.=AS/{08y,)2F

where
F, = external load or reaction,
A, = area of the stiffener in contact with the
flange, and
fq = yield 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
givenin 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, / should be
such that:

I, 20340 DT,

where
o, = 0,006 for Ly /r, <50,
= 03/ Lig/ry)for 50< g/, =100,
= 30/ Ly /ry Y for Ly /v, > 100,
D = overall depth of beam at support,
T, = 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
aboul the minor axis.

8.7.10 Connection to Web of Load Carrying and

Bearing Stiffeners

Stiffeners, which resist loads or reactions applied
through a flange, shouid 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,
shouid be of such length that the shear stress in the
web due to the design force transmitted by the stiffener
does not ¢xceed 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



either be fitted against the loaded flange or
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

by it forms the end stiffener of a stiffened web,
or

it acts as a torsion stiffener.

c)
8.7.12 Hollow Sections

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

© 8.7.13 Horizontal Stiffeners

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

#)  One horizontal stiffener shall be placed on the
web at a distance from the compression fiange
equal to 1/5 of the distance from the
compression flange angie, plate or tongue
plate to the neutral axis when the thickness
of the web is less than the limits specified
it 8.6.1. The stiffener shall be designed so
that /_is not less than 4c7,* where J, and 1, are
as defined in 8.7.2.4 and c is the actual
distance between the vertical stiffeners

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 /s not less
than d,1," where I and ¢, are as defined
in 8.7.24 and d, is twice the clear distauce
from the compression flange angles, plates or
tongue plates to the neutral axis;
Horizontal web stiffeners shall extend
between vertical stiffeners, but need not be
continuous over them: and

b)

<)

d) Horizontal 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 carrving
capacity. Box girder shall be designed in accordance
with specialist hiterature. 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 flanges.
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8.8.2 Where the concentrated or moving load does not
act directly on tep 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
requircments 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
lemiting deflection specified under 5.6.1 for the design
of purlins. 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 purfin 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

8.19.1 When the flexural deflection of a member is
constrained to a non-principal plane by lateral restrainis
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 Sectien 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 a rational
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
1s 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
moient capacity of the section under higher shear
force, M,,. calculated as given below:

a) Plastic or Compact Section

M, = Md"ﬁ(Md_Mﬁ') s Lzz“f"/‘ym

where

B = (2v/v,-1)

M, = 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, = designshear sirength as governed
by web vielding or web buckling
{see 8.4.1 or 8.4.2),

My = plastic design strength of the area

of the cross-section excluding the
shear area, considering partial
safety factor v, and

Z, = elastic section modulus of the
whole section.

b} Semi-compact Section
Mdv = Zc f\/ Ymo

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 Section Strength
9.3.1.1 Plastic and compact sections

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

M

( My Jal ( i J“:
+

Mndy Mnd!.

Conservatively, the following equation may also be

used vnder combined axial force and bending moment:

1.0

<

M
-—"y-+ X +~& <1.0
Ny M, M,
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where
M, M, = factored applied moments about the
minor and major axis of the cross-section,
respectively;

M4, Mg, = design reduced flexural strength under
combined axial force and the respective
uniaxial moment acting aione (see
9.3.1.2);

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

N, = design strength in tension, 7, as obtained
from 6 orin compression due to yielding
givenby N,=A, [, 1Yo

My, My, = design strength under corresponding
moment acting alone (see 8.2);

A, = gross area of the cross-section;

0y, 0i; = constants as given in Table 17; and
Y. = 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
M, =M, [l_(l—a) ]S M, wherenza

M, = My, (1-n)/(1-05a) < M,,

where

n=N/N, anda=(A-2bt)/A<0.5
¢} Forstandard I or H sections

forn<02 M, =M,

forn>02 M, =156M, (1~n)(n+06)

M,=111M,(1-msM,

d) For rectangular hollow sections and welded

box sections

When the section s symmetric about both

axes and without bolt holes

My, =M, (1-n}/(1-035a)<M,

Mo=M,(1-n)/(1-035a)sM,

where

a, =(A-2bt)/AZ05

a ={(A-2ht)/A<05
&) Circular hollow tubes without bolt holes



9.3.1.3 Semi-compact section

In 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, £,
satisfies the following criteria:

S 2 Mo

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

where

Ny Mgy, M, are as defined in 9.3.1.1.

Table 17 Constants o, and o,
(Clause 9.3.1.1)

sl Section

o oo
No.
(m ) {3} (4)
iy 1and channet Snzl 2
iiy  Circular tubes 2 2
jii)  Rectangular 1.66/ 1.66/
tubes (1-L13 5 6 (1-1.134) 26
iv)  Solid rectangles 1.73+1.84° 1734184

NOTE — nr = N/Ny.

9.3.2 Overall Member Strength

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

9.3.2.1 Bending and axial rension

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

My =[M-yTZ /A]SM,

where

M, T = factored applied moment and tension,
respectively:
A = area of cross-section;
Z,. = elastic section modulus of the section
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with respect to extreime compression
fibre; and

y = 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

my

M,

i+Klf

Fy
cC.M

—Pi—+0.6K,M

dz dy

M
YK e 510
Mdz

+k, e cq0
Mdz

where

Chy. Cpy = equivalent uniform moment factor as per
Table t8;
P = applied axial compression under factored
{oad;

maximum factored applied bending
moments about y and z-axis of the
member, respectively:

M, M,

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

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

(see Seciion 8);
K, =1+ (;lBf -02n,<1+0.8ny
K,=1+(A-02mn,<1+08n,;and

X 0141 1, 0.1m,
T (le:r - 0-25) (le.r_ 0'25) .
where
n, n, = ratio of actual applied axial force to the
design axial strength for buckling about
the y and z axis, respectively, and
Cu7 = equivalent uniform moment factor for

lateral torsional buckling as per Table 18
corresponding to the acteal moment
gradient between lateral supports against
torsional deformation in the critical
region under consideration.
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Table 18 Equivalent Uniform Moment Factor

{Clause 9.3.2.

Cnys Cinzr Com
Bending Moment Diagram Range T by aT
Uniform Loading Concentrated Load
(1) ) (&3] ()
M -t 06+04 w204
— 0<asl “lsysl 0.2+08a,204 02+080,204
My My M,
i ¥¥h Deyet 01-08a,204 —0.82,>0.4
‘(4/
1 %3=M31‘Mh -l2e,z0
“12w<0 0.1(1 ) 0.8 &, 2 0.4 0.2(1-p) 0.8 2, > 0.4
— \ 0zgal A 0.095 ~ .05 a, 0.90 + 0,10 ay
! wMn ) ]
Mh S — —_—————— ———— .
M, D=sysl 0.095 + 0.05 a, 0.90 + 0,10 &
-lZa=0
S = Mn it -1=2y<0 0.95 +0.05 a, (142 y) 0.30 + 0.05 ay (142 y)

For members with sway buckling mode, the equivalent uniform moment factor Coy = Coqe =019,

Cry, Cng, Cratr shalt be obtained according to the bending moment diagram between the relevant braced points

Moment factor Bending axis
Crny 2z
Coe oy
Crt -z

Points braced in direction

Y-y
E

-2

/

=&

MYFW\

MZI\

for Cmz

\for ConiT

2z,
e~y

1008 SI1

00T



SECTION 10
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
ptaies, 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 surtace
of 4 web or the flange of a section, the ability of the
web or the flange to transfer the applied forces locally
showld be checked and where necessary, local stiffening
provided.

10.1.3 Ease of fabrication and erection should be
considered in the design of connections. Atiention
should be paid o 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
stresses and stresses due to tightening of fasteners and
normal toferances of fit-up need not therefore be
considered in connection design, provided duciile
behaviour is ensured.

10.1.5 In general, use of different forms of fasteners
1o transfer the same force shall be avoided. However,
when different forms of fasteners 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, lully
tensioned friction grip bolts may be designed to share
the Ioad with welding, provided the boits are fully
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tightened to develop necessary pretension after
welding.

10.1.6 The pariial 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 Holes for Fasteners

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

a) Standard clearance hole — Except 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.

Over size 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).

Short and long slots — Slotted 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).

b}

c)

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)

Si Nominal Size of Size of the Hole = Nominal Diameter of the Fastener + Clearances
No. Fastener, d mm
mm A
— T
Standard Clearance in Over Size Clearance in the Length of the Stot
Diameter and Width L in Di A
of Slot Cleasance in B 7" Short Slot Long Slot o

4} 2} (3) (4) (5) (6}
iy 12-14 1.0 30 4,0 25d
it} 1622 2.0 4.0 8.0 254d
iti) 24 240 6.0 3.0 254d
iv} Larger than 24 30 80 10.0 254
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10.2.3 Maxunum 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 12¢ or 200 mm,
whichever is less, in compression members: where ris
the thickness of the thinner plate. In the case of
compression members wherein forces are transferred
through butting faces, this distance shail not exceed
4.5 times the diameter of the fasteners for a distunce
equal to 1.5 times the width of the member from the
butting faces.

10.2.3.3 The distunce between the centres of any two
consecutive fasteners in a line adjacent and parallel to
an edge of an outside plate shall not exceed 100 mm
plus 47 or 200 mm, whichever is less, in compression
and tension members; where ¢ is the thickness of the
ehinner outside plate.

16.2.3.4 When tasteners 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 Edye and End Distances

10.2.4.1 The edge distance is the distance at right angles
1o 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 cutedges; 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 rg, where € = (250/fy)"? and / is
the thickness of the thinner outer plate. This would
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not apply to fasteners interconnecting the components
of back 1o back tension members. Where the members
are exposed to corrosive influences, the maximum edge
distance shall not exceed 40 mm plus 4¢, 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
owside 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 10 compression mernbers, subject 1o
the stipulations in Section 7 affecting the design and
construction of compression members,

10.2.5.4 In 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,
tacking fasteners with solid distance pieces 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 Bolts
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

V= Va

where Vg, is the design strength of the bolt taken as the
smaller of the value as governed by shear, V
(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:

Vdsh = VDSIJ" ymb
where

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

A
th = \_'[__; ("n Aub + ﬂ‘ A-h)
where

S, = ultimate tensile strength of a bolt;

n, =number of shear planes with threads
intercepiing 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
containing 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
154 in the direction of load, the nominal shear capacity
(see 10.3.2), V,,, shall be reduced by the factor B, given
by:

B,j = 1.075 - Ij-/(ZOO dybut 0.75 = [3,_.' <10
= 1.075 - 0.005(!j /d)
where

d = Nominal diameter of the fastener.

NOTE — This provision does not apply when the distribution
of shear over the fength 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
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the connected plates) exceeds 5 times the diameter, o
of the bolts, the design shear capacity shall be reduced
by a factor B, given by:

By =8 d /(3 d+ 1) = 8 K3+, /d)

B, 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, B, given by:

Bpk = (1 ~0.0125 fo)
where

¢, = thickness of the thicker packing, in mm.

pk
10.3.4 Bearing Capacity of the Bolt

The design bearing swrength of a bolt on any plate, ¥y,
as governed by bearing is given by:

Vdp‘b = Vnpb ! ymb
where

V. = Ntominal bearing strength of a bolt

=25k dtf,
where
e P fu
k,is smaller of 37+ 3 -~ 023, T” LO;
’ Q 0 u

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

Lo S = ultimate tensile stress of the bolt and the
ultimate tensile stress of the plate,
respectively;

d = nominal diameter of the bolt; and

t = symmation 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 haif of the depth of
countersinking.

The bearing resistance (in the direction normal to the
slots in slotted holes) of bolts in holes other than
standard clearance holes may be reduced by
multiplying the bearing resistance obtained as above,
V,o0s by the factors given below:

a)
b)

Over size and short slotted holes - 0.7, and
Long slotted holes -0.5,

NOTE - The block shear of the edge distance due to
hearing force may be checked as given in 6.4.
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10.3.5 Tension Capacity
A boit subjected to a factored tensile force, T, shall
satisfy:
Ty < Tq,
where
T = Too/ Yoo

T, =nominal tensile capacity of the boit,
calculated as:

O'goﬁijn <fyb Aﬁh (Tmb/'}’n-uo)
where

fw = ultimate tensile stress of the bolt,

S = yield stress of the bolt,

A, = nettensile 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 to Combined Shear and Tension

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

satisfy:
- 2 2
[-V’—") +[—T—*‘-) <10
th T;Ib
where
V,, = factored shear force acting on the bolt,
V,, = design shear capacity (see 10.3.2),
7, = factored tensile force acting on the bolt, and

T, . design tension capacity {see 10.3.5).

10.4 Friction Grip Type Bolting

10.4.1 In friction grip type bolting, initial pretension
in bolt {usually lrigh strength) develops clamping force
at the interfaces of elements being joined. The frictional
resistance to slip between the plate surfaces subjected
to clamping force opposes slip due to externally applied
shear. Friction grip type belts and nuts shall conform
to IS 3757. Their installation procedures shall conform
to 1S 4000. '

10.4.2 Where slip between bolted plates canntot be
tolerated at working loads (slip critical connections),
the requirements of 10,4.3 shail 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 o a factored design
shear force, V,;in the interface of connections at which
slip cannot be tolerated, shall satisfy the following:

V'f = Vdsf

5

where

Vdsf = Vnsf/ anf

Voq = nominal shear capacity of a bolt as
governed by slip for friction type
connection, calculated as follows:

Vnsf":luf H, Kh Fo

where

= coefficient of friction (slip factor) as
specified in Table 20 (g, = 0.55),

. = number of effective interfaces offering

frictional resistance to slip,

Hp

= 1.0 for fasteners in clearance holes,

= (.83 for fasteners in oversized and short
slotted holes and for fasteners in long
slotted holes leaded perpendicular to the
slot,

= (.7 for fasteners in long slotted holes
loaded parallel to the slot,

= 1,10 @f slip resistance is designed at
service load),

me

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

F, = minimum bolt tension (proof load) at
installation and may be taken as

Anbf 0
A = net area of the bolt at threads, and
[, = proof stress (= 0.70 f,.).
NOTE — V. may be evaluated at a service load or ultimate
load using appropriate partial safety faciors, depending upon
whether slip resistance is required at service foad 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 caiculated as per bearing type connection
(se¢ 10.3.2 and 10.3.3).

MNOTE — 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 (7))
shali satisfy:



Toe = Tog/ Your

= nominal tensile strength of the friction boli,
calculated as:

0.9 fip Aw S0 AU’ Vo)

-}
1}

where

S = ultimate tensile stress of the boit;

A, = net tensile stress area as specified in
various parts of 1S 1367 (for bolts where
the tensile stress area is not defined, A,,
shall be taken as the area at the root of
the threads);

A =shank area of the bolt; and
Y. = partial factor of safety.

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

(Clause 10.4.3)

| Treatment of Surface Coefficient
No. of Friction,
He
) ) (3)
i) Surfaces not treated 0.20
it} Surfaces blasted with short or grit with 0.50
any loose rust removed, no pitting
ii}  Surfaces biasted with shot or grit and ]
hot-dip galvanized

iv)  Surfaces blasted with shot or grit and 0.25
spray-metallized with zinc (thickness

SO-70 zam)
v}  Surfaces blasted with shot or grit and 0.30
painted with ethylzine silicate coat
(thickness 30-60 san)
vi)  Sand blasted surface, after light rusting 0.52
vii)  Surfaces blasted with shot or grit and 0.30

painted with ethylzinc silicate coat
{thickness 60-80 zm)

viii})  Surfaces blasted with shot or grit and 0.30
painted with alcalizinc silicate coat
{thickness 60-80 tan)
ix) Surface blasted with shot or grit and 0.50
spray metallized with aluminium
{thickness > 50 tm)
x)  Clean mill scale 0.33
xi}  Sand blasted surface .48
xit)  Red lead painted surface 0.1

10.4.6 Combined Shear and Tension

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

2 2
[Z-’—} + [I‘—) < 1.0
Vor Ty
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where

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

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

T, = design tension strength.

10.4,7 Where prying force,  as illustrated in Fig. 16
is significant, it shall be calculated as given below and
added to the tension in the bolt,

bt
0=b [Te LA
2L 2711
where

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

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

L =11 Bt
5y
where

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

n =15

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

f, = proof stress in consistent units, and

t = thickness of the end plate.

il
| —
B ' VA
s |
CATE] | ¥ )
"
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Fi6. 16 CoMBINED PrYING FORCE AND TENSTON
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10.5 Welds and Welding
10.5.1 General

Requirements of welds and welding shall conform to
IS 816 and IS 9395, as appropriate.

10.5.1.1 End returns

Fillet welds terminating at the ends or sides of parts
should be returned continvously 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 1s 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.

10.5.1.3 A single fillet weld should not be subjected to
motnent about the longitudinal axis of the weld.

16.5.2 Size of Weld

10.5.2.1 The size of normal fillets shall be taken as the
minimum weld leg size. For deep penetration welds,
where the depth of penetration beyond the root run is
a minimam 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 filiet welds shall not be less than
3 mm. The minimum size of the first run or of a single
run fitlet 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 Throar Thickness
10.5.3.1 The effective throat thickness of a filiet weld

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

Table 21 Minimum Size of First Run or of a
Single Run Fillet Weld

(Clause 10.5.2.3)

sl Thickness of Thicker Part Mintmum Size
No. mm mtn
- — —ﬂ\-.__—__._‘\
Over Up to and
Including
(1) (2) ) 4)
i) - 10 3
i} 10 20 5
iii} 20 32 6
iv) 32 S0 8 of first 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 10 the thickness of the thinner
part. The thicker part shall be adequately preheated to prevent
cracking of the weid.

2 Where the thicker part is more than 50 mm thick, special
precautions 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 buti weld shall 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 common 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 titmes 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
iess than four times the size of the weld.

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

Angle Between Fusion Faces 60°—00°

Constant, K 0.70

a1°-100°

.65

101°--106° 107°-113° I14°.‘—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.

10.5.5 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 temes 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 §14.

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, £, shall be based on
its throat area and shall be given by:

fwd =fwn ! me

where

fwn = fu/‘/a‘

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

Yow = partial safely factor (see Table 5).

10.5.7.1.2 But 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 piug 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 ¥, of £.5.

10.5.7.3 Long joints

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

0.2
=1.2-—<1.0
P 1501,
where
I, = length of the joint in the direction of the
force transfer, and
t, = throat size of the weld,

10.5.8 Fillet 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
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 meiting 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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1.5 mm SPECIFIED
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Fic. 17 FILLET WELDS ON SQUARE EpGE oF PLatE or Rounp Toe oF ROLLED SECTION

18A Desirable

18B Acceptable because of
Full Throat Thickness

18C Not Acceptable because of
Reduced Throat Thickness

Fig, 18 FurL Size FiLLer WeLD AepLieD To THE BDGE OF A PLATE OR SECTION

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

P
fora=iy,
where

f, = calculated normal stress due to axial force,
in Nfmm?;

g = shear stress, in N/mm?,

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

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

I, = 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:
S
A A
V3.0,

where
f. = normal stresses, compression or tension, due
to axial force or bending moment
(see 10.5.9), and
= shear stress dus 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
flange plates, and
b) fillet welds where sum of normal and shear

stresses does not exceed /., (see 18.5.7.1.1).
10.5.10.2 Butt welds

10.5.10.2.1 Check for the combination of stresses in
butt welds need nat be carried out provided that:

a) butt welds are axially loaded, and

b} in single and double bevel welds the sum of
normal and shear stresses does not exceed the
design normal stress, and the shear stress does
not exceed 50 percent of the design shear
stress.

18.5,10.2.2 Combined bearing, bending and shear

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

L= ARAR+] f 43¢

where
f. = equivalent stress;
S, = calculated stress due to bending, in N/mm?;
fir = calculated stress due to bearing, in N/mm?;
and
g = shear stress, in N/mm?,
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10.5.11 Where a packing is welded between two
members and is less than 6 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,
Required deformations in the elements of the
connections are within their deformations
capacities,

All elements in the connections and the
adjacent areas of members shall be capable
of resisting the design action effects acting
on them, and

b)

)
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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 flexibie 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 chall 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 instatiation 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}
b)

the design action in the member; and

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

20 Connections 1o beam in simple
construction — a shear force of at least
0.15 times the member design shear
capacity or 40 kN, whichever is lesser

Connecrions ar the ends of tensile or
compression member — a force of at least
0.3 times the member design capacity

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

Splices in members subjected to axial
compression — for ends prepared for full
contact in accordance with 17.7.1, it shalt
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 hold ail 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 least 0.3 times the
member design capacity in axial
compression.

In addition, splices located between
points 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)/1 000

where, [ is the distance between points
of effective lateral support,

3

4)

3)
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0) 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 fotrce with respect to the centroid
of the group.

Splices in members subject to combined
actions — a splice in a member subject
to a combination of design axial tension
ot design axial cornpression 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

7

Members or components meeting at a joint shall be
arranged to transfer the design actions 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 resuit due to
eccentricity.

The disposition of fillet welds to balance the design
actions about the centroidal 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 shali 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.

10.10 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 analysis

The design force in a bolt/weld or design force per
unit length in a bolt/weld group subject to in-plane
loading 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 subjeci 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 centroid 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 potnt in the group shall be
assumed to act at right angles to the radius
from that point to the instantaneous centre,
and shall be taken as proportional to that
radius.

10.11.2 Boli/Weld Group Subject to Out-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 length in the fillet weld group subject to out-
of-plane Joading shal! 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.

b) 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 bolt group plates in
the compression side of the neutral axis
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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 area.

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 group shall be considered
in isolation from the connected element;
for the calculation of centroid and second
moment of the weld length.

10.11.2.2 Aliernative analysis

2)

3)

The design force per uait length in a fillet weld/bolt
group may alternatively 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
in 10.11.1 and 10.11.2.

10.11.3.2 Alternarive 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.

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.

10.12.2 In the case of angle members, the lug angles
and their coninections 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
fug 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 Jug 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
suppertting 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 11
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 used 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 aleng with dead load alone).

11.2 Tension Members
11.2.1 Actual Tensile Stress

The actual tensile stress, f, 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:

Actual tensile stress, f,= T,/A,

The permissible stress, f, 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
Ju=069T, /A,
2y  Angles under tension
fa=069T, /A
c) As governed by block shear
fu=069T, /A,

where

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

A, = gross area,

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

Ty = design block shear strength in
tension of respective platefangle
calculated in accordance with 6.4,

11.3 Compression Members
11.3.1 Actual Compressive Stress

The actual compressive stress, f, at working (service} load,
P, of a compression member shall be less than or equal o
the permissible compressive stress, £, as given below:

Actual compressive stress, f, = P /A,

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

where
A, = effective sectional area as defined in 7.3.2,
and
fua = 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, ¢, shall be calculated as:

r, = 3w (@-03p7)/f,
where

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



a, b= larger and smaller projection of the slab base
beyond the rectangle circumscribing the
column, respectively; and

S, = permissible bending stress in column base
equal to 0.75 £,
11.3.4 Angle Struts

Provisions of 7.5 shall be used for design of angle
struts, except that the limiting actual stresses shall be
calculated 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
in 11.3.1.

11.4 Members Subjected to Bending
11.4.1 Bending Stresses

The actual bending tensile and compressive stresses,
For Jo 2t working (service) toad moment, M, of a
bending member shall be less than or equal to the
permissible bending stresses, fo,. fope respectively, as
given herein. The actual bending stresses shall be
calculated as:

fbc'_' Ms/zec and o= Ms/zet

The permissible bending stresses, f,, 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

« fipe OF fi0, = 0.66 f,
2Y  Semi-compact sections

S OF i, = 0.60 £
b) Laterally unsupported beams subjected 1o
major axis bending:
Je=060M,/Z,
F=0.60M,/Z,
¢) Plates and solid rectangles bending about
minor axis:

fioe=Fin =075,
where

Z,., Z.= elastic section modulus for the
cross section with respect to
extreme compression and tension

fibres, respectively;

J, = yield stress of the sect; and

M, = design bending strength of a
laterally unsupporied beam bent
about major axis, calculated in
accordance with 8.2.2.

IS 800 : 2007

11.4.2 Shear Stress in Bending Members

The actual shear stress, 1, at working lead, V| of a
bending member shall be less thant or equal to the
permissible shear stress, T, given below:

Actual shear siress, T, =V, /4,
The permissible shear stress is given by:
a) When subjected pure shear:
T =040F,
b) When subject to shear buckling (see 8.4.2.1):
1,=070V, /A,
where
v, design shear strength as given in 8.4.2.2 (a), and
A

I

v shear area of the cross-section as given
in8.4.1.

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

Reduction 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
e ook, Sl g T gy

LT
Y afwy f aher

C
—‘f5—+0.6KY——'5’—£"5’—+K2£-"‘J+"°‘51.0

f [0 abey ahcy
where

Cpy, Cm = €quivalent uniform moment
factor as per Table 18,
f. = applied axial compressive stress
under service load,
Jooy Joor = 2pplied compressive stresses
due to bending about the major
(y) and minor (z) axis of the
member, respectively,
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JaepJaz = allowable axial compressive
stress as governed by buckling
about minor (y} and major (z)
axis, respectively,

allowable bending compressive
stresses due to bending about
minor (¥} and major (z} axes of
the cross-section (see 11.4),
1+ ().y— 02)n,s1+08n,
1+(A,-02n,<1+08n,

fabcy-fabcz =

O.1A . n,

1 -2
(le.'r _0'25)

0.1n,
(Cmu - 0'25) '

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

CMLT
A = non-dimensional slenderness
ratio (see 8.2.2).

b)  Member strength requirement

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

S +£+&51.0
06f, foy Jfi

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:

L T
Ju

+-f-"-i51.0
bty abz

where

Sy Sinz = permissible tensile stresses under
bending about minor (y) and major (z)
axis when bending alone is acting, as
gtven in 11.4.1.

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 O.ny

fo= R R 3

where
T = actual shear stress,
f. = actual tensile stress,
f, = yieldstress, and
f, = actual bearing stress.

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

11.6 Connections

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

11.6.2 Aciual Stresses in Fasteners

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

The actual stress in bolt in shear, f, = Vi, /A,

The permissible stress in bolt in shear, f,, = 0.60
Vnsh/Asb

where
Vs = 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,
fiw should be less than or equal to the permissible
bearing stress of the bolt/plate, £, as given below:

Actual stress of bolt in bearing on any plate,
T =Vl Ay
The permissible bearing stress of the bolt/plate,
S =060V A,
where

Vi = nominal bearing capacity of a bolt on any
plate as given in 10.3.4, and

Ay, = nominal bearing area of the bolt on any plate.

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

Actual tensile stress of the bolt, fy =T,/ A,



The permissible tensile stress of the bols,
fath = 0.60 Tnh/Asb

where
7. = tension in bolt under working (service) load,
T,. = design tensile capacity of a bolt as given in
10.3.5, and
A, = nominal plain shank area of the bolt.

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

The permissible stress of the weld, £, =0.6 f,,

where

o

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 £, and f,, then the
expression given below should satisfy:

414
S Juo

fuf» = actual shear and tensile stresses
respectively, and

1.0

where

fuwo [y = permissible shear and tensile stresses
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:

fu=04f,

11.6.3.2 Actual stresses in the butt welds shall be less
than the permissible stress as governed by the parent
metal welded ogether.

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 accommeodate the resuiting deformation
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without premature failure.

12.2 Load and Load Combinations

12.2.1 Earthquake loads shall be calculated as per
1S 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 toad combination 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) + 0.5 Live Load (LL) &
2.5 Earthguake Load (EL); and

b} 0.9 Dead Load (DL) = 2.5 Earthquake 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
Sl Lateral Load Resisting System R
No.
)] ) (3)
i) Braced Frame Systems:
a}  Ordinary Concentrically Braced Frames 4
(OCBF)
by  Special Concentrically Braced Frame 45
(SCBF)
¢}  Eccentrically Braced Frame (EBF) 5
i)y  Moment 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 bolts.

12.4.2 All welds used in frames designed to resist
earthquake loads shall be complete penetration buit welds,
except in colurn 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 f 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 I).

Prn=121A, P2 1.21,A,

i {

F1G. 20 PArTIAL PENETRATION GROOVE WELD IN
COLUMN SPLICE

12.7 Ordinary Concentrically Braced Frames
(OCBF)

12.7.1 Qrdinary concentrically braced frames (OCBF)
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 shall
not be used in seismic zones IV and V and for buildings
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with importance factor greater than unity (f > 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 resisi
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 directicn,
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, compact
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 0.4 times the governing
slendemess ratio of the brace itself. Bolted connections
shall be avoided within the middie one-fourth of the
clear brace length (0.25 times the length in the middle).

12.7.2.6 The bracing members shall be designed so that
gross area yielding (see 6.2) and not the net area rapture
(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 following:
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.

c)

12.7.3.2 The connection should be checked for tension

rupture and block shear under the load determined
in 12.2.3.1.

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 (SCBF)
should be shown to withstand inelastic deformation



comresponding 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 [S 1893 (Part 9]
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
coimpression 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 shall 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 shall 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 designed 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) Atensile force in the bracing equal to L.ifA
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
in 12.8.3.1.

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 a joint 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 IV and V and for buildings
with importance factor greater than unity (f >1.0) in
seismic zone III.

12.10.2 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 t0 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.

12.10.2.2 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 shall 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.
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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.

12.11 Special 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-ito-Column Joints and Connections

12.11.2.1 All 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 connection shall be designed to
withstand a shear resulting from the load combination
1.2DL + 0.5LL plus the shear resulting from the
application of 1.2M in the same direction, at each end
of the beam (causing double curvature bending). The
shear strength need not exceed the required value
corresponding o 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:

t2(d,+b,)/90

where
r = 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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FiG. 21 CoNTiNUITY PLATES

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:

My

X My

whare

ZMPc = sum of the moment capacity in the
column above and below the beam
centreline; and

ZMW = sum of the moment capacity in the
“beams 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
in12.2.3.

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 column section.
The anchor bolis 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
agajnst fatigue as given in this section. This shall
however not cover the following:

a)
b)
<}
d)
€)
f)

Corrosion fatigue,

Low cycle (high stress) fatigue,

Thermal fatigue,

Siress 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-¥ curves for each detail category are
given for the fellowing 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 struciure.
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
reguiar inspection.

Structure is exposed to only mildly corrosive

b)

¢)
d)

€)
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environment as in normal atmospheric
condition and suitably protected against
corrosion {pit depth < I 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)

£)

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 y, when
plates greater than 25 mm in thickness are joined
together by transverse fillet or buwt welding, given by:

p, = (2545 < 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 throngh 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 10 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 fatigne 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
(K1/r), 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 coumting’ 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:

FE Mg
or if the actual number of stress cycles, Ng. satisfies

k]
/
Ny < 5%10° [31-1“1]
Ymf
where

Yor, Yire = partial safety factors for strength and
load, respectively (see 13.2.3), and
J = actual fatigue stress range for the detail.

Table 24 (a) Multiplying Factors for Calculated

Stress Range (Circular Hollow Sections)
{Clause 13.2.2.1)

13‘: Type of Connection Chords Verticals Diagonsls

(1) {2) 3) (4} (5)

iy Gap K type 1.5 1.0 1.3
comnections LN type 1.5 1.8 1.4

ity Overlap { K type 1.5 (.0 1.2
connections | Ntype  I.5 165 125

Table 24 (b} Multiplying Factors for Calculated
Stress Range (Rectangular Hollow Sections)
{Clause 13.2.2.1)

Chords Verticals Diagonais

sl Types of Joint

No.

M @) (3) (4) (5)

i) Gap K type 1.5 1.0 1.5
connections N type 1.5 22 16

iy Overlap K type 1.5 1.0 13
conrechions | Niwpe 1.5 20 L4

13.2.3 Partial Safety Factors

13.2.3.1 Parrial safety factor for actions and their
effects (¥}

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 Fartial 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/detait 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 (y,,,)
(Clause 13.2.3.3)

SINo.  Inspection and Access  Consequence of Failure
-
L ™
Fail-Safe  Non-fail-Safe
1) (2) 3) 4
i}  Periodic inspection, mainte-
nance and accessibility o 1.00 1.25
detail is good
ii)  Periodic inspection, mainte-
nance and accessibility to  1.15 1.35

detail is poor

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/for 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 matertal in the heat affected
zone.

b)



13.4 Fatigue Strength

The fatigue strength of the standard detail for the
normal or shear fatigue stress range, not corrected for
effects discussed in 13.2.1, is given below (see also
Fig. 22 and Fig. 23):

a) Normal stress range
when Ng.<5x 10

fi=Fa %fol_{)6 /N

when 5% 10,8 Ny s 108
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£ = £, 35%10° 1 Ny

b) Shear stress

T, =1, 5X10°/ Ny
where

Jp %, = design normal and shear fatigue stress
range of the detail, respectively, for
life cycle of Ny, and

Sirs %o = nommal and shear fatigue strength
of the detail for 5 x 10° 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)

L] Detail

Constructional Details

No. Category

IHustration (see Note) Description
) 2) )] )
Rolled and extruded products
% i) Plates and Mats (1)
i1) Rolled sections {2}
) iii) Seamless tubes (3}
i} 118 Sharp edges, surface and rolling flaws to be

\ @ removed by grinding in the direction of applied
© @ siress,

ii} 103

Bolted connections

{4) and (5): Stress range calculated on the
gross section and on the net section,
Unsupponied  one-sided  cover  plate
connections shali be avoided or the effecy of
the eccentricity taken into account in
calcufating stresses

Material with gas-cut or sheared edges with no
draglines
(6): All hardened material and visible signs
of edge discontinuities to be removed by
machining or grinding in the direction of
applied stress.

iii) 92

Material with machine gas-cut edges with
draglines or manual gas-cut material

{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 atd direction of the stresses acting in the basic material for which the stress range is o 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

(Clanses 13.2.2.1 and 13.3)

|
Neo.

)

Detail
Category

2)

Constructional Details

[llustration (see Note)
3

Description
4}

92

Welded plate I-section and box girders with
continuous longiteding) welds

(8) & (9) : Zomes of continuows automatic
longitudinal fillet or butt welds carried out from both
sides and all welds not having un-repaired stop-start
positions.

ii)

83

Welded plate I-section and box girders with
continuous longitudinat welds

(10} & (11) : Zones of continuocus sutomatic butt
welds made from one side only with a continuous
backing bar and all welds not having un-repaired
stop-start positions.

(12) : Zones of continuous longitdinal filler or butt
welds carried out from both sides but containing
stop-start  positions. Fer continuous manual
longitudinal fillet or butt welds carried out from both
sides, use Detail Category 92.

ii1)

66

{13

Welded plate I-section and box girders with
continuons longitudinal welds

(13) : Zones of continuous longitudinal welds carried
out from one side only, with or without stop-start
positions.

i)

59

(14}

Intermittent longitndinal welds

(14} : Zones of intermittent longitudinal welds

v}

52

Intermiitent tongitudinal welds

{}5) : Zones containing cope holes in longitudinally
welded T-joints. Cope hole not to be filled with
weld.

i)

83

(16) (1N

—_ S~

13

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,

(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 frec 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 <4
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Table 26 (b) {Continued)

|
Na.

(1)

Detail
Category

2

Constructional Details

Mustration (see Note)

(3

Description
4)

vii)

% i
{19
(20}

< (™

Cer—
ey,

&n

Transverse butt wekds {complete penetration)

Welds 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.

(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 thickness where the taper is < 1:4.

viii)

59

1:4 < TAPER
125
&

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

W o] E

210mm

Transverse butt welds (complete penetration)

{23) : Transverse butt-welded splices made on 3
backing bar. The end of the fillet weld of the backing
strip shall stop short by more than 10 mm from the
edges of the stressed pilale.

(24) : Transverse butt welds as per (23) with taper on
width or thickness <1:2.5.

x)

37

Transverse buit welds (complete penetration)

(25) : Transverse buit welds as in (23} whete fillet
welds end closer than 10 mm to plate edge.

%)

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
< (.15 times the thickness of intermediate plate.

Xii}

4] 2n

27 |es

2n a8

{27) : Partial penetration or fillet welds with stress
range calculaied on plate area,

(28) : Partial penetration or fillet welds with stress
range calculated on throat area of weld.

i}

46

STRESS AREA
OF 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 caleulated on the basis of area shown in the
illustration.
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Table 26 (b) (Concluded)
s1 Detail Constructional Details
Ne. Category [iustvation (see Note) Description
h (2) (3) )
Overlapped weld joints
| o "%r'!ﬂ (30) : Fillet welded lap joint, with welds and main

plate both having a design capacity greater than the
o, ovetlapping elemens.

{31) : Fillet welded lap joint, with main plate and

xv) 33 143N 30 & {31) overlapping elements both having a design capacity

greater than the weld.
66 (32) 33) £ iw Welded attachments (non-load carrying welds) —

— 173 < r/b Longitudinal welds
> {30 mm — N, (32) : Longitudinal fillet welds. Class of detail varies
52 50<7 <100 mm | 1/6 < r/b <1/3 according to the length of the attachment weld as

. 37 100 ram </ — “3 noted.
i) ' {33) : Gusset welded to the edge of a plate or beam
flange. Smooth transition radivs (#}, formed by
T machining or flame cutting plus grinding. Class of
3 — /B detail varies according to /b ratio as noted.
33 r/b<l/6 .
(23

Welded attachments
xvii) 59 {34) : Shear connectors on base material (failure in

base material).

Tt Transverse welds

512 mm . {35) : Transverse fillet welds with the end of the
weld =10 mm from the edge of the plate.

59

(36) : Vertical stiffeners welded to a beam or plate
(@sy girder flange or web by continuous or intermittent
welds, In the case of webs camying combined
2 bending and shear design actions, the fatigue
sviii} strength shall be determined using the stress range of
the principal stresses.

52 t> 12 mm 210mm (37) : Diaphragms of box girders welded to the
flange or web by contintious or intermitient welds.

[ OF by

37 <25 mm

Cover 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 a
reinforcing plate wider than the flange, an end weld
is essential.

xix) fiof fp
27 =25 mm

Welds loaded in shear

(39) : Fillet welds transmitting shear. Stress range to

) &7 be calculated on weld throat area.

{40) : Stud welded shear connectors (failure in the
weld) loaded in shear (the shear stress range to be

(40} . )
9 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)

Sl Constructional Detaits
No Detail Category

[ustration (vee Note) Description

(m (2} )] £}

Bolts in shear (8.8/TB bolting category only)

L ] (41} : Shear stress range calcufated on the
minor diameter area of the bolt (4.).
g ———
NOTE — If the shear on the joint is
i) 83 ] insufficient to cause slip of the joint the
~—— shear in the bolt need not be considered in
L:- fatigue.

“

Bolis and threaded reds in temsion (tensile
stress to be calcnlated on the tensile stress
area, A))

[ ) (42) : Additional forces due to prying effects
D shall be taken into account. For tensional bolts,

the stress range depends on the connection

geomelry.
NOTE -— In connections with tensioned
bolts, the change in the force in the bolts is
often less than the applied force, but this
effect is dependent on the geometry of the
connection. It is not normally required that
any allowance for fatigue be made in

(42) caleulating the required number of bolts in

such connections.

ii) 27 ——-|
+

NOTE — The arrow indicates the location and direction of the siresses acting in the basic material for which the stress range is 1o be
calculated on a plane normal to the arrow,
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Table 26 (d) Detail Category Classification, Group 4
Welded Details in Hollow Sections
(Clause 13.2.2.1 and 13.3)

St Detail Category Constructional Details
Ne. Hustration (see Note) Description
n @ (3) )
103 Continuous automatic longitadinal welds
(43) : No stop-starts, or as manufactured, proven free to
. © \ detachable discontinuitics.
' )
(43}
66 Transverse butt welds
{r2 3 mm) (44) : Butt-welded end-to-end connection of circular

. 52 holiow sections.

i (<8 mm) NOTE — Height of the weld reinforcement fess
than 10 percent of weld with smooth transition to
the plate surface. Welds made in flat position and
proven free to detachable discontinuities.

52 (45) : Butt-welded ¢nd-te-end connection 6f rectangular

i) (t =8 mm) hollow sections

16

4
{+ < B mm} 45)
4] Buit welds to intermediate plate
{128 mm) (46) : Circular hollow sections, end-to-end butt-welded
iv) a7 with an intermediate plate.
{1 < 8 mm)
37 (47) Rectangular hollow sections, end-to-end buft
(¢ > 8 mm) EID Dl welded with an intermediate plate
v) '
30 {4
(1 < & mm) n
52 Welded attachments (non-load-carrying)
(48) : Circular or rectangular hollow section, fillet
welded to another section. Section width paraliel 1o
vi) stress direction <100 mm,
‘_l L§ECTION WIDTH
< 100mm
(48)
33 Fillet welds to intermediate plate
. (< 8 mm) E (49) : Circular hollow sections, end-to-end fillet welded
vii) 29 with an intermediate plate.
{t < & mm) {49}
28 (50) : Rectangular hollow sections, end-to-end fillet
(¢ 2 8 mm) i welded with an intermediate plate.
viii) 27 L
(t< % mm)
{50)

NOTE — The arrow indicates the location and ditection of the stresses acting in the basic material for which the stress range is to be
calcutated on a plane normal to the ammow,
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13.5 Fatigue Assessment

The design fatigue strength for Ny life cycles (fiy, Tey)
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 106 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
(f,» ©,) for the material under cyclic loading.

13.5.2.2 The maximum stress range shall not exceed

1.5 f, for normal stresses and 1.5 f,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 Ny cycles in life
shall satisfy.

FEfa= S Yo

where
i, = correction factor (see 13.2.1),
Y, = 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 T, for n; number of cycles
(i =1 to r) are encountered, shall satisfy the following:

a) For normal stress {f)

1000
500
&
E 400
= 300
T
5 Stress range corresponding
200 & eyel
5 [ to 2x10°~ cycles
E ] |
[
W 100 11| 100
3 ~ 183 g
< = =
o 60 U =
m 7] TItHe | 1
~ 50 =] -
i T T ]
i 40 Detail category =y
3 (@
< 30
=t
20
1
$ 8 7 8
0 10 2 3 4 568 10 2 3 4 5 6 10 2 3 4 56 10
NUMBER OF STRESS CYCLES (Ng.)

Fig. 23 §-N CURVE FOR SHEAR STRESS
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$up So £
=1 + I=
k 3
leoﬁ(l’l‘f[n}’}'mn)‘ Sx}oﬁ(u‘ffn}ywnl’l)

b)

For shear stresses (T)

Z"i T, S5X10° (R T0 /Yo )5
i=1

where J; is the summation upper limit of all the
normal stress ranges (f,) having magnitude lesser
than (#, f5./ Vg Tor that detail and the lower limit of
all the normal stress ranges (f) having magnitude
greater than (u_ f{/¥.} for the detail, In the above
summation all normal stress ranges, f;, and t, having
magnitude less than 0.35u_ £, and 0.55y_ T;, 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 10 wind induced
oscillations of a large number of cycles

in life, and

4) Members subjected to crowd induced
osciltations 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;ﬁ Max < 2?"‘1: l]’m{t

The highest shear stress range T, .
satisfies

2)

rf‘ Max £ 67pc "met

3) The total number of actual stress cycles

N, satisfies

a
27
Ny <5x10° {—“—‘LJ
mel fegq
where
Jreq = €quivalent constant amplitude

stress range in MPa given by
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s 3 r S
Zﬂ-.fﬁ +3 njff]
iaf 1=y

n

fia =

where

¥
.

T

n=

i=1

Jus fy = steess ranges falling above and
below the f;, the stress range
corresponding to the detail at
5 x 108 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:

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;

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;
When confirmation is required on the
consistency of production of material,
components, members or structures originally
designed by calculations or testing; and
When the actual performance of an existing
structure capacity is in question, testing shall
be used to confirm it.

a)

b)

c)

d)

e)

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.



b)  Prototype testing — Testing of structures, sub-
structures, members or connections is done
to ascertain the structural characteristics of a
class of such structures, sub-structures
members or connection, which are nominally
identical to the units tested.

14.2 Types of Test
14.2.1 Acceptance Test

This is intended as a non-destructive test for confirming
structural performance. It should be recognized that
the loading applied to certain structures might cause
permanent distortions. Such effects do not necessarily
indicate structural failure in acceptance test. However,
the possibility of their occurrence should be agreed to
before testing.

The load for aceeptance test, Fioy o shall be determined
from:

Flest.a = (1.0 x self weight) + (1.135 x remainder
of the permanent load) + (1.25 x variable
load).

The assembly shall satisfy the following criteria:

a) It shall demonstrate substantially linear
behaviour under test loading, and

b) On removal of the test load, the residual
deflection shall not exceed 20 percent of the
maximum-recorded deflection.

If the above criteria are not satisfied the test may be
repeated one more time only, when the assembly shall
satisfy the following criteria:

a) It shall demonstrate substantially linear
behaviour on the second application of test
loading, and

b) Corresponding recorded residual deflection
in the second test shall not exceed 10 percent
of the maximum deflection during the test.

14.2.2 Strength Test

Strength test is used to confirm the calculated resistance
of a structure or component. Where a number of items
are to be constructed to a common design, and one or
more prototypes are tested to confirm their strength,
the others may be accepted without any additional test,
provided they are similar in all relevant respects to the

prototype.

Before carrying out the strength test, the specimen
should first be subjected to and satisfy the acceptance
test. Since the resistance of the assembly under test
depends on the material properties, the actual yield
strength of all the steel materials in the assembly shall
be determined from coupon (test piece as defined in
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IS 1608) tests . The mean value of the yield strength,
fym, taken from such tests shall be determined with due
regard to the importance of cach element in the
assembly. The strength test load Fieq, < (including self
weight) shal! be determined from:

Flest.s = Vi Fd (f;fmm')
where
J, = characteristic yield stress of the material as
assumed in the design,

factored design load for the ultimate limit
state, and

Fy

it

Y. = partial safety factor for the type of failure,
as prescribed in this standard.

At this load there shall be no failure by buckling or
rupture of any part of the structure or component tested.
On removal of the test load, the deflection should
decrease by at least 20 percent of the maximum
deflection at Fieq, .

14.2.3 Tesr to Failure (Ultimate Strength Test)

The objective of a test to failure is to determine the
design resistance from the ultimate resistance. In this
situation it is still desirable to carry out the acceptance
and strength tests, before test to failure.

Not less than three tests shall be carried out on
nominally identical specimens. An estimate should be
made of the anticipated ultimate resistance as a basis
for such tests. During a test to failure, the loading shall
first be applied in increments up to the strength test
load. Subsequent load increments shall then be
determined frem consideration of the principal load
deflection plot. The test load resistance, Ficqr shall be
determined as that load at which the specimen is unable
to sustain any further increase in load. At this load,
gross permanent distortion is likely to have occurred
and in some cases such large gross deformation may
define the test limit. If the deviation of any individual
test result exceeds 10 percent of the mean value
obtained for all the three tests, at least three more tests
shall be carried out. When the deviation from the mean
does not exceed 10 percent of the mean, the design
resistance may be evaluated as given below:

a) When the failure is ductile, the design
resistance, F, may be determined from:

Fy=0.9F oo minl Sylfym) Yo
where
Floq min = minimum test result from the tests
to failure,

Jum = average yield strength as obtained
from the material tests, and
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f, = characteristic yield stress of the
grade of steel.

In the case of a sudden (brittle) rupture type
failure, the design resistance may be
determined from:

Fy=09F o vinl o { Yo
where

S

b)

characteristic ultimate stress of the
grade of steel used, and

average ultimate tensile strength of
the material obtained from tests.

In the case of a sudden (brittle) buckling type
failure, the design resistance shall be
determined from:

Fy=075F uup sl Sl o) Yo

In ductile buckling type failure in which the
relevant slendemess A can be reliably assessed,
the design resistance may be determined from:

Jom

1l

¢)

d}

F, =09F

s, Min

[, /% Sym } Yo
where

X reduction factor for the relevant

buckling curve, and

value of x when the yield strength
i e '

14.2.4 Check Tests

I}

o

Where a component or assembly is designed on the
basis of strength tests or tests to failure and a production
ran is carried out of such items, an appropriate number
of samples (not less than two) shall be selected from
each production batch at random for check tests.

14.2.4.1 The samples shall be carefully examined to
ensure that they are similar in all respects to the
prototype tested, particular attention being given to the
following:

a) Dimensions of components and connections;
b) Tolerance and workmanship; and

¢) Quality of steel used, checked with reference
to mill test certificates.

14.2.4,2 Where it is not possible to determine either
the variations or the effect of variations from the
prototype, an acceptance test shall be carried out as a
check test.

14.2.4.3 In this check test, the deflections shall be
measured at the same positions as in the acceptance
test of the prototype. The maximum measured
deflection shall not exceed 120 percent of the deflection

recorded during the acceptance test on the prototype
and the residual deflection should not be more than
105 percent of that recorded for the prototype.

14.3 Test Conditions

a) Loading and measuring devices shall be
calibrated in advance.

b) The design of the test rig shall be such that:

1) Loading system adequately simulates the
magnitude and distribution of the
loading; :

It allows the specimen to perform in a
manner representative of service
conditions;

Lateral and torsional restraint, if any,
should be representative of those in service;
Specimen should be free to deflect under
load according to service condition,;
Loading system shall be able to follow
the movements of the specimen without
interruption or abnormal restraints; and

2)

3)
4)

5)

6) Inadvertent eccentricities at the point of
application of the test loads and at the

suppotts are avoided.

Test load shall be applied to the unit at a rate
as uniform as practicable.

Deflections should be measured at sufficient
points of high movements to ensure that the
maximum value is determined.

If the magnitude of stresses in a specimen is
to be determined, the strain at the desired
location may be measured and the
corresponding stress calculated.

Prior to any test, preliminary loading (not
exceeding the characteristic values of the
relevant loads) may be applied and then
removed, in order to set the test specimen on
to the test rig.

c)

d)

€}

14.4 Test Loading

14.4,1 Where the self-weight of the specimen is not
representative of the actual permanent load in service,
allowance for the difference shall be made in the
calculation of test loads to be applied.

14.4.2 On the attainment of maximum load for either
acceptance or strength tests, this load shall be

‘maintained for at least 1 h. Reading of load and
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deflection shall be taken at intervals of 15 min and the
loading shall be maintained constant until there is no
significant increase in deflection during a 15 min period
of until at least 1 h has elapsed.

14.4.3 The test load shall be equal to the design load
for the relevant limit state in proof testing.



14.4.4 The test load in prototype testing shall be equal
to the design load for the relevant limit state as
multiplied by the appropriate factor given in Table 27.

Table 27 Factors to Allow for Variability of

Structural Units
Sl No. of Similar For Strength For
No. Units to be Tested Limit State Serviceability
Limit State

(1) 2) (3) 4

i 1 1.5 t2

ii} 2 1.4 1.2

ili) 3 1.3 1.2

iv) 4 1.3 i.1

v) 5 1.3 1.

vi) 10 1.2 1.t

14.5 Criteria for Acceptance
14.5.1 Acceptance for Strengrth

The test structure, sub-structure, member or connection
shail be deemed to comply with the requirements for
strength if it is able to sustain the strength test load for
at least 15 min.

It shall then be inspected to determine the nature and
extent of any damage incurred during the test. The
effects of the damage shall be considered and if
necessary appropriate repairs to the damaged parts
carried out.

14.5.2 Acceptance for Serviceability

The maximum deformation of the structure or member
under the serviceability limit state test load shall be
within the serviceability limit values appropriate to the
structure.

SECTION 15
DURABILITY

15.1 General

A durable steel structure is one that performs
satisfactorily the desired function in the working
environment under the anticipated exposure condition
during its service life, without deterioration of the cross-
sectional area and loss of strength due to corrosion. The
material used, the detailing, fabrication, erection and
surface protection measures should all address the
corrosion protection and durability requirements.

15.2 Requirements for Durability

15.2.1 Shape, Size, Orientation of Members,
Connections and Details

The design, fabrication and erection details of exposed
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structures should be such that good drainage of water
is ensured. Standing pool of water, motsture
accumulation and rundown of water for extended
duration shall be avoided.

The details of connections should ensure that:

a) Allexposed surfaces are easily accessible for
inspection and maintenance; and

b} All surfaces, not so easily accessible are
completely sealed against ingress of moisture.

15.2.2 Exposure Condition

15.2.2.1 General environment

The general environment, to which a steel structuare is
exposed during its working life is classified into five
levels of severity, as given in Table 28.

Table 28 Environmental Exposure Conditions

Sl
Neo.

)
iy Mitd

Environmental
Chlassifications

{(2)

Exposure Conditions

)

Surfaces normally protected against
exposure to weather or aggressive
condition as in interior of buildings,
except when located in coastal areas

i) Moderate Structural steel surfaces:

a) exposed to condensation and rain
b) continuously under water

c) exposed to non-aggressive soil/
groundwater

sheltered from saturated salt air in
coastal areas

Structural steel surfaces:

a) exposed to severe frequent rain

b} exposed to alternate wetting and
drying

¢) severe condensation

d} completely immersed in sea water

€) exposed to saturated salt air in

coastal area

Structural steel surface exposed to:

a)  sea water spray

b) corrosive fumes

€)  aggressive sub soil or ground water

Structural steel surfaces exposed io:

a}  tidal zones and splash zones in the
sea

b)  aggressive liguid or solid chemicals

d)

iii) Severe

iv} Very severe

v} Extreme

15.2.2.2 Abrasion

Specialist literature may be referred for durability of
surfaces exposed to abrasive action as in machinery,
conveyor belt support system, storage bins for grains
or aggregates.
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15.2.2.3 Exposure to sulphate atrack

Appropriate coatings may be used when surfaces of
structural steel are exposed to concentration of
sulphates (SO,) in soil, ground water, etc.

When exposed to very high sulphate concentrations
of more than 2 percent in soil and 5 percent in water,
some form of lining such as polyethylene,
polychloroprene sheet or surface coating based on
asphalt, chlorinated rubber, epoxy or polymethane
maierial should be used to completely avoid access of
the solution to the steel surface.

15.2.3 Corrosion Protection Methods

The methods of corrosion protection are governed by
actual environmental conditions as specified in 15 9077

and IS 9172. The main corrosion protection methods
are given below:

a) Controlling the electrode poiential,
b) Inhibitors, and

¢) Inorganic/metal coatings or organic/paint
systems.

15,2.4 Surface Protection

15.2.4.1 In the case of mild exposure, a coat of primer
after removal of any loose mill scale may be adequate.
As the exposure condition becomes more critical, more
elaborate surface preparations and coatings become
necessary. In case of extreme environmental
classification, protection shall be as per specialist
literature. Table 29 gives guidance to protection of
steelwork for different desired lives.

Table 29 {a) Protection Guide for Steel Work Application — Desired Life of Coating
System in Different Environments

Y Atmospheric Condition/ Coating System
No. Environmental Classification e
- T
I 3 4 5 &
) 2) 3) 5} 6) {n 3
i) Mormal intand (rural and urban 12 years 18 years 20 years About About Above
areas), mild 20 years 20 years 20 years
it} Polluted inland (high airbormne 10 years 15 years 12 years About 15-20 years  Above
sulphur dioxide), moderate I8 years 20 years
iii) Mormal coastal (as normal inland 10 years 12 years 20 years About Abowt Above
plus high airbomne salt levels), severe 20 years 20 years 20 years
iv) Polluted coastal (as polluted inland 8 years 10 years 10 years About 15-20 years  Above
plus high airborne salt levels), very 15 years 20 years

severe or extreme

Tabte 29 (b) (i) Protection Guide for Steel Work Application — Specification for Different Coating
System (Shop Applied Treatments)
(Clause 15.2.4.1)

Sl Protection Coating System
Ne. — e —_—
1 2 3 4 5 6
() ) 3) ) (3) (6) 9 (8)
i) Surface preparation Blast clean Blast clean Blast clean Blast clean Giirt biast Blast clean
iy Pre-fabrication Zinc phosphate 2 pack zinc-rich — 2 pack zinc-rich — Ethyl zinc
primer epoxy, 20 pm epoxy, 20 pm epoxy, 20 ym silicate, 20 pm
iii) Post-fabrication High-build zinc 2 pack zinc-rich  Hot dip 2 pack zinc-rich Sprayed zinc or  Ethyl zine
primer phosphate epoxy, 20 pm galvanized, epoxy, 25 um  sprayed silicate, 60 um
modified alkyd, 85 um aluminium
60 pm
iv} Intermediate coat — High-build zinc - 2pack epoxy  Sealer Chlortinated
phosphate, 23 pm micaceous iron rabber alkyd,
oxide 35 um
v] Topcoat —_— — — 2pack epoxy  Sealer —
micaceous iron
oxide, 85 pm
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Table 29 (b) (ii) Protection Guide for Steel Work Application — Specification for Different Coating
System (Site Applied Treatments)
(Clause 15.2.4.1)

Si Protection Coating System
Nao. e
_— —
1 2 3 4 5 6
{1 @) (3} 49 3) (6) N (8)
iy  Surface As necessary As necessary No site As necessary No site As necessary
prepatation treatment treatment
iy Primer Touch in Touch in — —_ — Touch in
i} Imermediate — Modified — Touch In -— High-build
coat Alkyd micaceous iron
Micaceous oxide
iron oxide, Chlorinated
30 um rubber
Micaceous,
75 pm
ivi Top coat High-build Modified — High-build — High-build iron
Alkyd finish, Alkyd chlorinated oxide Chlorinated
60pm Micaceous rubber tubber, 75 pm
iron oxide,
50 pm
15.2.4.2 Steel surfaces shall be provided with at least SECTION 16
one coat of primer immediately after its surface FIRE RESISTANCE
preparation such as by sand blasting to remove all mill
scale and rust and to expose the steel. 16.1 Requirements

15.2.4.3 Steel without protective coating shall not be
stored for long duration in cut door environment.

15.2.4.4 Surfaces to transfer forces by friction as in
HSFG connections shall not be painted. However it
shall be ensured that moisture is not trapped on such
surfaces after pretensioning of bolts by proper
protective measures.

15.2.4.5 Members to be assembled by welding shall
not be pre-painted at regions adjacent to the location
of such welds., However, after welding, appropriate
protective coatings shall be applied in the region, as
required by the exposure conditions. If the contact
surfaces cannot be properly protected against ingress
of moisture by surface coating, they may be completely
sealed by appropriate welds.

15.2.4.6 Pre-painted members shall be protected
against abrasion of the coating during transportation,
handling and erection.

15.2.5 Special Steels

Steels with special alloying elements and production
process to obtain better corrosion resistance may be
used as per specialist literature.
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The requirements shall apply to steel building elements
designed to exhibit a required fire-resistance level
(FRL) as per the relevant specifications,

16.1.1 For protected steel members and connections,
the thickness of protection material (h;) shall be greater
than or equal to that required to give a period of
structural adequacy (PSA) greater than or equal to the
required FRL.

16.1.2 For unprotected steel members and connections,
the exposed surface area to mass ratio (k) shall be
less than or equal to that required to give a PSA equal
to the required FRL.

16.2 Fire Resistance Level

The required FRL shall be as prescribed in IS 1641,
IS 1642 and IS 1643, as appropriate or in building
specifications or as required by the user or the city
ordinance. The FRL specified in terms of the duration
(in minutes) of standard fire load without collapse
depends upon:

a) the purpose for which structure is used, and
b) the time taken to evacuate in case of fire.
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16.3 Period of Structural Adequacy (PSA)
16.3.1 The calculation of PSA involves:

a) Calculation of the strength of the element as
a function of temperature of the element and
the determination of limiting temperature;
Calculation of the thermal response of the
element, that is calcutlation of the variation of
the temperature of the element or the parts of
the element with time, when exposed to fire;
and

Determination of PSA at which the

temperature of the element or parts of the
element reaches the limiting temperature,

b)

c)

16.3.2 Determination of Period of Structural Adequacy

The period of structural adequacy (PSA) shall be
determined using one of the following methods:

a) By calculation:

1) determining the limiting temperature of
the steel (7)) in accordance with 16.5 ;
and

determining the PSA as the time (in min)
from the start of the test to the time at
which the limiting steel temperature (7)
is attained, in accordance with 16.6 for
protected members and 16.7 for

unprotected members.
By direct application of a single test in
accordance with 16.8; or
By calculation of the temperature of the steel
member by using a rational method of
analysis confirmed by test data or by methods
available in specialist literature.

2)

b)

c)

16.4 Variation of Mechanical Properties of Steel
with Temperature

16.4.1 Variation of Yield Siress with Temperature

The influence of temperature on the yield stress of steel
shall be taken as follows for structures of mild steels
and high strength low alloy steels:

£0)
£,(20)

905-T
905

£1.0

where

FAD) = yield stress of steel at T°C,

£,(20) = yield stress of steel at 20°C (room
temperature), and

T = temperature of the steel in °C,
This relationship is shown by Curve 1 in Fig. 24.
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For temperature less than 215°C no reduction in the
yield stress need to be considered.

16.4.2 Variation of Modulus of Elasticity with
Temperature

The influence of temperature on the modulus of
elasticity shall be taken as follows for structures of mild
steels and high strength low alloy steels:

E(T)

E(20)

1.0+

T
T

2000| | -1
[“(1100

)

when 0°C <« T< 600°C

T
690 1- ——
( 1 OOOJ
T-535
600°C < T< 1 000°C
E (1) = modulus of elasticity of steel at T °C,
and

E (20) = modulus of elasticity of steel at 20°C
(room temperature).

This relationship is shown by curve 2 in Fig. 24.

when

16.4.3 For special steel with higher temperature
resistance, such as TMCP steels, the manufacturer’s
recommendation shall be used to obtain the variation
of yield strength and modulus of elasticity of steel with
temperature.

16.5 Limiting Steel Temperature

The limiting steel temperature (7)) in degree Celsius
in the case of ordinary steels, shall be calculated as
follows:



T, = 905-690 r;
where

r; = ratio of the design action on the member
under fire to the design capacity of the
member (R, = RJ/y,) at room
temperature,

R, R, = design strength and ultimate strength of

d, “tu 34 g g
the member at room temperature
respectively, and

¥, = partial safety factor for strength.

The design action under fire shall consider the
following:

a} Reduced bond likely under fire, and
b) Effects of restraint to expansion of the
elements during fire.

Limiting steel temperature for special steels may be
appropriately calculated using the thermal
characteristics of the material obtained from the
supplier of the steel.

16.6 Temperature Increase with Time in Protected
Members

16.6.1 The time (1) at which the limiting temperature
(7)) is attained shall be determined by calculation on
the basis of a suitable series of fire tests in accordance
with 16.6.2 or from the results of a single test in
accordance with 16.6.3.

16.6.1.1 For beams and for all members with a four-
sided fire exposure condition, the limiting temperature
(T,) shall be taken as the average of all of the
temperatures measured at the thermocouple locations
on all sides.

16.6.1.2 For columns with a three-sided fire exposure
condition, the limiting temperature (T,) shall be taken
as the average of the temperatures measured at the
thermocouple locations on the face farthest from the
wall, Alternatively, the temperatures from members
with a four-sided fire exposure condition and having
the same surface area to mass ratio may be used.

16.6.2 Temperature Based on Test Series

Calculation of the variation of steel temperature with
time shall be by interpolation of the results of a series
of fire tests using the regression analysis equation
specified in 16.6.2.1, subject to the limitations and
conditions of 16.6.2.3.

16.6.2.1 Regression analysis

The relationship between temperature (T) and time (¢)
for a series of tests on a group shall be calculated by
least-square regression as follows:
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T

k,

S

=k, +kh, +k2:—i+k3T+k4hiT+k5?—T+ké

m 5m

where
t = time from the start of the test, in min;

kyto k, = vegression coefficients from test data
(see 16.6.2.2.);

h, = thickness of fire protection material,
in mm;
T = steel temperature, in degrees celsius

obtained from test as given
in 16.6.1, T > 250°C; and

= exposed surface area to mass ratio, in
10° mm?/kg.
16.6.2.2 In lieu of test results, the values for coefficients

in Table 30 may be used in the equation 16.6.2.1 when
the test satisfies the conditions specified in 16.6.2.3.

k

sm

Table 30 Regression Coefficients, k

ko kl k} ka k4 k’ kﬂ
(1} (2) (3} (4) 3} ) N
-2590  1.698 1371 0.0300 00005 0.5144 6,633

16.6.2.3 Limitations and conditions on use of
regression analysis

Test data to be utilized in accordance with 16.6.2.1,
shall satisfy the following:

-a)  Steel members shall be protected with board,
sprayed blanket or similar insulation materials
having a dry density less than 1 000 kg/m’;

b) All tests shal! incorporate the same fire
protection system;

¢) All members shall have the same fire exposure
condition;

d) Test series shall include at least nine tests;

e) Test series may include prototypes which have
not been loaded provided that stickability has
been demonstrated; and

f) All members subject to a three-sided fire

exposure condition shall be within a group in
accordance with 16.9.

The regression equation obtained for one fire protection
system may be applied to another system using the
same fire protection material and the same fire exposure
condition provided that stickability has been
demonstrated for the second system.

A regression equation obtained using prototypes with
a four-sided fire exposure condition may be applied to
a member with a three-sided fire exposure condition
provided that stickability has been demonstrated for
the three-sided case.
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16.6.3 Temperature Based on Single Test

The variation of steel temperature with time measured
in a standard fire test may be used without modification
provided:

a) Fire protection system is the same as the
prototype;

Fire exposure condition is the same as the
prototype;

Fire protection material thickness is egoal to
or greater than that of the prototype;
Surface area (o mass ratio is equal to or less
than that of the prototype; and

Where the prototype has been submitted to a
standard fire test in an unloaded condition,
stickability has been separately demonstrated.

b)
<)
d)

e)

16.6.4 Parameters of Importance in the Standard Fire
Test

2)
b)
¢)

Specimen type, loading, configuration;
Exposed surface area to mass ratio,

Insulation type, thermal properties and
thickness; and

d) Moisture content of the insulation material.

16,7 Temperature Increase with Time in
Unprotected Members

The time (£} at which the Hmiting temperature (7)) is
attained shall be calculated using the following
equations;

a) Three-sided fire exposure condition

t=52+00221T7+ 04331,

b} Four-sided fire exposure condition

=47 +0.026 3T + O'il 31,
where
¢ = timefrom the start of the test, in min,
T = steel temperature, in °C, 500 °C
£ T=750°C, and
k.. = exposed surface area to mass

ratio, 2x10°> mm¥kg < &k, < 35
x10° mm?/kg.

For temperatures below 500°C, linear interpolation
shall be used, based on the time at 500°C and an initial
temperature of 20°C at 7 equals 0,

16,8 Determination of PSA from a Single Test

The period of structural adequacy (PSA) determined
from a single test may be applied without modification
provided:
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a)
b)

Conditions, specified in 16.6.3 are satisfied,
Conditions of support are the same as the
prototype and the restraints are not less
favourable than those of the prototype, and
Ratio of the design load for fire to the design
capacity of the member is less than or equal
to that of the prototype.

c)

16,9 Three-Sided Fire Exposure Condition

Members subject to a three-sided fire exposure
condition shall be considered in separate groups unless
the following conditions are satisfied:

a) The characteristics of the members of a group
as given below, shall not vary from one
another by more than

highest in group

1) Concrete density:

lowest in group
<1.25, and

largest in group

2 smallest in group

Effective thickness (h,):

=1.25.
where the effective thickness (4,) is equal to
the cross-sectional area excluding voids per
vnit width, as shown in Fig. 25A.

Rib voids shali either be:
1} all open; or
2) all blocked as shown in Fig. 23B,

Concrete slabs may incorporate permanent
steel deck formwork.

b)

<)

16.10 Special Considerations
16.10.1 Connections

Connections shall be protected with the maximum
thickness of fire protection material required for any
of the members framing into the connection to
achieve their respective fire-resistance levels. This
thickness shall be maintained over all connection
componenis, including bolt heads, welds and splice
plates.

16.10.2 Web Penetrations

The thickness of fire protection material at and adjacent
to web penetrations shall be the greatest of that
required, when:

a) area above the penetration is considered as a
three-sided fire exposure condition (%, ;)
{see Fig. 26),

area below the penetration is considered as a
four-sided fire exposure condition (k)
(see Fig. 26), and

b)



section as a whole 1s considered as a three-
sided fire exposure condition (k)
(see Fig. 26).

This thickness shall be applied over the full beam depth
and shall extend on each side of the penetration for a
distance at least equal to the beam depth and not less
than 300 mm.

<)
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16.11 Fire Resistance Rating

The fire resistance rating of various building
components such as walls, columns, beams, and floors
are given in Table 31 and Table 32. Fire damage
assessment of various structural elements of the
building and adequacy of the structural repairs can be
done by the fire resistance rating for encased steel
column and beam (Table 31 and Table 32).
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Table 31 Encased Steel Columns, 203 mm x 203 mm
{Protection Applied on Four Sides)
(Clause 16.11)

51 Nature of Construction and Materials Minimum Dimensions Excluding Any Finish, for a Fire
No. Resistance of
men
L N
,"_
th 1 %h Zh 3h 4h
(m 2) (3 “4) 3} (6) 7
1) Hellow protection (without an air cavity over the flanges):
a}  Metal lathing with trowelled lightweight aggregate gypsum
plaster *! 13 15 20 32 —
b}  Plasterboard with 1.6 mun wire binding at 100 mm pitch,
finished with lightweight aggregate gypsum plaster less
than the thickness specified:
I} 9.5 mm plaster board 10 15 -— — -
2) 19 mun plaster board 10 13 20 —_ -—
¢)  Asbestos insulating boards, thickness of board:
1) Single thickness of board, with 6 mm cover fillets at — 19 25 — —
{rANSYErse Joints
2y Two layers, of total thickness —_ - — 38 50
dy  Solid bricks of ¢lay, composition or sand lime, reinforced 54 50 50 75 100
in every horizontal joint, unplastered
¢} Aerated concreie blocks 60 60 60 -— —
f}  Solid blocks of lightweight concrete hollow protection 50 50 50 60 75
{with an air cavity over the flanges)
ii} Asbestos insulating board screwed 1o 25 mm asbestos battens 12 19 — —_ —
iii}  Solid protections
a}  Concrete, not leaner than 1:2:4 mix (unplastered):
1} Concrete not assumed to be load bearing, reinforced ® 25 25 25 50 75
2}  Concrete assemed to be Joad bearing 50 50 50 5 75
by  Lightweight concrete, not leaner than 1 : 2 ; 4 mix {unplast- 25 25 25 25 25

ered) concrete not assumed to be load bearing, reinforced ®

" So fixed or designed, as to allow fizll penetration for mechanical bond,
B Reinforcement shall consist of steel binding wire not less than 2.3 mm diameter, or a steel mesh weighing not less than 0.5 kg/m’. In
concrete protection, the spacing of the reinforcement shall not exceed 200 rm n any direction. .

SECTION 17
FABRICATION AND ERECTION

17.1 General

Tolerances for fabrication of steel structures shall
conform to IS 7215, Tolerances for erection of steel
structures shall conform to IS 12843, For general
guidance on fabrication by welding, reference may be
made to IS 9595,

17.2 Fabrication Procedures

¥7.2.1 Straightening

Material shall be straightened or formed to the specified
configuration by methods that will not reduce the
properties of the material below the values used in
design, Local application of pressure at room or at
elevated temperature or other thermal means may be
used for straightening, provided the above js satisfied.

17.2.2 Clearances

The erection clearance for cleated ends of members,

110

connecting steel to steel should preferably be not
greater than 2.0 mm at each end. The erection clearance
at ends of beams without web cleats should be not more
than 3 mm at each end. Where for practical reasons,
greater clearance is necessary, suitably designed seating
should be provided.

17.2.2.1 In bearing type of connections, the holes may
be made not more than 1.5 mm greater than the
diameter of the bolts in case of bolts of diameter less
than 25 mm and not more than 2 mm in case of belts
of diameter more than 25 mm, unless otherwise
specified by the engineer. The hole diameter in base
plates shall not exceed the anchor bolt diameter by
more than 6 mm.

17.2.2.2 In friction type of connection ¢learance may
be maintained, uniess specified otherwise in the design
document.

17.2.3 Cutting

Cutting shall be effected by sawing, shearing, cropping,
machining or thermal cutting process, Shearing,
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Table 32 Encased Steel Beams, 406 mm x 176 mm
(Protection Applied on Three Sides)
(Clause 16.11)

1] Nature of Construction and Materials Minimum Thickaess of Protection for a Fire
No. Resistance of
mm
N
-~ .
“h 1h 1% h 2h 3h 4h
n 2) 3) 4) 5) (6) )] @
i) Hollow protection (without an air cavity beneath the lower flanges):
2} Metal lathing with trowelled lightweight aggregate gypsum plaster T 13 15 20 25 —
by  Plasterboard with 1.6 mm wire binding at 100 mm pitch, finished with
lightweight aggregate gypsum plaster less than the thickness specified”
13 9.5 mm plaster board 11 10 15 — — —
2} 19 mm plaster board 10 10 i3 20 — —
c)  Asbestos insulating boards, thickness of board:
1) Single thickness of board, with 6 mm cover fillets at transverse joints ~ — — 19 25 — -
2)  Two layers, of total thickness — — — — 38 50
iy Hollow protection (with an air cavity below the lowet flange)
a)  Asbestos insulating board serewed to 25 mm asbestos battens 9 12 — - — —
iii} Solid protections
a) Concrete, not leaner than 1:2:4 mix (unplastered):
1) Concrete not assumed to be load bearing, reinforced ¥ 25 25 .25 25 50 75
2)  Concrete assumed to be load bearing 50 50 50 50 75 75
b) Lightweight concrete, not leaner than 1:2:4 mix (unplastered) ¢ 25 25 25 25 40 60

Y 8o fixed or designed, as to allow full penetration for mechanical bond.

B Where wite binding cannot be used, expert advice should be sought regarding alternative methods of support to enable the lower edges
of the plasterboard to be fixed together and to the lower flange, and for the top edge of the plasterboard to be held in position.

*Reinforcement shall consist of steel binding wire not less than 2.3 mm in diameter, or a steel mesh weighing not less than 0.5 kg/m’. In
concrete protection, the spacing of the reinforcement shall not exceed 200 mm in any direction.

# Concrete not assumed to be load bearing, reinforced.

cropping and gas cutting shall be clean, reasonably
square, and free from any distortion. Should the
inspector find it necessary, the edges shall be ground
after cutting, Planning or finishing of sheared or gas-
cut edges of plates or shapes shall not be required,
unless specially noted on drawing or included in
stipulated edge preparation for welding or when
specifically required in the following section.

Re-entrant corners shall be free from notches and shall
have largest practical radii with a minimum radius of
15 mm.

17.2.3.1 Shearing

Shearing of items over 16 mm thick to be galvanized
and subject to tensile force or bending moment shall
not be carried out, unless the item is stress relieved
subsequently.

The use of sheared edges in the tension area shall be
avoided in location subject to plastic hinge rotation at
factored loading.

17.2.3.2 Thermal cutting

Gas cutting of high tensile steel by mechanicaliy
controlled torch may be permitted, provided special
care is taken to leave sufficient metal to be removed
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by machining, so that all metal that has been hardened
by flame is removed. Hand flame cutting may be
permitted only subject to the approval of the inspecting
authority.

Except where the material is subsequently joined by
welding, no load shall be transmitted through a gas
cut surface.

Thermally cut free edges, which shall be subject to
calculated static tensile stress shall be free from round
bottom gouges greater than 5 mm deep. Gouges greater
than 5 mm deep and notches shall be removed by
grinding,

17.2.4 Holing

17.2.4.1 Holes through more than one thickness of
material for members, such as compound stanchion and
girder flanges, shall be where possible, drilled after the
members are assembled and tightly clamped or bolted
together. A round hole for a belt shall either be machine
flame cut, or drilled full size, or sub-punched 3 mm
undersize and reamed to $ize or punched full size.

Hand flame cutting of a bolt hole shall not be permitted
except as a site rectification measure for holes in
column base plates.
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17.2.4.2 Punching

A punched hole shall be permitted only in material
whose yield stress (f,) does not exceed 360 MPa and
where thickness does not exceed (5 600/4,) mm. In
cyclicatly loaded details, punching shall be avoided in
plates with thickness greater than 12 mm.

For greater thickness and cyciically loaded details,
holes shall be either drilled from the solid or sub-
puniched or sub-drilled and reamed.

The die for all sub-punched holes or the drill for all
sub-drilled holes shall be at least 3 mm smaller than
the required diameter of finished hole,

17.2.4.3 Oversize holes

A special plate washer of minimum thickness 4 mm
shall be used under the nut, if the hole diameter is larger
than the bolt diameter by 3 mm or more.

Oversize hole shall not exceed 1.254 or {d+8) mm in
diameter, were d 1s the nominal bolt diameter, in msm,

A short slotted hole shall not exceed the appropriate
hote size in width and 1.33d in length. A long slotted
hole shall not exceed the appropriate hole size in width
and 2.5d in length. If the slot length is larger than those
specified, shear transfer in the direction of slot is not
admissible even in friction type of connection.

Slotted holes shall be punched either in one operation
or else formed by punching or drilling two round holes
apart and completed by high quality mechanically
controlled flame cutting and dressing to ensure that
bolt can freely wravel the full length of the slot.

17.2.4.4 Fitred bolt holes

Holes for turned and fitted bolts shall be drilled to a
diameter equal 1o the nominal diameter of the shank
or barrel subject to tolerance specified in IS 919 (Parts
1 and 2}. Preferably, parts to be connected with close
tolerance or barrel bolts shall be firmly held together
by tacking bolts or clamps and the holes drilled through
all the thicknesses at one operation and subsequently
reamed to size. All holes not drilled through ail
thicknesses at one operation shall be drilled to a smaller
size and reamed out after assembly, Where this is not
practicable, the parts shall be driiled and reamed
separately through hard bushed steel jigs.

17.2.4.5 Holes for rivets or bolts shall not be formed
generally by gas eutting process. However, advanced
gas cutting processes such as plasma cutting may be
used to make holes in statically loaded members only.
In cyclically loaded members subjected to tensife
stresses which are vulnerable under fatigue, gas cutting
shall not be used unless subsequent reaming is done to
remove the material in the heat affected zone around
the hole.

112

17.3 Assembly

All parts of bolted members shall be pinned or bolted
and rigidly held together during assembly.

The component parts shall be assembled and aligned
in such a manner that they are neither twisted nor
otherwise damaged, and shall be so prepared that the
specified camber, if any, is provided.

17.3.1 Holes in Assembly

When holes are drilled in one operation through two
or more separable parts, these parts, when so specified
by the engineer, shali be separated after drilling and
the burrs removed.

Matching holes for rivets and black bolts shall register
with each other so that a gauge of 1.5 mm or 2.0 mm
(as the case may be, depending on whether the diameter
of the rivet or bolt is less than or more than 25 mm)
Iess in diameter than the diameter of the hole will pass
freely through the assembled members in the direction
at right angle to such members,

Drilling done during assembly to align holes shall not
distort the metal or enlarge the holes.

Holes in adjacent part shall match sufficiently well to
permit easy entry of bolts. If necessary, holes except
oversize or slotted holes may be enlarged to admit bolts,
by moderate amount of reaming.

17.3.2 Thread Length

When design is based on bolts with unthreaded shanks
in the shear plane, appropriate measures shall be
specified to ensure that, after allowing for tolerance,
neither the threads nor the thread run-out be in the shear
plane.

The length of bolt shall be such that at least one clear
thread shows above the nut and at least one thread plus
the thread run out is clear beneath the nut after
tightening. One washer shall be provided under the
rotated part.

17.3.3 Assembly Subjected to Vibration

When non-preloaded bolts are used in a structure
subject to vibration, the nuts shall be secured by locking
devices or other mechanical means. The nuts of
preioaded bolts may be assumed to be sufficiently
secured by the normal tightening procedure.

17.3.4 Washers

Washers are not normally required on non-preloaded
bolts, untless specified otherwise. Tapered washers shall
be used where the surface is inclined at more than 3" to
a plane perpendicular to the boli axis.

Hardened washer shall be used for preloaded bolts or
the nut, whichever is to be rotated,



All material within the grip of the bolt shall be steel
ani no compressible materiai shail be permitted in the

erip.
17.4 Riveting

17.4.1 Rivets shail be heated uniformly throughout
their length, without burning or excessive scaling, and
shall be of sufficient length to provide a head of
standard dimensions. These shall, when driven,
completely fill the holes and, if countersunk, the
countersinking shall be fully filled by the rivet. If
required, any protrusion of the countersunk head shall
be dressed off flush.

17.4.2 Riveted member shall have all parts firmly
drawn and held together before and during riveting,
and special care shall be taken in this respect for all
single-riveted connections. For multiple riveted
connections, a service bolt shall be provided in every
third or fourth hole,

17.4.3 Wherever practicable, machine riveting shall be
carried out by using machines of the steady pressure
type.

17.4.4 All loose, burned or otherwise defective rivets
shall be cut out and replaced before the structure is
toaded, and special care shall be taken to inspect all
single riveted connections.

17.4.5 Special care shall be taken in heating and driving
long rivets.

17.5 Bolting

17.5.1 In all cases where the full bearing area of the
bolt is to be developed, the belt shall be provided with
a washer of sufficient thickuess under the nut to avoid
any threaded portion of the bolt being within the
thickness or the parts bolted together, unless accounted
for in design.

17.5.2 Pre-tensioned bolts shall be subjected to initial
tension (the proof stress) by an appropriate pre-
calibrated method.

17.6 Welding

17.6.1 Welding shall be in accordance with IS 816,
1S 819, IS 1024, IS 1261, 1S 1323 and IS 9595, as
appropriate.

17.6.2 For welding of any particular type of joint,
welders shall give evidence acceptable to the purchaser
of having satisfactorily completed appropriate tests as
prescribed in 1S 817, 1S 1393, IS 7307 (Part 1), 1S 7310
(Part 1) and IS 7318 (Part 1), as relevant.

17.6.3 Assembly and welding shall be carried out in
such & way to minimize distortion and residual stress
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and that the final dimensions are within appropriate
tolerances.

17.7 Machining of Butts, Caps and Bases

17.7.1 Column splices and butt joints of struts and
compression members, depending on contact for stress
transmission, shall be accurately machined and close-
butted over the whole section with a clearance not
exceeding 0.2 mm locally, at any place. Sum of all
such clearance shall not be more than 30 percent of
the contact area for stress transmission. In column caps
and bases, the ends of shafts together with the attached
gussets, angles, channels, etc; after connecting together
should be accurately machined so that clearance
between the contact surfaces shall not exceed 2 mm
locally, subject further to the condition that sum total
of all such clearance shall not exceed 30 percent of the
total contact area for stress transmission. Care should
be taken that these gussets, connecting angles or
channels are fixed with such accuracy that they are
not reduced in thickness by machining by more than
2.0 mm.

17.7.2 Where sufficient gussets and rivets or welds are
provided to transmit the entire loading (see Section 4),
the column ends need not be machined.

17.7.3 Slab Bases and Caps

Slaby bases and slab caps, except when cut from material
with true surfaces, shall be accurately machined over
the bearing surfaces and shall be in effective contact
with the end of the stanchion, the bearing face which
is to be grouted to fit tightly at both top and botiom,
unless welds are provided to transmit the entire column
face.

17.7.4 To facilitate gronting, sufficient gap shall be left
between the base plates and top of pedestal and holes
shall be provided where necessary in stanchion bases
for the escape of air.

17.8 Painting

17.8.1 Painting shall be done in accordance with
IS 1477 (Parts 1 and 2).

17.8.2 All surfaces, which are to be painted, oiled or
otherwise treated, shall be dry and thoroughly cleaned
to remove all loose scale and loose rust,

17.8.3 Shop contact surfaces need not be painted unless
specified. If so specified, they shall be brought together
while the paint is still wet.

17.8.4 Surfaces not in contact, but inaccessible after
shop assembly, shall receive the full specified
protective treatment before assembly. This does not
apply to the interior of seated hollow sectioris.
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17.8.5 Chequered plates shall be painted but the detaiis
of painting shall be specified by the purchaser.

17.8.6 In case of surfaces to be welded, the steel shall
not be painted or metal coated within a suitable distance
of any edge to be welded, if the paint specified or the
metal coating is likely to be harmful to welders or
impair the guality of the welds.

17.8.7 Welds and adjacent parent metal shall not be
painted prior to de-slagging, inspection and approval.

17.8.8 Parts to be encased in concrete shall not be
painted or oiled.

17.8.9 Contact surface in friction type connection shail
not be painted in advance.

17.9 Marking

Each piece of steel work shall be distinctly marked
before dispatch, in accordance with a marking diagram
and shall bear such other marks as will facilitate
erection.

17.10 Shop Erection

17.10.1 The steel work shall be temporarily shop
erected complete or as arranged with the inspection
agency so that accuracy of fit may be checked before
dispatch. The parts shall be shop assembled with
sufficient numbers of parallel drifts to bring and keep
the parts in place, :

17.10.2 In the case of parts drilled or punched, through
steel jigs with bushes resulting in all similar parts being
interchangeable, the steelwork may be shop erected in
such position as arranged with the inspection agency.

17.10.3 In case of shop fabrication using numerically
controlled machine data generated by computer
software (like CAD), the shop erection may be
dispensed with at the discretion of the inspector.

17.11 Packing

All projecting plates or bars and all ends of members
at joints shall be stiffened, all straight bars and plates
shall be bundled, all screwed ends and machined
surfaces shall be suitably packed and all rivets, bolts,
nuts, washers and srall and loose parts shall be packed
separately in cases, so as to prevent damage or
distortion during transit.

17.12 Inspection and Testing

17.12.1 The inspecting authority shall have free access
at all reasonable times to those parts of the
manufacturer’s works which are concerned with the
fabrication of the steelwork and shall be afforded all
reasonable facilities for satisfying himself that the
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fabrication is being undertaken in accordance with the
provisions of this standard.

17.12.2 Unless specified otherwise, inspection shall
be made at the place of manufacture prior to dispatch
and shall be conducted so as not to interfere
unnecessarily with the operation of the work.

17.12.3 The manufacturer shall guarantee compliance
with the provisions of this standard, if required to do
0 by the purchaser.

17.12.4 Should any structure or part of a structure be
found not te comply with any of the provisions of this
standard, it shall be liable to rejection. No structure oy
part of the structure, once rejected shall be resubmitted
for test, except in cases where the purchaser or his
authorized representative considers the defect as
rectifiable,

17.12.5 Defects, which may appear during fabrication,
shall be made good with the consent of and according
to the procedure laid down by the inspecting authority.

17.12.6 All gauges and templates necessary to satisfy
the inspection authority shall be supplied by the
manufacturer. The inspecting authority may, at his
discretion, check the test results obtained at the
manufacturer’s works by independent testing at outside
laboratory, and should the material so tested be found
to be unsatisfactory, the cost of such tests shall be borne
by the manufacturer, and if found satisfactory, the cost
shall be borne by the purchaser.

17.13 Site Erection
17.13.1 Plant and Equipment

The suitability and capacity of all plant and equipment
used for erection shall be to the satisfaction of the
engineer.

17.13.2 Storing and Handling

All structural steel should be so stored and handled at
the site that the members are not subjected to éxcessive
stresses and damage by corrosion due to exposure to
environment.

17.13.3 Serting Ous

The positioning and levelling of all steelwork, the
plumbing of stanchions and the placing of every part
of the structure with accuracy shall be in accordance
with the approved drawings and to the satisfaction of
the engineer in accordance with the deviation permitted
below,

17.13.3.1 Erection tolerances

Unleoaded steel structure, as erected, shall satisfy the
criteria specified in Table 33 within the specified
tolerance limits.



Each criterion given in the table shall be considered as
a separate requirement, to be satisfied independent of
any other tolerance criteria. The erection tolerances
specified in Table 33 apply to the following reference
points:

a} For a column, the actual centre point of the
column at each floor level and at the base,
excluding any base-plate or cap-plate. The
level of the base plate on pedestal shall be so
as to avoid contact with soil and corrosive
environment; and

For a beam, the actual centre point of the top
surface at each end of the beam, excluding
any end-plate.

b)

Table 33 Norma) Tolerances After Erection

sl
No.

Criterion Permitied Deviation

m

@)

(&)

i)

if)

iii)

iv)

Deviation of distance
between adjacent columns

Inclination of a column in a
multi-storey building
between  adjacent  floor
levels

Deviation of location of a
column in a multi-storey
building at any floor level
from a vettical line
through the intended
location of the column
base

[nclination of a column in
a single storey building,
{not supporting a crane

5 mm

0.002h,
where, 4, is the storey height

0.003 5 T Ay

where, X by is the total height
from the base to the floor
level concerned and » is the
number of storeys from the
base to the floor level
concemed

0.003 5k,

where, /. is the height of the
column

gantry} cther than a portal
frame

Inclination of the column
of a portal frame (not
supporting a crane gantry)

Mean: 0.0024,

Individual: 0.01 04,

where k. is the height of the
column

V)

The straightness tolerances specified in Table 34 have
been assumed in the derivation of the design stress for
the relevant type of member. Where the curvature
exceeds these values, the effect of additional cusvature
on the design calculations shall be reviewed.

A tension member shall not deviate from its correct

position relative to the members to which it is |

connected by more than 3 mm along any setting axis.
17.13.4 Safety During Fabricarion and Erection

17.13.4.1 All steel materials including fabricated
structures, either at fabrication shop or at erection site,
shall be handled only by a worker skilled in such jobs;
where necessary with load tested lifting devices, having
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tested wire rope slings of correct size. The devices
should be well maintained and operated by experienced

operators.

Table 34 Straightness Tolerances Incorporated in
Design Rules
{Clause 7.13.3.1)

St Criterion Permitted Deviation
No.
() (2) 3}

i}  Straightness of a column (or  0.001£ generally, and

other compression member)
between points which will be
laterally restrained on
completion of erection

0.002L for members with
hollow cross-sections;
where, L is the length
between points which will

be laterally restrained
i)  Straightness of a 0.001L generally, and
compression flange of 2 0.002L for members with

beam, relative to the weak
axis, between points, which
will be lateraily restrained on

hollow cross-sections;
where, L is the length
between points which will

completion of erection. be laterally restrained

17.13.4.2 Oxygen and acetylene cylinders and their
hoses shall have distinctive colours. Cylinders should
be stored in upright position in well-ventilated rooms
or in open air, not exposed to flames, naked lights or
extreme heat and should also be in upright position
when they are being used. All gas cutting works shall
be done only by experienced skilled gas cutters,
equipped with gloves, boots, aprons, goggles and good
cutting sets of approved make.

17.13.4.3 While doing any welding work, it should be
ensured that the welding machine is earthed and the
welding cables are free from damage. The welder and
his assistant shall use a face shield or head shield with
a welding lens and clear cover glass and their hands,
legs and bodies shall be well protected by leather
gloves, shoes and aprons. Combustible materials should
be kept away from the sparks and globules of molten
metals generated in any arc welding. In case of welding
in a confined place, it should be provided with an
exhaust system to take care of the harmful gases, fumes
and dusts generated.,

17.13.4.4 In addition to precautions against all the
hazards mentioned above, erection workers shall aiso
be protected in the following manner:

a} All workers shall wear helmets and shall also
be provided with gloves and shoes. In addition
those working at heights shall use safety belts.
All structures shall be so braced/guyed during
erection that there is no possibility of collapse
before erection work is completed.

Warning signs such as ‘Danger’, ‘Caution’,

b)

<)
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‘440 volts’, ‘Do not smoke’, ‘Look ahead’,
etc; should be displayed at appropriate
places.

17.13.4.5 For detailed safety precautions during
erection, reference shall be made to IS 7205.

17.13.5 Field Connections
17.13.5.1 Field riveting

Rivets driven at the site shall be heated and driven with
the same care as those driven in the shop.

17.13.5.2 Field bolting

Field boiting shall be carried out with the same care as
required for shop bolting.

17.13.5.3 Fillet welding

Field assembly and welding shall be execnted in
accordance with the requirements for shop fabrications
excepting such as manifestly apply to shop conditions
only. Where the steel has been delivered painted, the
paint shall be removed for a distance of at least 50 mm
on either side of the joint.

17.14 Painting After Erection

17.14.1 Before painting of such stee} which is delivered
unpainted is commenced, all surfaces to be painted
shall be dry and thoroughly cleaned from all loose scale
and rust, as required by the surface protection
specification.

17.14.2 The specified protective treatment shall be
gompleted after erection. All rivet and bolt heads and
the site welds after de-slagging shall be cleaned.
Damaged or deteriorated paint surfaces shall first be
made good with the same type of paint as the shop
coat. Where specified, surfaces which will be in contact
after site assembly, shall receive a coat of paint
(in addition to any shop priming) and shail be brought
together while the paint is still wet. No painting shall
be used on contact surfaces in the friction connection,
unless specified otherwise by the design document.
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17.14.3 Where the steel has received a meial coating
in the shop, this coating shall be completed on site so
as to be continuous over any welds and site rivets or
bolts, subject to the approval of the engineer. Painting
on site may complete protection. Bolts, which have
been galvanized or similarly treated, are exempted from
this requirement.

17.14.4 Surface, which will be inaccessible after site
assembly, shall receive the full-specified protective
treatment before assembly.

17.14.5 Site painting should not be done in frosty or
foggy weather, or when humidity is such as to cause
condensation on the surfaces to be painted.

17.15 Bedding Requirement

17.15.1 Bedding shall be carried out with Portland
cement grout or mortar, as described under 17.15.4 or
fine cement concrete in accordance with IS 456,

17.15.2 For multi-storeyed buildings, this operation
shall not be carried owt until a sufficient number of
bottom lengths of stanchions have been property lined,
leveled and plumbed and sufficient floor beams are in
position.

17.15.3 Whatever method is employed, the operation
shall not be carried out until the steelwork has been
finally levelled and plumbed, stanchion bases being
supported meanwhile by steel wedges or nuts; and
immediately before grouting, the space under the steel
shall be thoroughly cleaned.

17.15.4 Bedding of structure shall be carried out with
grout or mortar, which shall be of adequate strength
and shall completely fill the space to be grouted and
shall either be placed under pressure or by ramming
against fixed supports. The grouts or mortar used shall
be nom-shrinking variety.

17.16 Steelwork Tenders and Contracts

A few recommendations are given in Annex G for
general information,
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LIST OF REFERRED INDIAN STANDARDS

Title IS Ne.
Plain and reinforced concrete — 1030 : 1998
Code of practice (fourth revision)
Cold-rolled low carbon steel sheets 1079 : 1994
and strips (fourth revision)
Code of practice for use of cold- 1148 : 1982
formed light gauge steel structural
members in general building
construction (first revision) 1149 : 1982
Dimensions for hot-rolled steel
beam, column, channel and angle 1261 : 1959
sections (third revision)
Scheme of symbols for welding 1278 . 1972
Covered electrodes for manual metal
arc welding of carbon and carbon 1323 : 1982
manganese steel — Specification
{sixth revision)
Code of practice for use of metal arc 1363
welding for general construction in
mild steel (first revision) (Part 1) : 2002/

Training of welders — Code of
practice:

Manual metal arc welding (second
revision)

Oxyfuel welding (second revision)
Code of practice for resistance spot
welding for light assemblies in
mild steel

Code of practice for design loads
(other than earthquake) for
buildings and structures:

Dead loads — unit weights of building
materials and stored materials
(second revision)

Imposed loads (second revision)
Wind loads (second revision)

Snow loads (second revision)
Special loads and joad combinations
(second revision)

ISO systems of limits and fits:
Bases of tolerance, deviations and fits
(second revision)

Tables of standard tolerance grades
and limit deviations for holes and
shafts (first revision)

Code of practice for architectural and
building drawings (second revision)
Code of practice for use of welding
in bridges and structures subject to
dynamic loading (second revision)

IS0 4016:1999
(Part 2) : 2002/
1SO 4018:1999
(Paru 3) : 1992/
ISO 4034:1986
1364

(Part 1) : 2002/
ISO 4014:1999
(Part 2) : 2002/
1SO 4017:1999
(Part 3) : 2002/
IS0 4032:1999
(Part 4) : 2003/
1SO 4035:1999
(Part 3) : 2002/
180 4036:1999

1367
(Part 1) : 2002/

ISO 8992:1936
(Part 2) : 2002/

1504759-1:2000

(Part 3) ; 2002/
ISO 898-1:1999

Title

Carbon steel castings for general
engineering purposes (fifth revision)
Hot rolled carbon steel sheets and
strips — Specification (fifth revision)
Specification for hot-rolled rivet bars
(up to 40 mm diameter) for structural
purposes (third revision)

High tensile steel rivet bars for
structural purposes (third revision)
Caode of practice for seam welding
in mild steel

Specification for filler rods and wires
for gas welding (second revision)
Code of practice for oxy-acetylene
welding for structural work in mild
steels (second revision)

Hexagon head belts, screws and nuts
of product grade C:

Hexagon head bolts (size range M5
to M64) (fourth revision)

Hexagon head screws (size range M3
to M64) (fourth revision)

Hexagoen nuts (size range M5 to M64)
(third revision)

Hexagon head bolts, screws and nuts
of product grades A and B:
Hexagon head bolts (size range M1.6
to M64) (fourth revision)

Hexagon head screws (size range
M1.6 to M64) (fourth revision)
Hexagon nuts, style 1 (size range
M1.6 to M64) (fourth revision)
Hexagon thin nuts (chamfered) (size
range M 1.6 to M64) (fourth revision)
Hexagon thin nuts — Product grade B
(unchamfered) (size range M1.6 to
MI10) (fourth revision)

Technical supply conditions for
threaded steel fasteners:

General requirements for bolts, screws
and studs (third revision)
Tolerances for fasteners -— Bolts,
screws, studs and nuts - Product
grades A, B and C (third revision)
Mechanical properties of fasteners
made of carbon steel and alloy steel
— bolts, screws and studs (fourth
revision)
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1§ No.

(Part 5): 2002/ Mechanical properties of fasteners
1SO 898-5:1998 made of carbon steel and alloy steel
— set screws and similar threaded
fasteners not under tensile stresses
(third revision)

Mechanical properties and test methods
for nuts with specified proof loads
(third revision)

Mechanical properties and test
methods for nuts without specified
proof loads (second revision)
Prevailing torque type steel hexagon
nuts — Mechanical and performance
properties (third revision)

Title

(Part 6} : 1994/
IS0 898-2:1992

(Part 7} : 1980

(Part 8) : 2002/
1S0O 2320:1997

(Part ) Surface discontinuities

Sec 1:199%/ Bolts, screws and studs for general
ISO 6157-1:1988 application (third revision)

Sec 2:1993/ Bolts, screws and studs for special

IS0 6157-3:1988 applications (third revision)

(Part 10):2002/ Surface discontinuities — Nuts {third
150 6157-2:1995 revision)

{Part 11):2002/ Electroplated coatings (third revision)
1ISO 4042:1999
(Part 12):1981 Phosphate coatings on threaded
fasteners (second revision)

Hot dip galvanized coatings on

threaded fasteners (second revision)

(Part 13):1983

(Part 14) Mechanical properties of corrosion-
resistant stainless-steel fasteners,

Sec 1 : 2002/ Bolts, screws and studs {third revision)

ISO 3506-1:1997

Sec 2 : 2002/ Nuts (¢hird revision)

(SO 3506-2:1997

Sec 3: 2002/ Set screws and similar fasteners not

ISO 3506-3:1997 under tensile stress (third revision)

(Part 16) : 2002/ Designation system for fasteners

1S0 8991:1986  (third revision)

(Part 17) : 1996/ Inspection, sampling and acceptance

ISO 3269:1988 procedure (third revision)

(Part 18): 1996 Packaging (third revision)

(Part 19} : 1997/ Axial load fatigue testing of bolts,

ISO 3800:1993  screws and studs

(Part 20) : 1996/ Torsional test and minimum torques

IS0 898-7:1992 for bolts and screws with nominal
diameters 1 mm to 10 mm

1387 : 1993 General requirements for the supply
of metatlurgical materials (second
revision)

1393 : 1961 Code of practice for training and
testing of oxy-acetylene welders

1395 : 1982 Low and medium alloy steel covered

electrodes for manual metal arc
welding (third revision)
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IS No.

1477

(Part 1): 1971
(Part 2) : 1971
1608 : 2005/

ISO 6892:1998
1641 ;

1642 :

1643 :

1852 :

1875

1893

(Part 1) : 2002

1929 :

1990 :

2002 :

2062 :

2155

2708 :

3039 :

3613:

3640 :
3757 :
4000 :

4326

1988

1989

1988

1985

1992

1982

1973

1992

2006

1982

1993

1988

1974

1982

1985

1992

1993

Title

Code of practice for painting of
ferrous metals in buildings:
Pre-treatment (first revision)
Painting (first revision)

Metallic materials — Tensile testing at
ambient temperatures (third revision)
Code of practice for fire safety of
buildings (general): General
principles of fire grading and
classification (first revision)

Code of practice for fire safety of
buildings (general): Details of
construction {first revision)

Code of practice for fire safety of
buildings (general): Exposure hazard
(first revision)

Rolling and cutting tolerance for hot
rolled steel products (fourth revision)
Specification for carbon steel billets,
blooms, slabs and bars for forgings
{fifth revision)

Criteria for earthquake resistant design
of structures: Part 1 General
provisions and buildings
Specification for hot forged steel
rivets for hot closing (12 to 36 mm
diameter) (first revision)

Steel rivet and stay bars for boilers
(first revision)

Steel plates for pressure vessels for
intermediate and high temperature
service including boilers (second
revision)

Hot rolled low, medium and high
tensile structural steel (sixth revision)
Specification for cold forged solid
steel rivets for hot closing (6 to 16 mm
diameter) (first revision)

1.5 percent manganese steel castings
for general engineering purpose
(third revision)

Structural steel for construction of
hulls of ships (second revision)
Acceptance tests for wire flux
combination for submerged arc
welding (first revision)
Specification for hexagon fit bolts
(first revision)

Specification for high strength
structural bolts (second revision)
Code of practice for high strength
bolts in steel structures (first revision)
Code of practice for earthquake
resistance design and construction of
buildings (second revision)



IS No.

5369

53370

3372

5374

5624

6240:

6419

6560 :

6610 :
6623 :
6639 :

6649 :

7205 :

7215

7280

7307

(Part 1) : 1974

7310

11975

: 1969

N 3

11975

1 1993

1999

1996

1996

1972

2004

1572

1985

1974

11974

1974

Title

General requirements for plain
washers and lock washers (first
revision)

Specification for plain washers with
outside diameter =3 x inside diameter
Taper washers for channels (ISMC)
(first revision)

Taper washers for I-beams (ISMEB)
{first revision)

Foundation bolts — Specification
(first revision)

Hot rolled steel plate (upto 6 mm)
sheet and strip for the manufacture of
low pressure liquefiable gas cylinders
— Specification (third revision)
Welding rods and bare electrodes for
gas shiclded arc welding of structural
steel (firss revision)

Molybdenum and chromium-
molybdenum low alloy steel welding
rods and bare electrodes for gas
shielded arc welding (first revision)
Specification for heavy washers for
steel structures

High strength structural nuts —
Specification {first revision)
Specification for hexagonal bolts for
steel structures

Specification for hardened and
tempered washers for high strength
structural bolts and nuts (first revision)
Safety code for erection of structural
steelwork

Specification for tolerances for
fabrication of steel structures
Specification for bare wire electrodes
for submerged arc welding of
structural steels

Approval tests for welding procedures:
Part 1 Fusion welding of steel
Approval tests for welders working
to approved welding procedures
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IS No.

(Part 1) : 1974
7318 (Part 1):

1974

7557

8000

(Part 1) : 1985/
ISO1101: 1983

(Part 2) : 1992/
180 2692 : 1988
{(Parc 3) ; 199%/
ISO 1660 : 1987
(Part4) : 1976

8976:

9077 :

9172

9295 :

9595

10748 : 2004

12843 : 1989

SP6(1): 1964

1982

1978

1979

1979

1983

1996

IS 800 : 2007

Tiile

Part 1 Fusion welding of steet
Approval test for welders when weld-
ing procedure approval is not
required: Part 1 Fusion welding of
steel

Specification for steel wire (upto
20 mm) for the manufacture of cold
forged rivets (first revision)
Geometrical tolerancing on technical
drawings:

Tolerances of form, orientation, loca-
tion and run-out, and appropriate
geometrical definitions (first
revision)

Maximum material principles (firs
revision)

Dimensioning and tolerancing of
proftles (second revision)

Practical examples of indications on
drawings

Guide for preparation and
arrangement of sets of drawings and
parts lists

Code of practice for corrosion
protection of steel reinforcement in
RB and RCC construction
Recommended design practice for
corrosion prevention of steel
structures

Steel wbes for idlers for belt
conveyors {first revision)

Metal arc welding of carbon and
carbon manganese steels —
Recommendations (first revision)
Hot-rolled stee] strip for welded
tubes and pipes — Specification
(second revision)

Tolerances for erection of steel
structures

Handbook for Structural Engineers —
Structural Steel Sections



1S 800 : 2007

ANNEX B
[Clause 4.1.1(c)]

ANALYSIS AND DESIGN METHODS

B-1 ADVANCED STRUCTURAL ANALYSIS AND
DESIGN

B-1.1 Analysis

For a frame, comprising members of compact section
with full lateral restraint, an advanced structural
analysis may be carried out, provided the analysis can
be shown 10 accurately model the acwal behaviour of
that class of frames, The analysis shall take into
account the relevant material properties, residual
stresses, geometrical imperfections, reduction in
stiffness due to axial compression, second-order
effects, sectton strength and ductility, erection
procedures and interaction with the foundations,

Advanced structural analysis for earthquake loads shall
take into account, as appropriate the response history,
torsional response, pounding against adjacent
structures, and strain rate effects,

B-1.2 Design

For the strength limit state, it shall be sufficient to
satisfy the section capacity requirements of Section 8
for the members subjected to bending, of Section 7 for
axial members, of Section 9 for combined forces and
of Section 10 for connections. Effect of moment
magnification given in Section 9, instability given in
Section 7 and lateral buckling given in Section 8 need
not be considered while designing the member, since
advanced analysis methods directly consider these.

An advanced structural analysis for earthquake loads
shall recognize that the design basis earthquake loads
calculated in accordance with IS 1893 is assumed to
correspond to-the load at which the first significant
plastic hinge forms in the strucwure.

B-2 SECOND ORDER ELASTICANALYSIS AND
DESIGN

B-2.1 Analysis

In a second-order elastic analysis, the members shail
be assumed to remain elastic, and changes in frame
geometry under the design load and changes in the
effective stiffness of the members due to axial forces
shall be accounted for. In a frame where the elastic
buckling load factor (M) of the frame as determined
in accordance with 4.6 is greater than 5, the changes
in the effective stiffness of the members due to axial
forces may be neglected.
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B-2.2 Design Bending Moment

The design bending moment under factored load shail
be taken as the maximum bending moment in the length
of the member, It shall be determined either:

a) directly from the second-order analysis; or
b) approximately, if the member is divided into
a sufficient number of elements, as the greatest
of the element end bending moments; or

by amplifying the calculated design bending
moment, taken as the maximum bending
moment along the leagth of a member as
obrained by superposition of the simple beam
bending moments determined by the analysis.

)

For a member with zero axial force or a member subject
to axial tension, the factored design bending moment
shall be calculated as the rnoment obtained from second
order analysis without any amplification.

For a member with a design axial compressive force
as determined from the analysis, the factored design
bending moment shall be calculated as follows:

M=3M,

where

&

moment amplification factor for a braced
member determined in accordance with

Section 9.

B-3FRAME INSTABILITY ANALYSIS

B-3.1 Analysis

Frame instability, as treated here, is related to the design
of multi-storey rigid-jointed frames subject to side
sway. The elastic critical load factor, A, may be
determined using the deflection method as given
in B-3.2 or any other recognized method. This is used
to calculate the amplified sway moments for elastic
designs and to check frame stability in plastic designs.
The elastic critical load factor, A of a frame is the
ratio by which each of the factored loads would have
to be increased to cause elastic instability.

B-3.2 Deflection Method

An accurate method of analysis (ordinary linear elastic
analysis) should be used to determine the horizonial
deflections of the frame due to horizontal forces applied
at each floor level, which is equal to the notional
horizontal load in 4.3.6. Allowance should be made



for the degree of rigidity of the base as given in B-3.2
in this deflection calculation.

The base stiffness should be determined by reference
to 4.3.4.

The elastic critical load factor, A, is caiculated as:

R
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that storey of area A, given by:

kZK

h(h/b)

[1+ (h1b) ]u

where

h = storey height;

A= 2(]0@s Man b = width of the braced bay;
where ZK-: = sum of the stiffness J/L, of the columns
¢, wox = largest value of the sway index, @, given in that storey;
by:
g _BYS, <2: and
3, =6, $ T RES K,
¢'s - h Z
where ZSP = sum of spring stiffness horizontal force
h = storey height, per unit horizontal deflection of all the
8, = horizontal deflection of the top of the storey panels in that storey determined from:
due to the combined gravity and notional 0.6h /b
loads, and Sp= ——-aTrpEp
8, = horizontal deflection of the bottom of the [1"'(}’”’) ]
storey due to gravity and notional load.
. . where
B-3.3 Partial Sway Bracing
In any storey the stiffening effect of infill wall paneis fp = thickness of the ‘_mi'll panel, and _
may be allowed for by introducing a diagonal strut in £, = modulus of elasticity of the panel material.
ANNEX C

[Clauses 5.2.2.2(b) and 5.6.2)
DESIGN AGAINST FLOOR VIBRATION

C-1GENERAL

Floor with longer spans of lighter construction and less
inherent damping are vulnerable to vibrations under
normal human activity. Natural frequency of the floor
system corresponding to the lowest mode of vibration,
damping characteristics, are important characteristics
in floor vibration. Open web steel joists (trusses) or
steel beams on the concrete deck may experience
walking vibration problem. Fatigue, overloading of
floor systems and vibrations due to rhythmic activities
such as aerobic or dance classes are not within the scope
of this Annex.

C-2ANNOYANCE CRITERIA

In the frequency range of 2 to 8 Hz in which people
are most sensitive to vibration, the threshold level
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cotresponds approximately to 0.5 percent g, where g
is the acceleration due to gravity. Continuous
vibration is generally more annoying then decaying
vibration due to damping. Floor systems with the
natural frequency less than 8 Hz in the case of floors
supporting rhythmic activity and 5 Hz in the case of
floors supporting normal human activity should be
avoided.

C-3FLOOR FREQUENCY

The fundamental natural frequency can be estimated
by assuming full composite action, even in non-
composite construction. This frequency, £, for a simply
supported one way system is given by

£, =156, JEI 1WL'
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where

E = modulus of elasticity of steel, MPa;

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,
in mm?*;

L = span length, in mm; and

W = dead load of the one way joist, in N/mm.

[f the one way joist system is supported by a flexible
beam running perpendicular with the natural
frequency f,, the floor frequency may be reduced to
f., given by:

5i System Critical Damping
No. Percent

(1) @) (3)

i) Fully composite construction 2

ii) Bare steel beam and concrete deck

iii) Floor with finishes, false ceiling,
fire proofing, ducts fumiture

iv) Paritions not located along a
support or not spaced farther apart
than 6 m and partitions oriented in
orthogonal directions

34
6

Upto 12

C-5ACCELERATION

The peak acceleration a,, from heel impact for floors
of spans greater than 7m and natucal frequency f;, less

I 1 1 than 10 H, may be calculated as:
—_—
AR 4 afg = 6001, /W
where
C-4 DAMPING ‘W = total weight of floors plus contents over the span
The percentage of critical damping may be assumed length and equivalent floor width (b), in N;
approximately as given below: b = 40¢, (20 1, when over hang is only on one
side of the beam);
t, = equivalent thickness of the slab, averaging
concrete in slab and ribs; and
g = acceleration due to gravity.
ANNEX D
(Clause 7.2.2)

DETERMINATION OF EFFECTIVE LENGTH OF COLUMNS

D-1METHOD FOR DETERMINING EFFECTIVE
LENGTH OF COLUMNS IN FRAMES

In the absence of a more exact analysis, the effective length
of columns in framed structures may be obtained by
multiplying the actual length of the column between the
centres of laterally supporting members (beams) given
in Fig. 27 and Fig. 28 with the effective length factor X,
calculated by using the equations given below, provided
the connection between beam and column is rigid type:

a) Non-sway Frames (Braced Frame)[(see 4.1.2(2))
A frame is designated as non-sway frame if
the relative displacement between the two
adjacent floors is restrained by bracings or
shear walls (see 4.1.2). The effective length
factor, K, of column in non-sway frames is
given by (see Fig. 27).

‘. [1+0.145(8, + ,)-0.2658.5, ]
" [2-0364(8 +5,)-024788,]
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b) Sway Frames (Moment Resisting Frames)
[see 4.1.2{b))

The effective length factor K, of column in
sway frames is given by (see Fig. 28):

et

1-02(8 + 8,)-0.125,5,
1-08(4 + 4,)+ 0644,

where
. K
B., B, are given, §= ZKC +2Kb
K, K, = effective flexural stiffness of the

columns and beams meeting at the
joint at the ends of the columns
and rigidly connected at the joints,
and these are calculated by:

K=C{/L)
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I = moment of inertia of the member about
an axis perpendicular to the plan of the
frame.

L = length of the member equal to centre-
to-centre distance of the intersecting
member.

C = correction factor as shown in Table 35.

Table 35 Correction Factors for Effective
Flexural Stiffness

81 Far End Condition

Correction Factor, C
No. e

‘Braced Frame Unbraced Frame
n (2} (3) )

LS(t-7) 15(-7)
ii) Rigidly connecied to column 1.0(1-7)  1.0{1~0.27)
2.0(1-0.47) 0.67(1-0.477)

i1 Pinned

iii}  Fixed

NOTE — # =

~ale

where
P, = elastic buckling load, and
P = applied load.

D-2 METHOD FOR DETERMINING EFFECTIVE
LENGTH FOR STEPPED COLUMNS (see 7.2.2)

D-2.1 Single Stepped Columns

Effective length in the plane of stepping (bending about
axis z-z) for bottom and top parts for single stepped
column shall be taken as given in Table 36.

NOTE — The provisions of D-2.1 are applicable 1o intermediate
columns as well with stepping on either side, provided
appropriate values of fand I, are taken,

D-3 EFFECTIVE LENGTH FOR DOUBLE
STEPPED COLUMNS

Effective lengths in the plane of steppings (bending
about axis z-7) for bottom, middie and top parts for a
double stepped column shall be taken as follows
(see also Fig. 29

(@) ®)

Coefficient K| for effective length of bottom part of
double stepped column shal be taken from the formula:

1K +H{BK 4 K )x(14n,) x%

K = a
L+i, +14,
where
K. K;, and K, are taken from Table 4],
S S S
' i A7 L

it

I'y, = average value of moment of inertia for the
lower and middle parts

_ hL+hL
L+L,

average value of moment of inertia for the
middle and top parts

_ LL+hL
L,+L,

Value of coefficient X, for middle part of column is
given by formula;

"
1]

av

Ky= 2L and

= —,an

2 C2

coefficient K, for the top part of the column is given
by:

X,
K =

—=3
e

where

cob [1(B+R) . L[ IR
2= * 3T
L\L(B+R+P) 7L \L(R+R+R)

NOTE — The provisions of ID-3 are applicable 1o intermediate
columns as well with steppings on either side, provided
appropriate values of £, I, and [, are taken.

Ly A ls
Ly+L
I &
©

FiG. 29 EFFecTIVE LENGTH oF DOUBLE STEPPED COLUMNS
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Table 36 Effective Length of Single Stepped Columns
{Clause D-2.1)

IS 800 : 2007

81 Degree of End Restraint Sketch Effective Length Coefficients Column Parameters for
No. All Cases
(H (2) (3 (4)
i) Effectively held in position T K (o |
and  restrained  against K= Kip+Kifer-1)
rotation a1 both ends x
Kp= S 3
¥ CI
where
11 Kiz and K are to be taken as
per Table 37
i} . .
Effectively held in position T K (o1
at both ends and restrained K= ‘JM._)
against rotation at bottom a a=b "'Pa
end only K= LR
' h L
where L
Kz and K, are to be taken as
per Table 38 o, 5.
i) Effectively held in position w2ty K tobe takenasper Table 39 ° &
and  restrzined  against
roation at bottom end, and K, = K, <3 Effective length of bortom
top end heid against G part of column in plane of
rotation but not held in stepping = KiL)
pasition
iv}  Effectively held in position &, to be taken as per Table 40

and restrained  against
rotation at bottom end, and

top end neither held against
rotation nor  held in
position

G Kgs

Effective length of top part of
column in plane of stepping =
Kaly

Table 37 Coefficients of Effective Lengths K, and K|, for Columns with Both Ends Effectively Held in
Position and Restrained Against Rotation

(Table 36)
Coefficients Ki; and Ky, for Ly/L; Equal to
Y (A | 0.2 63 04 05 06 07 03 09 1.0 1.2 1.4 1.6
Coefficient Ky (Py = 0)

005 074 094 138 160 (.87 207 223 239 252 267 303 344 385
0.1 067 076 OO 120 142 161 178 1.92 204 220 240 260 286
02 064 070 079 093 107 123 141 1,50 160 132 192 211 228
03 062 068 074 085 095 106 148 128 139 48 167 182 196
04 060 066 071 077 082 093 097 08 147 123 139 153 166
05 059 065 070 077 082 093 099 108 117 123 139 153 166
1.0 055 060 065 070 075 080 085 09 095 100 i.i0 120 130

Coefficient Ky (Pr=0)

005 065 067 071 085 101 117 131 141 1.50 157 167 174 178
0.} 064 065 065 065 078 092 1.05 115 125 133 145 155 162
02 062 064 065 065 066 073 083 092 101 1.9 1.23 £33 14
03 060 063 064 065 066 067 073 081 089 094 1.09 .20 1.28
04 058 063 063 064 064 066 068 075 082 08 101 110 1.9
05 057 061 063 064 064 065 068 072 077 0.8 094 104 112
10 0535 058 060 0601 062 063 065 067 070 073 08 038 093

NOTE ~— Intermediate value may be obtained by interpolation.

13 20
434 477

318 341

245 264

212 220

.79 192

179 192

146 1.50

182 136

(68 171

148 1.54

135 1.4 }
126 132 PPy
119 125

101 105
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Table 38 Coefficients of Effective Lengths K, and K, for Columns with Both Ends Effectively Held in
Position and Restrained Against Rotation at Bottom End Only
(Table 36) '

0.1

0.97
0.83
0.78
0.78
0.78

0.67
.67
0.67
0.67
0.67

0.2

1.66
1.21
0.90
0.86
0.35

0.67
0.67

0.67
0.67
0.67

0.3

2.10
1.57
1.09

0.99

. 0.92

ﬁ;sz

073
0.67
0.67
0.67

0.4

243
1.95
1.27
1.10
093

1.16
0.93
0.71
0.69
0.68

0.5

Coefficients Ky and X, for LyL, Equal to
1.2

0.6 0.7 0.3 0.9
Coefficient Ky (P =0)

272 292 308 324 348
.14 233 246 260 276
144 160 174 186 198
1.22 135 147 157 167
106 L13 120 127 134

1.35
L.11
0.80
0.73
0.7

Coefficient Ky, (P; ~ 0)

148 158 165 169
125 136 145 152
090 099 108 115
0.81 087 054 1.0]
074 078 082 087

NOTE — Intermediate value may be obtained by interpolation.

1.0

373
29
2.11
1.76
1.41

1.74
137
1.22
1.07
0.91

14

4.85
3.61
2.51
2.1%
1.68

1.84
.72
I.4t
1.26
1.07

16

.36+
4.03
.76

18 20
600 58 -
4430041886 -
299 325 2
34 250 276
182 197 210

28

80 182
34 .
39 144
19

by

1.90
159 4
T4

Table 39 Coefficients of Effective Lengths K, for Columns Effectively Held in Position and Restrained
Against Rotation at Bottom End and Top End Held Against Rotation but not Held in Position
(Table 36)

G
0
@5
10
1.5
2.0
23
EXH

0.1
20
2.0
20
20
20
2.5
3.6

6.2
1.8
1.9
2.0
2.2
2.6
kN
37

6.3
1.7
L8
2.0
23
29
i3
41

0.4
1.67
1.74
2.00
2.48

0.5
1.6
L6
2.0

Coefficients K, for 1./ Jy Equal to

06 07 08 409
135 1.5¢ 14 143
165 161 15 L.55
200 — o~

NOTE — Imermediate values may be obtained by interpolation.

1.0
1.4
15

5.2
1.37

14 1.

[.3

Table 40 Coefficients of Effective Lengths X, for Columns with Tep Ends Free and Bottom End
Effectively Held in Position and Restrained Against Rotation
(Table 36)

€
0
0.3
1.0
L5
20
25
3.0

0.1
20
2.0
20
3.0
40
5.0
6.0

0.2
20
214
2.73
377
4,90
6,08
7.25

0.4
2.0
224
3.13
4.35
5.67
7.00

0.6
20
2.36
3.44
4.86

0.8
20
247
374

Coefficients K, for H/f; Equal to

L0 12 14 L6
20 20 20 20
257 267 276 285
400 — — —

NOTE — Intermediate values may be obtained by interpolation.

1.8
20
294

.0
20
302

1.5
2.0

50
2.0

10
2.0

20
2.0
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Table 41 Values of K, K, and K
(Clause D-3)
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sl Degree of End Sketch K, K K Colsmn Parameters
No. Restraint ‘or All Cases
M 2) (3) () (5) & )
iy |Effectively hetd in Ki=Kn K =K K=K
position and restrained
against rotation at both where K, is|where K isfwhere Ky is taken
ends taken from [taken from | from Table 37
Table 37 Table 37
iiy |Effectively held in K=K K=K K =Kp;
position at both ends
and restrained against where K, is|where Ky is|where Ki; is taken
rotation a¢ bottom end taken from | taken from | from Table 38
only Table 38 Table 38
iy |Effoctively  held in| L K = Ky K=K K =K,
position and restrained
against  rotation  al where K, isjwhere K, isblwhere K, is taken
bottom end, and top end taken from j taken from | from Table 39 with
held against rotation but Table 39 with]Table 39 with
not held in position Ci=0 =0 c L 7.
YA
iv) |Effectively held in K=K
position and restrained
against  rotation  at .
here K is taken
bottom end, and top end e a _ W ! !
neither  held  against Ki=2 Ky=2 from Tabie 40 with
rotation nor against C. = L e
translation. YL+
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ANNEX E
(Clause 8.2.2.1)
ELASTIC LATERAL TORSIONAL BUCKLING

E-1 ELASTIC CRITICAL MOMENT

E-1.1 General
The elastic critical moment is affected by:

a) Moment gradient in the unsupported length,

b) Boundary conditions at the lateral support
points,

¢) Non-symmetric and non-prismatic nature of
the member, and

d) Location of transverse load with respect to
shear centre.

The boundary conditions at the lateral supports have
two components:

a)  Torsional restraint — Where the cross-section
is prevented from rotation about the shear
centre, and

by Warping restraint — Where the flanges are
prevented from rotating in their own plane
about an axis perpendicular to the flange.

The elastic critical moment corresponding to lateral
torsional buckling of a doubly symmetric prismatic
beam subjected to uniform moment in the unsupported
tength and torsionaliy restraining lateral supports is
given by:

or

_oEy 1 L) ]
(LLT )2 ! JtzE [3"

Y

where

iy, Iw, f, = moment of inertia about the minor axis,

warping constant and St. Venants torsion

constant  of the cross-section,
respectively;

G

ILLT

modulus of rigidity; and

[}

effective length against iateral torsional
buckling {see 8.3).

This equation in simplified form for {-section has been
presented in 8.2.2.1.

While the simplified equation is generally on the safe
side, there are many sitvations where this may be very
conservative. More accurate calculation of the elastic
critical moment for general case of unsymmetrical
sections, loading away from shear centre and beams
with moment gradient can be obtained from specialist
literature, by using an appropriate computer
programme or equations given below.,

E-1.2 Elastic Critical Moment of a Section
Symmetrical About Minor Axis

In case of a beam which is symmetrical only about the
miner axis, and bending about major axis, the elastic
critical moment for lateral torsional buckling is given
by the general equation:

5

cr (LLT) K / ¥ __“'“[C:)’s —iji]

J'CZE[, K ’ f, , Gl (LLT )2 :
M =g _ = ey
w ¥

¥

-(ex, —e)

where

¢y €3 €3 = factors depending upon the loading and
end restraint conditions (see Tabie 42).

K =effective length factors of the
unsupported length accounting for
boundary conditions at the end lateral
supports. The effective length factor X
varies from 0.5 for complete restraint
against rotation about weak axis to 1.0
for free rotate about weak axis, with 0.7
for the case of one end fixed and other
end free. It is analogous to the effective
length factors for compression members
with end rotational restraint.

w = warping restraint factor. Unless special
provisions to restrain warping of the
section at the end lateral supports are
made, X, should be taken as 1.0.

vy distance between the point of
application of the load and the shear
centre of the cross-section and is positive
when the load is acting towards the shear
centre from the point of application.

¥, =05 (2" -y )ydasy,

¥, = co-ordinate of the shear centre with
respect to centroid, positive when the
shear centre is on the compression side
of the centroid.

¥, 2 = co-ordinates of the elemental area with
respect to centroid of the section.

nt
r
I

.
]

y; = can be calculated by using the following
approximation:
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a) Plain flanges where
f:‘; 0'?3[(330{;)1) hy /2.0 A, = area enclosed by
en ’ the section, and
n= 10 2B D by/20 b,1 = breadth and thick-
(when f < 0.5) ness of the elements
b) Lipped flanges of the section,
¥ = 0.8 20— 1) (1+ huik) hy2 respectively.
(when > 0.5) i, The warping constant,
i = 2fc— 1) (1+ hfh) hy/2 given by:
(when B < 0.5) (1-Bp B L, b for F-sections
where mono-symmetric about
h. = height of the lip, weak axis
h = overall height of the 0 for angle, Tee, narrow
section, and rectangle section and
h, = distance between shear approximately for hollow
centre of the two flanges of sections
the cross-section. By = I +1p) wh_ere I!-L,, I,are
I, = torsion constant, given by: the moment of inertia of the
* et i compression and tension
= Zbiti Or open section flanges, respectively, about
= 447 /Z(b/r) for hollow the minor axis of the entire
Seczion section.
Table 42 Constants ¢,, ¢, and ¢,
(Clause E-1.2)
Loading and Support Conditions Beading Moment Diagram Value of K Cmnts
(_C] s CJ_‘\
)] 2} 3) ) (5) {6}
w=+1 1.0 1.000 1.000
0.7 1,000 — Lit3
0.5 [.000 144
v=+ 34 1.0 1141 0.998
0.7 1270 — 1.563
””l”””]””” 0.5 1.305 2.283
W= 12 10 1.323 0.992
0.7 1473 — 1.556
]]]]]Iﬂ]]]]]]]l[ﬂ]]]]m 05 1.514 2271
- 1.0 1.563 0.977
0.5 1.788 2233
Lo 1.87 0.9
fM VM\ ¥=0 0.7 2‘093 — 1.4?'3
‘==‘ 0.5 2.150 2.150
1.0 2.281 0.855
¥=-14 0.7 2.538 — 1.340
0.5 1.609 1.957
ve-12 07 3009 Vs
03 3.093 1.546
VR O S
0.5 3.093 0.837
1.0 2.752 0.000
0.7 3.063 - 0.000
0.5 3.14% 0.000
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Table 42 {Concluded)
Loading and Support Conditions Bending Moment Diagram Value of X Cmgshants
- Y
€1 Cr &3
{1 (2) 3 4 (5) (5}
w 1O 1132 0.459 0.525
ﬁ‘mﬂ 0.5 0972 0304 0.980
w 1.0 1.285 1.562 0.753
0.5 0.712 0.652 1.070
F
1o 1.365 0.553 1.780
) } W 5 1070 0.432 3.050
F 1.0 1.565 1.257 2.640
0.5 0.938 0.715 4.800
L A I~ 1.0 1.046 0.430 1120
ZMY LA (VY] 0.5 1.010 0410 1390
ANNEX F
(Clause 10.6.1)
CONNECTIONS

F-1 GENERAL

The requirement for the design of splice and beam to
column connection as well as recommendation for their
design shall be as given below,

F-2 BEAM SPLICES

F-2.1 For rolled section beam splices located away
from the point of maximum moment, it may be
assumed that the flange splice carries all the moment
and the web splice carries the shear (see Fig. 30).
However in the case of a deep girder, the total moment
may be divided between the flange and the web in
accordance with the stress distribution. The web
connection should then be designed to resist its share
of moment and shear. Even web splice is designed to
carry oaly shear force, the moment about the centroid
of the bolt group on either side of the splice should be
designed for moment due to eccentricity.

F-2.2 Flange joints should preferably not be located at
points of maximum stress. Where splice plates are used
(see Fig. 30), their area shall not be less than 5 percent
in excess of the area of the flange element spliced; and
their centre of gravity shall coincide, as nearly as possible
with that of the element spliced. There shall be enough
fasteners on each side of the splice to develop the load
in the element spliced plus 5 percent but in no case

130

should the strength developed be less than 50 percent
of the effective strength of the material spliced. Wherever
possible in welded construction, flange plates shall be
joined by complete penetration butt welds. These butt
welds shall develop the full strength of the plates.
Whenever the flange width or thickness changes at the
splice location, gradual transition shall be made in the
widtivthickness of the larger flange.

F-2.3 When beam splice is located at the point of
inflection of a continuous beam, the flange splicing
requirement given above may be relaxed appropriately.

F-3 COLUMN SPLICE

F-3.1 Where the ends of compression members are
faced for bearing over the whole area, they shall be
spliced to hold the connected parts aligned. The ends
of comptession members faced for bearing shall
invariably be machined to ensure perfect contact of
surfaces in bearing (see Fig. 31).

F-3.2 Where such members are not faced for complete
bearing the splices shall be designed to transmit all the
forces to which the member is subjected at the splice
location.

F-3.3 Wherever possible, splices shall be proportioned
and arranged so that centroidal axis of the splice
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30B End FPlate Splice

Fic. 30 BEAM SPLICES

coincides as neatly as possible with the centroidal axes
of the members joined, in order to avoid eccentricity;
but where ecceniricity is present in the joint, the
resulting stress considering eccentricity shall be
provided for.

F-3.4 If a column flange is subjected to significant
tension or if the faces are not prepared for bearing, or
if full continuity is required without slip, only HSFG
bolts shall be used.

OO0 OO

OO0 OO0

Fic. 31 CoLumn SpPLICE (TypiCcAL)
F-4 BEAM-TO-COLUMN CONNECTIONS

F-4.1 Simple Connections

Simple connections are assumed 1o transfer only shear
at some nominal eccentricity and typically used in
feames up to about five stories in height, where sirength
rather than stiffness govern the design. In such frames

separate lateral load resisting system is to be provided
in the form of bracings or shear walls. The connections
shown in Fig. 32 (A}, (B}, (C) and (D) can be assumed
as simple commections in framed analysis and need to
be checked only for the transfer of shear from beam to
column,

F-4.2 Rigid Connections

In high-rise and slender structures, stiffness
requirements may warrant the use of rigid connections.
Rigid connections transfer significant moments to the
columns and are assumed to undergo negligible
deformations at the joint. These are necessary in sway
frames for stability and also contribute in resisting
fateral loads. The connections shown tn Fig. 32 (E),
(F}, (G) can be assumed as rigid connection in frame
analysis and need to be checked for both shear and
moment trapsfer from beam to the column. Fully
welded connections can also be considered as rigid
beam to column connections.

F-4.3 Semi-rigid Connections

Semi-rigid connections fall between the two types
mentioned above. The fact is that simple connections
do have some degree of rotational rigidity as in the
semi-rigid connections. Similarly rigid connections do
experience some degree of joint deformation and this
can be utilised to reduce the joint design moments.

The moment-rotation relationship of the connections
have te be determined based on experiments
conducted for the specific design or based on the
relationship derived from tests, presented in specialist
literature. The simplest method of analysis will be to
idealize the connection as an equivalent rotational
spring with either a bilinear or non-linear moment-
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FiG. 32 S1ze PARAMETER FOR VARIOUS TYPES OF CONNECTHION
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rotation characteristics. The classification proposed
by Bjorhovde combined with the Frey-Morris model
can be wsed with convenience to model semi-rigid
connections, as given in the next section.

F-4.3.1 Connection Classification

Connections are classified according to their ultimate
strength or in terms of their initial elastic stiffness
and Bjorhovde’s classification. It is based on the
non-dimensional moment parameter (m' = M,/ M ;)
and the non-dimensional rotation (8' = 8,/8,)
parameter, where 8, is the plastic rotation. The
Bjorhovde’s classification is based on a reference
length of the beam equal to 5 times the depth of the
beam. The limits used for connection classification
are shown in Table 43 and are graphically
represented in Fig, 33,

IS 800 : 2007

F-4.3,2 Connection Models

Frye-Morris has derived the following polynomial
model for the moment curvature relationship of semi-
rigid connections:

6, = C(KM) + C, (KM)® + C, (KM
where

M

K

moment at the joint, in kN m;

standardization parameter which depend
on the connection type and geometry;
and

C, C, €; = curve fitting constants

Table 44 shows the curve fitting constants
and standardization constants for Frye-
Morris Model {All size parameters in the
table are in mm (see Fig. 32)].

Table 43 Connection Classification Limits

Sl No. Nature of the Connection In Terms of Strength In Terms of
Stiffness
(1} (2) (3 (4}
i Rigid connection m =07 m' >258'
iy Semi-rigid connection 07>m'>02 258" >m'>0.58'
iii)  Flexible connection m' <02 m' <0.58'
N\
t \ ROTATION
\ \ CAPACITY
m'=M m'=(54-208")/3
1.0 M S It SR W A IS S |
L T b T T 1 T 1 In
ETiIIII' I}Iilrillilh‘n\
C T T JRGID T T T T T\
0,8—Illlll!||1:il_1lll}[l\
Lt 1 T T T I 1T T T T "1
& oSatelelelelnty
0s 53 LD
0.4
02 — I I I
J S IS T T Y U T T ) 3
Ll L LLFLEXIBLE L Ll Ll o
ORI S I ) Y O O A Y I B I L
0 L E_f_lLf_.!_Ji:lL__‘l__!__lL!_.L_L_L_L{_LLLLl_LLL _
L L L L L L L L L L 1 1 1 1 ——
8'=8/6p 27

FiG. 33 CLASSIFICATION oF CONNECTIONS ACCORDING TO BIORHOVDE
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Table 44 Connection Constants in Frye-Morris Model
(Clause F-4.3.2)

| Type Connection Type

) @) 3)

Curve-Fitting Standardization Constants

Constants
(4} )

Single web anglie connection

i) B Double web angle connection

i} C
angle

iv) D
web angle

v} E

vi) F End plate connection with column stiffeners

vii} G T-stub connection

viii) H Header plate connection

where (see Fig. 32)
o = depth of beam
dy= depth of the angle, in mm
dv= diameter of the bolt, in mm
dy= center-to-cenire of the outermost bolt of the end plate
connection, in mm
£ = gauge distance of bolt line
#,= thickness of the top angle, in mm

Top and seat angle contiection with double web

Top and seat angle connection without double

End plate connection without column stiffeners

C=191 x106° K = d 218k
=130 = 10"

Ci=270 = 10V

Cl =1.64 x lo’ K= da—2.4!c-l'.3lgﬂ.|5
C3=1,03 x 1"
Cy=8.18 = 16¥
C)=224 = 107"
Cp=1.86 x 19°
C3=3.23 = 10%
Ci=163x10°
Cy=7.25 = 10M
C3=3.31 % 10¥
Ci=1.78 = 10°
C;=-9.55 % 10'
Cy=5.54 % 107
C1=2.60 x 10?
Cy= 337 x 10!
Cy=1.31 x 10%
C =405 x 10*
Cy=4.45 x [0¥
C;=-2.03 x 10%
C| =387
Co=271 % 10%
C3=6.06 x 10"

t.= thickness of the web angle, in mm

fr= thickness of flange T-stub connector, in mm

1= thickness of web of the beam in the connection, in mm
#p= thickness of end plate, header plate, in mm

/= length of the angle, in mm

= length of the T-stub connector, in mm

K= d-r.:rsrt;l.lza&-mls
L% (g —0.54)""

K=4d 15 1 -0.5]‘-0.7db-{.1
4 '—_d{l“fp'o"!f“'s

K= dl‘ 24 Ip‘ 06

K=d 15 ;f-tlj;l-o.'-'db- 1!

K=t0g1% 230,

NOTE — For preliminary analysis using a bilinear moment curvature relationship, the stiffness given in Table 45 may be assumed
depending on the type of connection. The values are based on the secant stiffiiess at a rotation of 0.01 radian and typical dimension of

connecting angle and other components as given in the table,

Table 45 Secant Stiffness
(Table 44)

S) Type of Connection Dimension Secant Stiffeness
No. mm kNm/radian
() ) 3) )

i) Single web connection angle d,=250, =10, g=35 1150

ii) Double web-angle connection =250, ,=10, g=T71.5 4450

i) Top and seat angle connection without double web &,=300, =10, {,=140, 4,=20 2730

angle connection
iv) Header plate dy= 175, 1,= 10, g=75, t,=135 2300

F-5 COLUMN BASES
F-5.1 Base Plates

Columns shall be provided with base plates capable of
distributing the compressive forces in the compressed
parts of the column over a bearing area such that the
bearing pressure on the foundation does not exceed
the design strength of the point. The design strength

of the joint between the base plate and the foundation
shall be determined taking account of the material
properties and dimensions of both the grout and the
concrete foundation.

F-5.2 Holding Down Bolts {(Anchor Bolts)

F-5.2.1 Holding down bolts shall be provided if
necessary to resist the effects of the design loads.
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They shall be designed to resist tension due to uplift
forces and tension due to bending moments as
appropriate.

F-5.2.2 When calculating the tension forces due to
bending moments, the lever arm shall not be taken as
more than the distance between the centroid of the

IS 800 : 2007

F-5.2.4 If no special elements for resisting the shear
force are provided, such as block or bar shear
connectors, it shall be demonstrated that sufficient
resistance to transfer the shear force between the
column and the foundation is provided by one of the
following:

bearing area on the compression side and the centroid a} Frictional resistance of the joint between the
of the bolt group on the tension side, taking the base plate and the foundation.
telerances on the positions of the holding down bolts b) Shear resistance of the holding down bolts.
o account. ¢) Shear resistance of the surrounding part of
F-5.2.3 Holding down bolts shall either be anchored the foundation.
into the foundation by a hook or by a washer plate or d) Shear and bearing resistance of the shear key
by some other appropriate load distributing member plates welded to the base plate and embedded
embedded in the concrete. in the pedestal/foundation.

ANNEX G

{Clause 17.16)
GENERAL RECOMMENDATIONS FOR STEELWORK TENDERS AND CONTRACTS

G-1 GENERAL

G-1.1 The recommendations given in this Annex are
in line with those generally adopted for steelwork
construction and are meant for general information.

G-1.2 These recommendations do not form part of the
requirements of the standard and compliance with these
is not necessary for the purpose of complying with this
standard.

G-1.3 The recommendations are unsuitable for
incluston as a block requirement in a contract, but in
drawing up a contract the points mentioned should be
given consideration,

G-2 EXCHANGE OF INFORMATION

Before the steelwork design is commenced, the
building designer should be satisfied that the planning
of the building, its dimensions and other principal
factors meet the requirements of the building owner
and comply with regulations of all authorities
concerned. Collaboration of building designer and
steelwork designer should begin at the outset of the
project by joint consideration of the planning and of
such questions as the stanchion spacing, materials to
be used for the consiruction, and depth of basement.

G-3 INFORMATION REQUIRED BY THE
STEELWORK DESIGNER

G-1.1 General

a} Site plans showing in plan and elevation of
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the proposed location and main dimensions
of the building or structure;
b} Ground levels, existing and proposed;
¢) Particulars of buildings or other constructions
which may have to remain on the actual site
of the new building or structure during the
erection of the steelwork;
Particulars of adjacent buildings affecting, or
affected by, the new work;
Stipulation regarding the erection sequence
or time schedule;
Conditions affecting the position or continvity
of members;
Limits of length and weight of steel members
in transit and erection;
Drawings of the substructure, proposed or
existing, showing:

D

d)

€)

g

h)

levels of stanchion foundations, if already
determined;

any details affecting the stanchion bases
or anchor bolts;

permissible bearing pressure on the
foundation; and
4) provisions for grouting.

NOTE — In the case of new work, the substructure
should be designed in accordance with the relevant
standards dealing with foundations and substructure.

2)

3)

»

The maximum wind velocity appropriate to
the site {see IS 875); and
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k)

G-3.2
a)

b)

<)

d)

e}

f)

g)

2007

Environmental factors, such as proximity to
sea coast, and corrosive atmosphere.
Reference to bye-laws and regulations
affecting the steelwork design and
coustruction,

Further Information Relating to Buildings

Plans of the floors and roof with principal
dimensions, elevations and cross-sections
showing heights between floor levels.

The occupancy of the floors and the positions
of any special loads should be given.

The building drawings, which should be fully
dimensioned, should preferably be to the scale
of 1 to 100 and should show all stairs, fire-
escapes, lifts, etc, suspended ceilings, flues
and ducts for heating and ventilating. Doors
and windows should be shown, as the
openings may be taken into account in the
computaticns of dead load.

Requirements should be given in respect of
any maximum depth of beams or minimum
head room.

Large-scale details should be given of any
special features affecting the steelwork.

The inclusive weight per m? of walls, floors,
roofs, suspended ceilings, stairs and
partitions, or particulars of their construction
and finish for the computation of dead load.
The plans should indicate the floors, which
are to be designed 1o carry partitions. Where
the layout of partitions is not known, or a
given layout is liable to alteration, these facts
should be specially noted so that allowance
may be made for partitions in any position
(see 1S 875).

The superimposed loads on the floors
appropriate to the occupancy, as given in
1S 875 or as otherwise required.

Details of special loads from cranes, runways,
tips, lifts, bunkers, tanks, plant and equipment.
The grade of fire resistance appropriate to the
occupancy as may be required.

G-4 INFORMATION REQUIRED BY TENDERER
( IF NOT ALSO DESIGNER )

G-4.1 General

a)
b)

c)

All information listed under G-3.1;

Climatic conditions at site-seasonal variations
of temperature, humidity, wind velocity and
direction;

Nature of soil. Resulis of the investigation of
sub-soil at site of building or structure;
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d)

€)

g)

h)

)

k)

m)

n}

p)

Accessibility of site and details of power
supply;

Whether the steelwork contractor will be
required to survey the site and set out or check
the building or structure lines, foundations and
levels;

Setting-out plan of foundations, stanchions
and levels of bases;

Cross-sections and elevations of the steel
structure, as necessary, with large-scale details
of special features;

Whether the connections are to be bolied,
riveted or welded. Particular attention should
be drawn to connections of a special nature,
such as turned bolts, high strength friction grip
bolis, long rivets and overhead welds;

Quality of steel, and provisions for
identification;

Requirements in respect of protective
paintings at works and on site, galvanizing or
cement wash;

Approximate dates for commencement and
compietion of erection;

Details of any tests which have to be made
during the course of erection or upon
completion; and

Schedule of quantities. Where the tenderer is
required to take off quantities, a list should
be given of the principal items to be included
in the schedule.

G-4.2 Additional Information Relating to Buildings

a}

b)

c)

d)

e)

Schedule of stanchions giving sizes, lengths
and typical details of brackets, joints, etc;
Plan of grillages showing sizes, lengths and
levels of grillage beams and particulars of any
stiffeners required;

Plans of floor beams showing sizes, lengths
and levels eccentricities and end moments.
The beamn reactions and details of the type of
connection required should be shown on the
plans;

Plan of roof steelwork. For a flat roof, the plan
should give particulars similar to those of a
floor plan. Where the roof is pitched, details
should be given of trusses, porials, purlins,
bracing, etc;

The steelwork drawings should preferably be
to a scale of 1 to 100 and should give
identification marks against all members; and
Particulars of holes required for services,
pipes, machinery fixings, etc. Such holes
should preferably be drilled at works.



G-4.3 Information Relating to Executjon of Building
Work

a)
b)
c)
d)

Supply of Materials;

Weight of Steelwork for Payment;

Wastage of Steel;

Insurance, Freight and Transport from Shop
to Site;

Site Facilities for Erection:

Tools and Plants;

Mode and Terms of Payment;

Schedules;

Forced Majeure (Sections and provisions for
liquidation and damages for delay in
completion); and

Escalation Sections.

€)
1]

g)
h)

»

k)
G-3 DETAILING

In addition to the number of copies of the approved
drawings or details required under the contract,
dimensioned shop drawings or details should be
submitted in duplicate to the engineer who should
retain one copy and return the other to the steel supplier
or fabricators with his comments, if any.

G-6 TIME SCHEDULE

As the dates on which subsequent trades can
commence, depend on the progress of erection of the
steel framing, the time schedule for the latter should
be carefully drawn up and agreed to by the parties
concerned at a joint meeting,

G-7T PROCEDURE ON SITE

The steelwork contractor should be responsible for the
positioning and levelling of all steelwork, Any checking
or approval of the setting out by the general contractor
or the engineer should not relieve the steelwork
contractor of his responsibilities in this respect.

G-8 INSPECTION

References may be made to IS 7215 for general
guidance.
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G-8.1 Access to Contractor’s Works

The contractor should offer facilities for the inspection
of the work at all stages.

G-8.2 Inspection of Fabrication

Unless otherwise, agreed, the inspection should be
carried out at the place of fabrication. The contractor
should be responsible for the accuracy of the work
and for any error, which may be subsequently
discovered.

-8.3 Inspection on Site

To facilitate inspection, the contractor should during
all working hours, have a foreman or properly
accredited charge hand available on the site, together
with a complete set of contract drawings and any
further drawings and instructions which may have been
issued from time to time,

G-9 MAINTENANCE
G-9.1 General

Where steelwork is to be encased in solid concrete,
brickwork or masonry, the question of maintenance
should not arise, but where steelwork is to be housed
in hollow fire protection or is to be unprotected,
particularly where the steelwork is exposed to a
corroding agent, the question of painting or protective
treatment of the steelwork should be given careful
consideration at the construction stage, having regard
to the spectal circumstances of the case.

G-9.2 Connections

Where connections are exposed to a corroding agent,
they should be periodically inspected, and any corroded
part should be thoroughly cleaned and painted.

G-9.2.1 Where boited connections are not solidly
encased and are subject to vibratory effects of
machinery or plant, they should be periodicaily
inspected and all bolts tightened.
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(Informative)
PLASTIC PROPERTIES OF BEAMS
Table 46 Plastic Properties of Beams (see alse IS 808)

8t

Pesignation Weight per Sectional  Depth of Section  Width of Thickness of  Thickness of Radii of Gyration Section Plastic Shape Factor
Metre Area Flange Flange Web A Modulus Modulvs
o (b 0] {t) (ra (ry) (Ze2) (Zy) (Zya/ Zu)
kg/m em? mm mm mm mm cm cm om’ cm’

() @ 3) 4) (5 (6 el @ &) (10 {an (12)
ISWE 600 *145.1 184.86 600 250 236 I8 25.01 535 38542 4 341,63 1.126 5
ISWB 600 *133.7 170,38 600 250 213 1.2 2497 525 35400 3986.66 1.1262
ISMB 600 1226 156.21 600 210 20.8 12 24.29 412 30604 3510.63 1.1471
1ISWB 550 *L12.5 143.34 550 250 17.6 1.5 22.86 5.1 27239 3 066.29 11257
ISLB 600 *39.5 126,07 600 210 155 [Q.5 2398 179 24289 2 798.56 11522
ISMB 550 103.7 132.11 550 190 193 1.2 22.16 373 23598 271198 1.149 2
ISWB 500 *95.2 121.22 560 250 147 29 20.77 4.96 2091.6 2351.35 1.124 2
ISLB 550 *86.3 109.97 550 LY i5.0 929 21.99 348 19332 222816 1.1526
ISMB 500 86.9 110.74 500 180 17.2 102 2021 3.52 1 B(8.7 2074.67 1.147 1
ISHB 450 92.5 117.89 450 250 13.7 It3 18.50 508 17933 203095 1.1325
ISHB 450 87.2 111,14 450 250 13.7 9.8 18.78 5.18 17427 1955.03 1.121 &
[SLB 500 *75.0 95.50 500 180 14.1 92 20.10 334 1543.2 1 773.67 1.149 3
[SWB 450 794 101.15 450 200 15.4 92 18.63 4.11 1558.1 1 760.59 1.1300
ISHB 400 822 104.66 400 250 12.7 10.6 16.61 5.16 1 4442 1626.36 1.126 1
ISHB 400 114 98.66 400 250 12.7 9.1 16.87 5.20 14042 I 556.33 1.1i55
ISMB 450 *72.4 9227 450 150 174 9.4 18.15 3.01 1 350.7 1 533.36 L1500
ISLB 450 *65.3 8114 450 170 134 86 18.20 320 12238  401.35 1.145 1
ISWB 400 66.7 85.01 400 200 13.0 26 16.60 4.04 11713 1 290.19 1.1271
ISHB 350 2.4 2.0 350 250 1.6 0.1 14.65 5.22 11316 1 268.69 i.1212
ISHB 350 67.4 8591 350 250 11.6 8.3 1493 5.34 10948 1213.53 1.108 5
ISMB 400 *§1.5 78.40 400 140 16.0 39 16.05 2.84 1 020.0 1176.18 1.149 8
ISLB 400 *56.9 72.43 400 165 12.5 8 16.33 315 965.3 1 099.45 1.1390
ISWB 350 56.9 72.50 350 200 1.4 3.0 14.63 4.03 83870 99549 1.1223
ISHB 30 63.0 80,25 300 250 10.6 94 12,70 5.29 863.3 962.18 1.114 5
ISHB 300 588 74.85 300 250 H.6 7.6 12.95 541 836.3 921.68 1.102 1
1SMC 400 494 62.93 400 100 15.3 86 1548 2.83 7541 891.03 1181 6
ISMB 350 2.4 66.70 350 140 14.2 8.1 14.32 2.84 7790 889.57 1421
ISLB 350 49.5 63.0! 350 165 1.4 7.4 14.45 3.7 7519 85111 11320
ISLC 400 *45.7 58.25 400 100 14.0 8.0 15.50 2.81 699.5 823.02 [.179 4
ISWB 300 48.1 61.33 300 200 10.0 74 12.66 4.02 654.8 73121 L1167
ISHB 250 547 69.71 250 150 97 g8 10.70 537 638.7 708.43 11022

ISLB 325 *43.1 54.90 325 165 9.3 7.0 13.41 3..05 &607.7 687.76 1.1317
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Table 46 (Continued)

Designation Weight per Sectional  Depth of Section  Width of Thickness of  Thickness of Radii of Gyration Section Plastic Shzpe Factor
Metre Area Flange Flange Web Modulus Modulus
(F4) { &r) (1) (1) {r:) (ry) (Ze} (Zp2) 2/ L)
kg/m cm? mm mm mm mm em cm cm® cm’
4y (2) 3 4) 5 & N (8 ) (i0) (I a2
ISHB 250 510 64.96 250 250 97 5.9 £0.9] 5.49 6189 678,73 1.096 7
LSMC 350 *421 53.66 350 100 13.5 8.1 13.66 2.83 571.9 672.19 k1754
ISMB 300 *44.2 56.26 300 140 12.4 7.5 12.37 2.84 5736 651.74 1.136 2
ISLC 350 *38.8 49.47 350 100 12.5 74 12.72 282 532.1 622.95 £.1707
ISLB 300 *37.7 48.08 300 150 9.4 6.7 12.35 2.80 4589 554.32 1.1338
ISHB 225 46.8 59.66 225 225 %1 8.6 9.58 484 4870 54222 F103 4
ISWB 250 40.9 52.05 250 200 90 6.7 10,69 4.06 4754 527.57 1.1097
ISHB 225 431 54.94 225 225 9.1 6.5 9.80 4.96 469.3 565,82 1.698 7
ISMC 300 *35.8 45,64 300 90 13.6 7.6 §1.81 2.61 424.2 496.77 11711
ISMB 250 373 47.55 250 125 12.5 69 10.39 265 410.5 465,71 L1345
ISLC 300 *33.1 42.11 300 100 11.6 6.7 £1.98 2.87 403.2 466,73 1.157 6
1SLB 275 *33.0 4202 275 149 2.8 6.4 i1.31 2.61 3924 443.0% 1.1305
ISHB 200 40.0 50.94 200 200 9.0 78 8.55 442 3722 4i4.23 1.1129
ISHB 20 373 41.54 200 200 9.0 6.1 8.71 4.5) 360.8 397.23 1.1010
ISWB 225 339 4324 225 150 99 6.4 9.52 322 3485 389.93 1.1189
1SMC 250 *30.4 38.67 250 80 14.1 1 9.94 2.38 305.3 356.72 1.1684
ISMB 225 3.2 39.72 223 110 11.8 6.5 931 234 305.9 34827 1.1385
ISLB 250 *27.9 3553 250 125 82 6.1 10.23 233 297.4 338.69 1.138 8
ISLC 250 280 3565 250 100 10.7 6.1 1047 289 295.0 338.1 1.1462
ISWB 200 288 36.71 200 140 9.0 6.1 8.46 2.99 2625 293.99 §.1200
1SMC 225 *25.9 33.01 228 80 12.4 6.4 9.03 238 239.5 27793 i.1605
ISLC 225 *24.0 30.53 225 90 10.2 5.8 .14 262 2265 260.13 .148 5
ISLB 225 *23.35 29.92 225 100 36 5.8 9.15 £.94 2224 254,72 11453
ISMB 200 254 3233 200 100 10.8 57 8.32 2.15 2235 253.86 1.1358
ISHB 150 346 44,08 150 150 2.0 1.8 6.09 335 218.1 251.64 11538
ISHB 150 30.6 31898 150 150 2.0 8.4 6.29 344 205.3 232,52 1.1326
ISHB 150 271 34,48 150 150 9.0 5.4 6.50 154 194.1 215.64 1111 ¢
1SMC 200 *22.1 28.21 200 75 11.4 6.1 8.03 2.23 181.9 211,25 1.161 4
ISLC 200 *20.6 26.22 200 75 16.8 5.5 811 2137 172.6 198.77 1.1516
ISWB 175 221 28.11 175 125 74 58 7.33 259 172.5 194.20 11258
ISLB 200 *|198 2527 200 100 73 5.4 8.19 213 169.7 184,34 11370
ISMB 175 *193 24.62 175 920 8.6 55 7.19 1.86 145.4 166.08 1.1422
ISMC [75 *9. 24.38 175 75 10.2 5.7 7.08 2.23 139.8 161.65 11563
ISLC 175 *7.6 22.40 175 75 95 5.1 7.16 238 1313 150.36 1.1452
ISLB 175 *16.7 21.30 175 90 6.9 5.1 747 1.93 1253 143,30 11437
I1SJB 225 2.8 16.28 225 80 50 37 8.97 1.58 116.3 134.15 L.i535
ISJC 200 13.9 17.8 200 70 7.1 4.1 8.08 218 116.1 133.12 1.146 §
ISWRB 150 17.0 21.67 150 100 7.0 54 622 209 iLe 126.86 11337
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Table 46 (Concluded)
Designation Weight per Sectional  Depth of Section  Width of Thickness of  Thickness of Radii of Gyration Section Plastic Shape Factor
Metre Area Flange Flange Webh A Meodutus Modulus
(o (&) (1) {f) () (ry) (Zed) Zp2) (Zpa/ Zex)
kg/m cm’ mm mm mm mm cm cm cm? em’

n 2y 3) (4} {5) {6) &) ®) %3] (10) () (12}
ISMC 150 16.4 2038 150 75 2.0 5.4 6.11 2.2t 103.9 119.82 1.133 3
ISMB 150 14.9 19.00 150 80 76 4.8 6.18 1.66 96.9 110.48 1.1401
ISLC 150 14.4 18.36 150 75 7.8 48 6.16 237 93.0 106,17 1.141 6
ISLB 150 14.2 18.08 150 80 6.8 4.8 6.17 1.75 91.8 104.50 1.1384
ISIC 175 *11.2 14.24 175 60 6.9 36 7.1 1.88 823 94.22 1.144 9
ISTB 200 *9.9 12.64 200 60 5.0 34 7.86 1.17 78.1 90.89 1.163 9
ISMB 125 13.0 16.60 125 75 7.6 4.4 5.20 1.62 71.8 81.85 1.1399
ISMC 125 12.7 16.19 125 65 8.1 5.0 5.07 192 66.6 7715 11585
ISLB 125 1.9 15.12 125 75 6.5 14 5.19 1.69 65.1 73.83 1.1356
ISIC 150 9.9 12,65 150 55 69 36 6.9 1.1 62.8 72.04 1.147 2
ISLC 125 10.7 13.67 125 65 6.6 4.4 5.1t 205 57.1 65.45 1.146 2
ISJB 175 *8.1 10.28 175 50 4.6 30 6.83 0.97 54.8 64.22 L1799
ISMB 100 89 1.4 100 50 7.0 4.2 4,00 1.05 36.6 41.68 11389
ISJB 150 *7.1 9.01 150 50 46 3.0 5.98 1.01 429 49.57 1.1556
18IC 125 19 10.07 125 50 6.6 30 5.8 1.60 43.2 4908 1.1362
ISMC 100 9.2 11.70 100 30 1.5 4.7 4,00 1.4% 373 43.83 1.1750
ISLB 100 80 10.21 100 50 6.4 4.0 4.06 1.12 336 38.89 1.157 3
ISLC 100 7.9 10.02 100 50 6.4 4.0 4.06 1.57 329 38.09 i.1576
ISJC 100 *5.8 7.41 100 45 5.1 3.0 4.09 1.42 248 28.38 1.144 2
ISMC 75 6.8 8.67 75 40 7.3 4.4 2.96 121 2038 24.17 1.190 4
ISLB 75 6.1 1.7 75 50 5.0 37 3.07 1.14 194 2235 11522
ISLC 75 *5.7 7.26 75 49 6.0 3.7 3.02 1.26 176 20.61 1.i710

NOTE — Sections having “weight per meter’ marked with an asterik (*) may be chosen as the section is lighter having high Z, as compared to sections below it.
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Indian Standard

CODE OF PRACTICE FOR
USE OF STEEL TUBES IN GENERAL
BUILDING CONSTRUCTION

( First Revision)

0. FOREWORD

0.1 This Indian Standard { First Revision ) was adopted by the Indian
Standards Institution en § January 1968, afier the dralt finalized by the
Structural Engineering Sectional Committee had been approved by the
Structural and Metals Division Council and the Civil Engineering Divi-
sion Council, '

0.2 Thisstandard is one of a series ol Tndiun Standards being published
under the ISI Steel Economy Programmme. The object of this pro-
gramme is o achieve economy in the use of structural steel by establish-
ing rational, cfficient and optimum standards for stiuctural sections;
formulation ol standard codes of practice [or the design and fabricatian
of steel structures; popularization of welding in steel construction and
co-ordination and sponsoring of experimental research relating to the
production and use of structural steel which would enable the foimula-
tion and revision of standard specifications and codes of practice,

0.3 This standard was first published in 1957, Since its publication four
amendments have been issued. In this revision, the following modifica-
tions have been incorporated:

a} Amendments No. 1, 2, 3 and 4 have been incorperated.

b) References to latest Indian Standards have been given.

¢} The standard has been completely metricized.

d) Mihimum wall thicknesses of tubes have been reduced based on
evidence obtained as a result ol recent experimental and other
investigations, subject to certain minimum maintenance condi-
tions being observed.

© 0.4 This code is complementary to 1S : 800-1962%, The use of tubular
steel in structural work would result in considerable savings, particular.
ly in the case of roof trusess, latticed girders and compression members

*Code of practice for uss of structural stes] in genoral building construction
(revived ).
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in general. It would, therefore, be recognized that large scale use of
tubular steel in structural work is of considerable importance in the
interest of steel economy,

0.5 In arder to popularize the use of tubular construction, it is also
proposed to compile design handbooks, typical designs and other aids to
design which, when they become avaitable, would be of assistance to
those not previously experienced in tubular design and construction.

0.6 Grades Y51 22, Y5t 25 and YSt 32 of steel tubes mentioned in this
standard are covered in IS : 1161-1963*,

0.7 In the formulation of this code, assistance has been derived from B.S.
449 : 1959 ¢ Use of structural steel in building®, issued by the British
Standards Institution.

0.8 This standard contains clause 7,8 which calls for agreement between
the purchaser and the manufacturer,

0.9 For the purpose of deciding whether a particular requirement of this
standard is complied with, the final value, observed or calculated, ex-
pressing the result of a test or analysis, shall be1ounded offin accordance
with 18 1 2-19621. ‘The number of significant places retained in the
rounded off value should be the same as that of the specified value in
this standard.

1. SCOPE

1.1 This code deals with the use of structural steel tubes in general
building construction and is complementary to IS : 800-1962{. Provisions
which are of special application to construction using steel tubes are
included in this code.

2, GENERAL

2.1 Unless otherwise specified in this code, provisions of IS : 800-1962%
with regard to terminology, plans and drawings, loads and general consi-
derations for thedesign, fabrication and erection are applicable in the
use of steel tubes in general building construction,

3, MATERIALS

3.1 Steel Tubes - Steel tubes used in building construction shall be hot

ili;ishcd tubes conforming to the requirements specified in IS : 1161-
63*

] l‘{?&efmcntion for ateel tubes for structural purposes { revised} { Second revision
in . ’
tRules for rounding off nuinorical vatues { revised ).
{Code of practice for use of structural stesl in

enerat buildi i
{revised i. 4 at bujlding construetion
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3.1.1 Tubes made by other than hot finishing processes, or which have
been subjected to cold working, shall be regarded as hot finished if they
have subsequently been heat-treated and are supplicd in the normalized
conditions,

No1E — Grade ERW Y8t 22 tubes apecified in 18 : 1181.1963* with a carbon
content less than 0-30 percent, may he considererd as hot finished for the purposes
of 2.1.1.

3.2 Elecirodes — The clectrodes used {or welding steel tubes shall con-
form to the requirements of 15 : 814-19631,

4. WIND PRESSURE

4.1 In calculating the eflective wind pressure on exposed circular tube
members of a structure, the effective airea shall be taken as 0-6 times the
projected area of the member.  ( Refer to 18 : 875-19641 for values of
wind pressure. )

5. PERMISSIBLE STRESSES

5.0 The pruvision as regards permissible stresses on the net or gross cross.
sectional areas, as the case may be, in 5.1 to 8.8 of this code, is applica-
able to steel tubes for which the minus tolerance on the weight per unit
length of tube is not more than 4 percent. If on the steel tubes used the
minus tolerances on the weight per unitlength are larger than 4 percent,
a corresponding reduction in cross-sectional areas is required to be
made in applying the permissible stresses,

8.1 Axial Stress in Tension — The direct stress in axial tension on the
net cross-sectional arca of tubes shall not exceed the values of Fy given
in Table 1.

TABLE 1 PERMISSIBLE AXIAL STRESS IN TENSION

QRaD K Fe
(H i)
kyfiem?
Y5t 22 1 250
Y5E 25 1 500
Y5 32 1900

5.2 Axial Stress in Compression — The direct stress in compression on
the cross-sectional area of axially loaded steel tubes shall not exceed the
values of F, given in Table 2 in which lfr is equal to the effective length
of the member divided by the radius of gyration,

- *Specification for steel tubes for atructural purposes ( revised ) | Secom! revition
in 1988 ),

tBpuecification for covered electrodes for msial arc welding of mild steel { revised)
( Third revision in 1970).

3Codea of practice for structnral eafoty of buildings; Loading standards { revised ),

5
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TABLE 2 PERMISSIBLE AXIAL STRESS IN COMPRESSION

{ Clause 5.2)
lr Fe
F - _ *
Geapx Y8t 22 Granz Y5t 25 Grape YSt 32

kgffom® kgfiem?® kgflem?

(1 {2) {3 {4)
0 1 260 1 500 1900
10 1217 | 448 182}
1176 1 400 i 760
0 1131 1352 1679
1088 1303 1410
50 1048 1 155 ! 53y
1002 1207 1 468
70 270 1 156 1375
" 80 929 1 088 1263
0 876 1003 1128
100 8l pILH 989
110 T45 813 869
120 674 121 758
130 603 638 (1
1O 40 545 554
150 440 5403 517
160 432 443 430
110 381 392 308
180 339 348 358
19¢ 04 311 36
200 a7 278 280
210 243 240 250
220 219 225 287
230 198 204 205
240 180 185 187
250 182 187 187
300 106 108 106
ano 71 7 72

Nore I -— Intermediate values may be obtained by lnear interpolation,

Nork 2 — The formula, from which these values have been derived, in given in
Appendix A,

5.3 Bending Stresses — In tubes, the tensile bending stress and the
compressive bending stress in the extreme fibres shall not exceed the
values of F, given in Table 3.
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TABLE 3 PERMVISSINLE BENDING STRESS [N EXTREME FIBRES IN
TENSION AN} COMPRESSION

tCfanse 0.0
GR4DE Fu
{h 53]
kgf em?
Y5t 22 1400
Y5t 25 1 855
Y8 32 2050

5.4 Shear Stress — The maximuimn shear stress in a tube calculated by
dividing the total shear by an area equal to half the net cross-sectional
area of the tube shall not exceed the values of F, given in Table 4. The
net cross-sectional area shall be derived by deducting areas of all holes

from the gross cross-sectional area.

TABLE 4 PERMISSIBLE MAXIMUM SHEAR STRESS

GRADE F,
{1 3
kgf/em®
Y &5 22 o0
YL 5 1 100
Y5t 32 1 350

5.8 Bearing Stress — The average bearing stress on the net projected
area of contact shall not exceed the values of F, given in Table 5.

TABLE § PERMISSIBLE MAXIMUM BEARING STRESS

Grapr Fp
(L {2}
kgfiern?®
Y& 22 1700
Y5t 25 1 900
Y 32 2 500

5.6 Combined Bending and Axial Stresses - Members subject 10 both
bending and axial stresses shall be so propurtioned that the quantity:

'-Ei- + in‘l;. doss ot gxceed unity,

where
f, = caicutated axial siress, that 15, axial load divided by

appropriate area ol member;
F, == permissible stress in member for axial load;

7



Sy = calculated bending stress in the extreme fibre; and
Fy = permissible bending stress in the extreme fibre,

8.6.1 When bending occurs about both axes of the member, f, shall be
taken as;

fo= A for B (for)?

where f,; and /., are the two calculatcd unit fibre stresses,

5.7 Permissible Stresses In Welds

5.7.1 Butt Welds — The stress in a butt weld shall be calculated on an
area equal to the effective throat thickness multipiied by the effective
length of the weld measured at the cenire of its thickness, In a butt
weld the allowable tensile, compressive and shear stresses shall not ex-
ceed the stresses respectively permissible in Y54 25 tubes or in the parent
meral, whichever is less,

8.7.2 Fillet Welds and Filiet-Butt Welds — | see 6.7.3.2{c; | — The stress
in a fillet weld or a fillet«butt weld shall be calculated on an area equal
to the minimum effective throat thickness multiplied by the length of
the weld. A miethod of calculating the length of the weld is given in
Appendix B.  In a fillet weld or ise o fillet-butt weld, the permissible
stress shall not exceed the shear stress permissible in Y5t 25 tubes or in
the parent metal, whichever is less.

5.7.2,1 Combined stresses in a fillet or fillet-bust weld — When the
fillet welds in a connection arc subjecied to the action of bending com-
bined with direct load, the maximum resulitant stressshall he calculated

as the vector sum, and shall not exceed the permissible siress as specified
in 8,7.2. .
4.8 locrease of Stresses

%5.8.1 Increase of permussible stresses fur occasional joads may be
allowed according to the provisions of 158 : 800-1962*

£.8.2 Irrespective of any permissible increase of aliowable stress, the
equivalent stress, f, due to co-existent bending and shear stresses shall
not exceed the values given in Tablc 6.

TABLE § MAXIMUM ALLOWABLE EQUIVALENT STRESS

GRrapE Fa
h 2)
kgfiem?
Y8t 21 1 q00
Y 5¢ 25 2285
Y8t 32 2900

*Code of praotine for wws of structu ral stesl in goneral bhuilding construction
{ revised ).
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5.8.2.1 The equivalent stress f, is obtained from the foilowing
formula:

fo= VAF 312
where
J» = the calculated bending stresses ( compression or tension )
at the point under consideration, and

fi = the calculated actual co-existent shear stress at the point
under consideration.

6. DESIGN

6.1 General — The principles and procedures of design contained in
Section I'V ol 15 : 800-1962* generally applicable 1o structures using
steel tubes,

6.2 Basis of Design — The basic methods of design lor structures using
stecl tubes are generally similar to those for other types of elastic struc-
tures. Welding is generally adopted for connections in tubular steel
construction. Since the conncctions in such cases give rigid joints, it is
desirable to design such welded structures taking into consideration the
actual condition of rigidity particularly since such design results in
saving in materials and greater overall economy. For structures design-
¢d on the basis of fixity of connections, full account is to be taken of the
effects of such fixity.

6.2.1 Structural frameworks using steel tubes including those with
welded connections may, however, be designed on a simple design basis,
comparable with that givenin 15 ; 800-1962*. Insuch cases, secondary
stresses may be neglected in the design of trussed girders or rool trusses,
except where the axes of the members do not mect at a point.  Where
there is such eccentricity, the effects of the eccentricity should also be
considered.

6.2,2 Curved Members and Bends — The design of curved members
and bends shall be given special consideration, and allowance shall be
made for any thinning of the bent pait which may be caused by
hending the member.

6.3 Minimum Thickness of Metals

6.3.1 For tubular stcelwmnk painted withh one priming coat of red
oxidezine chromate paint after fabrication and periodically painted and
maintained regularly, wall thickness of tubes used for construction ex-
posed to weather shall be nat less than 4 mm, and for construction not
exposed to weather it shall be not less than 3'2 mm; where struciures
are not readily accessible for maintenance, the minimum thickness shall

be 5 mm,

*Cods of practice for use of structursl steel in general building consiruction
(revised).
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6.3.2 Steel tubes used for construction exposed to weather shall be
not less than 3'2 mm thick and for construction not exposed to weather
shall be not less than 2°6 mm thick, provided in each case the tube is
applied with:

a) one coat of 2zinc primer conforming to IS : 104-1962* followed

by a coat of paint conforming to IS : 2074-19621, and

b) two coats of paint conforming to 18 : 123-19623%.

This painting system should be renewed aiter every two years in the
case of tubes exposed to weather. In case some other metallic corrosion
protecting material is used, such as aluminium painting, the renewal of
coating may be done after longer intervals.

6.4 Compression Members

6.4.1 Effective Length of Contpression Members — Effective length ()
of a compression member for the purpose of determining allowable axial
stresses shall be assumed in accordance with Table 7, where L iz the
actual length of the strut, measured between the centres of lateral sup-
ports. In the case of a2 compression member provided with a cap or
base, the point of lateral support at the end shall be assumed to be in
the plane of the top of the cap or bottom of the base,

TABLE 7 EFFECTIVE LENGTH OF COMPRESSION MEMBERS

Tyre ErvecTive LeNnaTn
EAfectively held in position and restrained in dircction ut 87 L
both ends
FRectively held in position si both ends and restrained in w85 L
direction at one end
Effectively held in position at both ends but not reatrained in L
direction
Effectively held in position and restrained in dirsction at one L

end, and at the other end effectively restrained in direztion
but not held in position

Effectively hoeld in position end reetrained in direction at gne 1'% L
end, and at the olther and pertially restrained in diraction
but aot held in position

Effectively held in position and reatrained in direction at one 20 L
end but not bald in position or restrained in direction at
the other end

*Specification for ready mixed paint, brushing, zinc ehrome, priming, for use on
sluminium end light slloye ( revised ).
t3pecification for rendy mixed paiat, red oxide-zinc chromne, priming.
{3pecifcation for ready mixed paint, brushing finishing, eemi-glosa, for general
urposes, to Indian Standard colours Na. 445 Vesctian ced, No 448 Deep Indian ved,
0. 45! Chocolate, No. 446 Red oxide, No, 449 Light purpls brown, Ne. ¢73 Qulf red
and red oxide { colour unspecified ) ( revised ).
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6.4.1.1 Members of trusses — In the case of bolted, riveted or
welded trusses and braced frames, the effective length (f) of the comp-
ression-members shall be taken as between 07 and 10 times the distance
between centres of intersections, depending on the degree of end res-
traint provided,

6.42 Maximum Slenderness Ratio of Compression Members — The
ratio of effective length (/) to the appropriate radius of Fyration (r) of

& compression member shall not exceed the following values:
Type of Member Iir
a) Carrying loads resulting from dead loads and superim- 180

posed loads

b} Carrying loads resulting from wind or seismic forces only, 250
proevided the deformation of such members does not ad-
versely, affect the stress in any part of the structure

¢} Normally acting as a tic in & coof truss but subject o 350
possible reversal of stress resulting from the action of wind

6.4.3 Eccentricity of Beam Reactions on Columns — For the purpose
of determining the eccentricity of bcam reactions or similar loads on a
column in simple design procedure, the load shall be assumed 1o be
applied as given in Table 8.

TABLE 8 ASSUMED ECCENIRICITY OF LOADS IN COLUMNS

l:l. Tyrx or ConnmcTiON AmoRED PoINT oF AFFLICATION
9.

{h {2) i3)

i} Stilfsned bracket Mid-point of stiffened seating

i) Unstiffensd beacket Duter facs of vartical leg of brackst
iii} Clests on tube Outside of tube

iv) Cap:

a} Boams of approximataly aqual Mid.point of cap
span and load, continuous aver

the cap
b) Other beama Edge of atanchion towards span of beara
axcopt for rool truas bearings
c} Roof truss bearingy No eceantrioity for simple bearing without

connections capable of developing an
«pprociable momant

6.4.4 Joints

6.4.4.1 Where in joints in compression members, the ends of the
members are faced lor bearing over their whole area, the welding and
joining material shall be sufficient to retain the members accurately in
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place and to resist all forces other than direct compression, including
those arising during transit, unloading and erection.

6.4.4.2 Where such members are not faced for complete bearing,
the welding and joining material shall be sufficient to transmit all the
forces 10 which the joint is subjected.

6.4.43 Wherever possible, joints shall be proportioned and ar.
ranged so that gravity axes of the members and the joints are in line,
30 as to avoid cccentricity,

8.4,5 Column Bases

6.4.5.1 Gusseted bases

a} For columns with gusseted bases the gussets and the welds con-
necting them to the shaft shall be designed to carry the load
and bending moment transmitted to them by the base plate.

b) Where the end of the celumn shaft and the gusset plates are
faced for bearing over their whole area, the welds connecting
them to the base plate should be sufficient to retain the parts
securely in place and to resist all forces other than direct
compression, including those arising during transit, unloading
and erection,

<) Wherc the end of the column shaft and the gusset plates are
not faced for complete bearing, the welds connecting them to
the base plate sha!ll be sufficient to transmit all the forces to

which the base is subjected.
6.4.8.2 Slab bases — For columns withslab bases where the end of
the shafec is faced lor bearing over its whole area, the welds connecting
it to the base plate should be sufficient to retain the parts in place and
to resist all forces other than direct compression including those arising
during transit, unloading and erection. ( For the design of slab bases

see 19.8.2 of IS : 800-1962%.)

6.4.6 Latiicing and Battening of Compression Members
6.4.6.1 Latticing and battening where necessary shall be propor-
tioned according to the appropriate clauses of IS : 800-1962%.
6.4.6.2 Whenever postible, lattices and battens shall be so arrang-
ed that their gravity axes are in line with gravity axes of the main
members to which they are connected.
6.3 Design of Beams

6.5,1 The tensile and compressive stresses in the extreme fibres of
tubes in bending shall not exceed the values prescribed under 8.3,

*Code of practice for use of structural steel in general bujlding construction
(revised ), -
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6.5.2 The maximum shear stress in tubes in flexure, calculated by
dividing the total shear by an area equal to half to the net cross.sec-
ticnal area of the tube, shall not exceed the values prescribed under 8.4.

6.5.3 Stiffeners for Tubes — Where the tubular steel beam rests on
abutment or other supporting member, it shall be provided with a shoe
adequate to transmit the load to the abutment and to stiffen the end of
the tube,

6.5.3.1 Where a concentrated load is applied to a tubular member
transverse to its length or the eifect of toad concentration is given by the
intersection of triangular truss members, consideration shall be given to
the local siresses set up and the method of application of the load, and
stiffening shall be provided as necessary to prevent the local stresses
from being excessive. The increase in the intensity of local bending
stresses caused by concentrated loads is particularly marked if either
the diameter of connected member or the connected length of a gusset
or the like is small in relation to the diameter of the tubulay member to
which it is connected.

6.5.4 Limiting Deflections of Beams — The deflection ol a member
shall not be such as to impair the strength, efficiency or appearance of
the structure or lead to damage to fittings and finishings. Generally,
the maximum defiection should not exceed 1325 of the span for simgly
supported members.  This requirement may be decmed to be satished
if the bending siress in compression or tension do¢s not exceed
31500 D

!

I is the effective length ol the beam in cm.
6.5.4.1 Purtins
a) The requirements under 6,54 vegarding Iimiling.dcﬁecu'on
iay be waived in the design of simple tubular purlins provid-
cd that the following requirements are satisfied:

kgficm?, where D is the outer diameter of the tnbe in em and

NATURE oOF -EnD MinmuM VALUE OF SECTION Minimun
Fixing MobpuLus Outsior
o — e o ey Dhaneren
Grade Grade Grade  ror Grapes
YSt 22 YSt 25 Y&t 32 Y8t 22,
cm? om® cm? Y5t 28
anp YSt 32
cm
Simply supported WELI1200 WLj13230 WL/16400 Li40
Effectively continuous  WL/16800 WL/I9840 W Li24600 Lo
where

W = the total distributed load in kg on the purlins arising
from dead load and snow but excluding wind, and

i3
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I = the distance in em between the centres of the steel princi-
pals or other supports.

b} A purlin shall be considered as effectively continuous at any
intermediate point of support if it is actually continuous over
that point or if it has there a joint able to provide a fixing
moment of not less than WL/12, where W and L are as defined
above.

6.6 Separators and Disphragms — When loads are required to be
carried from one tube to another or are required to be distributed
between tubes, diaphragms which may be wubular, designed with suffi-
cient stiffness to distribute the load between the tubes, shall bhe used.

6.7 Connections

6.7.1 General -~ Connections in structures using steel tubes shall be
provided by welding, riveting or bolting. Wherever possible, connec-
tions between tubes shall be made directly 1ube to tube without gusset
plates and otherattachments. Ends of tubes may be Battened as specified
in 1.7 or otherwise formed to provide for welded, riveted or bolted
connections.

6.7.2 Ecceniricity of Members — Tubes meeting at a point shall,
wherever practicable, have their gravity axcs meeting at a point $0 as
to avoid eccentricity,

6.7.2.1 Eccentricity of connections — Wherever practicable, the
centre of resistance of the connection shall lie on the line; of action of
the load so as to avoid eccentricity moment of the connection,

6.7.3 Welded Connections

6.7.3.1 A weld connecting two tubes end to end shall be {ull pene-
tration buitt weld. The effective throat thickness ofthe weld shall be
taken as the thickness of the thinner part joined.

6.7.3.2 A weld connecting the end of one tube { branch tube) to
the surface of another tube { main tube ) with their axes at an angle ot
nat less than 30° shall be of the following types:

a} A butt weld throughout,
b) A fillet weld throughout, and

c} A fillet-butt weld, the weld being a fillet weld in one part and
a butt weld in another with a continuous change from the one
form to the other in the intervening portions,

Type (a) may be used whatever the ratio of the diameters of the
tubes joined, provided comEIctc penetration is secured either by the
use of backing material, or by depositing a sealing run of metal on the
back of the joint, or by some special method of welding. When type (a)
is not employed type (b) should be used where the diameter of the
branch tube is less than one-third of the diameter of the main tube, and

14
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type (c) should be used where the diameter of (he branch tube is equal
to or greater than onc-third of the diameter of the main tnbe.

For the purpose of stress calculatiun, the throat thickness of the butt
weld portion shall be taken as the thickies: of the thinner part joined,
and the thvoat thickness of the fillet weld and the fillet-butt weld shall
be taken as the minimum effective throat thickness of the fillrt o fillet-
butt weld,

6.7.3.3 Angic between tubes - A weld connecting the end of one
tube to the surface of another, with the axes of the tubes intersecting at
an angle of less than 30°, shall be permitted only if adequate rfficiency
of the junction has been demonstrated,

6.7.3.4 Connections where the axes of the two tubes do not intersect —
A weld connecting the end of one tube to the surtace of another where
the axes of the two tubes do not intersect, sha!l be subject ro the pro-
visions under 5.7, 6.7.3.2 and 6.7.3.3, provided that no purt of the curve
of intersection of the eccentric tube with thie main tube lies outside the
curve of intersection of the corresponding largest permissible non-
eccentric tube with the main tube { tee Fig. 1 }.

6.72.3.5 Connecrions of tubes with flattened ends — Where the end
of the branch tube is flattened to an elliptical shape 8.7, 6,7.3.2 t0 6,7.3.4
shall apply, and for the application of 6.7.3.2 aud 6,7.3.4 the diamete
of the flattened tube shall be measured in a plane perpendicular to the
axis of the main tube,

7. FABRICATION
7.1 General

7.1.1 The general provisions in Section V of IS ; 800-1962* are also
applicable to the fabrication of structures using steel tubes. Where
welding is adopted, reference to appropriate provision of I8: 820- ¢
(see Note ) and IS : 816-1956% shall be made.

Nors — Until this standard is published, proviaions tor welding in tubular
conatruction ahall be as agreed to between the concerned parties.

7.1.2 The component parts of the structure shall be assembled in such
a manner that they are neither twisted nor otherwise damayged and be
so prepared that the specified cambers, il any, are maintained.

*Code of pract. -e for use of structural stoel in ygeneral building construction

{ revised).
$Code of practice [or uge of welding in tubu'ar conabeuction { wunder preparation |.
{Code of practice for use of metu] are welding lar geners] construction in mild
steel. { Since revised }.

15



IS : 806 - 1968

i
A\

o

1
TYPE I Butt weld
Cmoa = -‘5(9.—90)

D
616!

o D g =

TYPE T Filiet Weld
€oes =3 (5= Dy)

"2 0

TYPE I Fillet—Butt Weld
€ ran =%(D!I-D.)

emn =5 (F —00)

Norx — Dotted sircle shows curva of intersection of Iargest permisnible non-
egoentric tube with main. Bolid cirole indicatss curve of intersection of sooentric

branch,

Fig. 1 Diacram SHowine .LiviTs oF EccentRICITY FOR
Tuse CONNECTIONS

7.2 Straightenimg — All matcrial before being assembled shall be
straightened, if necessary, unless required to be of a curvilinear form
and aball be free from twist.

16
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7.3 Bolting

7.3.1 Washers shall be specially shaped where necessary, or other
means used, to give the nuts and the heads of bolts a satisfactory
hearing.

7.3,2 In all cases where the full bearing area of the bolt is to be
developed, the threaded portion of the bolt shall not be within the
thickness of the parts bolted together, and washers of appropriate thick-
ness shall be provided to allow the nut to be completely tightened,

7.4 Cut Edges — Edges should be dressed to a neat and workmanlike
finish and be free from distortion where parts are to be in contact
metal-to-metal.

7.5 Caps and Bases for Columns — The ends of all tubes for columns,
transmitting loads through the ends, should be true and square to the
axis of the tube and should be provided with a cap or bas¢ accurately
fitted to the cnd of the tube and screwed, welded or shrunk on.

7.5.1 The cap or base plate should be true and square to the axis of
the column.

7.6 Sealing of Tubes — When the end of a tube is not automatically
sealed by virtue of itas connection by welding to another member, the
end shall be properly and completely sealed,

7.6.1 Before sealing, the inside of the tube should be dry and free
from loose scale.

7.7 Flattened Ends — In tubular construction, the ends of tubes may be
fiattened or otherwisc formed to provide for welded, riveted or bolted
connections provided that the methods adopted for such flattening
do not injure the material. The change of section shall be gradual.

7.8 Oiling and Painting — IM not galvanized, all tubes shall, unless other-
wise specified, be painted or oiled or otherwise protectively coated before
exposure to the weather. Il they are to be painted in accordance with
any special requirements, this shall be arranged between the purchaser
and the manufacturer.

7.9 Marking, Shop Erection and Packing — Appropriate provisions ol
IS : 800-1962* shall apply.

8. INSPECTION AND TESTING
8.1 Appropriate provisions of IS : 800-1962* shali apply.

*Code of practice for use of structural stesl in general building constreedlos
(revised), ’
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APPENDIX A
( Table 2, Note 2)

FORMULA FOR DERIVING PERMISSIBLE AXIAL
STRESS IN COMPRESSION

A-1, For values of }{r less than 60, the value of F, shall not exceed that
obtained from lincar interpolation between the value of F, for Ifr = 60
as found under A<2 and a value ol 0-6 f, for /jr ~ Q.

A2, For values of Iir from 60 to 150, the average axial stress on the
cross-scctional area of a strut or other compression member shall not
exceed the value of F, obtained by the formula given below:

JJ——— Luim
| 015 sec ( lir

mF.
4F

radians

where
F. = the permissible average axial compressive stress;

f, = the guaranteed minimum yicld stress;
m == factor of safety taken as 1'67;

lir = slenderness ratio, ¥’ being the effective length and ¥’
radius of gyration; and

E = modulus of clasticity 2047 000 kglicm?,

A-3, For values of /{r greater than 150, the average axial stress on the
cross-sectional arca of a strut or other compressicn member shall not

exceed the value F,( P2 - '7"5!5; )whcrc F, is obtained as given
under A-2,

APPENDIX B

{ Clause 5.1.2)
DETERMINATION OF THE LENGTH OF THE CURVE OF
INTERSECTION OF A TUBE WITH ANOTHER TUBE
OR WITH A FLAT PLATE

B-1. The length of the curve of interscction (see Fig. 2) may be taken as:
P=2a+ b+ 3\/'0' + bt

18
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where
a = 4 cosec
=3 9
- 1
b= —‘-;— g ;—:-{—g—,},{%‘,, for intersection with a tube (see Note)

d , . .
= 5 for intersection with a flat plate;

d = outside diameter of branch;
¢ = angle between branch and main; and
D = outside diameter of main,

NoTE — Alternativaly, b = -?Q where ¢ s measured in radians and

ain -.—-_'!_
2 D’

/ 2G \ D.

g

@

1

2b
P

Fic. 2 Leworit or THE CURVE oF INTERSECTION OF A TuBE
witH ANoTHER Tuse OR WirH A FLAT PLaTE

19
MGIPF— 306 Deptt. of BIS/2007- - 100



BUREAU OF INDIAN STANDARDS

Headquarlers:

Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELH! 110002

Telephones: 232301319, 23233375, 23239402 Fax. 21+011 23239399, 23239382
£ - Mail : info@bis.org.in website . hitp www.bis org.in

Central Laboratory:
Plot No. 20/9, Site IV, Sahibabad Industrial Area, SAHIBABAD 201010

Regional Offices:

Central : Manak Bhavan, § Bahadur Shah Zafar Marg, NEW DELHI 110002
*Eastern : 1/14 CIT Scheme VIIM, V.1 P. Road, Kankurgachi, KOLKATA 700054
Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160022

Southern : C LT Campus, IV Cross Road, CHENNAI 600113

TWestern: Manakalaya, £9, MIDC, Behind Marol Telephone Exchange,
Andheri (East), MUNMBAI 4000583

Branch Offices:
‘Pushpak’, Nurmohamed Shaikh Marg. Khanpur, AHMECABAD 380001
Peenya Industnai Area, 1* Stage, Bangalore-Tumkur Road, BANGALORE
Commercial-cum-Office Complex, Opp. Dushera Maidan, Arera Colony,
Bittan Market, BHOPAL 462016
62-63, Ganga Nagar, Unil VI, BHUBANE SHWAR 75100
5" Flogr, Kovai Towers, 44 Bala Sundaram Road. COIMBATORE 641018
SCO 21, Sector 12, Faridabad 121007
Sawitn Complex, 116 G.T Road, GHAZIABAD 201001
53/5Ward No, 29, R.G. Barua Road, 5th By-lane, Apurba Sinha Path,
GUWAHATI 781003
5-8-56C. L N Gupta Marg, Nampally Station Road, HYDERABAD 500001
Prithavi Raj Road, Opposite Bharat Overseas Bank, C-Scheme, JAIPUR 302001
11/418 B, Sarvodaya Nagar, KANPUR 208005
Sethi Bhawan, 2™ Floor, Betind Leela Cinemna, Naval Kishore Road,
LUCKNOW 226001
H.No. 15, Sector-3, PARWANOQO, Distt. Solan (H P} 173220
Flot No A-20-21, Institutronal Area, Sector 62, Goutam Budh Nagar, NOIDA 201307
Patliputra Industnal Estate, PATNA 800013
Plot Nos. 657-660, Market Yard, Guitkdi, PUNE 411037
"Sahajanand House" 3 Floor, Bhaktinagar Circle, 80 Feet Road.
RAJKOT 360002
T.C.No. 21275 (1 & 2}, Near Food Corporation of India, Kesavadasapuram-tiicor Road,
Kesavadasapuram, THIRUVANANTHAPURAM £95004
1# Floar, Udyog Bhavan, VUDA, Siripuram Junclion, VISHAKHAPATNAM-03

*Sales Office is at 5 Chowringhee Approach, P.C. Princep Street, KOLKATA 700072

tSales Office (WRO) Plot No. E-9, MIDC, Rd No. 8, Behind Telephene Exchange,
Andheri {East}, Mumbai-400 0093

Printed by the Manager, Government of India Press Faridabad, 2007

Telephone
277 0032

23237617
23378662

260 8285
22541984
2832 9295

5601348
8394955
2423452

2403139
21014
2292175
2861498
2456508

23201084
2223282
2233012
261 8923

235436
2402206
226 2808

2427 4804
2378251

2557914
2712833

23553243

28329295



L 00 0000000000 66 & (

Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access to information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest

to the public, particularly disadvantaged communities and those engaged in the pursuit of

education and knowledge, the attached public safety standard is made available to promote the
timely dissemination of this information in an accurate manner to the public.

“STTAA FT SfeeRTe, S T st 6 G 0 T S D T R
Mazdoor Kisan Shakti Sangathan Jawaharlal Nehru
\ * “The Right to Information, The Right to Live” “Step Out From the Old to the New” .

IS 883 (1994): Design of Structural Timber In Building
-Code of Practice [CED 13: Building Construction Practices
including Painting, Varnishing and Allied Finishing]

“ST | UE T4 T F7 i

Satyanarayan Gangaram Pitroda

.‘,\\ “Invent a New India Using Knowledge”

R

e AT ok R






BLANK PAGE

PROTECTED BY COPYRIGHT



IS 883 : 1994
( Reaffirmed 2005 )

W ATAE
faaior ®1at & GIAATRAS FUTGT AFIT & [SATZA —
afa |fgar
( =rar qadeyor )

Indian Standard

DESIGN OF STRUCTURAL TIMBER
IN BUILDING — CODE OF PRACTICE

{ Fourth Revision )

First Reprint JULY 1995

UDC 691-11 : 624-011-1 : 624-04

© BIS 1994

BUREAU OF INDIAN STANDARDS
MANAK BHAVAN, 9 BAHADUR SHAH _ ZAFAR MARG
NEW DELHI 110002

August 1994 Price Group 7



Building Construction Practices Sectional Committee, CED 13

FOREWORD

This Indian Standard { Fourth Revision } was adopted by the Bureau of Indian Standards, after the-draft
finalized by the Building Construction Practices Sectional Committee had been approved by the Civil
Engineering Division Council.

This Indian Standard was first published as code of practice for use of structural timber in building
( material, grading and design ) in 1957 and was first revised in 1961, In the second revision in 1966,
clauses relating to specification and grouping of structural timber were deleted and these aspects were
covered in detail in a separate standard, namely I35 3629 : 1966 ‘Specification for structural timber in
building which was subsequently revised in 1986. The third revision of this standard took place
in 1970, This is the fourth revision of sthe standard. In this revision besides taking into account the
revised version of IS 3629: 1986 ‘Specification for structural timber in building { first revision )’ and stre ngth
data on additional species, the experience gained during the past years in using the standard, has also-
been considered. The different species of timber available in the country which bave been tested so far
and found suitable for construction purpnses have been classified into three main groups based on modulus
of elasticity 2nd modulus of rupture. The design of deep and built-up beams and spaced columns are
covered in detail. Safe working stresses of recommended species and their relevant pertinent data given
in this standard have largely been derived from publications of Forest Research Institute, Dehra Dun.

In the formulation of this standard due weightage has bce.n g_ivm to .international co-ordination among
the standards and practices prevailing in different countries in addition to relating it to the practices in
the field in this country.

This standard is one of the two Indian Standards on structural timber in building. The other standard
being 1S 3629 : 1986. )

For the purpose of deciding whether a particular requirement of this standard is complied with, the final
vale, observed or calculated, expressing the result of a test or; al.:talysis, shall be rounded off in accordance
with 1S 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 Standard

DESIGN OF STRUCTURAL TIMBER
IN BUILDING —CODE OF PRACTICE

{ Fourth

* oMb
1 Ui o

Ll This standard covers the general principles
involved in the design of structural timber in
buildings.

1.2 The following aspects are not covered in
this standard:

a} Timber pile foundations;

b) Structural use of plywood

Y Diasioon Al

L} ‘-".rolbl'l s
fastenings;

d) Lamella arch roofing; and

¢} Timber-concrete composite construction.

2 REFERENCES

21 Thc Indian Standards listed in Annex A are
necessa il_l'_‘l nets to this standard.

TERMINOLOGY
this standard, the
dcﬁnmons given in IS 707 : 1976 and IS 3629 :
1986, and the following shall apply.

3.1.1 Box Column

A column formed of four members having a
hollow core. Members are joined with one
another forming a box and provided with solid
block at ends and intermediate points.

3.1.2 Fundamental or Ultimale Stress

The stress which is determined on small clear
spcmmcn of txmbcr, in accordancc with standard
o e - e PR = oy

pracucc and does not take into account the effect
of naturally eccurring characteristics and other

LA MAN I

3.1.3 Permissible Stress

Siress obtained after applying factor of safety to
the ultimate stress.

3.1.4 Purlin

A roof member directly supporting roof covering
or rafter and rool battens.

evision J

-

a8 E O l......
Felgor Wllﬂ VR IITIR

Solid columns are formed of any-section having
solid core throughout,

-
L)
o
Gy
&
gh
E-

Spaced columns are formed of two or more mem-
bers Jomted at their ends and intermediate points
by block pieces

3.1.7 Working Stress

Stress obtained after applying necessary adjust.
ment factors { according to the particular design)
to the permissible stress.

4 SYMBOLS

For the purpose of

letter symBols shail have the meaning indicated
against each:

this code,

the following

LERL Ll

d

A <= area of cross-section of column in mm?
& == breadth of beam in mm
C = concentrated load iIn N

D = depth of beam in mm

>
!

depth of beam at notch in mm

. rh-hth nfq in mm

Ll U2 L fch 1n

b
I

= dimensions of least side of column in
mm

the least overall width of box column
in mm

R
i

dy = the least overall dimension of core in
box column in mm

£ = modulus of elasticity in bending in
N{mm?

_ o Veciowsd af dlim ccabe i am iz J . AL o

[ == 1custu Lol

€ NoiCil measiired awng th
beam span from the inner edge I'
support to thc farthest edge of t
notch in mm '

r __ enlasalotad handine stesoe 3
Jap == CaiCud lal.-c.u. OLIIGINE SIISHS &

fibre in Nfmm3?

fae = calculated average axial

Compressive
stress in N/mm? :
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JSar = calculated axial tensile stress in Nfmm?

J» = the permissible bending stress on the
extreme fibre in N/mm?

fo = permissible stress in axial compression

in N{mm?

fen = permissible stress in compression normal
( perpendicular ) to grain in Nfmm?*

fop = permissible  stress  in  compression
paraliei to grain in N/mm?

fu0 = permissible compressive stress in the

’ direction of the linc of action of the

load in N/mm?

fi = permissible stress in tension parallel to
grain in N/mm?

H = horizontal shear stress in N/mm?

I = moment of inertia of a section in mm*

K o= coefficient in deflection depending upon
type, criticality of loading on beam

K, == modification factor for change in slope
of grain

K, = meodification factor for change in dura-
tion of loadings

KSi

Kb

Ky

and

Ky = form factors

Ky = modification factor for bearing stress

Ky = constant equal to 0-584 ,\/ E
Sop

Lid UXE

Ky = constant equal to o m

K3 = constant equal to 0-584 23K
°p

{ = gpan of beam or truss in mm

M = Maximum bending moment in beam in
N/mm?

n = shank diameter of the nail

p1 = ratio of the thickness of the compression
flange to the depth of the beam

) = statical moment of area above or below
the neutral axis about neutral axis in
mm?®

q = aconstant for particular thickness of
plank

@1 = ratio of the total thickness of web or
webs to the overall width of the heam

$ = unsupported overall length of column
in mm

{ = nominal thickness of planks used in
forming box type column in mm

U = constant for a particular thickness of
plank

¥ = vertical end reaction or shear at a
section in N

W = total uniform load

x = distance in mm from reaction to load

& = section modulus of beam in mm?
Y = afactor determining the value of form

factor K,
# = angle of load to grain direction
3 < deflection at middle of beam
5 MATERIAL

5.1 Species of Timber

The species of timber recommended for con-
structional purposes are given in Table 1.

5.1.1 Grouping

Species of timber recommended for constructional
purposes are classified in three groups on the
basis of their strength properties, namely, modulus
of elasticity ( £) and extreme fibre stress in
bending and tension { fp ). The characteristics of
these groups are given below:

Group A — E above 126 X 102 N/mms¥; f,
above 18 0 N/mm?

Group B — E above 98 x 103 N/mm? and
up to 126 x 102 N/mm¥% f,
above 120 N/mm?® and up to
180 N/mms?

Group C — E above 56 x 10® N/mm? and
up 1o 98 x 108 N/mm$; - f,
above 85 N/mm? and upto
12-0 Njmm?*

5.1.2 Safe permissible stresses for the species of
timber {classified into there groups in 5.1.1 } are
given in Table I.

5.1.3 Timber specics may be
accordance with good practice.

5.2 Other general characteristics like durability,
treatability of the species are given in Table 1, as
far as these are known.
The specics of timber other than those given in
Table 1 may be used provided the basic strength
properties arc dectermined and found in
accordance with 5.1.1.
Other species can be used at the risk of larger
sections and economy,

NOTE — For obtaining basic stress figures of the

unlisted species, a reference may be made to the Forest
Research Institute, Dehra Dun.

5.3 Moistare Content in Timber

Unless otherwise specified the moisture content of
the timber shall conform to the requirements given
in IS 287 : 1993 { se¢ also Table 2 for recommended
moisture content based on the zonal division of the
country ).

identified in



Table 1 Safe Permissible Stresses for the Species of Timber

[ Clauses 5.1‘, 5.1.2,5.2, 5.7.1, 5.7.2 (b) 6.2, 6.3, 6.4.1, 6.4.2, 6.4.2.2, 7.5.8.4 (b} ]
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Species Locality From  Avernge Modulos Fermisssible Stresn in N mmy? lor Grade 1 Prassrvative §Refracteri-
s - Where Tested Unie of ——— - Churncters mess ta Alr
Botanica) Namae Trade Name Mass az  Elasticity Bending and Tension Shenr Compression - & f!
12 Per- (ANl Grades Along Grain, Extreme Al Locationa Compr wion Perpendicular 10 Grain t0urabis $Treat- v
cent and ALl Fibre Stren —— e e, Parallel to Grain o e 2 P e ., e, liey Chase  ability
Mo L . A —  Horizon- slong ——trm e e, loide Outyide Wet Grade
Comient Inside  Outvide Wer tal Grain lavide Qutside Wer Luca.  Loca- Leca-
N/mm! Loca-  Loca- Loca- Laca- Locas  Loca- e tion tiag
kg/m* tien on uon (-1 ion Hon
[{} 2 [T 4 5) {6} (7 8, 3] 19} {3 {1 1) 114) (1% (&) (N (19) (M
GROUF A
Acacia catechu Khbaw u.e. 1 00 134 w1 168 1374 ¥3s 2 134 123 iy 77 0 +¢ ( - A
Avacie shuadra Red kytch M, P. | 036 167°3 %5 220 176 M 320 179 159 130 100 &4 9 - - a
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i [ Mapgrove )
Grenria lidiiflia Dhbaman Madras 788 148°2 183 572 1r2 13 18?7 14 107 87 60 +7 ¥a 11 4 B
Huped utilia i Karung Madras a7 1691 F=y| 9 167 1°51 bl 164 146 1y *r3 +3 59 —_ - —_
{ Balane carpy wiriis }
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Preracarpus Scanialinny Red sandct: Madras 1121 1173 840 09 67 1-74 48 1:9} 1611 132 118 92 75 - _ A
Sagerota elliptico Chooi Apdaman 259 1506 PR 179 143 19% 15 ¥ - (Il a1 53 +1 34 —_ - A
Sicreospermun selonvides Padri Madras m 129°¢ i9¢ 158 127 112 ed 19 10§ a7 +9 kM| 6 n - B
¥ilex olilasima Milla Mabarashira 937 130t 187 132 127) 17 1-67 126 112 >2 *5 4 61 1 _ A
GROUP X ] . .
Albizzia lebbeck Kokke Andaman 542 iz 134 irz o0 108 154 g0 g &5 a4 T4 e 1 . B
Anogeissus Inlifolia Eblaura. LU oz 1055 61 134 o7 i 1"5% -l | a6 7. r? 30 1 . A
xle
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| Syn. Exbuckiandio
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g fistada Amahas LI 65 1180 192 160 e 1-43 204 123 19 g9 7 X 6 I — A
Carallie Incida Maniswaga Awam T8 12640 184 153 12-3 123 1"74 114 131 83 59 46 38 —_ - -
Canur it 4irisium Dhup Madras G55 1186 133 -1 3] Bg 1'23 81 73 59 ] 2 1'8 1]} —_ [
(ladsba siames Kasod M. P, /20 50 154 12-8 109 {-98 139 108 G 79 B 1 5 _ - -
Coguating equtsetifulia Casvarioa Orivga 769 L14# 146 122 ] 127 181 B2 73 59 LY ] 31 5 H S e A
Calaphrilug fomentoguns Poch Mabarashira 657 977 134 -2 50 i 1-12 [ %] 77 a3 28 12 18 n _ B .
Ghivraxylon siowtenia Satm wond M. P, a5 1169 182 151 121 "7 196 109 a7 89 63 49 40 H ] — A
Cullenia rosgyoana Rarani Madras H25 12471 147 12 L3 [TR21 N LR B0 66 27 1 17 T1I b C
[ 5ym. £, emrceisa |
{ Compinued |
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Table 1 ( Contirusd )°

Species Locality Fram -Avernge  Modulus Permiswible Stress in N/mm? lar Grade 1 Preservmtive  iRefracseri-
- . =  Whare Testad Unie ol — o - - ——————— Characiers el te Abr
Botanicsl Name Trade Name Masa nt  Ebusdcity Bending and Temion Shear Comprawion Compresian (P e e e -, Seaspaing
12 Per- (Al Grades Aloni_Gnin, Extreme All locations Parailsl to Grain Perpendicular to Graio tDurabi- $Treats
cemt wod All ibre Stren - -~ . - e _— o - lity Clase
Mod e 1 lons) - - ===, Horizon Along Inside Ouwsida Wer Imide Ouuide  Wer Grade
Content Iepide  Outside Wert wl Grnin Loca- Locs-  Loes=  Loca- Loek-
Loca~ Loca- Loca- ’ tion tion on tion vion 1ioa
kg/m"* Nimm' tion tion tiom
() 2 19) ) 5 16) th ® (9} ] () (2 (as a8 0% us) (n 18 (19
Dipiokneme butyracso Hil) mabua 8. Andsman Te0 106+4 153 128 02 1'93 148 9 88 iR 66 52 +2 - - -
{ Syn. Bassia butprames | X
Dyroxyium malabericum Whire cedar Madras 745 1092 132 119 B8 [ ] T4 80 il ! 58 1 4 19 1 - B
Dipieroearpuy grandiflorus Gurjan N. Aodaman 758 117 12°5 105 4 017 1o 7.4 71 oy 7 249 7 - - B
Dipterocarpes marvoverpus Hollong Assain 726 133+4 WS 120 96 o5 106 83 79 64 35 b3l 2 m . B
Dickopsis palyantha Tali Assam 7is 124 s 124 1o- . . - 8 72 &7 7 30 - - B
iy o poly- 09 1 159 99 B
anthim
Drichopms slliptica Pali Madras 606 1186 139 1% %3 - - g & 19 22 18 1" . B
D ataiom g 72 103 85 5 2
HE
Diorpyror micropylia Ebony Maharashtra 3 12148 142 iR} o5 (13 120 B3 73 60 33 6 F3| - - A
Disshyres prevhocorpes Ebony N. Asdwman M3 903 135 12 o0 a-9a 1740 79 70 57 10 3l 7% e - A
Dipiurocarpus hourditioni Gurjan Kerala 699 1271 196 I o o7l 1r02 7-8 69 57 5 "9 16 - - B
Eucolpptus givbulus Eucaiypius Mndras 912 14873 159 132 106 1073 1448 90 a0 65 3 6 2 i < A
{ Blue gum ) ) _ . N
Epcalypius sugenivides Eucalypus Madras B33 1147 164 1346 109 1122 174 1ns 100 B2 76 - 59 +8 - - -
Eugeniy pardnery Jaman Madras 952 t19+4 1448 129 o 114 1'62 92 82 &7 58 5 7 L1 d -
Engenie jambolano Jamag U, P 0 1094 160 139 wé 41 1°73 *? &6 741 &7 37 30
Gluty tranancorica Gluta Madray 726 1273 135 ns o0 91 130 o0 80 6 40 ¥1 5 1 - A
Grewie vestifo Dhaman W, Beogal 758 52070 154 126 103 1-37 195 i | 66 4t 32 r6 n 4 B
Heritiera vpp. Sundri Asam 72 1397 179 1449 119 127 1'gl L] 8 0 &5 50 +1 1 - A
Kingiedindran pinnatem Piney Madras 617 1062 132 11-0 &8 088 i"26 a2 3 60 9 &2 '8 - - B
{ Sya. Hardiwickia pinnate )
Kaysa florsbund Karat Anam 83 log-8 168 140 112 110 1°57 101 o0 73 4 ¥4 b 15§ - -
Lagersitamia lanceslaia Beoteak Madras 617 wire 127 16 5 00e 120 82 r3 59 3¢ 26 22 1 . B
Lagerstromin parviflora Leadi U P 9 1097 149 119 &5 109 155 &7 7 &3 37 e 2:4 11 ¢ A
- Mimusops siengi Bakul Madraa 885 1139 1778 144 11.5 27 161 11°0 8 B0 56 43 6 1 - A
Machilus macranthe Machilup W. Geogad 692 1000 124 10} 83 103 147 5§32 73 60 s r? 2 - .« B/C
Militte tomentosa Hoom Maharzsbira T4 110°6 %8 123 99 09 1432 %7 b6 0 35 27 2 (1} - B
{ Syn, Secropapeialum '
tomeniasum |
Pomepatio pienate - Andaman 738 1290 143 119 5 108 156 ol 89 66 40 34 3 - - e
Prerocarpus datbergisides Padauk N. Avdaman m 24 171 143 1h4 102 146 20 07 a7 53 +3 5 1 € B
Mesua assamica Kayea Anam 842 1263 174 145 e 97 1-38 1) 104 2 53 +14 33 H . =
Prgrwearpus nas upivm Brjassl Mabarathura 803 1025 149 174 vy o 134 %1 &1 65 +1 1 zé I ® a
Fracinus mocranrie Ash U, P H 106:9 150 125 100 e 174 1 76 62 £ 33 r7 1t - B
Fraxinus axea'sior Ash Punjsb 719 104°1 s 123 *a 7 167 &) T2 58 33 6 el m - B
Planchorsa valida Red bombwe  Andaman 913 1510 161 134 o7 09 1'36 10°8 6 79 9 38 3t et - -
{ Syn P. asdamanica )
Ouwercas fameiloss Qak W, Beogal 1] 1244 145 1241 g7 145 165 %4 78 [} 18 9 24 1 < A
Querius griffithic Oak Meghalaya 974 100-6 131 108 88 11 1'59 a0 3 58 6 ¥6 29 - - A )
Oercus incana Oak Punjab 1 008 108°2 58 131 105 122 176 87 T8 L3 50 3 ki - - A

{ Contimued }
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Table 1 { conitnted }
Specien Locality From  Average Modulas Permivselble Stressia Nimm? for Grade 3§ Presevvative §Refractord.
- = Where Teeted Unijs o — —_— _——— Charactars mes te Alr
Botanical Mame Trade Name Mase ax Elsaicity Bending and Tension Shear Compression -~ . 8 P
12 Per-  {All Grades Along Grain, Extreme All Lacariens Compression Perpendicujar to Gran 1Durabis 3, Teess. h
Lt and AN Fibre Stren e e st e, Parailel 10 Grain e e P e, lity Clase wbility
Mai e L | } s - —  Horizon-  Aloug . - = [oside  Ouuside Wet Grade
Content Inside  Cutside  Wet tal Graimn laside Chutside Wet Laca- Loca
Nimm?* Lacas Loca- - Loca- Locas  Loca- tion tion tion
kg/em! tion tion tion Lion tion tion
i {2} [£4] {4 (5} (6} 7] .71 (9 10 () B A Vs 113 ti4) {15) {16} inn (18) (1%}
Quereus lineate Oak W. Bengal 874 126°3 152 127 10°t H ] 1'73 X 96 70 53 ¥l 34 1 < A
Quercns semacarpifolia - Punjab 834 Fisg 158 131 10°5 12 181 81 73 0] 39 29 x4 - - A
Skorea robusia® Sal M._P. B85 126-7 159 140 -2 LT 134 [IIg: -9+ 7T +6 35 9 i I3 A
Soyuida felvifugn Rokiai Madras 116 1222 P -3 17e 144 1452 R 150 193 169 120 100 2 1 —_ A
Shores tafurs - Maharashira m 1220 168 144} -2 110 56 1245 112 ot Ly 53 £ - —_ -—
Plarygota alata Narikel Assam 93 1095 134 18 89 L33 120 g 73 an »7 | 7 1l —_ C
(Syn, Sterculiz alafa )
Syipgine cunind Jaman Assam B4l 055 148 14 9 111 158 40 ] L] L3 53 +4 II & A
Terminalia bellivica Babers u.p 2% 1019 134 3 90 096 137 B4 T3 61 7 Fy: 3 in b B
Terminalia chebula Myrobalan - aia 123-7 171 142 114 N H] 160 1417 1074 85 67 52 +3 n c A
Terminalia ciéring —_ Apam 55 11893 171 1473 114 111 =59 108 94 e 50 39 312 —_ —_ _
Ternrinalia manii Black-chogi S, And 812 1266 [6°8 140 H 112 160 103 a2 75 1 40 1z 11 a B
Trclone ¢randis Teak u. P, 660 97 155 12y 193 1714 164 ¢ 83 L] 43 5 8 1 - B
Terminatia paniculale Kindal hfabharashtra 785 105-7 1371 105 [: 97 1-32 36 7 53 ¥a 8 3 1 I A
Alremunaliz elaio é.:_urel, Madras w06 1054 15| 12°5 100 110 1-38 94 84 [y (394 +8 40 1 b A
in
Terninaiia bileta White-chuglam S, Andaman Ga0 1238 155 150 10'4 487 1" &g 87 1 36 8 23 It * B
Thispesia poprlrez Bhendi Maharashtra 66 1036 189 158 126 |52 1-88 n3 100 a2 4 34 13 - —_ B
Xobiz xplacarpa Irul Maharasbira a3 1163 16°2 135 103 118 1'83 19 97 79 78 &0 4 i I A
Zanthoxplum budrango Mullilam W, Bengal 587 10575 147 12 o oa? 124 w5 &4 69 14 6 Fag | 1 B
Adira oligotephale - Arunachal s 1y 152 127 1971 120 170 103 9t 5 +0 k| 24 _ —_ —_
Cawitenopsis indica Chestput Meghaiaya 658 1254 a 123 g 155 140 i By 71 A 7 22 - — B
Earalyprus citricdors Eucalyptus Milgiri 831 1212 173 144 (R 1"38 1'% 1o 8 80 +2 ¥3 27 —_ — —_
Eucalyplus citriodats Eucalyptus Qoty 725 as 154 129 | L ] 141 i) ki 63 30 fE) E - — —
Fucalytus tereticornis Eucaiypous Madray " 110°5 167 139 1"t 096 1-38 ¥7 96 El | 34 6 P — - -
GROUP C
Thizia procera White siris U. P, 643 ag-2 134 e \ e9 12 ] 1-40 a5 76 92 43 33 Far) 1 [ B
Ariocarpus laknocha Lakeoch . p. 647 614 190 83 67 098 1-41 3 47 38 8 2 18 [ -— B
Ariscarjus betarophylioy Jack, kathal  Madras 617 e 139 116 [ 104 148 Rk} 83 WA +5 35 g 1 - B
{ Syn. A, fntagrifolio
Aphanamiis pelpsiacira Pitraj W. Bengal 668 494 125 [LLI 82 108 154 80 ] 5'3 40 >1 6 I _ B
v Syn. Amasra refiticka | .
Ading cordifolia® Hatdu u. P 463 854 132 1 39 086 135 87 7 63 +1 34 8 mn a B
Anthoceplivalns chinensis Kadam - 185 188 7 | 61 069 0% 59 33 +3 19 I's i It a -
( Syn. A. Cadamba )
Ariscarpus chaplarba Chapiash Assam 515 911 132 L0 58 @46 122 &5 5 62 b3 8 23 10 4 B
Aeacia lewcophloss Hiwar M. P. 137 83 134 12 90 1403 14 5 87 3¢ +5 35 8 - - A
Acacia melanoxylons Black wood Madras 630 945 130 08 a7 105 158 T 68 5% 32 "% 0 _ —_ -
Avacia mearns Black watile Madras 649 LR 14 e LY ¥83 "8 60 54 +4 3 1B -] - - -
{ Syn. A. mollizsima |
Arer 0pp. Maple Punjab, U. P 351 735 @9 g L 88 125 5 49 40 biig 3 1’7 "4 m _— b
Aegls marmeios Bael U P, 890 88t 135 1172 n 144 200 18 78 a4 a8 33 43 [$1] — B .\
{ Sy, fatria ijugo )
Afcelia bijnga - Aodaman Tos Mg 132 110 8 140§ 1"54 79 | 58 40 k| 6 - - -
Adksnthus grorndis Gokul- W. Bengal 44 794 81 9 55 i 082 53 47 39 "1 1] () Il _ c
Anogeissus porauio Kardbai . P 429 o5 i 142 11°% 1728 154 a8 87 71 [ ] 51 &7 m —-_ A
¢ Cantinned )
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Table 1 { Coniinued )

Species Loculity Frem  Avernge Modmlns Perpaissible Stress in N/mm® for Geade 1 Pl‘tmvl‘live iR efractori-
- JRp— —  Whers Teated Umis of r A - o Chursciers nens to Akr
Botapicsl Name Teade Nate Mazs nv  Elastichy Bendiog and Teanon Shear Compression Compression — = % tay
12 Per. (AN Grades Along Grain, E AlL) i Parslle] to Geain Perpendicular to Grain tDueabi-  $Treat-
cent and ALl ibre Stress e o b — — - - -t ligy Class  abaliey
Moisture L o — ~ —— Honi Along Ingide  Cutside Wet Ioside  Qutgide Wer Grade
Comtent lanide  Outaide Wer tal Genun Loca- Loca-  Lota- Laocas  Loca-  Locas
Loca-~ Loca- Loca tioa tion Tiom 10D tion tign
kg/m! N/mm? tign Lien tion
[} {2) 3] ) (3 1G] {71 (B} (93 {1 {n LY (R E)] (L4} (331 16y (17) 118} {1%)
Aroco wnt - Kerala 833 g 152 127 Wl - 12 1"59 k| ¥4 8 T3 57 7 — — -
Atbizia lusita - Arvoachal, A B, 366 851 107 a9 al 0812 118 73 &5 53 3 18 s - - -
Azadirachia indice Neem u. P, £36 552 146 121 o7 1-29 B¢ 100 &9 73 5 39 32 - - -
Boswellie vriats Salai Bibar 51 721 o4 7Y 63 073 105 55 +9 40 ) 6 3 1 . c
Bridelia retuse Kami Binar 584 942 te 97 77 088 126 71 63 5 10 31 76 I . 3
Betula ainoider Birch W, Bengal 625 923 96 80 6% o6 198 57 50 1 2 17 14 - - 8
Bischofia jeranica Urism Madras 6% 884 9% 82 65 0 11z 59 53 43 #6 28 23 | - a
Bwserra serrata Munceoga A P. 756 17 155 133 s 0% 130 10 o0 74 53 €l ¥4 u c -
{ Sym. Protéuw serratwn }
Catipo arboeea Kuwsbi u. P 849 837 13 i a8 103 I-48 7 &8 56 53 ¥l T4 i - A
Cedras deodera Deodar H.P, 357 e W2 &7 T e 1'00 78 &9 57 7 2 L7 1 . €
Cuprenin tirulnie Cypress P 506 gel ki3 76 62 R 042 69 62 50 4 -8 3 1 ] c
Castanapsit hystrix Ipdina W, bengal 624 9°5 106 ws o 082 ”i7 64 57 46 T 154 1 b B
euut
Choubraia oclutine Chickeassy W. Bengai 666 a¥5 11-8 %8 Ty g5 150 1 63 52 e 31 25 H | c B
{ Syn, €. Tabularis )
Calnphylium wightiaraon Pooan Mabarashira L] 858 1¥5 1172 0 095 i3 87 78 64 £0 51 23 11 . B
Canarivm itrichem White dbup Assam 569 1054 151 o4 67 a7a 106 67 31 5 4l 16 1% (1)} - &}
: Chlrtophora sxislsa - Madrs +7 657 12 &5 6a 49 o0 64 56 6 20 16 113 - - _
Cocrsnurifire Cocoaut Kerals 61 T34 a2 7 61 0T+ 105 5 a4 L] 30 30 r3 _ -— -
Daibergin tatifolin Rosewgod M. P 884 839 179 18 86 I8 155 84 1 58 42 33 3 I - B
Dalbergin siasse Siasona Punjab 790 T4 12a 02 a5 1'25 179 82 >3 60 2 33 7 ) ¢ B
Mﬂi_&'ﬂltﬁu Dillenia W. Bengal a47 861 1274 wo &0 83 1'1% 735 65 53 1 1 7 111 a B
Dillonia pertagyns Dillenia W, Bengal 622 756 I} ¥9 T9 0°94 1434 71 63 52 35 27 22 1114 d B
Diespyres milonosyien Ebony Maharashira 818 % 1079 9t 3 a5 122 70 4 51 33 6 21 113 - A
prondiflrn Lampati W. Beogal 185 838 kN 82 6% 60 085 LX) 7 17 18 14 i1 L1 L3 C
( Sya. £ Sommeratisides )
Elarcarpos tubrinletnr Rudrak Madras 466 ar4 a7 81 64 DA 9% 63 56 446 20 15 3 - - ']
Bucalppias bybrid Mysore gum  Madra 153 60 102 85 69 85 120 3 65 53 0 kAl 5 - - -
Caliires rhomboidea - Madras £07 648 92 b 61 11} 1+0¢ 69 §1 50 ©0 BN T8 - —_ -
( Sym. #ronain rhombrises
Garxge pianaia Garuga L1 57y 758 7 o7 A 140§ 1+45 12 64 53 ¥4 6 1 11 . B
Goaling avhoran Gamari u. P 503 T2 @8 8z 66 o84 [} 5F 50 41 TS 7 27 1 . B
Gardomia latifolia gardenis M. P. 705 73 141 1z 94 120 170 L T4 6l ¥6 76 0 - — -
Haydwickia binats Anjas M. P. 832 66'4 141 s ¥4 i29 "84 90 a0 63 74 56 7 I < —_
Halopieioa intogrifolia Kaoju . P 592 "6 e 100 3 689 Vs &7 60 9 28 22 rs T b B
Hamephragme rexburghii Palang M, P, 616 859 123 1002 8z a7 9% 79 70 57 34 6 21 —_ — .
Juglou app. Walwur LU, 565 o b 3 66 g3 1°22 58 52 +1 2 "7 1" 111 - B
Lagersiroemia shocinre Jarul N. Andaman 622 853 12 10 &t 082 17 77 &8 56 34 26 T2 I . B
{ Syn, L. fesregikai )

{ Coniimued §
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Species Lacality From Averngs Modulas Permiasalhle Bivess fa N/mm?® foy Grada | Presatvaiies $Retraciori-
- rt —~ Where Tewted Usdt of e —re o ———— wase b Al
Botapica) Name Trade Name Mase at Elnsticity Bending and Temion Shewr Comprension S ————— i -
12 Per- (A}l Grades Alopg CGrain, Exireme Alt Locasiops Compremion Petpendicular to Grain $Durabic $Trant.
cent and ALl Fibrs Strem ———— ey Parallel 10 Grain —— e — s, ity Qe sbilicy
Mol L dowe ) — A —— Horizon. Along o~ e — Imside Ouiside Wet Grade
Comtent lpside  Qutride Wat i Grain losida Qunside Wa Locs. Luogcas Loca-
Nimm? Locu- Loca- Leocs. Loca-  Locw tion tion tion
kgfm?* 100 Tion Lioo tion tion ‘tom
n n % # &) 6 i 8 19 1] iy {2 {18y {4y (1% (16 m {18) (19}
Lennrg grandis Jhingan u.p 557 $6'3 85 7l 57 o6t 09 +9 4 6 2 17 v m . B
fi Syn). L. aromandr -
(£
Lewtanena lrucocephela Subabul U. P 673 632 16 97 78 104 149 74 66 54 L] 30 24
Laphepatelom wighlionwn  Banati Madras 450 799 #5 5 56 083 083 53 +? £ '8 4 g u - .e
Madhuca lengifolia oer. Mahua M.P. 935 -2 130 L] ar 101 144 5 67 55 63 +9 40 1 .. A
lasifolis
{ Syn, Bassia istifalia ) 3
Mamgifis Indica Mango, Aam  Orius 661 al-2 12°2 102 g2 9% 1'3? 73 65 53 2 14 70 131 'y ']
Machilor macrantin Machilus Madras 521 763 102 g5 68 o7l 102 63 56 +'6 24 % 15 nI . B
Maliotus phitippinmeis Raini u.P 662 751 108 90 72 96 16 60 54 +4 29 3 18 1 - B
Manglistia insignia - Awam 449 037 19 91 i3 68 o8 20 LA U ¥ T ) 26 el - - -
Michelia mont Champ W, Bengal 512 a2y 09 'y 73 72 102 66 59 B 8 22 ¥} I - B
Mitragsna parvifolie Kaim U, P 651 702 126 103 4 1°04 149 79 0 57 ¥ % 4 HE- b B
{ m s;-ﬂb«.m par
folia _
Michelia excrlzs Champ W, Bengal’ 513 w2 o8 a2 65 02 103 &1 55 +3 16 143 10 1 . B
 Miliuss petutnia Domsal U. P 47 702 n? 97 78 114 163 70 63 51 ¥ 29 4 m — -
Morus alba Mulberry U. P 743 ¥ ] e o8 79 100 143 66 58 +8 8 29 4 i1 - B
Marus serroia Mulberry H.P. 657 03 W2 8’5 68 N 130 56 50 1 26 20 6 I - B
Moru laeigeie Bola Andaman a8 85°1 133 102 4 102 1'46 2 G4 F3 | 39 25 r —_ _ B
iidt wajeinenss Sandan M, P. 784 a5'¢ 133 1] 59 (4] 172 25 5 62 51 9 32 I - B
o?mu Hafeinensis
{ Syn. 0. dalbargicide ) )
Phosbs hainssicns - Botum Awam 566 950 132 110 '8 0'84 121 1 78 64 28 21 '8 1 c B
Pinus roxburghii Chir u.p 523 9872 85 +3 &0 62 028 60 53 4 0 5 3 1] b c
¢ Syn. P. lengifelic )
Pinug wailickisna Kail 55 660 66 56 50 060 L3 &2 +6 39 v? 11 0 1 e c
Phacbe grolparenis Bonsum Awam L 65 o7 Bl 65 010 101 66 ¥9 +8 22 7 14 0 ¢ B
Pareatisptis jecquementiana  Rohu H. P, 761 577 s 104 81 115 165 68 &1 50 +0 31 s m - B
: Parrotis
Pintis kesia Kharsi pine North East 513 38 B9 T4 539 w57 *Te 0y 5 3 Ty 2 10 _ _ B
| Syn. Pinas insularis )
Pirtacia integerrisma Kikar singhi J. & K. 111 732 1531 s &7 126 e | &0 b | 58 +3 T4 28 - — —
Podecarpus aersifolin Thitwia - 5. Andaman 332 941 125 1004 a1 05l 86 [ 31] k| x| 6 20 I'é 11§ — _
i b Mubnrash 5 35 1ne 99 7o 83 11g 57 60 +9 Ex 23 19 m — B
Polyollkia fragranas N ;
‘Polpalthia chreswides M. P 100 929 152 1o ge 97 139 ¥l 63 52 32 5 bail - — -
Prunus sapaxkorsis Arupati W. Bangsl 54 94°) 1044 &7 696 (511 1123 67 60 +9 1 9 6 - - —
Pleress ifoli Hatripail W, Bengs) a7 955 135 s ¢ 085 R a7 77 53 2 5 0 1)1 € E
Quarius app. Ok  North Bast 657 116 5 L4 fd] ] 84 19 &7 519 Iy} bl 1'6 13 11 ¢ B
Raderwmachura xylecarf Vedank: " Madras 696 852 132 1o %] 106 152 90 80 &6 43 33 b i1 -— -
{ Sya. Seerespersm .
xylocarpum )
{ Contimud }



IS 883 : 1994

Table 1 { concluded }

. : Spc:ﬁu _— I{\?:::?’:I'E::t: A‘G;:‘CO Mo::ln. . Permissible Stress in N{mm‘ for Grade 1 . L Presarvasive ERefractorl-

Botanical Name lrade Name Mass sr-  Elasticity Bending and Tension Shear Campression C:m_p-t—u_uion - Ch“:ﬂ". nree o Alr

: l: :'ﬂ'- (ANl Grades Along Grain, Extreine All lacations Paraliel 1o Graio Perpendicular 1o Grain “tDveabis  §Trear
e ot Illd‘:\ll . Fnbri-‘slreu ——— e | gt = - ¢ - - ity Clase  abiliey
Gonun: ¥ e o= ‘;I-: H:):::on él:.r:g lfzde Qutide Wer [nyide  Queside Wiy Crade
L Junid e ICa Loea- Loca- Loca- Leca- Locas
kgjfm. mem' Tion Tiom on Lon on won tion 1on 1
[} () 13.}_"_ ) _,,._t_‘” ﬂ_ .......l.t.'.}__. “_(71 L] {4} [414)} (Lt (R F3] (13} (14} (15} (6 {17} 118) [0

?g?:*;‘;}?;:ﬁ Kusun Bihat 1 032 1212 155 130 104 K il 104 a7 Ty u 4 T n a A
Sehima wallichii Chilauni W. Beogal 693 957 ! w3 T4 w8y 1428 66 hl +5 a3 1 14 L11% i} i)
Sherea asremica Makai Assam 348 927 1 o2 T4 ot 1"24 71 63 52 2y 22 13 tl B N
Sonnerqtio opeiaia Keora W. Bengsi 517 863 128 w7 L] o9 132 T4 66 ¥4 +8 37 14 it - B
ShercospaTiem SUTTIHOns Padri onr 21 86 133 1] 3] %0 129 73 T 57 35 7 22 HI - B
Tretana grandis Teak M. P 617 Bto 18 1 83 084 130 1o Ta 57 L] 31 P 1 . B
Treminalia erjuene Arjun Bihar T4 EEA 122 [ a2 1112 [§ ) 74 13 5 52 1 33 1 b ]
Torminolic myricarpa Hollock Asam 615 92 19 9% 8u 0gs 121 76 67 53 2 17 8 1t a u
Tremiaalio procers w:‘.:e bomb. N, Andaman 626 BS-9 s 98 79 039 127 72 44 53 30 2 19 T b B
Tarait buccata Yow W. Bengal 105 77 143 TR 9'5 122 I"7a 87 ) 64 &7 37 30 - - -
Fosarindus indico Tl Madeas 913 563 4 95 76 122 (11 70 62 5 53 +1 34 - — B
Toens cifiata Toon U P 487 640 7 3 LY 070 i} 54 +8 39 4 18 L5 u [ B
Vateria indica Vellapine Madras 535 1095 1’5 9% 6 073 105 5 67 55 23 I L4 [1}] <
descles indica Hose chestaut U, P 484 %5 a5 71 57 078 (BT 8 2 35 8 14 il - - B
Berassus flabelvfer Tad {Palmyra) A P. 438 879 1075 [y rxd 67 9% 100 &4 72 47 16 7 —_ _— —_
Encelpptus samaldulensis  Eucalyptus  Karoatska 804 3 12'8 106 5 78 111 72 64 52 35 27 2:2 - - A
Eucalpptus comaldufenis Eucalyptus U, P, 781 08 124 04 83 1z 160 79 70 57 35 24 23 - - A
Earalydlus piiedaria Eucalypin T.N. 3 922 148 123 11 Lg1 ) 1-41 a3 Th G2 T8 r2 e} —_ - A
Encalypins propingus Eucstyptus  T. N. 584 703 T8 1o L 08¢ s 80 54 13 75 19 e - - A
Bucalypius soligna Eucalyprus U. P 819 824 15 ¥§ 76 146 08 82 73 &0 w2 4 40 - - A
*Specien 1hus warked and tested from other localities show higher strength to enable their catagorization in higher group.

For Exemple

i} Salb rested from Wesc Bengal, Bibar, U. P. and Assam can be clanified as Groaup ‘A’ species:
i) Haldu tened from Bihar can be clamified a3 Group ‘B’ species;
Wi} Morus lacvigate ( Bole ) of Anam can ba clasified in Group ‘B’ specie.
$Clanification [or preservation based on durabiliry tests, etc.
Claxs
1—Average life coore than |20 monchs;
1L—Average life 60 months and above but less than 110 months: and
tll—Average life e thag 50 monthe.
$ Tremtabilicy Grades
a— Heartwood catily tremabls;
b Heartwood treatable, but complete penetration not always obtained; in case where the least dimension is more 1han 60 mm;
c— Heartwood only partially ireatable;
4— H d re(ractory 10 ; am
e Heartwood very refractory to treatment, penetrativn of preservative being practically nil even from the ends,
4D4cs based on urength properties au three years of age of tree.
§Clanifications based on sensoning behaviour of timber and refractoriness w.r.t. rracking, spliting aod dryiog rate:
A = Highly refractory { slow and dificuliy 1o season free from yurface and end <racking );
B = Moderately refractory [ may be seasoned free from surface and end cracking within reasonably vhort periods, given a little peotection against rapid drying conditions ): and
C w Non-refcactory may be rapidly seasoned {ree from surface and end-cracking even in the open air and win. If not rapidly drisd, they dovelop blue 112in and mould on the wrlace,
13
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Table 2 Recommended Moisture
Content Values { Percent )

( C!mc 5.3)
st Use Zomes ( ses Note )
No. £ e
I 1 11 v
i. Swructural efe- 12 14 17 20
ments
2. Joinery { doors 10 12 14 16
and windows )

NOTE — The country has been broadly divided into

the following four zomes based on the humidity
variations:
Zone]l  Average anoual relative humidity less

than 4) percent,

Zone I Average annual relative humidity 40 o
50 percent,

Zone tII Average annual relative bumidity 50 to
67 percent, and

Zone IV  Average anuual relative humidity more
than 67 percent.

5.4 Requivements of Structural Timber

The various other requirements of structural

umber for use in building shail conform to
1S 3629 : 1986.

5.5 Sawn Timber

The cut sizes of timber stock for structural pur-
poses shall be in accordance with 1S 4891 ; 1988,

5.6 Grading of Structural Timber

5.6.1 The cut sizes ol structural timber shall be
graded, after scasoning, in accordance with
IS 1331 : 1975 into 1he following three grades;

a) Select grade,
b) Grade 1, and
c) Grade 1L

5.6,2 The prohibited defects given in 5.6.2.1 and
permissible defects given in 5.6.2.2 and 5.6.2.3
shall apply to structural timber in accordance
with IS 3629 : 1986.

5.6.2.1 Prohibited defects

All grades of timber with the following defects
shall not be used for structural purposes:
a) Loose grain, splits, compression wood in
coniferous species, heartwood rot, sap rot,
and crookedness; and

b) Worm holes made by powder post beetles
and pitch pockets.
5.6.2.2 Permissible defrets

The following defects are permitted for all gradcs
of timber:

a) Wanes, provided (i) they are not oombmed
with knots and reduction in strength due
to this is not moare than reduction with the
maximum allowable knots, and (ii) there
is no ~abjection to its usé as bezring area

IS 883 ; 1994

or with_respect to nailing edge distance
and the general appearance.

b) Worm holes other than those due to
powder post bectlcs, reduction in strength
1o be evaluated in the same way ias for
knots depending upon location and group-
ing of such holes.

c) All other defects unlikely to affect any of
the mechanical strength properties.

5.6.2.3 Besides the  permissible defects
under 3.6,2,2, for knots, and checks and shakes
provisions given in 8.2.2 and 8.2.3 of IS 3629 ;
1986 shall apply.

5.6.2.4 Location of defict

The influence of defects in timber is different for
different locations in a structural element. There-
fore, these should be so placed during construction
in accordance with good practices that they do
not have any adverse effect on the member,

5.7 Sunitability in Respect of Durability and
Treatability
5.7.1 There are two choices tor normal good

structures as given below and listed in Table }
{ see also Table 1 of 1S 3629 ; 1986 ).

5.7.1.1 First choice

The spccu:s of timber shali be any onc of the
following categories;

a) Untreated heartwood of high durability.
Heartwood i containing more than 15
percent sap wood, may need chemical
treatment for protection;

b) Treated heartwood of moderate and low
durability and class ‘a’ and class 'b* treat-
ability;

¢) Heartwood of moderate darability and
class ‘¢’ treatability after pressure impreg-
nation; and

d) Sapwood of all classes of durability after
thorough treatment with pregervatives.
5.7.1.2 Second choice

The species of timber shall be of heartwood of
maoderate durability and class *d’ treacability.

5.7.2 Choice for load-bearing temporary structures
or semi-structurals at construction site-—

a) Heartwood of low durability and class ¢’
treatability; or

b) The specics whose durability and/or weat-
ability is yet to be established, as listed in
Tabie 1.

5.2.3-Storing of Timber

This shall be in accordance with 15 3629 : 1986,
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6 PERMISSIBLE STRESSES

6.1 Fundamental stress wvalues of different
species of timber are determined on  small
specimen in accordance with standard practice
laid in 1§ 1708 { Parts | to 18 ) : 1986. In these
values are then applied appropriate reduction
factors given in the relevant table of IS 3629 ;
1986 to obtain the permissible stresses.

6.2 The permissible stresses for Groups A, B and
C for different locations of use and applicable to
Grade I of sttuctural timbers shall be as given in
Table 1; and the corresponding minimum permis-
sible stress limits shall be as given in Table 3,
provided that the following conditions are met:

a) The timber should be of high or moderate
durability and be given suitable treatment
wherc necessary,

b) Timber of low durability shall be used
after proper preservative treatment in
accordance with I8 401 : 1982, and

¢) The loads should be of continuous and
permancnt type. :

6.3 For permissible stresses ( excepting £) of
other grades of timber, values givenin Table |
and Table 3 shall be multiplied by the following
factors, provided that the conditions laid down
in 6.2 are satisfied:

a) For Select Grade Timber 1-16
b) For Grade 1I Timber 0-84

6.3.1 When low durability timbers are to be used
on outside location, the permissible stresses for all
grades of timber, arrived at by 6.2 and 6.3 shall
be multiplied by 0-80,

6.4 Modification Factors for Permissible
Stresses

6.4.1 Due lo Change in Slope of Grain

When the timber has not been graded and has
major defects such as slope of the grain, knots
and checks or shakes ( but not beyond permissible
values }, the permissible stresses given in Table 1
shall be multiplied by the modification factor K,
for different slopes of grain as given in Table 4.

6.4.2 Due to Duration of the Load

For different durations of design load, the per-
missible siresses given in Table | shall be multi-
plied by the modification factor K, given in
Table 5.

6.4.2.1 The factor K, is applicable to modulus of
¢lasticity when used to design timber columns,
otherwise they do not apply thercto.

6.4,2,2 If there are several durations of loads ( in
addition to contibuous ) to be considered, the
modification factor shall be based on the shortest
duration load in the combination, that is, the one
yielding the largest increase in the permissible
stresses, provided the designed section is found
adequate for a combipation of other longer
duration loads.

[ Exaplanation : In any structural timber design
for dead loads, snow loads and wind or earth-
guake forces, members may be designed on the
basis of total of siresses due to dead, snow and
wind loads using X, = 1-33, factor for the per-
missible stress ( of Table 1) to accomodate the
wind load, that is, the shortest of duration and
giving the largest increase in the permissible

Table 3 Minimum Permissible Stress Limits ( N/mm? } in Three Groups of
Structural Timbers ( For Grade I Material )

( Clauses 6.2 and 6.3 )

s1 Strength Character Location of
No. Use
i) Bendiog and tension along Inside ®
grain
it) Shear 1
Horizontal All
lacations
Along grain Al.l‘
locations
iii) Compression parallel to Inside %
grain
iv) Compression perpendicular Eoside *
to grain
v}  Modulus  of elasticity All
{ x 103 N/mm?*) Jocations
and grade

Group A Group B Group C
180 12-0 85
1-05 0'64 049
1"5 0 070
117 78 49
10 25 11
i2'6 98 56

1) The values of horizontal shear to be used only for beams. In all other cases shear along grain to be used,

2)
. applied.

For working stresses for other locations of use, that is, outside and wet, generally factors of 5/6 and 2/3 are

10



stresses. The section thus found is checked to
meet the requirements based on dead loads alone
with modification Ky = 1'00. ]

Table 4 Modification Factor K, to Allow
for Change in Slope of Grain

{ Clause 6.4.1)

Slope [ €]

e e e .

Strength of

—
Strength of .

Beams. Joists Posts or

and Ties Columns
(1} {2) (3}
¥ in 10 080 074
I in 12 090 082
lin 14 098 0-87
1 in 15 and Ratter GO 100

Table 5 Modification Factor K; for
Change in Duration of Loading

{ Clause 6.4.2)

S1 Duration of Modification
No. Loading Factor, K,
() {2) (3)
i) Continuous { Normal ) i+00
ij) Two montbs I'15
iii) . Seven days 1-25
) Wind aud earthquake 1-33
v) Instantaneous or impact 2:00

6.4.2.3 Modification factor K; shall also be
applied to allowable loads for mechanical faste-
ners in design of joints, when the wood and not
the strength of metal determines the load
capacity. ’

7 DESIGN CONSIDERATIONS

7.1 All structural members, assemblies or frame-
work in a building, in combination with the
floors, walls and other structural parts of the
building shall be capable of sustaining, with due
stability and stiffness the whole dead and imposed
loadings as specified in appropriate codes
[ 1S 875 ( Parts I to 5} : 1987 ], without exceed-
ing the limits of relevant stresses specified in this
standard.

7.2 The worst combination and location of loads
shall be considered for designs. Wind and seismic
forces shall not be considered to act
simultaneously.

7.3 The design requirements may be satisfied
either by calculation using laws of mechanics or
by prototype testing.

7.4 Net Section

7.4.1 The net section shall be obtained by deduc-
ting from the gross sectional area of timber the

11
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projected area of all material removed by boring,
grooving or other means at critical plane. In case
of nailing, the area of the prebored hole shall not
be taken into account for this purpose. '

7.4.2 The net section used in calculating load-
carrying capacity of a member shall be the least
net section determined as above by passing a
plaue or a series of connected planes transversely
through the members.

7.4.3 Notches shall in no case,
than one quarter of the section.

remove more

7.4,4 In the design of an intermediate or a long
column, gross scction shall be used in calculating
load-carrying capacity of the column.

7.5 Flexural Member

7.5.1 Such structural members shall be investiga-
ted for the following:

a) Bending strength,
b) Maximum horizontal shear,

c) Stress at the bearings, and '
d) Deflection,

7.5.2 Effective Span

The effective span of beams and other flexural
members shall be taken as the distance from of
supports plus one-half of the required length of
bearing at each end except that for continuous
beams and joists the span may be measured from
centre of bearing at those supports over which
the beam is continuous.

7.5.3 Usual formula for fiexural strength shall
apply:

fab = %{' gfb

7.5.4 Form Factors for Flexural Members

The following form factors shall be applied to the
bending stress:

a) Reclangular  seclion — For  rectangular
sections, for different depths of beams, the
form factor Ky shall be taken as:

o D%+ 89400
Ky = 081 DV ¥ 55000
NOTE -~ Form factor { Ky ) shall not be applied
for beams having depth less than or equal to
300 mm.

b) Box beams and I-beams — For box beams
and I-beams the form factor K shall be
obtained by using the formula:

Dt + 89400 — 1
K';-U’B-}-O‘By( D";+55000 )

where
y=p2{6-8p 4+ 302 (Il —-q)+ ¢



-
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-s’ n'a AwFur B
c) Solid  circular  cross-sections — For  solid

circular cross-sections, the form factor K
shall be taken as §-18.

d) Sguare cross-section — For  square  cross-
sections, where the load is in the direction
of diagonal, the form factor K shall be
taken as 1-414.

7.5.5 Width

The minimum width of the beam or any flexural
member shall not be less than 50 mm or 1/50 of
the span, whichever is greater.

§ Denth
£ yrnianr "WP‘II
The depth of beam or any flexural member shall

not be taken more than three times of its width
without lateral stiffening.

7.5.6.1 Stiffening

All flexural members having a depth exceeding
three times its width and or a span exceeding fifiy
times its width or both'shall be laterally restrained
from twisting or buckling and the distance
between such restraints shall not exceed 50
times its width.

-
L

" T
ol ¥

7.5.7.1 The following formulae shall apply:

a) The maximum horizontal shear, when the

Vom ol L maves fram the sunnnrt
Wad o0 a4 OTall MOVvEs TG waf Suppiit

towards the centre of the span, and the
load is at a distance of three 1o four times
the depth of the beam from the support,
shall be calculated from the following
general formuiat

¢) Notched at upper { compression } face,
where ¢ < D

7.5,7.2 For concentrated

3 rr

10C ([—x) (%D )

oads ¥ o[ Z+ (5D )]
and for eniformly distributed loads,
W 2D
Ve o (1-2 )
\ v
it

After arriving at the value of ¥,
substituted in the formula:

P )
1§
H should be within the allowable safe permissible
stress in horizontal shear recommended for the
species.

7.5,7.3 In determining the vertical reaction
ale o Al it B ol e Tan W m M mme o R e LD
LG JALUOWILLY OCUULLIGIE 11 [I0dUs 1dy e lnaac.

v

a) Consideration shall be given to the possible
distribution of load to adjacent paraliel
beams, if any;

b) All uniformly distributed loads within a

distance equal to the depth of the beam

from the edge of the nearest support may
be neglected except in case of beam hang-

ing f‘r\ntn rde from
g LFEY ALY ras irom

and

1 annnarks

ATS ila
v ia aidak

<&
@

SUppOTL,

c} All concentrated loads in the vicinity of
thc supports may bc rcduccd by l.hc reduc-

14
= —}% Table & Reduction Facter for Concentrated
Loads in the Vicinity of Support
Ly DBre rantananlor haaen:
O] FUl ILilalipuial wuala.
1 D 1 Distance of Load 5D .
Q= 5 bxDx -~ = — bDr Distanceqiload 19D 2D 25D 3D
- e 3 w AR UREE BEEE LN TR WL 2 EDD o More
1 Support
and Iy =—% & D¢ ot o oo P,
12 neaocilon racior Ubir (L 1 Ll ] No
. Vi 3V reduction
That is, H ~ 9 = FLn NOTE _ Far intarmedisre distnne the oo et
i) 6L NS — For intefmediate distapcer, lne reduciion
actor may be obtained by linear interpolation.

¢) Notched beams, with tension notch at the

supports:
g 3D
25D
d)} Notched at upper ( compression ) face,
where ¢ > D:
3V
H= 555"
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7.5.7.4 Unless the local stress is calculated and
found to be within the permissible stress, flexural
member shall not be cut, notched or hored except
as foltows:

a) Notches may be cut in the top or botiom
neither deeper than one fifth of the depth
of the beam nor farther from the edge of
the support than one-sixth of.the span’



b) Holes not larger in diameter than one-
quarter of the dcpth y be bored in the

Pty J5 T [P TRt | Lo dowab med lasiaihe mad
miaaie thira of ine ae Pl afa IChgun, ana

5

If holes or notches occur at a distance
greater than three times the depth of the
member from the cdgc of the nearest
sunnort, the net remainine depth shall he

it i =3 SISl Sl aliALL U

used in determining the bcndmg strength.

<)

7.5.8 Bearing

7.5.8.1 The ends of flexural members shall be
supported in recesses whlch provide adequate

ey Tt A shall nat ha
TOL afia Silaa OO0 Ov

[Py Al b wmar

ventilation to Preving u:y
enclogsed. Flexural members except roof timbers
which are supported directly on masonry or con-
crete shall have a length of bearing of not less
than 75 mm. Members supported on corbels,
offsets and roof timbers on a wail shali bear im-
mediatcly on and be fixed to wall-plate not less
than 75 mm x 40 mm.

7.5.8,2 Timber joists or floor planks shall not be
supported on the top flange of steel beams unless
the bcarmg strcss, calculated on the nct bearmg
as snapcu 10 ul. u.lc Ucau.l, ls less thml inic pcl mis=
sible compressive stress perpendicular to the
orain.

7.5.8.3 Bearing stress
7.5.8.3.1 Lengik and position of bearing

a) At any bearing on the side grain of timber,
the permissible stress in compression per-

pendicular to the grain, fon s dependent
on the length and position of the bearing;

The permissible stresses given in Table 1
for compression perpendicular to the grain
are also the permissible stresses for any
length at the ends of members and for
bearing 150 mm or more in iength at any
other position;

b) T

¢) For bearings less than 130 mm in length

and located 75 mm or more from the end of

a member the permissible stress perpendi-
cular to the grain may be mu]upllcd by the

R 1Y . S SR ) PP ahla T

mMOGIuCcalion acvin 1!:-; givou ifi xal.uc i,y

No allowance neced be madc_for the diffe-
rence in intensity of the bearing stress due
to bending of a beam;

¢} The bearing area should be calculated as
the net area afier allowance for the amount
of wane as permitted in IS 1331 : 1975;

For bearing stress under a washer or a
small platc, the same coefficient recomi-
mended in Table 7 may be taken for 2

jiiiet Lol

—

L
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bearing with a length equal to the diameter
of the washcr or the width of the small
plau:; and

When the direction of stress ls at an angie

to 'hﬁ dlﬂl‘tlnn nf tha orain antt ofrsn.
¢i 1€ grain in any sirud

tural member, then the permissible bearing
stress in that mcmber shall be calculated by
the following formula:

Jop X fen
fcn sin® 8 +fun cost @
Mgdification Factor X -1 for

Bearing Stresses

g)

£
&

O
=

)
L

[ Qlapee 75831 (el g F
| Giause /.0.8.9.1 \‘.,u... f J
Lemgth of 1% 25 40 58 75 100 150
Bearing in or
mm More
Modification 167 ['40 1°25 1’20 113 1'10 1°00
factor, K,

7.5.9 Deflection
7.5.9.1 The deflecti

Fewsdea A LT WUTRIVLAIREE

of all Qewnral

nn in the scacs
- AR RO -l ll\.Aulul

LR A4
.

members supporting brittle materials like gypsum
ceilings, slates, tiles and asbestos sheets shall not
exceed 17360 of - the span. The deflection in the
case of othcr flexural membcrs shall not exceed

1/240 of the span, and §/150 of the ireely hanging
length in the case of cantilevers.

7.5.9.2 Usual {ormula for defleciion shall apply:

<y

to hcar strain )

- . | R
K-values = % for cantilevers with load at
{rec end,
'3 for cantilevers with uniformly
distributed load,
i for beam. supported at both
¥ Ikl Pulll( 10ad E
centre, and
sa;—for beams supported at

384 both ends with uniformly
u.lS[I'I.DuICCI loau.

7.5.9.3 In order to allow the effect of long dura-
tion loading on E, for checking defiection in case

of beams and joists the effective loads shall he

[T sine tha dand lnad if the timher be inftialle A
TWICE NS QTa0 el LI 1ad IImoer is LAy ary )"-

.5.9.4 Sclf weight of beam shall be considered

M. g
1

]

igTi.
7.6 Columns
7.6.1 Solid Columns

L

Solid columns shall be classified into short, inter-
mediate and Jong columns depending wpon their
slenderness ratio { S/d ) as follows:
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a} Short columns — where $/d does notexceed
11,

b} Intermediate columns — where §/d is
beitween {1 and &g, and
¢) Long columns — where S/d is greater

than KB'

7.6.1.1 For short columns, the permissible com-
pressive stress shall be calculated as follows:

fe "ch

7.6.1.2 For intermediate columns the permissible
compressive stress is calculated by using the
following formula:

fo=to V454 )]

7.6.1.3 For long columns, the permissible com-
pressive stress shall be calculated by using the
following formula:
0329 E
fe =ty

7.6.1.4 In case of solid columns of timber, §fd
ratio shall not exceed 50.

7.6.1.5 The formulae given are for columns with
pin end conditions and length shall be suitably
meodified with other end conditions.

7.6.1.6 The permissible load on a column of
circular cross-section shall not exceed that
permitted for a square celumn of an equivalent
cross-tectional area.

7.6.1.7 For determining S/d ratio of a tapered
column, its least dimension. shall be taken as the
sum of the corresponding least dimensions at the
small end of the column and one-third of the
difference between this least dimension at the
small end and the corresponding least dimension
at the large end, but in no case shall the least
ditnension for the column be taken as more than
one and a half times the least dimension at the
small end. The induced stress at the small end of
the tapered column shall not exceed the permissible
compressive stress in the direction of grain.

7.6.2 Box and Built-up Columns

7.6.2.1 Box columns shall be classified into short,
intermediate and long columns as follows:
a) Short columns — where is less

than 8,

_,_S___
Vo +

b) Intermediate columns —where S
is between 8 and Ky, and
S

¥ di* + dg?

¢) Long columns — where is
greater than K.

7.6.2.2 For short cclumns, the permissible com-
pressive stress shall be calculated as follows:

Jo= ?fcn

Vodi* + ds?

7.6.2.3 For intermediate columns, the pcrmissiblc
compressive stress shall be obtained wusing the
following formula:

= dfn) 1 = )
—‘pr 3 Kgifdlg—f*dza
7.6.2.4 For long columns, the permissible

compressive stress shall be calculated by using
0329 UE
S

the formula;
2
(V' d® + do* )

7.6.2.5 Tlie following values of U and ¢ depend-
ing upon plank thickness (¢) in 7.6.2.3 and 7.6.2.4
shall be used:

Je

i I g
mm
25 0-80 1:00
50 060 E-00

7.6.3 Spaced Columns

The formulae for solid columns as specified

in 7.6.1 are applicable 10 spaced columns with a

restraint factor of 2:5 or 3, depending upon

distance of end connectors in the column,
NOTE — A restrained factor of 2°5 for location of
centroid group of fasteners at §/20 from end and 3 for
location at ${10 to 5720 [rom end shall be taken.

7.6.3.1 For intermediate spaced column the per-

missible compressive stress sha]l be:

=fo[ 1= 5{5r)]

7.6.3.2 For long spaced columns the formula shall
be:
fo = 0329 E x 25

¢ (S )*

7.6.3.3 For individual member of spaced column
Sid ratio shall not exceed 80.

7.6:4 Compression members shall not be notched.

When it is necessary to pass services through

such a member, ihis shall be effected by meang of -
a bored hole provided that the local stress is

calculated and found to be within the permissible

stress specified. The distance from the edge of the

hole to the edge of the member shaill not be less

than one-quarter of width of the face.

7.7 Structural Members Subject to Bending
and Axial Stresses

7.7.1 Structural members subjected both to bend-
ing and axial compression shall be designed to

comply with the {ollowing formula:
fac fa.b
is not greater than 1,
N 8

7.7.2 Structural members subjected both to ben-
ding and axial tension shall be designed to
comply with the following formula;

fat fah
TR

is not greater than 1.
14
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Steel Tubes, Pipes and Fittings Sectional Committee, MTD 19

FOREWORD

This Indian Standard ( Fourth Revision } was adopted by the Burcau of Indian Standards, after the draft

finalized by the Steel Tubes, Pipes and Fittings Sectional Committee had been approved by the Metallurgical
Engineering Division Council.

This standard was first published in 1958 and its first, second and third revisions were issued in 1963, 1968
and 1979 respectively. While reviewing the standard, the Committee has felt it necessary to revise this
Indian Standard with the following modifications:

a) Thickness and mass is aligned with 1S 1239 (Part 1) : 1990.
b) All amendments have been incorporated.

In the formulation of this standard, due consideration has been given to the trade practices followed in the
country in this ficld. Due consideration has also been given to international co-ordination among the standards
prevailing in different countries. Assistance has been derived from the following publications:

ISO/R 336 : 1976 Plain end steel tubes, welded or seamless; general table of dimensions and masses
per unit length.  International Osganization for Standardization,

B8 6323 : 1982 Steel tubes for mechanical and general engineering purposes. British Standards Institution.
This standard contains clauses 8.1 and 12.1 which call for agreement between the purchaser and the manufacturer.

For the purpose of deciding whether a particular requirement of this standard is complicd with, the final
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance
with IS 2 : 1960 ‘Rules for rounding off numerical values (revised)’. The number of significant places
retained in the rounded off value should be the same as that of the specified value in this standard.
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Indian Standard

STEEL TUBES FOR STRUCTURAL PURPOSES —
SPECIFICATION

( Fourth Revision )

1 SCOPE

This standard covers the requirements for hot finished
welded (HFW), hot finished seamless (HFS), and
electric resistance welded (ERW) or high frequency
induction welded (HRIW) plain carbon steel tubes
for structural purposes.

2 REFERENCES

The Indian Standards lisied below are the necessary
adjuncts to this standard:

IS No. Title

2281983 Method of chemical analysis of
steel {in various parts)

1239 Mild sieel tubes, ubulars and other

(Part1): 1990  wrought steel fittings: Part 1 Mild
steel tubes (fifth revision)

1387: 1993 General requirements for the
supply of metallurgical material
(second revision)

1608 : 1995 Mechanical testing of metals —
Tensile testing

2328 1983 Method for flattening test on
metatlic tubes {first revision}

2329: 1985 Method for bend test on metallic
tubes (in full section) (first
revision}

4711:1974 Methods for sampling of steel
pipes, tubes and fittings (first
revision)

4736: 1986 Hot-dip zinc¢ coatings on mild steel
tubes (first revision)

4740 1979 Code of practice for packaging of
steel tubes (first revision)

10748 1995 Hot-rolled steel strip for welded

tubes and pipes (first revision)
3 DESIGNATION

3.1 Steel tubes covered by this standard shall be
designated by their nominal bore and shall be calssified

as ‘Light’, *Medium’ and ‘Heavy’ depending on the
wall thickness (see Table 1). They shall be further

~ graded as Y5t 210, YSt 240 and YS¢ 310 depending

on the yield stress of the material (see Table 2). The
designation of the steel tubes shall, therefore, include
the nominal bore of the tube, classificaton on walt
thickness and grade of the material.

4 SUPPLY OF MATERIAL

4.1 General requirements relating to the supply of

the steel tubes for structural purposes shal! conform
oIS 1387,

5 MATERIAL

5.1 The tubes shall be manufactured from stect as
given in Table 3 and shall be supplied in the conditions
as shown therein.

6 DIMENSIONS AND WEIGHTS

6.1 The standard sizes and weights of tubes for
structural purposes shall be as given in Table 1.

6.1.1 Some geometrical properties of the steel tubes
are also given in Table 1 for information.

6.1.2 Tubes of thickness lower than light tubes,
specified in Table 1 shall not be permissible.

6.2 Tolerances
The following tolerances shail apply:

a) Qutside Diameter:

_ o +0.4 mm
13 Up to and including 48.3 mm —0.8mm
2)Over 43.3 mm + 1.0 percent

b) Thickness (for all sizes}).
+ Not limited
1) Welded tubes — 10 percent
+ Not limited
2) Scamless tubes ~12.5 percent
<) Weight:
+ 10 percent
1) Single tube light

- -8 percent



Table 1 Sizes and Properties of Steel Tubes for Structural Purposes

(Clauses3.1,6.1,6.1.1 and6.1.2))

Square of

Nominal Outside Class Thickness Weight Area of Internal Surface Moment Modulus Radius

Bore Diameter Cross Yolume of of of Radius of
Section External  Internal Inertia Section  Gyration Gyration

mm mmm mm kg/m om? cm’/m em*m em®m em® cm’ cm cm?

4y (2) 3) 4) (5) (6) 9 (8) (%) (10) (11) (12) (13

15 21.3 Light 2.0 0.947 1.21 235 543 0.57 0.54 0.69 0.47

Medium 26 1.21 1.53 203 669 306 0.69 0.64 0.66 0.44

Heavy 32 1.44 1.82 174 468 0.75 0.70 0.35 0.42

20 26.9 Light 23 1.38 1.78 30 700 1.36 1.01 0.87 0.76

Medium 26 1.56 1.98 370 845 631 1.48 1.10 0.86 0.74

Heavy 32 1.87 2.38 330 644 1.70 1.26 0.84 0.71

25 337 Light 26 1.98 2.54 633 895 3.09 1.83 0 1.2}

Medium 32 2.41 3.06 585 1 059 857 3.61 2.14 08 1.17

Heavy 4.0 293 373 518 807 4.19 2.48 .05 1.11

32 42.4 Light 2.6 2.54 3.25 1 086 1 168 6.47 3.05 1.98

Mediom 32 3.10 3.94 1017 1332 1130 7.62 3.59 1.93

Heavy 4.0 3.79 4.82 929 1 080 8.99 4.24 1.86

40 48.3 Light 29 3.23 4.13 I 418 1 335 10.70 4.43 1.6i 2.5¢9

Medium 32 3.56 4.53 } 378 I 517 1316 11.59 4.80 1.59 2.54

Heavy 4.0 4.37 5.56 1 275 1 265 13.77 5.70 1.57 247

50 60.3 Light 29 4.08 523 2 332 1711 21.59 7.16 2.03 4,13

Medium 36 5.03 6.41 2213 [ 667 25.88 8.58 2.00 4,02

Heavy 4.5 6.19 7.38 2 066 } 611 30.90 102 1.98 3.92

65 76.1 Light 32 5.7 7.32 3814 2189 48.79 12.82 2.58 6.66

Medium 6 642 8.20 3 727 2 391 2 163 54.02 14.20 2.57 6.60

Heavy 4.5 7.93 10.1 3 534 2 107 65.12 17.1 2.54 643

80 88.9 Light 3.2 6.72 8.61 5 343 2591 79.23 17.82 3.03 919

Medium 4.0 8.36 10.7 5138 2793 2 540 96.36 21.68 3.00 9.00

Heavy 4.8 9.90 12.7 4 936 2 490 112.52 25.31 298 8.88

20 101.6 Light 3o 3.70 1.1 6 995 Z 964 133.27 26.23 347 12.03

Medium 4.0 9.63 123 6 877 3192 2 939 146.32 28 .80 3.45 11.91

Heavy 48 i1.5 14.6 6 644 2 880 i71.44 3375 3.43 11.76

19E1 SI

8661



100

110

125

135

150

150

175

200

225
250
300
350

114.3

127.0

139.7

152.4

165.1

168.3

1937

21941

2445
2730
323.9
3556

Light
Medium
Heavy

Light

Medium
Heavy

Light
Medium
Heavy

Light
Medium
Heavy

Light
Medium
Heavy

Light

Medium
Heavy |
Heavy 2

Light
Medium
Heavy

Light
Medium
Heavy

Heavy
Heavy
Heavy
Heavy

36
45
54

4.5
48
54

4.5
43
5.4

4.5
438
54

4.5
4.8
54

4.5
48
5.4
6.3

4.8
5.4

438
5.6

5.9
5.9
6.3
8.0

975
12.2
14.5

13.6
14.5
16.2

15.0
15.9
17.9

16.4
17.5
19.6

17.8
18.9
21.3

18.2
19.4
21.7
252

2.4
25.1
273

254
29.5
31.0

34.7
338.9
49.3
68.6

12.5
15.5
18.5

17.3
18.4
20.6

191
203
228

209
22
25.0

2.7
24.2
271

23.1
24.7
276
320

28.5
320

323
375
395

44.2
49.5
62.8
87.3

9 004
8704
8 409

10 930
10 819
10 599

13 410
13 287
13 043

16 142
16 008
15 740

19128
18 981
18 690

19921
19771
19 473
19 030

26 606
26 260
259714

34 454
33930
33734

42 507
53 557
76 073
90 533

3 591

3 9%0

4 389

4 788

5187

5 287

6 083

6 883

7 681
8578
10 177
11 173

3 363
3 306
3 250

3 705
3686
3 649

4 104
4 085
4047

4 503
4 484
4 446

4 902
4 883
4 845

5 002
4 983
4 946
4 889

5731
5743
5$712

6 378
6 528
6 309

7 307
8 202
9775
10 663

192.03
2343
2745

3253
344.58
382.0

437.2
463.44
514.5

5722
606.92
674.5

7326
777.32
864.7

7772

824.78

51717
1053

127171
1417
1 5352

1 856.51
214
2247

3149
4 412
7992
13

3360
410
430

51.2
54.27
60.2

62.6
66.35
73.7

73.1
79.65
883

887
24.16
165.0

924

98.01
109.0
1250

131.31
146
158.65

169.47
195
205

258
323
493
137

3.92
3.89
3.85

433
4.32
4.30

4.78
4.7
4.75

523
5.20

5.68
3.67
5.65

5.79
5.78
5.76
573
6.68
6.66
6.64

7.58
1.55
7.54

8.44

9.45
2
123

15.36
15.10
14 86

18.78
18.69
18.52

2287
2276
22.58

27.37
2725
27.05

3227
3214
31.92

3356
3342
33.21
32.85

44.63
44 36
41.11

5745
57.02
56.86

712t
89.30
125.44
151.29

+ 1911 SI

8661
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Medium
+ 10 percent
Heavy
2y 10tenne lots light #* 5 percent
Medium
= 7.5 percent
Heavy

NOTE — For L0 tonne lots, the weighment may be done
-in convenient smaller lots and added up at the option of
the manufacturer.

7 WORKMANSHIP

7.1 The tubes shall be cleanly finished and reasonably
free from scale. They shall be free from cracks,
surface flaws, laminations and other defects. The
ends shall be cut cleanly and square with the axis of
tube, anless otherwise specified.

Surface imperfections such as handling marks, light
die or roil marks, or shallow pits shall not be
considered as defects provided the imperfections are
removable within minimum wall thickness permitted.
Removal of such surface imperfections is not required.
Welded tubing shall be free of protruding metal on
the outside surface of the weld seam.

8 GALVANIZING

8.1 If the tubes are required in galvanized condition
the zinc coating on the tubes shall be conforming to
the requirements and tested as per methods, specified
inJS 4736,

9 STRAIGHTNESS

9.1 Unless otherwise agreed to between the purchaser
and the manufacturer, tubes shall not deviate from
straightness by more than 1 mm in any 600 mm length.

10 LENGTHS

10.1 The tubes shall normally be supplied in random
lengths at 4 to 7 m. If ordered in exact lengths, the
tolerances shalt be subject to prior agreement between
the manufacturer and the purchaser,

11 MECHANICAL TESTS

11.1 The following tests shall be carried out on the
selected tube, strip or plate. For mechanical tests,
tubes shall be sampled in accordance with IS4711.

11.2 Tensile Test

The tensile strength, the yield stress and the percentage
elongation shall be determined in accordance with the
methods specified in IS 1608 and shall be not less than

the values specified for the relevant grades of tubes
given in Table 2.

11.2.1 The tensile test shall be made on:

a) alength cut from the end of the selected tube
(the ends of the length being ptugged for grips,
where necessary); or

b) a longitudinal strip cut from the tube, not
including the weld, if any, and tested in the curved
condition, the choice resting with the
manufacturer,

Table 2 Tensile Properties of Steel Tubes for
Structural Purposes

(Clauses3.1and11.2)

Grade Tensile Yield Stress Elongation
Strength (Min) on GGauge
(Min} Length
5.65 V5, Min
MPa MPa Percent
¥St 210 330 210 20
YSt 240 410 240 17
YSt 310 450 310 14
NOTES

11 MPa = IN/mm?= 0.102 kgf/mm?.

2 Elongation percent for tubes up to and inc¢luding
25 mm nominal bote for all grades shall be 12 minimum.

Table 3 Steel and Supply Conditions
{Clause 5.1)

§1 Manufac- Steel Sapply
Ne. turing Conditions
Process
1) HFW 18 10748 Only YSt 210 or
Y8t 240
i) HFS Bars/ingots with YSt 210, YSt 240

suitable  chemical or YSt 310
composition as per

IS 10748 10 achieve

mechanical  proper

ties for .respective

grades

1) ERW/HRIW IS 10748 Y5t 210, YSt 240
or Y5t 310 as
welded, heat
treated or <¢old
drawn and

normalized

NOTE — If required the copper bearing sicel may be
used to impart weather resistant propertiss in the steel.
Copper content shall be between 0.20 to 0.35 percent

subject to mutual agreement between the supplier and
the purchaser.




11.3 Ductility Test

11.3.1 Cold Bend Test ( Up to and Including 50 mm
NB)

When tested in accordance with IS 2329 an unfilled
length of tube shall be capable of being bent cold by
tube bending machine around a grooved former (with
radius at bottom of the groove equal to 6 x O. D, of
the tube) through 180° (with weld at 90° 1o the plane
of bending) without showing any crack at the weld
or the metal.

11.3.2 Flatiening Test ( Tubes Above 50mm NB)

Rings, not less than 40 mm in length cut from the
ends of selected tubes with edges rounded shall be
flattened between parallel plates with the weld, if any,
at 90° (point of maximum bending) in accordance
with IS 2328. No opening shall occur by fracture in
the weld until the distance between the plates is less
than the value specified for each grade in col 4 of
Table 4 and no cracks or breaks in the metal ¢lsewhere
than in the weld shall occur until the distance between
the plates is icss than the value specified for each grade
incol 5 of Table 4.

11.4 Retest

Should any one of the test pieces first selected fail to
pass any of the tests specified, two further samples
shall be selected for testing in respect of each failure
from the same lot. Should the test pieces from both
these additional samples pass, the material represented
by the test samples shall be deemed to comply with
the requirement of that particular test. Should the
test pieces from cither of these additional samples fail,
the material represented by the test samples shall be
deemed as not complying with the standard or the
manufacturer may select to test individually the
remaining lengths in the lot for the test failed to comply
in the preceding tests.

IS 1161 :1998
1L.5 Sampling
11.5.1 Sampling of Tubes

For the purpose of drawing samples all mild steel
tubes bearing same designation and manufaciured
under a single process shall be grouped together to
constitute a lot. Each lot shall be sampled separately
and assessed for conformity to this specification.

11.5.2 Sampling and Criterion jor Conformity

Unless otherwise agreed to between the manufacturer
and the purchaser the procedure for sampling of tubes
for various tests and criteria for conformity shall be
asgivenin IS 4711.

12 MARKING

12.1 Each tube shall be svilably marked with the
manufacturer’s name or trade-mark, and class of the
tube.

12.1.1 The tubes may atso be marked with the Standard
Mark.

12.1.2 The use of the Standard Mark is governed by
the provisions of the Bureau of Indian Standards
Act, 1986 and the Rules and Regulations made
thereunder. The details of conditions under which the
licence for the use of Standard Mark may be granted
{0 manufacturers or producers may be obtaincd from
the Bureau of Indian Standards.

13 OILING ANDPAINTING

13.1 All tubes shall, unless otherwise specified, be
varnished, painted or oiled externally.

14 BUNDPLING AND PACKING

14.1 Where tubes are to be bundled for transport,
they shalt unless otherwise specified, be packed in
accordance with 15 4740.

Tabie 4 Flattening Requirement in Metai
(Clause 11.3.2)

St Manufacturing Process Metal Steel Grade Weld Parent

Na. (Distance Berween (Distance Between
the Plates) the Plates)

) HFW/HFS/ERW/HFTW YSt 210 75 percent of 0.D." 60 percent of .1,

i) HFW/HFS/ERW/HFIW Y51 240 85 percent of O.D. 75 percent of 0.D.

i) FHS/ERW/HFIW YSt 310 25 percent of O.D. 75 percent of O.D.

Y (0.D. = Outside diameter,
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AMENDMENT NO. 1 MARCH 2000
TO
IS 1161:1998 STEEL TUBES FOR STRUCTURAL
PURPOSES — SPECIFICATION

{ Fourth Revision )

( Page 5, clause 12.1, line 2} — Insert ‘grade of the steel” afier the words
“trade-mark’.

(MTD 19)

Reprography Unit, BIS, New Delhi, India



AMENDMENT NO. 2 APRIL 2006
TO '

IS 1161:1998 STEEL TUBES FOR STRUCTURAL
PURPOSES — SPECIFICATION

( Fourth Revision )

( Page 1, clause 1, line 4 }.— Substitute *HFIW’ in parenthesis Jor
‘HRIW" in parenthesis,

{ Page 1, clause 5.1) — Substitute the following for the existing clause:
“Steel tubes shall be manufactured through one of the following processes as
given in Table 3 and shall be supplied in conditions as shown therein:

ay Hot finished seamless (HFS)
b) Cold finished seamless (CDS)
<) Hot-finished welded (HFW); and

d) Electric resistance welded -or high frequency induction welded (ERW
or HFIW)

NOTE — Tubes made by manual welding are not covered by this standard."

( Page |, clause 6.1 ) — Substitute ‘mass’ for ‘weights’,

( Page 2, Table 1, col heading 5 ) —- Substitute ‘Msss’ for ‘Weight’,

[ Page 4, Table 3, SI No. (ii) ]| — Substitute ‘HFS/ICDS’ for *HFS’.

{ Page 4, Table 3, S No. (iii) | — Substitute ‘ERW/HFIW® for “ERW/HRIW® .

(Page 3, Table 4, under col 2) — Substitute the following for the existing:
Manufacturing Process

)  HFW/HFS/CDS/ERW/HFIW
ii)  HFW/HFS/CDS/ERW/HFIW ]
iii) HFS/CDS/ERW/HFIW |

(MTD 19)

Reprogrphy Unit, BIS. New Dol Todis



AMENDMENT NO. 3 MAY 2008
TO
1S 1161 : 1998 STEEL TUBES FOR STRUCTURAL
PURPOSES — SPECIFICATION

{ Fourtk Revision )

{Page 3, Table 1, col 3, against Nominal Bors 150 mm, Ourside Dicometer 165.1 mm} — Substitute
*Heavy 1" for ‘Heavy'.

(Page 3, Table 1, col 3, against Nominal Bore 200 mm, Outride Dicmeter 219.) mm) — Subsiitute
‘Heavy 1’ for 'Heavy'.

(Page 3, Tabie 1, col 3, against Nominal Bore 250 mm, Qutside Diameter 2130 mm) — Subsitute
‘Heavy 1" for "Heavy’.

(Page 3, Table 1, col 3, againit Nominal Bore 300 mm, Oxtside Diometer 323.9 mm) — Substitute
‘Heavy 1 for ‘Heavy’,

(Page ), Table 1, col 3, ogainat Nominal Bore 330 s, Owtside Diometsr 333.6 mm) — Substitue
'Hﬂvyl’f‘ﬂ’ .Hﬂw‘. .

(Page 3, Table 1) — Add the following st the sppropriate pisce:

Neminal | Ouside | Claw | Thich- | Wolght | Aranef | Interssd SericsArme | Momentof | Muddns | Radive | Squre
= e I - R -0 I el el e P o
- el -
o't a'tm

{1} @) 2] ) ] 0 {6} N ® i) (19 an (m | i3
Hoavy2 { 59 | 232 | 293 184650 e w Hia | & | wm
13 1850 {Hewryd | 63 | 247 N4 11 ¥ir3 ] 11W |4 w3 1203 1462 .37
Heyd | 80 | 310 | M5 17 467.1 45061 12 g | 336 | ue
Heavy2 | 80 | 416 | 330 324104 63| 2960 e 147 | 5
200 2190 tewwyd | 100 | 516 | 657 1464 | 6886 [6297] 3% n 740 | 5473
Heavy# | 120 | 613 | 7RI 99074 61321 4200 n 13 | Y
Heary2 | 80 | 523 | 666 | SIB9S6 worr) s °w 931 | w86
240 M0 | Hemry3 | 100 | 649 | 826 502928} 4Sm0 [reat) 1M 54 23t | %%
Hesvyd | 120 ] 772 | 984 L1 RE R TR 3% #l3 U | 1133
Heavyd | 80 { 6231 T94 M St Yoo 612 112 |14
M 39 [ Heawyd | 100 | 174 ] 905 | 723648 | 10180 {9351 ] L1160 751 1.1 | 18329
Heavyd | 120 | 923 | 1130 | 706672 Vs ] 14320 2] ne j121.m
350 1855 Howry2 | 100 | 852 | 109 Hnane W% 10547 16220 912 121 | e
Heavyd | 120 | 1020 130 26 196.0 104221 19140 1076 122 | W1

MTD 19)




AMENDMENT NO. 4 JUNE 2011
TO
IS 1161 : 1998 STEEL TUBES FOR STRUCTURAL PURPOSES —
SPECIFICATION

(Fourth Revision)
(Page 1, clause 6.1.2) — Add the following new clause after 6.1.2:

‘6.1.3 Tubes of thickness higher than light tubes specified in Table 1 may be mutually agreed between the purchaser
and the manufacturer.’

(Page 3, Table 1, col 3, against Nominal Bore 175, Outside Diameter 193.7 mm) — Substitute ‘Heavy 1’ for
‘Heavy’.

[Page 3, Table 1 (see also Amendment No.3)] — Add the following at the appropriate place:

Nominal | Outside | Class |Thickness| Weight | Area | Internal Surface Area Moment | Modulus | Radius | Squre of
Bore |Diameter of Volume | ———— of of of Radius of
Cross External Internal | Imertia | Section |Gyration|Gyration
Section
mm mm mm kg/m cm? cm’/m cm’/m cm’/m cm* cm* cm cm?
) 2 3 “ ©) 6 Q) (® © (10) an 12) (13)
150 168.3 Heavy 3 8.0 31.6 40.3 | 182249 5290 4787 1297 154.0 5.67 32.20
Heavy 4 10.0 39.0 49.7 | 17280.1 4 661 1564 186.0 5.61 31.45
Heavy 2 6.3 29.1 33.1 | 25770.0 5692 1630 218.0 6.63 43.96
175 193.7 | Heavy 3 8.0 36.6 | 41.6 |248120| 6088 | 5585 | 2016 | 270.0 6.57 43.16
Heavy 4 10.0 453 51.6 |23707.0 5459 2442 328.0 6.50 42.25
175 1937 | Heavy5 | 12.0 538 | 613 [22628.0| 6088 | 5334 | 2839 383.0 6.44 41.47
(MTD 19)

Reprography Unit, BIS, New Delhi, India



AMENDMENT NO. 5 SEPTEMBER 2012
TO
IS 1161 : 1998 STEEL TUBES FOR STRUCTURAL
PURPOSES — SPCIFICATION

( Fourth Revision )

(Second cover page, FOREWORD) — Substitute ‘ISO 4200 : 1991 Plain
end steel tubes, welded and seamless — General tables of dimension and masses
per unit length’ for ‘ISO/R 336 : 1976 Plain end steel tubes, welded and seamless
— General table of dimensions and masses per unit length. International
Organization for Standardization’.

(Page 4, clause 6.2, Note, line 1) — Substitute ‘10 tonne (Min)’ for ‘10
tonne’.

(MTD 19)

Reprography Unit, BIS, New Delhi, India
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Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access to information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest

to the public, particularly disadvantaged communities and those engaged in the pursuit of
education and knowledge, the attached public safety standard is made available to promote the
timely dissemination of this information in an accurate manner to the public.
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Mazdoor Kisan Shakti Sangathan Jawaharlal Nehru
\ * “The Right to Information, The Right to Live” “Step Out From the Old to the New” .

IS 1905 (1987): Code of Practice for Structural use of
Unreinforced Masonry [CED 13: Building Construction
Practices including Painting, Varnishing and Allied
Finishing]
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Satyanarayan Gangaram Pitroda
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AMENDMENT NO. 1 AUGUST 2010
TO
IS 1905 : 1987 CODE OF PRACTICE FOR
STRUCTURAL USE OF UNREINFORCED MASONRY

( Third Revision )

[Page 16, Table 8, SI No. (1) to (3), col 3] — Substitute ‘0.35" for
‘8.35".

(CED 13)

Reprography Unit, BIS, New Delhi, India



IS ; 1905 - 1987

Indian Standard

CODE OF PRACTICE FOR
STRUCTURAL USE OF UNREINFORCED
MASONRY

{ Third Revision )

0.

0.1 This Indian Standard ( Third Revision ) was
adopted by the Bureau of Indian Standards on
30 August 1987, after the draft finalized by the
Struciural Safety Sectional Committee had been
approved by the Civil Engineering Division
Council.

0.2 Structural adequacy of masonry walls de-
pends upon a number of factors, among which
mention may be made of quality and strength of
masonty units and mortars, workmanship,
methods of bonding, unsupported height of walls,
eccentricity in the loading, position and size of
openings in walls, location of cross walls and the
combination of various external loads to which
walls are subjected.

0.3 This code was first published in 1961. ¥n its
revision in 1969, basic compressive stresses and
stress factors for slenderness were modified
resulting in increased permissible stresses in load
bearing brick and block walls. The second
revision was published in 1980. The following
major changes were made in its second revision:

a) Use of stones (in regular sized units ),
concrete blocks, lime based blocks and
hollow blocks were included as masonry
units;

b) Mix proportions and compressive strengths
of mortars used in masonry were revised;

¢) Optimum mortar mixes for maximum
strenglth of masonry for units of various
strengths were indicated;

d) Provisions for lateral supports to walls had
been amplified so as to include stability
requirements,

¢) Conditions of support for calculation of
effective height of masonty walls and
columns, and eflfective length of masonry
walls were spelt out more clearly;

f) Maximum allowable slenderness ratio for
load bearing walls was increased;

g) Incase of free-standing walls, height to
thickness ratios were indicated for different

o

FOREWORD

wind pressures, based upon requirements
for stability;

h) Basic compressive stresses for masonry
members were modified so that strength
of masonry units correspond to revised
values of brick crushing strength specified
in IS : 1077-1986*;

)) Formula for calculating area reduction
factor was modified;

k) Angle of dispersion of concentrated loads,
from the direction of such loads was
changed from 45 to 30°;

m) Provisions relating to shape modification
factors for masonry units other than
common bricks were amplified;

n} Values of permissible shear stress was
related to the actual compressive siresses
in masonry due to dead loads; and

p) Provisions on ‘corbelling’ were amplified.

0.4 The present revision is intended to further
modify certain provisions as a result of experi-
ence gained with the use of the second revision of
the standard. The following major changes have
been made in this revision:

- a) The requirements of a masonry element
for stability have been modified.

b) In the design of a free standing wall,
provision has been made for taking
advantage of the tensile resistance in
masonry under certain conditions.

¢) Provision regarding effective height of a
masonry wall between openings has been
modified.

d) Method of working out effective height of
a wall with a membrane type DPC has
been modified.

¢) Criteria for working out effective length of
wall having openings has been modified.

*Specification for com mon burnt clay building bricks
{ fourth revision }.
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f) Some general guidelines have been given
for dealing with concentrated loads for
design of walls,

g) Provisions regarding cutting and chases in
walls have been amplified.

h) The title of the standard has been changed
for the sake of greater clarity.

0.5 The Sectional Committee responsible for
preparation of this standard has taken into
consideration views of all who are interested in
this field and has related the standard to the
prevailing practices in the country. Due weight-
age has also been given to the need for inter-
national coordination among the standards and
practices prevailing in different couatries of the
world. In the preparation of this code, assistance
has been derived from the following publications;

a) AS 1640-1974 — SAA Brickwork Code.
Standards Association of Australia.

b) National Building Code of Canada, 1977.
National Research Councit of Canada.

¢) DIN 1053/] Code on brick calculation and
performance,  Deutsches Institut fiir
Normung.

d) CP111: Part2: 1970 Structural recom-
mendations for load bearing walls with

amendments up to 1976. British Stand-

ards Institution.

¢} BS 5628 : Part ] : 1978 Code of practice
for structural uvse of masonry, Part 1
Unreinforced masonry. British Standards
Institution.

f) CP 121 : Part1: 1973 Code of practice
for walling, Part 1 Brick and block
masonry. British Standards Institution.

g) Recommended practice for engineered
brick masonry. Brick Institute of
America, 1969.

0.6 It is assumed in this code that design of
masonry work is done by qualified engineer and
that execution is carried out ( according to the
recommendations of this code read with other
relevant codes ) under the directions of an
experienced supervisor.

0,7 For the purpose of deciding whether a
particular requirement of this standard is com-
plied with, the final valué, observed or calculated,
expressing the result of a test or analysis, shall be
rounded off in accordance with IS : 2-1960%.
The number of significant places retained in the
rounded off value should be the same as that of
the specified value in this standard.

*Rules for rounding off numerical values ( revised ).

1. SCOPE

1.1 This code gives recommendations for struc-
tural design aspect of unreinforced load bearing
and non-load bearing walls, constructed with
solid or perforated burnt clay bricks, sand-lime
bricks, stones, concrete blocks, lime based blocks
or burnt clay hollow blocks in regard to the
materials to be used, maximum permissible
stresses and the methods of design.

1.2 The recommendations of the code do not
apply to walls constructed in mud mortars.

2, TERMINOLOGY

2.0 For the purpose of this code, the definitions
given in IS : 2212-1962* and the following shall

apply.

2.1 Bed Block — A block: bedded on a wall,
column or pier to disperse a concentrated load
on a masonry ¢lement.

2.2 Bond — Arrangement of masonry units in
successive courses to tie the masonry together
both longitudinally and transversely; the arrange-
ment is usually worked out to ensure that no
vertical joint of one course is exactly over the
one in the next course above or below it, and
there is maximum possible amount of lap.

*Code of practice for brickwork.

2.3 Column, Pier and Buttress

2.3.1 Column — An isolated vertical load
bearing member, width of which does not exceed
four times the thickness.

2.3.2 Pier — A thickened. section forming
integral part of a wall placed at intervals along
the wall, to increase the stiffness of the wall or to
carry a vertical concentrated load. Thickness of
a pier is the overall thickness including the
thickness of the wall or when bonded into a leaf
of a cavity wall, the thickness obtained by
geatilng that leaf as an independent wall ( see

ig. 1)

2.3.3 Buttress— A pier of masonry built as an
integral part of wall and projecting from either
or both surfaces, decreasing in cross-sectional
area from base to top.

2.4 Cross-Sectional Area of Masonry Unit — Net
cross-sectional area of a masonry unit shall be
taken as the gross cross-sectional area minus the
area of cellular space. Gross cross-sectional
area of cored units shall be determined to the
outside of the coring but cross-sectional area of
grooves shall not be deducted from the gross
cross-sectional area to obtain the net cross-
sectional area.

2.5 Curtain Wall — A non-load bearing wall
subject to lateral loads. It may be laterally
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supported by vertical ot horizontal structural
members, where necessary ( see Fig. 2 )._

2.6 Effective Height — The height of a wall or
column to be considered for calculating slender-
ness ratio.

2.7 Effective Length — The length of a wall to be
considered for calculating slenderness ratio.

9.8 Effective Thickness ~- The thickness of a wall
or column to be considered for calculating
slenderness ratio.

2.9 Hollow Unit — A masonry unit of which net
cross-sectional area in any plane parallel to the
bearing surface is less than 75 percent of its
gross cross-sectional area measured in the same
plane ( see 2.4 and 2.16 ).

2.10 Grout — Mortar of pourable consistency.
2.11 Joint — A junction of masonry units.

2.11.1 Bed Joint — A horizontal mortar joint
ppon which masonty units are laid.

2.11.2 Cress Joint — A vertical joint, normal
to the face of the wall.

2.11.3 Wail Joint — A vertical joint parallel to
the face of the wall.

. 212 Leaf — Inner or outer section of a cavity

wall.

2.13 Lateral Suppott — A support which enables
a masonry element to resist lateral load andfor
restrains lateral deflection of a masonry element
at the point of support.

2.14 Load Bearing Wall — A wall designed to
carry an imposed vertical load in addition to its
own weight, together with any lateral load.

2.15 Masonry — An assemblage of masonry
units properly bonded together with mortar.

2.16 Masonry Unit — Individual units which are
bonded together with the help of mortar to form
a masonry element, such as wall, column, pier
and buttress.
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2,17 Partition Wall — An  interior non-load
bearing wall, one storey or part storey in height.

2.18 Panel Wall — An exterior neon-load bearing
wall in framed construction, wholly supported
at each storey but subjected to lateral loads.

2.19 Shear Wall — A wall designed to carry
horizontal forces acting in its plane with or
without vertical imposed loads.

2.20 Slenderness Ratio — Ratio of effective height
or effective length to effective thickness of a
masonry element.

2.21 Types of Walls

2.21.1 Cavity Wall — A wall comprising two
leaves, each leaf being built of masonry units and
separated by a cavity and tied together with
metal ties or boanding units to ensure that the
two leaves act as one structural unit, the space
between the leaves being either left as continuous
cavity or filled with a non-load bearing insulating
and waterproofing material.

2.21.2 Faced Wall -- A wall in which facing
and backing of two different materials are bonded
together to ensure common action under load
( see Fig. 3 ).

No1E —To ensure monolithic action in faced
walls, shear strength between the facing and the

BRICK BACKMING
STONE FACING

backing shall be provided by toothing, bonding or

other means.

2.21.3 Veneered Wall — A wall in which the
facing is attached to the backing but not so
}wnded as to result in a common action under
oad.

3. MATERIALS

3.1 Masonry Units — Masonry units used in
construction shall comply with the following
standards:

IS : 1077-1986*
or IS :2180-1985¢
or IS : 2222-1979%
IS 1 3316-1974§
or IS : 3620-1979]

IS : 4139-1976

Burnt clay building
bricks

Stones ( in regular
sized units )

Sand lime bricks

*Specification for common bumt clay building bricks
{ fourth revision ).

1Specification for heavy-duty burnt clay byildi
bricks { second revision ). v ourdine

{Specification for burnt clay perforated building bricks
{ second revision ).

§Specification for structural granite ( first revision ),

WSpecification for laterite stone block for masonry
( first revision ).

Specification for sandlime bricks { first revision).
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Concrete blocks { solid
and holiow )

IS : 2185 (Part 1)-1979*
or 1S : 2185 (Part 2)-
19831

1S : 3115-1978%
1S : 3952-1978%

Lime based blocks
Burnt clay hollow blocks

Gypsum partition blocks IS : 2849-1983]
Autoclaved cellular IS : 2185 (Part 3)-
concrete blocks 19849

Note 1 — Gypsum_ partition blocks are used
cenly for construction of non-load bearing partitien
walls.

Note 2 — Use of other masonry units, such as
precast stone blocks, not covered by the above speci-
fications, can also be permitted based on test results,

3.1.1 Masonry unils that have been previously
used shall not be reused in brickwork or block-
work construction, unless they have been
thoroughly clcaned and conform to the cede for
similar ncw masonry units.

3.2 Mortar — Mortar for masonry shall comply
with the requirements of 18 : 2250-198 | **.

3.2.1 Mix proportions and compressive stren-
gths of some of the commonly used mortars are
given in Table 1.

4. DESIGN CONSIDERATIONS

4.1 General — Masonry structures gain stability
from the support offered by cross walis, floors,
roof and other elements soch as  piers and
buitresses. Load bearing walls are structurally
more efficient when the load is uniformly distri-
buted and the structure is so  planned that
eccentricity of leading on the members is as
smali as possible. Avoidance of eccentric loading
by providing adcquate bearing of floor/roof on
the walls providing adequate stiffness in slabs and
avoiding fixity at the supporis, ete, is especially
important in load bearing walls in multistorey
structures. These matters should receive careful
consideration during the plapning stage of
masonry structurcs.

*Specification  for concrete masonry usiis: Part )
Hollow and solid concrete blocks { sccond revision ).

tSpecification for concrete masonry units : Part 2
Hollow and soltd lightweight concrete blocks ( first
reyision ).

iSpeciﬁcation for lime based blocks ( first revision ).
$Specification for burnt clay holtow blocks for walls
and partilions { first reyision ).

ISpecification for non-load bearing gypsum partition
blocks { solid and hollow types) { first revision }.

9 5pecification for concrete masonry units : Part 3
Autociaved cellular (aerated ) concrete blocks ( first
revision ).

**Code of practice for praparation and use of masonry
mortars ( first revision ).

IS : 1905 - 1987 «

4.2 Lateral Supports and Stability

4.2.1 Lateral Supports — Lateral supports for
a masonry element such as load bearing wall or
column are intended to:

a) limit slenderness of a masonry element so
as to prevent or reduce possibility of
buckling of the member due to vertical
loads; and

b) resist horizontal components of forces so
as to ensure stability of a structure against
overturning.

4,2,1.1 Lateral support may bein the vertical
or horizontal direction, the former consisting of
floor/roof bearing on the wall ‘or properly
anchored to the same and latter consisting of
cross walls, piers or butiresses.

4.2.1.2 Requirements of 4,2,1 (a) from con-
sideration of slendreness may be deemed to have
been met with if:

a) In case of a wall, where slenderness ratio
is based on cffective height, any of the
following constructions are provided:

1) RCC floorfroof slab ( or beams and
slab), irrespective of the direction of
span, bears ‘on ibe supported wall as
well as cross walis to the extent of at
least 9 em;

2y RCC floor/roof slab not bearing on the
supported wall or cross wall isanchored
to it with non-corrodible metal ties of
60 ¢m length and of section not less
than 6 x 30 mm, and at intervals not
exceeding 2 m as shown in Fig. 4; and

3) Timber fioor/roof, anchored by non-
corrodible metal ties of length 60 cm
and of minimum scction 6 x 30 mm,
securely fastened to joists and built
into walls as shown in Fig. 5 and 6.
The anchors shall be provided in the
direction of span of timber joists as well
as in its perpendicular direction, at
intervals of not more than 2 m in
‘buildings up to two storeys and 125 m
for buildings more than two storeys in
height;

NoTte 1 — In case, precast RCC units are used for
floors and roofs, it is necessary to interconnect them
and suitably anchor them te the cross walls so rthat
they can transfer lateral forces to the cross-walls,

MoTe 2 — Incase of small houses of conventional
designs. not exceeding two storeys in height, stiffenin
effect of partitions and cross walls is such that meta
anchors are normally not necessary in case of timber
Aoorfroof and precast RCC floor/roof units,

b) In case of a wall, when slenderness ratio
is based on its effective length; a cross
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TABLE 1 MIX PROPORTION AND STRENGTH OF MORTARS FOR MASONRY
{Clouse 3.2.1)

St No. Mix ProrORTIONS { BY LOOSE VOLUME )

GRADE OF
MORTAR —
Cement Lime Lime
Pozzolana

Mixture
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Note 1 — Sand for making mortar should be well graded. Incas¢ sand is not well graded, iis proportion
shall be reduced in order to achieve the minimum specified strength,

NoTe 2 — For mixesin §1 No. 1 and 2, use of lime is not essential from consideration of strength as it

However, its use is highly recommended since it improves workability.

NoTe 3 — For mixes in 5! No. 3(a), 4(a). 5(a) and 6{(a), either lime C or B to the extent of 1/4 part of
cement (by volume) or some plasticizer should be added for improving workability.

NoTe 4 — For mixes in 51 No. 4(b) and 5(b), lime and sand should first be ground in mortar mill and then
cement added to coarse staff.

Note 5§ — It is essential that mixes in SI No. 4(c), 4d), 4(e), 5(d), 5(¢), 6(b), 6(cy, 7(a) and T(b) are prepared
by grinding in a mortar mifl.
NoTe 6 — Mix in 81 No. 2(b) has been classified to be of same grade as that of S| No. 2(a), mixes in 51 No.
3{b) and 3(c) same as that in S! No. 3{a) and mixes in 51 No. 4(b)to 4{f) same as that in §] No. 4a), even though

their compressive strength is less. This is from consideration of strength of masonry using different mix
propoertions,

Not1e 7 — A, B and C denote eminently hydraulic lime, semi-hydraulic limne and fat lime respectively as
specified in relevant Indian Standards.

wall/pier/buttress of thickness equal to or
more than balf the thickness of the support-
ed wall or 90 mm, whichever is more, and
length equal to or more than one-fifth of the
height of wall is built at right angle to the
wall { see Fig. 7) and bonded to it accord-
ing to provision of 4,2,2.2 (d);

c) in case of a column, an RCC or timber

d} in case of a column, an RCC beam form-

ing a part of beam and slab construction
is supported on the column, and slab
adequately bears on stiffening walls. This
construction will provide lateral support to
the column ju the direction of both
horizontal axes.

beam/R 8 joist/roof truss is supported on
the column. In this case, the column will
not be deemed to be laterally supported
in the direction right angle to it; and

4,22 Stability — A wall or column subjected
to vertical and lateral loads may be considered
to be provided with adequate lateral support
from consideration of stability, if the construction
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FiG. 4 ANCHORING oF RCC StaB wITH MasoNRY WaLL

( WHEN S1AB DOES NOT BEAR OoN WALL )

CONCRETE, min.
LENGTH 30c¢m
METAL ANCHOR 50 em
LONG, FIXED 10 JOIST

§A Joists at Right Angle to Wall

FiG. 5 TYPICAL DETAILS FOR ANCHORAGE OF SoLID WALLS

providing the support is capable of resisting the
following forces:

a) Simple static reactions at the point of
lateral support to all the lateral loads; plus

b) 2:5 percent of the total vertical load that
the wall or column is designed to carry
at the point of lateral support.

4,2,2.1 For the purpose specified in 4.2.2, if
the lateral supports are in the vertical direction,
these should meet the requirements given in
4.2,1,2 (a) and should also be capable of acting
as horizontal girders duly anchored to the cross
wall so as to transmit the lateral loads to the
foundations without exceeding the permissible
jsresses in the cross walls.

4,2.2.2 In case of load bearing buildings up
to four storeys, stability requirements of 4.2.2
may be deemed to have been met with if:

a) height to width ratio of building does not
exceed 2;

METAL ANCHOR 60 cm
LONG, FIXED TO JOIST

CONCRETE, min.
LENGTH 30 ¢m

58 Joists Paraifel to Wall

b)

d)

cross walls acting as stiffening walls con-
tinuous from outer wall to outer wall or
outer walito a load bearing inner wall, and
of thickness and spacings as given in
Table 2 are provided. If stiffening wall or
walls that are in a line, are interrupted
by openings, length of solid wall or
walls in the zone of the wall that is to
be stiffened shall be at least one-fifth
;@:f h;ight of the opening as shown in
ig. 8;

floors and roof either bear on cross walls
or ar¢ anchored to those walls as in
4.2.1.2 such that all lateral loads are
safely transmitted to those walls and
through them to the foundation; and

cross walls are built jointly with the bear-
ing walls and are jointly mortared, or the
two interconnected by toothing. Alterna-
tively, cross walls may be anchored to walls
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METAL ANCHOR FIXED
TO JOIST

CONCRETE , min LENGTH
30cm
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6C Precast Concrate Floor Units Parallel to Wall
FI1G. 6 TYPICAL DETAILS FOR ANCHORAGE OF CAVITY WALLS

to be supported by ties of non-corrodible
metal of minimum section 6 % 35 mm and
length 60 cm with ends bent up at least
5 cm; maximum vertical spacing of ties
being 1-2 m ( see Fig. 9).

4,2,2.3 In case of halls exceeding 80 m in
fength, safety and adequacy of lateral supports
shall always be checked by structural analysis.

4.2.2.4 A trussed roofing may not’ provide
lateral support, unless special measures are
adopted to brace and anchor the roofing.
However, in case of residential and similar
buildings of conventional design with trussed
roofing having cross walls, it may be assumed
that stability requirements are mel with by the
cross walls and structural analysis for siability
may be dispensed with,
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Fi1G. 9 ANCHORING OF STIFFENING WALL WITH SUPPORTED WALL

4.2.2.5 Capaciiy of a cross wall, also called wall, Maximum overhanging length of bearing
shear wall, sometimes to take horizontal loads wall which could effectively function as a flange
and consequent bending moments, increases when should be taken as 12 r or H/6, whichever is less,
parts of bearing walls act as flanges to the cross in case of 7/I shaped walls and 6 ¢ or H/16,
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TABLE 2 THICKNESS AND SPACING OF
STIFFENING WALLS

[ Clause 4.2.2.2 (b) 1
S1 THickness Helgar* STIFFENING WALL®
No. of Loap oF STOREY , —he 3
BEARING NOT TO Thickness not Maximum
WaLL 10 EXCEED Less Than Spacing
BE STIF- p—m
FENED 1to3 4
Storeys Storeys
) 2 (3) 4) %) (6)
cm 44] <im cm m
1 10 32 10 — 4'5
2 20 32 10 20 60
3 k1] 34 10 20 30
4 Above 30 5 {0 20 80

*Storey height and maximum spacings as given are
centre-to-centre dimensions.

whichever is less, in casc of I/U shaped walls,
where ¢ is the thickness of bearing wall and H is
the total height of wall above the level being
considered as shown in Fig. 10,

4.2.2.6 Externalwalls of basement and plinth —
In case of external walls of basement and plinth
stability requircments of 4.2.2 may be deemed to
have beecn met with if:

a) bricks used in basement and plinth have
a minimum crushing strength of 5 N/mm?
and morilar unsed in masonry is of Grade
M1 or better;

b) clear height of ceiling in basement does
not exceed 2-6 m;

¢) walls are stiffened according to provisions
of 42.2.1;

d) in the zone of action of s0il pressure on
basement walls, traffic load excluding any
surcharge due to adjoining buildings does
not exceed 5 kN/m? and terrain does not
rise; and

€) minimum thickness of basement walls is in
accordance with Table 3.

NoTE — In case there is surcharge on basement
walls from adjoining buildings, thickness of basement
walls shall be based on structural analysis.

TABLE 3 MINIMUM THICKNESS OF BASEMENT
WALLS

SL MimimoM THICKNESS  HeIGHT oF THE GROUND
MNo.  oF BaseMENT Wall, Apove BASEMENT FLOOR
{ NominAL ) LEVEL WiTH WALL LOADING
(PERMANENT LOAD)
-

’ More than Less than_‘
50 kN/m 50 kN/m

0 @ ) @
cm m m

1 40 250 2:00

2 30 175 1'40

10

a— b

|
|
|

j EFFECTIVE OVERHANGING

WIGTH OF FLANGE ,BOTH SIDES

Effective overthanging width of flange = 12 ¢ or
H{6 whichever is less, H being the total height of wall
above the level being considéred.

[ 7L W

b —et -

NN

__[t
T

EFFECTIVE OVERHANGING
WIOTH DF FLANGE

Effective overhanging width of flange = 61 or Hfé
whichever is less, H being the tota] height of wall
above the level being considered

F1G. 10 EFFECTIVE OVERHANGING WIDTH OF
FLANGES FOR

4.2.2,7 Walls mainly subjected to lateral loads

a) Free-standing wall — A free-standing wall
such as compound wall or parapet wall is
acted upon by wind force which tends to
overturn it. This tendency to overturning
is resisted by gravity force due to self--
weight of wall, and also by flexural moment
of resistance on account of tensile strength
of masonry. Free-standing walls shall thus
be designed as in 5.5.2.1. If mortar used



for masonry can not be relied upon for
taking flexural tension ( see 3.4.2 ), stability
of free-standing wall shall be ensured such
that stability moment of wall due to self-
weight equals or exceeds 1-5 times the
overturning moment.

b) Retaining wall — Stability for retaining
walls shall normally be achieved through
gravity action but flexural moment of
resistance could also be taken advantage
of under special circumstances at the
discretion of the designer ( see 5.4.2 ),

4.3 Effective Height

4,31 Wall — Effective beight of a wall shall
be taken as shown in Table 4 (see Fig. 11).

Nore — A roof truss or beam supporied on a
column meeting the requirements of 4.2,2.1 is deemed
to provide lateral support to the column only in the
direction of the beam/truss.

4,3.2 Columin — In case of a column, effective
height shall be taken as actual height for the
direction it is laterally supported and as twice
the actual height for the direction it is not
laterally supported { sec Fig. 12).

Note 1 — A roof truss or beam supporied on a
column meeting the requirements of 4.2.2.1 is deemed
to provide laseral support to the column only in the
direction of the beamytruss.

Note 2 -~ When floor or roof consisting of RCC
beams and slabs is supported on columns, the columns
would be deemed to be laterally supported in both
directions.

4,33 Openings in Walls — When openings
occur in a wall such that masonry between the
openings is by definition a column, effective
height of masonry between the openings shall be
reckoned as follows:

a) When wall has full restraint at the top:

1) Effective height for the direction
perpendicular to the plane of the wall
equals O-75 H plus 0-25 K, where H is
the distance between supports and I is
the height of the taller opening; and

2) Effective height for the direction
parallei to the wall equais H, that is,
the distance hetween the supporis.

b) When wall has partial restraint at the top:

1) Effective height for the direction
perpendicular to plane of wall equals
H when height of neither opening
exceeds 05 H and it is equalto 2 H
when height of any opening exceeds
05 H; and

2) Effective height for the direction
parallel to the plane of the wall equals
2H.

11
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TABLE 4 EFFECTIVE HEIGHT OF WALLS

{ Clause 4.3.1)

S CoNDITION OF SUPPORT EfFFeCTIVE
No. Heigut

) @ ®

1. Lateral as well as rotational restraint 075 H
( that s, full restraint) at top and
bottom. For example, when the
floor/roof spans on the walls so that
reaction to load of floor/roof is pro-
vided by the walls, or when an RCC
foor/froof has bearing on the wall
{ minimum 9 cm ), itrespective of
the direction of the span { founda-
tion foptings of a wall give lateral as
well as rotational restraint)

2. Latera! as well as rotational restraint 085 H
{ that is, full restraint } at one end
and oply lateral restraint ( that is,
partial restraint) at the other, For
example, RCC Aoor/roof at one end
spanning or adequately bearing on
the wall and timber floor/roof not
spanning on wall, but adequately
anchored to it, on the other end

3. Lateral restraint, without rotational 100 H

restraint ( that is, partial restraint )

on both ends, For example, timber

floorf{roof, not spanning on the wall

but adequately anchored to it on

both ends of the wall, that is, top

and bottom

4, Lateral restraint as well as rotational
restraint ( that is, full restraint ) at
battom but have no restraint at the
top. For example, parapet walls
with RCC roof having adequate
bearing oa the lower wall, or a com-
pound wall with proper foundation
on the soil

I's0FH

Note 1 -- H is the height of wall between centres
of support in case of RCC slabs and timber Aoors. In
case of footings or foundation block, height (H) is
measured from top of footing or foundation block,
In case of roof truss, height (H)is measured up to
bottom of the tie beam. [n case of . beam and slab
construction, height should be measured from centre
of bottom slab to centre of top beam. All these cases
are illustrated by means of examples shown in Fig. 11.

Note 2 — For working out effective height, it is
assumed that concrete DPC, when properly bonded
Wltll‘]l masonry, does not cause discontinuity in the
wall.

No7ve 3 — Where memberane type damp-proof
course or termite shield causes a discontinuity in
bond, the effective height of wall may be taken to be
greater of the two values calculated as follows:

a) consider A from top of footing jgnoring DPCand
take effective height as ¢-75 H,

b) consider H from top of DPC and take effective
height as 085 H.

NoTE 4 — When assessing effective height of walls,
floors not adequately anchored to walls shall not be
considered as providing lateral support to such walls.

Note 5 — When thickness of a wall bonded to a
pier is at least two-thirds the thickness of the pier
measured in the same direction, the wall and pier may
be deemed to act a8 one structural element.
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Fic. 11 ErrecTivE HEIGHT OF WALL

4.4 Effective Length — Effective length of a wall
shall be as given in Table 5.

TABLE 5 EFFECTIVE LENGTH OF WALLS—Contd

TABLE 5 EFFECTIVE LENGTH OF WALLS

COoNDITIONS OF SUPPORT
(see F1G6.13)

&)

Where 'a wall is continuous and is
supported by cross wall, and there i3
no opening within a distance of Hj8
from the face of cross wall

or
Where a wall is continuous and is

supporied by piers/buttresses conform-
ing to 4.2.1.2 (b)

Where a wall i3 supported by a cross
wall at one end and continuous with
cross wall at other end

SL
No.

m
1.

EFrFecCIIve
LENGTH

(3
08 L

09L

or

Where a wall is supported by a pier/
buttress al one end and continuous
with pier/buttress at other end
conforming 10 4.2.1.2 (b)

Where a wall is supported at each ¢nd
by cross wall

1L

or

Where a wall is supported at each
end by a piersbuttress conforming to

1.2
42120 { Contimued )

SL CONDITIONS OF SUPPORT EFPECTIVE
No. ( see F1G. 13) LENGTH
(B ) k)
Where a wall is free at one end and sk
continuous with a cross wall at the
other end
or
Where a wall is free at one end and
continuous with a pier/buttress at the
other end conforming to 4.2.1.2 (b)
5. Where 2 wall i3 free at one end and 20 L

supported at the other end by a cross
wall

or

Where a wall is free at onc end and
supported at the other end by a pier/
buttress conforming to 4.2.1.2 (b)

where

H = actual height of wall bet-
ween centres of adequate
Iateral support; and

L = length of wall from or bet-
ween centres of cross wall,
piers or buttresses.

Notg — In case there iz an opening taller than
05 Hin a wall, ends of the wall at the opening shall
considered as free.

12
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Fi1Gg. 12 ExampLES OF ErrecTiVE HEIGHT OF COLUMNS

4.5 Effective Thickness — Effective thickness to
be used for calculating slenderness ratio of a wall
or column shall be obtained as in 4,5.1 to 4.5.4.

4.5.1 For solid walls, faced walls or columas,

cﬂ'ective thickness shall be the actual thickness.

4.5.: For solid wails adequately bonded into
piers/buttresses, effective thickness for determin-
n\o glendernese ratin baged an effactive hmnln
shall be the actual thickness of wall mulnplned
by stiffening coeficient as given in Table 6. No
modification in effective thickness, however,

13

shall be made when slenderness ratio is fo be
based on effective length of walls.

4.53 For solid walls or faced walls snﬂ‘ened

manm e wmara® et i E e e ¥~ JE YUY . . ]

uy CIOs8 wuus, appiuprialc suul:l]lug cocicient
may be determined from Table 6 on the assump-
tion that the cross walls are equivalent to piers of
width equal tg the thickness of the cross wall and
of thickness equal to three times the thickness of
stiffened wail.

454 For cavity walls with both leaves of
wniform thickness throughout, effective thickness
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Slenderness is determined
by heignt

13G
Fig. 13 EFFECTIVE LENGTH OF WAILL

ve taken as two-thirds the sum of the actual
thickness of the two Jeaves,

4.5.5 For cavity walls with one or both leaves
adequately bonded into piers, buttresses or cross
walls at intervals, the effective thickness of the
cavity wall shall be two-thirds the sum of the
effective thickness of each of the two leaves; the
effective thickness of each leaf being calculated
using 4.5.1 or 4.5.2 as appropriate.

4.6 Slenderness Ratio

4.6.1 Walls — For a wall,' slenderness ratio
shali be effective height divided by effective

14
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TABLE 6 STIFFENING COEFFICIENT FOR WALLS

STIFFENED BY PIERS, BUTTRESSES OR
CROSS WALLS

{ Clauses 4.5.2 and 4.5.3 )

St Sp STIFFENING COEFFICIENT

No. W‘_.p ~— e — 1
Ratio Py BL4 fp_ 4

fw fa I'n
or more

) 2) 1)) @ (5)

1 6 10 14 2

2 B 1-0 1-3 17

3 10 1-0 1-2 14

4 15 10 11 1-2

5 20 or more 10 1-0 10
where

Sp = centre-lo-centre spacing of the pier or
cross wall,

tp = the thickness of pier as defined in
232 see Fig. 1},

tw = actual thickness of the wall
{ see Fig. 1), and
wp = width of the pier in the direction of the

wall or the actual thickness of the cross
wall.

proper

Note — Linear interpolation between the values
given in this table is permissible but not extrapolation
outside the limits given.




thickness or effective length divided by the
effective thickness, whichever is less. In case of a
load bearing wall, slenderness ratio shall not
exceed that given in Table 7.

TABLE7 MAXIMUM SLENDERNESS RATIO FOR

A LOAD BEARING WALL

No. oF StorEYS MAXIMUM SLENDERNESS RaTio
.

Using Portiand Using Lime ;
Cement or Portiand Mortar
Pozzolana Cement
in Mortar

it} ) 3

Not exceeding 2 27 20

Exceeding 2 27 13
4.6,2 Columns — For a column, slenderness

ratio shal be taken to be the greater of the
ratios of cffective heights to the respective
effcctive thickness in the two principal directions.
Slenderness ratio for a load bearing column shali
not exceed 12.

4.7 Eccentricity — Eccentricity of vertical loading
at a particular junction in a masenry wall shall
depends on factors, such as eatent of bearing,
magnitude of loads, stiffness of slab or beam,
fixity at the support and counstructional details at
junctions. No exact calculations are possible to
make accurate assessment of eccentricity, Extent
of eccentricity under any particular circumstances
has, therefore, to be decided according to the
best judgement of the designer. Some guidelines
for assessment of eccentricity are given im
Appendix A,

5. STRUCTURAL DESIGN

5.1 General — The building as a whole shall- be
analyzed by accepted principles of mechanics to
ensure safe and proper functioning in service of
its component parts in relation to the whole
building. All component parts of the structure
shall be capable of sustaining the most adverse
combinations of loads, which the building may be
reasgnably expected to be subjected to during
and afier construction.

8.2 Design Loads — Loads to be taken into
considcration for desighing masonty components
of a structure are:

a) dead loads of
roofs:
b) live loads of floors and roof;
¢) wind loads on walls and sloping roof; and
d) seismic forces.
NoteE — When a building is subjected to other
1oads, such as vibration from railways and machinary,

these should be taken into consideration according
to the best judgement of the designer.

walls, columns, floors and

15
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5.2.1 Dead Loads — Dead loads shall be calcu-
lated on the basis of unit weights taken in
accordance with IS : 1911-1967*,

5.2.2 Live Loads and Wind Loads — Design
loads shall be in accordance with the recommenda-
tions of IS : 875-1964¢ or such other loads and
forces as may reasonably be expected to be
imposed on the structure either during or after
construction.

Note — During construction, suitable measares
shall be taken to ensure that masonry is not liable to

damage of failure due to action of wind forces,

back filling behind walls or temporary construction
loads.

5.2.3 Seismic Loads — For buildings to be
constructed in seismic zonmes I and 11 ( sec 1S :
1893-1984% ), it is not necessary to consider
seismic forces in design calculations. In seismic
zones FIL. IV and V, strengthening measures
suggested in 1S : 4326-1976§ shall be adopted,

5.3 Load Dispersion

5.3.1 General — The angle of dispersion of
vertical load on walls shall be taken as not more
than 30° from the vertical.

5.3.2 Arching Action — Account may also be
taken of the arching action of well-bonded
masonry walils supported on lintels and beams,
in accordance with established practice. Increased
axial stresses in the masonry associated with
arching action in this way, shall not exceed the
permissible stresses given in 5.4.

5.3.3 Lintels — Lintels, that support masonry
construction, shall be designed to carry loads
from masonry ( allowing for arching and dispersion,
where applicable} and loads received from any
other part of the structure. Length of bearing
of lintel at each end shall not be less than 9 cm
or one-tenth of the span, whichever is more, and
area of the bearing shall be sufficient to ensure
that stresses in the masonry ( combination of
wall stresses, stresses due to arching action and
bearing stresses from the lintel ) do not exceed the
stresses permitted in 5.4 ( see Appendix C).

5.4 Permissible Stresses

5.4.1 Permissible Compressive Stress — Per-
missible compressive stress in masonry shali be
based on the value of basic compressive stress (f3,)
as given in Tabie 8 and muoltiplying this value by
factor known as stress reduction factor (k).
Area reduction factor (k,) and shape modification
factor (k;) as detailed in 54.1.1 to 54.1.3.

*Schedule of unit weights of building materials

{ first revision ).

$Code of practice for structural safety of buildings :
Loading standards ( revised ).

{Criteria for earthquake resistant design of structures
( fourth revision }.

§Code of practice for earthquake resistant design and
construction of buildings { first revision }.
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TABLE 8 BASIC COMPRESSIVE STRESSES FOR MASONRY ( AFTER 28 DAYS)
( Clause 5.4.1)

SL. MokTArTYPE Basic ComprEssive STressES IN N/mm® CORRESPONDING TO MASONRY Unrts oF
No. (RErTABLEL) WaicH HEIGHT 10 WIDTH RATIO Dors NOT Exceen 0-75 AND CrusniNg
STRENGTH N N/mm?® 18 NOT LESS THAN
¥ 50 75 10 125 15 175 20 28 30 35 40
a o @@ ®» 66 e Y ® & @ an 02 d3» a4

1 H1 235 05 075 100 116 131 145 159 191 221 28 305
2 H2 835 o050 074 0% 100 119 1730 141 162 185 21 2’3
3 Mi 835 05 074 0% 106 113 120 127 147 169 19 22
4 M2 035 044 059 081 09 103 1110 1'17  1'34 1'5E 165 19
5 M3 025 041 056 075 0857 09% 102 10 125 141 1I'S5 178
6 L1 025 03 053 067 07 083 0% 097 I'lt 126 14 106
7 L2 025 o031 o4 053 058 06 065 O 073 078 085 098

NoTe | — The table is valid for slenderness ratio up to 6 and Joading with zero eccentricity.
Note 2 — The values given fof basic compressive stress are applicable only when the masonry is properly cured.
Notz 3 — Linear interpolation is permissible for units having crushing strengths between those given in the table,

NoTE 4 ~— The permissible stress for random rubble masonty may be taken as 75 percent of the cotresponding
stress for conrsed walling of similar materials.

Notg 5 - The strength of ashlar masonry (natural stone masonry of massive type with thin joints) is closely
related to intrinsic strength of the stone and allowable working stress in excess of those given in the table

may be allowed for such masonry at the discretion of the designer,

Values of basic compressive stress given in
Table 8 take into consideration crushing strength
of masonry unit and grades of mortar, and hoeld
good for values of § R not exceeding 6, zero

TABLE 9 STRESS REDUCTION FACTOR FOR
SLENDERNESS RATIO AND ECCENTRICITY

{ Clause 5.4.1.1)

eccentricity and masonry unit having height to SLEN-  EccenTRICITY OF LoaniNg Divipep By THE
width ratio ( as laid ) equal to 0-75 or less. Dﬁh:oss THICRNESS OF THE MEMBER
Alternatively, basic compressive stress may be 0 124 112 16 14 13
based on results of prism test as given in (L) 1(2;0 1(?0 1(2; 1(?0 ® M
Appendix B on masonty made from masenry : " ) - 100 100
. s 8 Q95 018 094 093 092 091
units and mortar to be actually used in @ 5 o045 g8z oa7 085 083 08
paricias b Hogn en en o n on on
54,11 Stress reduction factor — This factor, 16 073 071 068 063 058 053
as given in Table 9, takes into consideration the 18 067 064 06 0355 049 043
slenderness ratio of the element and also the g 3-2% 3f§92 g‘g gj‘;g g‘% 3331
eCOentl'iCity of loading. 24 051 047 042 033 024 -
5.4.1,2 Area reduction factor — This factor 22-‘;. g:g 8;3 gg; gg - ”

takes into consideration smallness of the sectional
area of the element and is applicable when
sectional area of the element is less than 0-2 m2,
The factor, kg = 0-7 4 1-5 4, A being the area
of section in m2.

5.4.1.3 Shape modification jfactor — This
factor takes into consideration the shape of the
unit, that is, height to width ratio ( as laid ) and
is given in Table 10. This factor is applicable for
units of crushing strength up to 15 N/mm?.

5.4.1.4 Increase in permissible compressive
stresses allowed for eccentric vertical loads and
lateral loads wunder certain conditions — In
members subjected to eccentric andfor lateral
loads, increase in permissible compressive stress
is allowed as follows: .

a) When resultant eccentricity ratio exceeds
1/24 but does not exceed 1/6, 25 percent

. Note 1 — Linear interpolation between values is
permitted, .

NotE 2 — Where, in special cases, the eccentri-
city of loading lies between 1/3 and 1/2 of the thick~
ness of the member, the stress reduction factor should
vary linearly between unity and 020 for slenderness
ratio of 6 and 20 respectively.

Note 3 — Slenderness ratio of a member for
sections within 1/8 of the height of the member above
or below a lateral support may be taken to be 6.

16

increase in permissible compressive stress
is allowed in design.

When resultant eccentricity ratio exceeds
1/6, 25 percent increase in permissible stress
is allowed but the area of the section
under tension shall be disregarded for
computing the load carrying capacity of
the member,

b)



TABLE 10 SHAPE MODIFICATION FACTOR FOR
MASONRY UNITS

( Clause 54.1.3)

HeiGHT TO Suare MopiricATioN FAcTOR (kp) Fok
WioTa RaTio UNITs HAVING CRUSHING STRENGTH IN

oF UNITS N/mm?
(AsLam) -~ ae »
50 75 100 150
® @ o) @ )
Up to &°75 10 140 10 1-0
10 12 11 ' i
1'5 13 1-3 12 1'1
2:0t0 40 18 1'5 1-3 12
NoTE — Linear interpolation between values is
permissible.
NoTE — When  resultant eccentricity ratio of

loading is 1f24 or less, compressive stress due to
bending shall be ignored and only axial stresg need bs

computed for the purpose of de51gn

5415 Increase in permissible compre.sive
stress for walls subjected to concentrated loads —
‘When a wall is subjected to a concentrated load
( a load being taken to be concentrated when
area of supporting walls equals or exceeds three
times the bearing area), certain increase in
permissible compressive stress may be allowed
because of dispersal of the load. Since, according
to the present state of art, there is diversity of
views in regard to mannerand extent of dispersal,
design of walis subjected to concentrated joad
may, therefore, be worked out as per the best
Jjudgement of ‘the designer. Some guidelines in

this regard are given in Appen i G, o Caes 1

5.4.2 Permissible Tensile Stress — As a peneral

A e I'E fRdALAE §ORMIL L8 Fgtl Senile s R

rule, design of mascury shall be based on the
assumption that masonry is not capable of taking
any tension. However, in case of lateral loads
normal to the plane of wall, which causes

H.rnrnral tensile stress, as for P'amyle panel’
curtain partition and free- standing walls, flexural
tensile stresses as follows may be permitted in

the design for masonry:

Grade MI or — 0-07 N/fmm? for bending in
better mortar the vertical direction where

tension developed is normal
10 bed joints.

0-14 N/mm?2 for bending in

tha langitudinal  Adirastinn
LY ¥ L I\.’llsl( HAAISIERL BFE W AL

where tension developed is
parallel to bed joiots, pro-
vided crushing strength of
masonry units is not less

WT Foren oD

thom 10N
nan v FY AL

0-05 N/mm3 for bending in
the vertical direction where
tension developed is normal

bed joints.

010 N/mm?2 for bending in
the longitudinal direction
where tension developed is

-
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parallel to bed jomts - pro-

ad  amesaLl [Py
\'IUCI..I. I l.l-bl.llllg blICIIgUI Ul.

masonry units is not less
than 7-5 N/mm?2.

No7e 1 — No tensile stress is permitted in masonry
II‘I case nf water-retay n'l!nn strachiiras ||'| wisw of

LAy = L=t )L AR L

watar
in contact with masonry. Also no tensile stressis
permitted in earth-retaining structures in view of the

possibility of presence of water at the back of guch

........ LIETILE L1 S 4l A9 Lk U

NoTe 2 — Allowable tensile stress in bending in
the vertical direction may be jncreased to 01 N{mm‘
for M1 mortar and 0°07 N/mm?* for M2 mortar in case
of boundry walls/compound walls at the discretion of
the designer.

5.4.3 Permissible Shear Stress — In case of
walls built in mortar not leaner than Grade M1
{ see Table 1) and resisting horizontal forces in

+
the plane of the wall, permissible shear stress,

calculated on the area of bed joint, shall not
exceed the value obtained by the formula given
below, subject to a maximum of 0-5 N/mm

fg =01 + f&fﬁ
where -
Jfs = permissible shear stress in N/mmz2,
and
Ja = compressive stress due to dead loads
in N/mm?,
5.4.4 If there is tension in any part of a section
of masonry, the area under tension shall be

ignored while working out shear stress on the
section.
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5.5.1 Walls and Columns Subjected to Vertical
FLoads — Walls and coiumns bearing vertical loads
shall be designed on the basis of permissible
compressive stress. Degign congists in determin-
ing thickness in case of walls and section in case
of columns in relation to strength of masonry
units and grade of mortar to be used, taking into
consideration various factors such as slender.

1 H el
ness ratio, cccentricity, area of sectiom, work-

manship, qnality of supervision, ete, subject -
further to provisions of 5,5.1.1 t0 5,5.1.4.

5.5.1.1 Solid walls — Thickness used for
design calculation shall be the actual thickness
of masonry computed as the sum of the average
dlmenswns of the masonry units speclﬁcd in the
TC[CVEDK sianuam, u)gcmer Wl‘iﬂ U.le SPCCH'ICG
joint thickness. In masonry with raked joints,
thickness shall be reduced by the depth of

raking of joints for plastering/pointing.
5.5.1.2 Cavity wailis
a) Thickness of ecach leaf of a cavity wall
shall not be less than 7-5 cm.

b) Where the outer leaf is balf masonry unit
in thickness, the uwninterrupied height and

-l
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length of this leaf shall be limited so as to
avoid undue loosening of ties due to
differential movements between two leaves.
The outer leaf shall, therefors, be support-
ed at least at every third storey or at
every 10 m of height, whichever is less,
and at every 10 m or less along the
fength.

Where the load is carried by both leaves
of a wall of a cavity construction, the
permissible stress shall be based on the
slenderness ratio derived from the effec-
tive thickness of the wall as given in 4.5.4
or 4.5,5. The eccentricity of the load shall
be considered with respect to the centre
of gravity of the cross-section of the wall.
d) Where the load is carried by one leaf only,
the permissible stress shall be the greater
of values calculated by the following (wo
alternative methods:

1) The slenderness ratio is based on the
effective thickness of the cavity wall as
a whole as given in 4.5.4 or 4.5.5 and
on the eccentricity of the load with
respect to the centre of gravity of the
cross-section of the whole wall ( both
leaves ). { This is the same mcthod as
where the load is carried by both the
Icaves but the eccentricity will be more
when the load is carried by one leaf
only. )

The slenderness ratio is based on the
effective thickness of the loaded leaf
only using 4.5.1 and 4.5.2, and the
eccentricity of the load will also be
with respect to the centre of gravity of
the loaded leaf only.

2)

In either alternative, only the actual thick-
ness of the load bearing leaf shall be used in
arriving at the cross-sectional area resisting the
load { see 5.5.1.1 }.

5.5.1,.3 Faced wall — The permissible load
per length of wall shall be taken as the product
of the total thickness of the wall and the per-
missible stress in the weakerof the two materials.
The permissible stress shall be found by using the
total thickness of the wall when calculating the
slenderness ratio.

5.5.1.4 Veneered wall — The facing ( veneer )
shail be entirely igrored in calculations of
strength and stability. For the purpose of deter-
mining the permissible stress in the backing, the
slenderness ratio shall be based on the thickness
of the backing alone,

5.5.2 Walls and Colummns Mainly Subjected to
Lateral Loads

5.5.2.1 Free-standing walls;

a) Free-standing walls, subjected to wind
pressure or seismic forces, shall be design-
ed on the basis of permissible tensile
stress in masonry or stability as in 4,2.2.4,
However, in seismic zones 1 and II, free-
standing walls may be apportioned with-
out making any design calculations with
the help of Table 11, provided the mortar
used is of grade not leaner than M1.

b) If there is a horizontal damp-proof course
near the base of the wall that is not
capable of developing tension vertically,
the minimum wall thickness should be the

greater of that calculated from either:

1) the appropriate height to thickness
ratio given in Table 11 reduced by
25 percent, reckoning the height from
the level of the damp-proof course; or

2) the appropriate height to thickness

ratio given in Table 11 reckoning the

height froin the lower level at which
the wall is restrained laterally.

TABLE 11 HEIGHT TO THICKNESS RATIO OF
FREE-STANDING WALLS RELATED TO

-“WIND SPEED
DesigN WinD PressURE  HEIGHT To THICKNESS RaTio
(43} (2}
Nim*
Up to 285 10
575 7
() . 5
1150 4

MNote { — For infermediale values, linear inter-
polation is permissible.

Note 2 — Height is to be reckoned from 15 cm
below ground level or top of footingfoundation
block, whichever is higher, and up to the {op edge of
the wah.

MNoteE 3 — The thickness should be measured
including the thickness of the plaster.

18

5.5.2.2 Retaining walls — Normally masonry
of retaining walls shall be designed on the basis
of zero-tension, and permissible compressive
stress. h.owever, in case of retaining walls for
supporting horizontal thrust from dry materials,
retajning walls may be designed on the basis of
permissible tensile stress at the discretion of the
designers. .

£.5.3 Walls and Columns Subjected to Vertical
as Well as Lateral Loads — For walls and columns,
stresses worked out separately for vertical loads
as in 5.5.1 and lateral loads as in 5,5.2, shall be
combined and elements designed on the basis of
permissible stresses.



5.5.4 Walls Subjected to In-Plane Bending and
okt it fnnn’n {Choar Walley — Walle suhiected

verticat PP e WY SRS smujewaeia

to in-plane bendmg and vcrttcal loads, that is,
shear walls shall be designed on the basis of
no-tension, permissible shear stress and permissi-
ble compressive stress.

5.5.5 Non-load Bearing Walls— Non-load bear-
ing walls, sucb as panel walls, curtam wails and
pariition wails which are mainly subjecied to
{ateral loads, according to present state of art,
are not canable of precise design and only
approx;male methods based on some tests are
available. Guidelines for approximate design of

these walis are given in Appendix D.

FF thasc )y

1 Methods of Construciion
6.1.1 General — The methods adopted in the

construction of load bearing and non-load
bearing shall comply with the following
standards:

Brickwork IS : 2212-1962*

1S : 1597 ( Part 1 )-1967%
IS : 1597 ( Part 2 )-1967]

IS : 2572-1963§

Stone masonry

Hollow concrete
block masonry

Autociaved ceilular
concrete block
masonry

Lightweight concrete IS : 6042-19691

block masonry
Gypsum partition
blocks

IS : 2849-1983+%+

6.1.2 Construction of Buildings in Seismic
Zones — No specigl provisions on  construction
are necessary for buildings constructed in Zones
I and II Special features of construction for
carthquake resistant masonry buildings in zones
III, TV and V shall be applicable as given in

12 - AYIA 10T78++
Ld o« FIMF LTIV 0.

6.2 Minimum Thickness of Walls from Couosidera-

flam tha ml.u.. Qmwnr-l —_ 'T'h.nlrnncﬂ nf' ll.rn"c
1iVhH INeT inan SiTweiaias

1Code of practice for strucuon of stone masonry :
Part 1 Rubble stone masonry

$Code of practice for construction of stone masonry :
Part 2 Ashlar masonry.

S nds nf nrﬂﬁlm
$Loae O

block masonry

ﬂCode of pracnoe for construcuon of autoclaved
cellular concrete block masoncy { first revision }.

fCode of practice for construction of lightweight
concrete block masonry.

*¥Specification for non-load bearing gypsum partition

blocks ( solid and hollow types) ( first revision).

tCode of practice for earthquake resistant cons-

truction of buildings { first revision ).

for oo
oL Cont

on of hollow conoreds

Pt lay)
LIMCAIRD O LN
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determined from

of
and ctahility mav e adenuate in
SARLAE bt P ) II-I“J [ EL uuu\‘ HOaLY 1aa

respect of other requirements such as resistance
to fire, thermal insulation, sound insulation and
resistance to damp penetration for which refer-
ence may be made to the appropnate Indian
Ltnemdnmdn wd dhtale e ans
D LALISA LU, CII.IU LOICKC 20

found necessary.

consideration -

nat alwave
nvy Bavays

strength

n“.&.. ZammmanandAd roaloasa

l-ﬂlJl.y inCredaseq, wnere

6.3 Workmanship

6.3.1 General — Workmanship bas considera.
ble effect on strength of masonry and bad
workmanqhip may reduce the strength of brick

masonty to as low as half the intended strength,
The basic compressive stress values for masonry
as given in Table 8 would hold good for commer-
cially obtainable standards of workmanship with
reasonable degree of supervision. If the work
is madequately supervised, strength should be
reduced to three-fourths or less at the discretion
of the designer.

6.3.2 Bedding of Masonry Units — Masonry
units shall be laid on a full bed or mortar with
frog, if any, upward such that cross-joints and
wall joints are completely filied with montar.

Masonry units which are moved after initial
placement shall bhe relaid in fresh mortar,

Lh bl | Lied )] SlI22 ~iilild Faa  amailaiisay

d:scardmg the disturbed mortar.

6.3.3 Bond - Cross-joints in any course of one
brick thick masonry wall shall be not less than
one-fourth of a masonry unit in horizontal
direction from the cross-;omts in the course
below. In masonry walls more than one brick
in thickness, bonding through the thickness of
wall shall be provided by either header units or

I'\U nther pnnuvnlpnt maeane poanfarmineg tn tha
FLALA e AR L ALY WLUNIEVALLINE Ly BAAN

requlrcrnents of IS ; 2212-1962%.

P P Y g

6.3.4 Ver ticarity andd ﬂugnmt’!u — All masonry
shail be built true and plumb within the tolerances
prescribed below, Care shall be taken 10 keep
the perpends properly aligned.

al DNeavi
“}' ~

fram wvartis

F g "Ia!-{ LA RLApwrars ¥ wk IV, n \uv;
shall not exceed 6 mm per 3 height.
iy Tavintian 'n wantiralis t+ntal haiaht AF
U} j.l\.vl'l“l,lU el ll\.‘lll‘ ll-l I-UKGI II\OIE,I.IG Wi

any wall of a bmldmg more than one
storey in height shall not exceed 12:5 mm.

¢) Deviation from position shown on plan of
any brickwork shall not exceed 12-5 mm.

Relative displacement between load
bearing walls in adjacent storeys intended
to be in vertical alighment shall not exceed
6 mm.

d)

¢) Deviation of bed-joint from horizontal in
a length of 12 m shall not exceed 6 mm
subject to a maximum deviation of 12 mm.

*Code of practice for brickwork.
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f) Deviation from the specified thickness of
bed-joints, cross-joints and perpends shall
not exceed one-fifth of the specified
thickness,

Note — These tolerances have been specified from
point of view of their effect on the strength of maso-
nry. The permissible stresses recommended in 5.3
may be considered applicable only if these tolerances
are adhered to.

6.4 Joints to Control Deformation and Cracking —
Special provision shall be made to control
of isolate thermal and other movements so that
damage to the fabric of the building is avoided
and its structural sufficiency preserved. Design
and instaltation of joints shall be done according
togélgi appropriate recommendations of 1S : 3414-
1 .

6.5 Chases, Recesses and Holes

6.5.1 Chases, recesses and holes are permis-
sible in masonry only if these do not impair
strength and stability of the structure.

6,5.2 In masoary, designed by structural
analysis, all chases, recesses and holes shall be
considered in structural design and detailed in
building plans.

6.5.3 When chases, recesses and holes have
not been considered in structural design are not
shown in drawings, these may be provided
subject to the constraints and precautions speci-
fied in 6.5.3.1 to 6.5.3.10.

6.5.3.1 As far as possible, services should be
planned with the help of vertical chases and use
of horizontal chases should be avoided.

6.5.3.2 For load bearing walls, depth of
vertical and horizontal chases shall not exceed
one-third and one-sixth of the wall thickness
respectively.

6.5.3.3 Vertical chases shall not be closer than
2 m in any stretch of wall and shall not be locat-
ed within 34-5 ¢m of an opening or within 23 em
of a cross wall that serves as a stiffening wall for
stability. Width of a vertical chase shall not
excecd thickness of wall in which it occurs.

6.5.3.4 When unavoidable horizontal chases
of width not exceeding 6 cm in a wall having
slenderness ratic not exceeding 15 may be
provided. These shall be located in the upper
or lower middle third height of wall at a distance
not less than 60 cm from a lateral support. No
horizontal chase shall exceed one metre in length
and there shall not be more than 2 chases in any
one wall. Horizontal chases shall have minimum
mutual separation distance of 50 cm. Sum of
lengths of all chases and recesses in any hori-
zontal plane shall not exceed one-fourth the
length of the wall,

*Code of practice for design and installation of joints
in buildings.

6.5.3.5 Holes for supporting put-logs of
scaffolding shalfl be kept away from bearings of
beams, lintels and other concentrated loads. 1If
unavoidable, stresses in the affected area shall be
checked to ensure that these are within safe
limits.

6.5.3.,6 No chase, recess or hole shall be
provided in any stretch of a masonry wall, the
length of which is less than four times the thick-
ness of wall, except when found safe by struc-
tural analysis.

6.5,3.7 Masonry directly above a recess or
a hole, if wider than 30 cm, shall be supported
on a lintel. No lintel, however, is necessary in
case of a circular reccss or a hole exceeding
30 cm in diameter provided upper half of the
recess or hole is built as a semi-circular arch of
adequate thickness and there is adequate length
of masonry on the sides of openings 1o resist the
horizontal thrust.

$.5.3.8 As far as possible, chases, recesses
and holes in masonry should be lcft (inserting
sleeves, where necessary) at the time of cons-
truction of masonrv so as to obviate subsequent
cutting. If cutting is unavoidable, it should be
done without damage to the surrounding or
residual masonry. It is dcsirable to use such
tools for cutting which depend upon rotary and
not on heavy impact for cutting action.

6.5.3,92 No chase, recess or hole shall be
provided in half-brick load bearing wall, except-
ing the minimum number of holes needed for
scaffelding.

6.5.3.10 Chases, recesses or holes shall not
be cut into walls made of hollow or perforated
units, after the units have been incorporated in
masonry.

6.6 Corbelling

6.6.1 Where corbelling is required for the
support of some structural element, maximum
projection of masonry unit should not exceed
one-half of the height of the unit or one-half of
the built-in part of the uvnit and the maximum
horizontal projection of the corbel should not
exceed onc-third of the wall thickness.

6,6.2 The load per unit length on a corbel shall
not be greater than half of the load per unit length
on the wall above the corbel. The load on the
wall above the corbel together with four times
the load on the corbel, shall not cause the aver-
age stress in the supporting wall or leal to
exceed the permissible stresses given in 5.4,

6.6.3 It is preferable to adopt header courses
in the corbelled portion of masonry from consi-
derations of economy and stability,

7. NOTATIONS AND SYMBOLS

7.1 The various notations and letter symbols
used in the text of the standard shall have the
meaning as given in Appendix E.
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DIX A

( Clause 4.7)

SOME GUIDELINES FOR ASSESSMENT OF

A-1. Where a reinforced concrete roof and floor
slab of normal span (not exceeding 30 times the
thickness of wall) bear on external masonty
walls. the point of application of the vertical
loading shall be taken to be at the centre of the
bearing on the wall. When the span is more
than 30 times the thickness of wall, the point of
application of the load shall be considered to be
displaced from the centre of bearing towards the
span of the floor to an extent of one-sixth the
bearing width.

A-2, In case of a reinforced concrete slab of
normal span  (that is, less than 30 times the
thickness of the wail), which does not bear on
the full width of the wall and ‘cover tiles or
bricks’ are provided on the external face, there
is some ecceniricity of load. The eccentricity
may be assumed to be one-twelfth of the thick-
ness of the wall.

A-3. Eccentricity of load from the roofffloor
increases with the increase in flexibility and thus
deflection of the slabs. Also, eccentricity of
loading increases with the increase in fixity of
slabs/beams al supports. Precast RCC slabs are
better than in-sity slabs in this regard because of
very little fixity. 1} supports are released before
further construction on top, fixity is reduced.

A-4. Interior walls carrying continuous floors are
assumied to be axially loaded except when carrying
very flexible floor or roof systems. The assump-
tion is valid also for interior walls carrying

ECCENTRICITY OF LOADING ON WALLS

independent slabs spanning from both sides,
provided the span of the floor on one side does
not exceed that on the other by more than 15
percent. Where the difference is greater, the
displacement of the point of application of each
floor load shall be taken as one-sixth of its
bearing width on the wall and the resultant
eccentricity calculated therefrom,

A-5, For timber and other lightweight floors,
even for full width bearing on wall, an eccentri-
city of about one-sixth may be assumed due to
deflection. For timber floors with larger spans,
that is, more than 30 times the thickness of the
wall, eccentricity of one-third the thickness of the
wall may be assumed.

A-6. In multi-storeyed buildings, fixity and eccen-
tricity have normally purely local effect and are
pot cumulative, They just form a constant
ripple on the downward increasing axial stress,
If the ripple is large, it is likely to be more
serious at upper levels where it can cause crack-
ing of walls than lower down where it may or
may not cause local over-stressing.

Note—The resultant eccentricity of the total loads
on a wall at any level may be calculated on the
assumption that immediately above a horizontal
laieral support, the resultant eccentricity of all the
vertical loads above that level is zero.

A-7. For a wall corbel to support some load, the
point of application of the load shall be assumed
to be at the centre of the bearing on the corbel.

APPENDIX B

( Clause
CALCULATION OF BASIC COMPRESSIVE

B-1. DETERMINATION OF COMPRESSIVE
STRENGTH OF MASONRY BY PRISM
TEST

B-1.1 When compressive strength of masonry
(f'm) is to be established by tests, it shall be done
in advance of the construction, using prisms
built of similar materials under the same condi-
tions with the same bonding arrangement as for
the structure. In building the prisms, moisture
content of the units at the time of laying, the

21

54.1)
STRESS OF MASONRY BY PRISM TEST

consistency of the mortar, the thickness of
mortar joints and workmanship shall be the
same as will be used in the structure. Assembled
specimen shall be at least 40 cm high and shall
have a height to thickness ratio (hft) of at least
2 but not more than 5. I the hf? ratio of the
prisms tested is less than 5 in case of brickwork
and more than 2 in case of blockwork, compres-
sive strength values indicated by the tests shall
be corrected by mmitiplying with the factor
indicated in Table 12, . :
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TABLE 12 CORRECTION FACTORS FOR
DIFFERENT 4/t RATIOS

( Clause B-1.1)

Ratio of height 2'0 2'5 a0 35 40 50
10 thickness (#/t)

Correction factors 0073 080 086 09 095 00
for brickwork®

Correction factors 100 — 120 — 130 1-37

for blockwork*

*Interpolation is valid for intermediate valves.

Prisms shall be tested after 28 days between

sheets of nominal 4 mm plywood, slightly longer
than the bed area of the prism, in a testing
machine, the upper platform of which is spheri-
cally seated. The load shall be evenly distri-
buted over the whole top and bottom surfaces of
the specirmen and shall be applied at the rate of
350 to 700 kN/m. The load at failure should
be recorded.

B-2. CALCULATION
SIVE STRESS

B-2.1 Basic of masonry shall be taken to be equal
to 025 /', where 'y is the value of compressive
strength of masonry as obtained from prism test.

OF BASIC COMPRES-

APPENDIX C
( Clauses 53.3and 54.1.5)

GUIDELINES FOR DESIGN OF MASONRY

C-1. EXTENT OF DISPERSAL OF
CONCENTRATED LOAD

C-1.1 For concentric loading, maximum spread
of a concentrated Joad on a wall may be taken
to be equal to b+44 1 { b is width of bearing and
t is thickness of wall), or stretch of wall support-
ing the load, or centre-to-centre distance
between loads, whichever is less.

C-2. INCREASE IN PERMISSIBLE STRESS

C-2.1 When a concentrated lIoad bears on a
central strip of wall, not wider than half the
thickness of the wall and is concentric, bearing
stress in masonry may exceed the permissible
compressive by 50 percent, provided the area of
supporting wall is not less than three times the
bearing area.

C-2.2 If the load bears on full thickness of wall
and is concentric, 25 percent increase in stress
may be allowed.

C-2.3 For loading on central strip wider than
half the thickness of the wall but less than full
thickness, increase in stress may be worked out
by interpolation between values of increase in
stresses as givea in C-2,1 and C-2,2.

C-2.4 In case concentrated load is from a lintel
over an opening, an increase of 50 percent in
permissible stress may be taken, provided the
supporting area is not less than 3 times the
bearing area.

22

SUBJECTED TO CONCENTRATED LOADS

C-3. CRITERIA
BLOCK

OF PROVIDING BED

C-3.1 If a concentrated load bears on one end of
a wall, there is a possibility of masonry in the
upper region developing tension. In such a
situation, the lead should be supported on an
RCC bed block ( of M-15 Grade) capable of
taking tension.

C-3.2 When any section of masonty wall is
subjected to concentrated as well as uniformly
distributed load and resumltant stress, computed
by making due allowance for increase in stress
on account of concentrated load, exceeds the
permissible stress in masonry, a concrete bed
block ( of M-15 Grade ) should be provided
under the load in order to relieve stressin
masonry. In concrete, angle of dispersion of
concentrated load is taken to be 45° to the
vertical.

C-3.3 In case of cantilevers and long span beams

supported on masonry walls, indeterminate but

very high edge stressses occur at the supports
and in such cases it is necessary to relieve stress

on masonry by providing concrete bed block of
M-15 Grade concrete. Similarly when a wall is

subjected to a concentrated load from a beam

which is not sensibly rigid ( for example, a timber

beamn or an RS joist), a concrete bed block

should be providcd below the beam in order to.
avoid high edge stress in the wall because of
excessive deflection of the beam.
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APPENDIX D
( Clause 5.5.5)

GUIDELINES FOR APPROXIMATE DESIGN OF NON-LOAD BEARING WALL

D-1. PANFL WALLS

D-1.1 A panel wall may be designed approxi-
mately as under, depending upon its support
conditions and certain assumptions:

a) When there are narrow tall windows on
either side of panel, the pancl spans in the
vertical dircction. Such 2a panel may
be designed for a bending moment of
PH{8, where P is the total horizontal load
on the panel and H is the height between
the centres of supports. Panel wall is
assumed to be simply supported in the
vertical direction.

b) When there are long horizontal windows
between top support and the panel, the
top edge of the panel is free. In this
case, the panel should be considered to be
supported on sides and at the bottom, and
the bending moment would depend upon
height to length ratio of panel and flexu-
ral strength of masonry. Approximaie
values of bending moments in the hori-
zontal direction for this support condition,
when ratio (u) of flexural strength of wall
in the vertical direction to that in hori-
zontal direction is assumed to be 0-5, are
given in Table 13.

TABLE 13 BENDING MOMENTS IN LATERALLY
LOADED PANEL WALLS, FREE AT TOP EDGE
AND SUPPORTED ON OTHER THREE EDGES

Height of Panel, &

mﬂe]‘[‘ 030 050 075 100 125 1'50 1'75

. PL PL pPL PL PL PL PL
Bending moment 35

18 14 12 11 105 19

Note — For H/L ratio less than 0-30, the panel
should be designed as a free-standing wall and for
HiL ratio exceeding 175, it should be designed as a
horizontally spanning member for a bending moment
value of PL(8.

# = 050, are given in Table 14.

TABLE 14 BENDING MOMENTS IN LATERALLY
LOADED PANEL WALLS SUPPORTED ON
ALL FOUR EDGES

Height of panel, H | . . . . .
Length of panel L 030 O°5C 0°75 100 1°25 150 175

PL. PL PL PL PL PL PL

Bendingmoment - 3¢ o W 1T B 2
NoTte — When HfL is less than 0-30, value of
bending moment in the horizontal direction may be
taken as nil and panel wall may be designed for a
bending moment value of PH/8 in the wvertical
direction; when H/L exceeds 1-75, panel may be
assumed te be spanning in the horizontal direction
and designed for bending moment of PLJR. :

¢} When either there are no window openings
or windows are of ‘hole-in-wall’ type, the
panel is considered to be simply supported
on all four edges. Jn this case also,
amount of maximum bending moment
depends on height to length ratio of panel
and ratio (a) of fiexural strength of maso-
nry in vertical direction to that in the
horizontal direction. Approximate values
for maximum bending moment in the
horizontal direction for masonry with
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D-2. CURTAIN WALLS

D-2.1 Curtain walls may be designed as panel
walls taking into consideration the actual support-
ing conditions.

D-3. PARTITION WALLS

D-3.1 These are internal walls usnally subjected
to much smaller lateral forces. Behaviour of
such wall is similar to that of panel wall and
these could, therefore, be designed on similar
lines. However, in view of smaller lateral loads,
ordinarily these could be apportioned empirically
as follows:

a) Walls with adequate lateral restraint at
both ends but not at the top:

1) The panel may be of any height,
provided the length does not exceed 40
times the thickness; or

2) The panel may be of any length, pro-
vided the height does not exceed 15
times the thickness ( thar is, it may be
considered as a free-standing wall); or

3) Where the length of the panel is over
40 times and less than 60 times the
thickness, the height plus twice the
length may not exceed 135 times the
thickness;

b) walls with adequate lateral restraint at
both ends and at the top:

1) The panel may be of any height,
provided the length does not exceed 40
times the thickness; or
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2) The panel may be of any length, pro-
vided the height does not exceed 30
times the thickness; or

3) Where the length of the panel is over
40 times and less than 110 times the
thickness, the length plus three times
the height should not exceed 200 times
the thickness; and

¢) When walls have adequate lateral restraint

at the top but not at the ends, the panel
may be of any length, provided the height
does not exceed 30 times the thickness.

D-3.2 Strength of bricks used in partition walls
should not be less than 3-5 N/mm?2 or the strength
of masonry units used ip adjoining masonry,
whichever is less. Grade of mortar should not
be leaner than M2.

APPENDIX E
( Clasue 7.1 )

NOTATIONS, SYMBOLS AND ABBREVIATIONS

E-1. The following notations, letter symbols and
abbreviations shall have the meaning indicated
against ecach., unless otherwise specified in the
text of the standard:

A == Area of a section

b = Width of bearing

DPC = Damp proof course

4 = Resultant eccentricity

Jo = Basic compressive stress

Je = Permissible compressive stress

Ja = Compressive stress Jue to dead
loads

Ja = Permissible shear stress

Fm = Compressive strength of masonry
{ in prism test )

GL = Ground level

H = Actual height between lateral
supports

H = Height of opening

H1, H2 = High strength mortars

h = Effective height between lateral
supports

ks = Area factor

pl

kp = Shape modification factor
ke = Stress reduction factor
L = Actual length of wall

|

L1, L2 = Lower strength mortars
M1, M2 = Medium strength mortars

P = Total horizontal load

PL = Plinth level

RCC = Reinforced cement concrete

RS = Rolled steel

Sp == Spacing of piers/buttresses/cross
walls

SR = Slenderness ratio

F = Actual thickness

p = Thickness of pier

tn = Thickness of wall

w == Resultant load

W, = Axial load

W, = Eccentric load

wp = Width of piers/buttresses/crosswalls

# = Ratio of flexural strength of wall in

the vertical direction to that in the
horizontal direction.
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