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Structural Safety Sectional Committee, CED 37

FOREWORD

This Indian Standard (Part 3) (Third Revision) was adopted by the Bureau of Indian Standards after the draft
finalized by the Structural Safety Sectional Committee had been approved by the Civil Engineering Division
Council.

A building has to perform many functions satisfactorily. Amongst these finctions are the utility of the building
for the intended use and occupancy, structural safety, fire safety and compliance with hygienic, sanitation,
ventilation and daylight standards, The design of the building is dependent upon the minimum requirements
prescribed for each one of the above functions. The minimum requirements pertaining to the structural safety of
buildings are being covered in loading codes by way of laying down minimum design loads, which have to be
assumed for dead loads, imposed loads, wind loads and other external loads, the structure would be required to
bear. Strict conformity to loading standards, it is hoped, will not only ensures the structural safety of the buildings
and structures which are being designed and constructed in the country and thereby reduce loss of life and
property caused by unsafe structures, but also eliminates the wastage caused by assuming unnecessarily heavy

loadings without proper assessment, .

This standard was first published in 1957 for the guidance of civil engineers, designers and architects associated
with the planning and design of buildings. It included the provisions for the basic design loads (dead ioads, live
loads, wind loads and seismic loads) to be assumed in the design of the buildings. In its first revision in 1964, the
wind pressure provisions were modified on the basis of studies of wind phenomenon and its effect on structures,
undertaken by the special Committee in consultation with the Indian Meteorological Department. In addition to
this, new clauses on wind loads for butterfly type structures were included; wind pressure coefficients for sheeted
roofs, both covered and sloping were modified; seismic load provisions were deleted (separate code having been
prepared) and metric system of weights and measurements was adopted.

With the increased adoption of this standard, a number of comments were received on provision of live loads
adopted for different occupancies. Subsequently the Committee recommended the formulation of this standard
in the following five parts, during the second revision of IS 875 in 1987;

Part 1 Dead loads

Part2 Imposed loads

Part3  Wind loads

Part4  Snow loads

Part5  Special loads and load combinations

This standard (Part 3) deals with wind loads to be considered when designing buildings, structures and components
thereof,

Inthis current revision, the Comumittee recommends the following modifications/inclusions by taking into account

the recent improvements that have been made in the wind engineeting descriptive, through R & D efforts nationally
and internationally:

a) Aerodynamic roughness heights for individual terrain categories have been explicitly included, and are

used to derive turbulence intensity and mean hourly wind speed profiles.

b) The previous classification of structures into B and C classes has been deleted and accordingly the
modification factor, k, is renamed as terrain roughness and height factor,

¢) The values of k, factor corresponding to previous class A type structure only, are retained in this standard.

d) An additional modification factor, termed as importance factor has been included for cyclonic regions,

e} Simple empirical expressions have been suggested for height variations of hourly mean wind speed and
also turbulence intensity in different terrains,

(Continued on third cover)




. ,-»mmmM

IS 875 (Part 3) : 2015

Indian Standard

DESIGN LOADS (OTHER THAN EARTHQUAKE)
FOR BUILDINGS AND STRUCTURES — CODE
OF PRACTICE *

PART 3 WIND LOADS
( Third Revision ) s

1 SCOPE

1.1 This standard (Part 3) specifies wind forces and
their effects (static and dynamic) that should be taken
into account when designing buildings, structures and
components thereof.

1.2" Wind speeds vary randomly both in time and space
and hence assessment of wind loads and response
predictions are very important in the design of several
buildings and structures. A large majority of structures
met with in practice do not however, suffer wind
induced oscillations and generally do not require to be

-examined for the dynamic effects of wind. For such

‘normal, short and heavy structures, estimation of loads

" using static wind analysis has proved to be satisfactory.
The details of this method involving important wind

characteristics such as the basic wind speeds, terrain

categories, modification factors, wind pressure and -
force coefficients, etc, are given in ¢ and 7.

1.3 Nevertheless, there are various types of structures
or their components such as some tall buildings,
chimneys, latticed towers, cooling towers, transmission
towers, guyed masts, communication towers, long span
bridges, partially or completely solid faced antenna
dish, etc, which require investigation of wind induced
oscillations. The influence of dynamic velocity
fluctuations on the along wind loads (drag loads} for
these structures shall be determined using Gust Factor
Method, included in 10. A method for calculation of

across wind response of tall buildings and towers is -

included in 10.3.

1.4 This standard also applies to buildings or other
structures during erection/construction and the same
shall be considered carefully during various stages of
erection/construction. In locations where the strongest
winds and icing may occur simultaneously, loads on
structural members, cables and ropes shall be
calculated by assuming an ice covering based on
climatic and local experience.

1.5 In the design of special structures, such as
chimneys, overhead transmission line towers, ete,
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specific requirements as specified in the respective
Codes shall be adopted in conjunction with the
provisions of this Code as far as they are applcable.
Some of the Indian Standards available for the design.
of special structures are:

IS No. Title
4998 : 2015 Criteria for design of reinforced
concgete chimneys : Part 1
. Assessment of loads (¢third revision)
- (under print)
6533 ~ Code of practice for design and

, construction of steel chimneys
(Part 1) : 1989  Mechanical aspects

(Part 2) : 1989  Structural aspecis
5613 (Part2/  Code of practice for demgn
Sec 1):1985 . installation and maintenance of
' overhead power lines : Part 2 Lines
above 11 kY, and up to and including
) 220 kV, Section 1 Design
802 (Part 1/ Code of practice for use of structural

Sec 1):201*  steel in overhead transmission line

" towers: Part 1 Materials, Loads and
permissible stresses, Section 1
Materials and Loads (fourth remmn)
(under prinf)

Criteria for structurat design of
reinforced concrete natural draught.
cooling towers

Guidelines for the cvaluation of the
response of occupants of fixed
structures, especially buildings and
off-shore structures, to low-
frequency horiZontal motion (0.063
to 1 Hz)

11504 : 1985

14732 : 2000 -

NOTES

1 This standard does not apply to buildings or structures with

unconventional shapes, unusual locations, and abnormal

environmental conditions that have not been covered in this.

Code. Special investigations are necessary in such cases to

establish wind loads and their effects. Wind tunnel studies may

also be required in such situeticas. 7

2 In the case of tall structures with unsymmetrical geometry,
- the designs may have to be checked for torsional effects due to

wind pressure,
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2 REFERENCES

The following standard contains provisions, which
through reference in this text, constitute provisions of
this standard. At the time of publication, the edition
indicated was 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 edition of the standard
indicated.

IS No. Title
15498 :2004  Guidelines for improving the
cyclonic resistance of low rise houses
and other buﬂdmgs!structwes
3 NOTATIONS

3.1 The following notations shall be followed unless
otherwise specified in relevant clauses. Notations have
been defined in the text at their first appearance. A few
of the notations have more than one definition, havin 4
been used for denoting different variables:

4 = surface area of a structure or pari of a
structure;
A, = effective frontal area;
4, = the effective frontal area of the building at
height z;
b. = breadth of a structure or structural member

normal to the wind stream in the horizontal
plane;

B, = background factor

C, = drag coefficient;

Cyy = force coefficient;

Cy, = normal force coefficient;
C, = transverse force coefficient;
Cy = frictional drag coefficient;

C, = pressure coefficient;
C, = external pressure coefficient;

Cp = internal pressure coefficient;
Cy = cross-wind force spectrum coefficient;

C;,, = drag force coefficient of the building
corresponding to the area 4,;

C = coefficient, which depends on 9,, used in the
evaluation of &; factor;

d = depth of a structure or structural member
paralle! to wind slream in the horizontal
plane;

= wake width;

= diameter of cylinder or sphere;

= wind energy factor;

= along wind load on the building/structure at
any height z;

N.nhlb!n.,
!

kia kzs
ks Ky

n

Pa

force normal to the surface;

= first mode natural frequency of the building/

structure in along wind direction in Hz;

first mode natural frequency of the building/
structure in across wind direction in Hz;

vortex shedding frequency;

= normal force;
= transverse force;
= frictional force;

gust factor;
peak factor for resonant response;
peak factor for upwind velocity fluctuations;

= height of structure above mean ground level;

height of development of a velocity profile
at a distance x down wind from a change in
terrain category; -

= height factor for resonant response;

height above mean; ground level on the -
topography feature;

turbulence iniensity;

turbulence intensity at height A in terrain
category i;

turbulence intensity at height z in terrain

- category i,

interference factor;
mode shape power exponent;
wind speed modification factors;

hourly mean wind speed factor;

force coefficient multiplication factor for
individual members of finite length;

area averaging factor;

= combination factor;
= wind directionality factor;
= length of the member or larger horizontal

dimension of a building;

= actual length of upwind slope;
= effective length of upwind slope;
= integral turbulence length scale at the height

h;

= average mass per umit height of the structure;
= design peak along wind base bending

moment;

design peak across wind base bendmg'
moment;

effective reduced frequency;

= design wind pressure;
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design wind pressure at height z;

design hourly mean wind pressure
corresponding to Vuj ;

external pressure;

= internal pressure;

roughness factor which is twice the
longitudinal tarbulence intensity at height ;

= Reynolds number;
= level on a building/structure for the

evaluation of along wind load effects;

factor, which depends on H and X, used for
the evaluation of k; factor;

strouhal number;

= size reduction factor;

regional basic wind speed;

= design wind speed at height z;
= design hourly mean wind speed,;

design hourly mean wind speed at helght zZ;

hourly mean wind speed at height z;

lesser horizontal dimension of a building,
or a structural member;

bay width in multi-bay building;

peak acceleration at the top of the building/ -

structure in along wind direction, in m/s?;
distance down wind from a change in terrain
category,

distance from the summit or crest of
topography feature relative to the effective

length, L;
peak acceleration at the top of the building/
structure in across wind direction;

= g height or distance above the ground;
= aerodynamic roughness height for i*

terrain;

= ¢ffective height of the topography feature;
= inclination of the roof to the horizontal;
= damping cocfficient of the building/

stmcture;
shielding factor;

= factor to account for the second order
turbilence intensity;

= . solidity ratio;

= effective solidity ratio;

= average height of the surface roughness; _

= upwind slope of the topography feature in
_the wind direction; and

wind angle from a given axis,

IS 875 (Part 3) : 2015

4 TERMINOLOGY

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

4.1 Angleof Attack— An angle between the direction
of wind and a reference axis of the structure.

4.2 Breadth — It means horizontal dimension of the
building measured normal to the direction of wind.
NOTE — Breadth and depth are dimensions measured in

relation to the direction of wind, whereas length and width are
dimensions related to the plan, '

'4.3 Depth — It means the horizontal dimension of

the building measured in the direction of the wind.

4.4 Developed Height — It is the height of upward
penetration of the velocity profile in a new terrain. At
large fetch lengths, such penetration reaches the
gradient height, above which the wind speed may be
taken to be constant. At lesser fetch lengths, a velocity
profile of a smaller height but similar to that of the
fully developed profile of that terrain category has to
be taken, with the additional provision that the velocity
at the top of this shorter profile equal to that of the un-
penetrated earlier velocity profile at that height.

4.5 Effective Frontal Area — The projected area of
the structure normal to the direction of wind.

4.6 Element of Surface Area — The area of surface
over which the pressure coefficient is taken to be
constant.

4.7 Force Caefficient — A non-dimensional
coefficient such that the total wind force on a body is
the product of the force coefficient, the dynamic
pressure of the incident design wind speed and the
reference area over which the force is required.
NOTE — When the force is in the direction of the incident
wind, the non-dimensional coefficient will be called as ‘drag
coefficient’. When the force is perpendicular to the direction
of incident wind, the non-dimensional coefficient will be called
ag ‘lift coefficient’. T
4.8 Ground Roughness — The nature of the earth’s
surface as influenced by small scale obstructions such
as trees and buildings (as distinct from topography) is
called ground rovghness.

4.9 Gust— A positive or negative’ departure of wind
speed from its mean value, lasting for not more than,
say, 2 min over a specified interval of time.

4.10 Peak Gust— A peak gust or peak gust speed is
the wind speed associated with the maximum
amplitade.

4.11 Fetch Length — It is the distance measured
along the wind from a boundary at which a change in
the type of terrain occurs. When the changes in terrain
types are encountered (such as, the boundary of a town
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or city, forest, ete), the wind profile changes in
character but such changes are gradual and start at
ground level, spreading or penetrating upwards with
increasing fetch length.

4.12 Gradient Height — It is the height above the
mean ground level at which the gradient wind blows
as a result of balance among pressure gradient force,

coriolis force and centrifugal force. For the purpose of
this Code, the gradient height is taken as the height
above the mean ground level, above which the variation
of wind speed with height need not be considered.

4.13 High Rise Building (Tall Building) — A
building with a height more than or equal to 50 m or
having a height to smaller dimension more than 6.

4.14 Low Rise Building — A building having its
height less than 20 m.

4.15 Mean Ground Level — The mean ground level
is the average horizontal plane of the area enclosed by
the boundaries of the structure.

4.16 Pressure Coefficient — It is the ratio of the
difference between the pressure acting at a point on
the surface and the static pressure of the incident wind
to the design wind pressure, where the static and design
wind pressures are determined at the height of the point
considered after taking into account the geographical
location, terrain conditions and shielding effect. The
pressure coefficient is also equal to f 1+ Vv, 1, where
¥, is the actual wind speed at any point on the structure
at a height corresponding to that of V.

NOTE — Positive sign of the pressure coefficient indicates

pressure acting towards the surface and negative sign indicates
pressure acting away from the surface.

4.17 Return Period — It is the number of years,
reciprocal of which gives the probability of extreme
wind cxceeding a given wind speed in anyone year.

4.18 Shielding Effect — Shielding effect or shielding
refers to the condition where wind has to pass along
some structure(s) or structural element(s) located on
the upstream wind side, before meeting the structure
or structural element under consideration. A factor
called *shielding factor’ is used to account for such
effects in estimating the force on the shielded structures.

4.19 Suction — [t means pressure less than the
atmospheric (static) pressure and is taken to act away
from the surface.

4.20 Solidity Ratio — It is equal to the effective area
{projected area of all the individual elements) of a
frame norrhal to the wind direction divided by the area
enclosed by the boundary of the frame normal to the
wind direction, -

NOTE— Solidity ratio isto be calculated for individual frames.

4,21 Terrain Category — It means the characteristics
of the surface irregularities of an area which arise from
natural or constructed features. The categories are
numbered in increasing order of roughness.

4.22 Topography — The nature of the earth’s surface
as influenced by the hill and valley configurations.

* 4.23 Velocity Profile — The variation of the horizontal

component of the atmospheric wind speed at different
heights above the mean ground Ievel is termed as.
velocity profile.

5 GENERAL

_' 5.1 Wind is air in motion relative to the surface of the

earth. The primary cause of wind is traced to earth’s
rotation and differences in terrestrial radiation. The
radiation effects are primarily responsible for
convection either upwards or downwards. The wind
generally blows horizontal to the ground at high wind
speeds. Since vertical components of atmospheric
motion are relatively siall, the term ‘wind’ denotes
almost exclusively the horjzontal wind; vertical winds
are always ideniified as such. The wind speeds are
assessed with the 4id of anemometers or anemographs -
which are installed at meteorological observatories at
heights generally varying from 10 to 30 m above
ground. ‘

5.2 Very strong winds (more than 80 kmph) are
generally associated with cyclonic storms,
thunderstorms, dust storms or vigorous monsoons. A
feature of the cyclonic storms over the Indian area is
that they rapidly weaken after crossing the coasts and
move as depressions/lows inland. The influence of a
severe storm after striking the coast does not; in general
exceed about 60 km, though sometimes, it may extend
even up to 120 km. Very short duration hurricanes of
very high wind speeds called Kal Baisaki or Norwesters
occur fairly frequently during summer months over
North East India.

5.3 The wind speéeds recorded at any locality are
extremely variable and in addition to steady wind at
any time, there are effects of gusts which may last for
a few seconds. These gusts cause increase in air
pressure but their effect on stability of the building may
not be so important; often, gusts affect only part of the
building and the increased local pressures may be more
than balanced by a momentary reduction in the pressure
elsewhere. Because of the inertia of the building, short
period gusts may not cause any appreciable increase
in stress in main components of the building although

. the walls, roof sheeting and individual cladding units

(glass panels) and their supporting members such as
purlins, sheeting rails and glazing bars may be more
serzously affected. Gusts can alse be extremely
important for design of structures with high slenderness
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ratios.

5.4 The liability of a building to high wind pressures
depends not only upon the geographical location and
proximity of other obstructions to air flow but also upon
the characteristics of the structure itself.

4.5 The effect of wind on the structure as a whole is
determined by the combined action of external and
internal pressures acting upon it. In all cases, the
calculated wind loads act normal to the surface to which
they apply.

5.6 The stability calculations as a whole shall be done
considering the combined effect, as well as separate
effects of imposed loads and wind loads on vertical
surfaces, roofs and other part of the building above
general roof level.

5.7 Buildings shall also be designed with due attention
to the effects of wind on the comfort of people inside
and outside the buildings.

6 WIND SPEED

6.1 Nature of Wind in Atmosphere

In general, wind speed in the atmospheric boundary

- layer increases with height from zero at ground level

to maximum at a height called the gradient height.
There is usually a slight change in direction (Exman
effect) but this is ignored in this standard. The
variation with height depends primarily on the terrain
conditions. However, the wind speed at any height
never remains constant and it has been found
convenient to resolve its instantaneous magnitude into

"an average or mean value and a fluctuating component

around this average value. The average value depends
on the average time employed in analyzing the
meteorological data and this averaging time varies
from few seconds to several minutes. Tiie maghitude
of fluctuating component of the wind speed which is
called gust, depends on the averaging time. In general,

smaller the averaging interval, more is the magnitude

of the gust speed.

6.2 .BASIC WIND SPEED

Figure 1 gives basic wind speed map of India, as
applicable to 10 m height above mean ground level
for different zones of the country. Basic wind speed is
based on peak gust velocity averaged over a short time
interval of about 3 s and corresponds to mean heights
above ground level in an open terrain (Category 2).
Basic wind speeds presented in Fig. 1 have been

worked out for a 50 year return period. Basic wind

speed for some important cities/towns is also given in
Annex A, P

IS 875 (Part 3) : 2013

6.3 Design Wind Speed (V)

The basic wind speed (¥, ) for any site shail be obtained
from Fig. 1 and shall be modified to include the
following effects to get design wind speed, ¥, at any
height z, for the chosen structure:

a) Risk level,

b) Terrain roughness and height of structure,
¢} Local topography, and

d) Importance factor for the cyclonic region.

It can be mathematically expressed as follows:

VemVoki by ko k,

where

¥, = design wind speed at height z, in m/s;

k, = probability factor (risk coefficient) (see
6.3.1);

= terrain roughness and height factor (see

6.3.2);

topography factor (see 6.3.3); and

Ol S
i

= jmportance factér for the cyclonic region
" (see 6.3.4). '

NOTE — Wind speed may be taken as constant up to a height

of 10 m, However, pressures for buildings less than 10 m high

may be reduced by 20 percent for evaluating stability and
design of the framing.

6.3.1 Risk Coefficient (k, Factor) — Figure 1 gives
basic wind speeds for terrain Category 2 as applicable
at 10 m above ground level based on 50 years mean
return period. The suggested life period to be assumed
in design and the corresponding , factors for different
class of structures for the purpose of design are given
in Table 1. In the design of buildings and structures, a
regional basic wind speed having a mean return period
of 50 years shall be used except as specified in the
note of Table 1.

6.3.2 Terrain, Height Factor (k, Factor)
6.3.2.1 Terrain

Selection of terrain categories shall be made with due
regard to the effect of obstructions which constitute
the ground surface roughness. The terrain category
used in the design of a structure may vary depending
on the direction of wind under consideration. Wherever
sufficient meteorological information is available about

- the nature of wind direction, the orientation of any

building or structure may be suitably planned.

Terrain in which a specific structure stands shall be
assessed as being one of the following terrain
categories:

a) Category 1 — Exposed open terrain with few
or no obstructions and in which the average
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This is the criterion for measurement of
regional basic wind speeds and Tepresents
airfields, open park lands and undeveloped
sparsely built-up outskirts of towns and
suburbs. Open land adjacent to sea coast may
also be classified as Category 2 due to
roughness of large sea waves at hi gh winds,

Category 3-— Terrain with numerous closely
spaced obstructions having the size of

IS 875 (Part 3) : 2015

buildings/structures up to 10 m in height with
or without a few isolated tall structures. The
equivalent aerodynamic roughness height,
(73} for this terrain is 0.2 m.

This category represents weil wooded areas, .
and shrubs, towns and industrial areas full or
partially developed.

It is likely that the, next higher category than
this will not exist in most design situations

Table 1 Risk Coefficients for Different Classes of Structures in Different Wind Speed Zones

(Clause 6.3.1)

Si Class of Structure Mean Probable &, Factor for Basic Wind Speed
Ne. Design Life of m/s '
Structure in Years e
”~” ]
33 3 44 47 50. 55
() 2 (3) @ & e Mm@’ 9
i) All generat buildings and structures 50 0 10 10 10 1.0 1.0
i) Temporary sheds, structures such as those used during 5 - D82 O.Tt_ﬁ 073 071 070 067
- construction operations (for example, formwork and false '
work), structures during construction stages and boundary
walls T .
ili)  Buildings and strectures presenting a low degree of hazard 25 094 092 091 090 09 089
to life and property in the event of failure, such as isolated
towers in wooded areas, fam buildings other than
residential buildings ‘
iv]  Imgortait buildings and structures such as hospitals 100 105 106 107 107 108 {08

communication buildings/towers, power plant strugtsres

NOTE — The factor k, is based on statistical concepts which take into account the degree of reliability required and period of time in
years during which these will be exposed to wind, that is, life of the structure, Whatever wind speed is adopted for design purposss,

there is always a probability (however small) that it may exceed in a sto

which there is exposure to the wind, more is the probability. Larget retun
risk level) in association with larger periods of exposure may have t& be
nuclear power reactors and satellite communication towers. Equation given
different periods of exposure and chosen probability of exceedance (risk le
sufficient for design of buildings and structures against wind effects and t

rm of exceptional violence; more the period of years over
periods ranging from 100 to 1 000 years (implying lower
selected for exceptionally important structures, such as, -
below may be used in such cases to estimate k, factors for
vel). The probability level of 0.63 is normaliy considered
he values of k, corresponding to this risk level are given

above,
. i .
e Kep _ A- B[ln{—;[n(z-—P,, )}]
wpes A+4B
where
N = mean probable design life of structure in years; . . .
Py = risk level in N consecutive years {probability that the design wind speed is exceeded at least once in N successive years),
nominal value = 0.63; :
Xyp = extreme wind speed for given values of N and Py and
Kooy ™ extreme wind speed for N = 50 years and Py=063
A and B have the following values for different basic wind speed zones:
Zone At B*
: mfs- m/s m/s
: 33 23.1(832) 26(9.2)
; ) 39 23.3 (84.0) 39(14.0)
N 44 24.4 (8R.0) 5.0(18.0)
: : 47 24.4 (88.0) 5.7(20.5)
50 24.7 (88.8) 6.3(22.8)
y i . 55 25.2 (90.8) 7.6 (27.3)

* Values of A and B, in kmph, are given in bracket,
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and that selection of a more severe category
will be deliberate.

d) Category 4 — Terrain with numerous large
high closely spaced obstructions. The
equivalent aerodynamic roughness height,
(2,,,) for this terrain is 2.0 m.

This category represents large city centers, generally
with obstructions above 25 m and well developed
industrial complexes.

6.3.2.2 Variation of wind speed with height in different
terrains (k, factor) ‘ '

Table 2 gives multiplying factors (k,) by which the basic

wind speed given in Fig. [ shall be multiplied to obtain

the wind speed at different heights, in each terrain
category.

Table 2 Factors to Obtain Desigri"Wind Speed
Variation with Height in Different Terrains

(Clause 6.3.2.2)

Sl Height Terrain and Height Multiplier (k)
No. z o
- T o
m Terrain Terrain Temain  Terrain
Category 1 Category2 Category 3 Category 4

0 @ 3) 4 (3} (6)

iy i0 1.05 1.00 0.91 0.80

i) 15 1.69 1.05 0.97 . 0.80
iy 20 . 112 1.07 101 680
ivy 30 1.15 1.12 1.06 0.97

vl 30 1.20 117 112 [.10
viy 100 - 126 . 1.24 1.20 1.20
vii) 150 - 130 1.28 1.24 1.24
viiiy 200 132 130 - 1.27 1.27
ix) © 250 1.34 132 129 128
X3 300 1.35 1.34 - 131 1.30
xi) 350 135 - 135 1.32 1.31
xii} 400 1.35 1.35 1.34 f.3z
xii)) 450 1.3s 1.35 .35 1.33
xiv) 500 1.35 135 1.35 1.34

NOTE — For intermediate values of height z in a given terrain
category, use linear interpolation.

6.3.2.3 Terrain categories in relation to the direction
of wind :

The terrain category used in the design of a structure
may vary depending on the direction of wind under
consideration. Where sufficient meteorological
information is available, the basic wind speed may be
varied for specific wind direction.

6.3.2.4 Changes in terrain categories

The velocity profile for a given terrain category does

not develop to full height immediately with the

commencement of that terrain category but develop

gradually to height (/) which increases with the fetch
or upwind distance (x). :

* a} Fetch and developed height relationship —
The relation between the developed height
(4,) and the fetch (x) for wind-flow over each
of the four terrain categories may be taken as
given in Table 3.

b) For structures of heights more than the
developed height (4,) in Table 3, the velocity
profile may be determined in accordance with
the following: ‘

1) The less or least rough terrain, or
2) The method described in Annex B.

Table 3 Fetch and Developed Height Relationship
{ Clause 6.3.2.4)

Sl Feich Developed Height, &,
Na. (x) m
km P A .
Terrain Terrain Terrain Terrain
Category | Category 2 Category 3 Category 4
i @ (3) @ (3 6
i) 02 . .12 .20 35 60
ity 05 20 : 30 35 - 95
i) 1 25 .45 30 139
iv) 2 35 65 110 190
V) 5 60 100 170 300
vi) 10 80 140 2350 450
vii) 20 120 200 350 500
viii) 50 180 300 400 500

6.3.3 Topography (k, Factor)

* The basic wind speed ¥, given in Fig. 1 takes into

account the general level of site above sea level. This
does not allow for local topographic features such as
hills, valleys, cliffs, escarpments, or ridges which can
significantly affect wind speed in their vicinity. The
effect of topography is to accelerate wind near the
summits of hills or crests of cliffs, escarpments or
ridges and decelerate the wind in valleys or near the
foot of cliffs, steep escarpments, or ridges.

6.3.3.1 The effect of topography shall be significant at
a site when the upwind slope (6) is more than about
3° and below that, the value of k, may be taken to be
equal to 1.0. The value of k; is confined in the range of
1.0 to 1.36 for slopes more than 3°. A method of
evaluating the value of %, for values more than 1.0 is
given in Annex C. It may be noted that the value of k,
varies with height above ground level, at a2 maximum
near the ground, and reducing to 1.0 at higher levels,

6.3.4 Importance Factor for Cyclonic Region %,)

The east coast of India is relatively more vulnerable
for occurrences of severe cyclones. On the west coast,
Gujarat is vulnerable for severe cyclones. Studies of




wind speed and damage to buildings and structures
point to the fact that the speeds given in the basic wind
speed map are often exceeded during the cyclones. The
effect of cyclonic storms is largely felf in a belt of
approximately 60 km width at the coast. In order to
ensure better safety of structures in this region (60 km
wide on the east coast as well as on the Gujarat Coast),
the following values of &, (as recommended in IS
15498) are stipulated as applicable a,ccordmg to the

importance of the stmctu.re

. . k,
Structures of post-cyclone importance for 1.30
emergency services (such as cyclone shelters,
hospitals, schools, communication towers, etc)
Industrial structures 1.15
All other structures 1.00

6.4 Hourly Mean Wind Speed

The hourly mean wind speed at height z, for different
terrains can be obtained as

Vout = kg v
where

¥ ; = hourly mean wind speed factor for terrain
category 1

=0. 1423 [mL—\}(zm yromee

The design hourly mean wind speed at height z can be
obtained as: '

2™ Fzﬂkl’%kac
=V kuile,

6.5 Turbulence Intensity

The turbulence intensity variations with height for

different terrains can be obtained using the relations

given below:

a) Terrain category 1
T, =03507-0,0535log,, | =
Zoy
-b) Terraincategory2
1
Iz,! = Iz,l +T7-(Iz.4 “Iz,l )
¢} Terraincategory3
. 3
Ly=I,+=>(I,-1,)

7
d} Terraincategory4

’ I,=0466-0.1358 log,, {i]
. Zoa4
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6.6 Off Shore Wind Velocity

Cyclonic storms form far away from the sea coast and
gradually reduce in speed as they approach the sea
coast. Cyclonic storms generally extend up to about
60 km inland after striking the coast. Their effect on
land is already reflected in basic wind speeds specified
in Fig. 1. The influence of wind speed off the coast up
to a distance of about 200 ki may be taken as 1.15
times the value on the nearest coast in the absence of
any definite wind data, The factor 1.15 shall be used
in addition to &,.

7 WIND PRESSURES AND FORCES ON
BUILDINGS/STRUCTURES

7.1 General
The wind load on building shall be calculated for:

a) Building as a whole,
b) Individual structural elements as roofs and
walls, and

¢} Individual cladding units mcludmg glazing
and theu‘ nxmgs

7.2 Design Wind Pressure

The wind pressure at any height above mean ground
level shall be obtained by the following relationship
between wind pressure and wind speed:

=0.6 2
where
p, = wind pressure at height z, in N/m?; and
V, = design wind speed at height z, in m/s.

The design wind pressure p, can be obtained as,
Py = KK K.p,
where )
K, = wind directionality factor,

K, = areaaveraging factor, and

K, = combination factor (see 7.3.3.13).

L .
The value of p,, however shall not be taken as less
than 0.70 p,.

NOTES

1 The coefficient 0.6 (in S1units) in the above formula depends
on a number of factors and mainly on the atmospheric pressure
and air temperature. The value chosen comesponds to the
average Indian atmospheric conditions.

2 K, should be taken as 1.0 when considering local pressure
cocfficients.
7.2.1 Wind Directionality Factor, K

Considering the randomness in the directionality of
wind and recognizing the fact that pressure or force
coefficients are determined for specific wind directions,
itis specified that for buildings, solid signs, open signs,
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lattice frameworks, and trussed towers (triangular,
square, rectangular) a factor of 0.90 may be used on
the design wind pressure. For circular or near-circular
forms this factor may be taken as 1.0.

For the cyclone affected regions also the factor K shall
be taken as 1.0.

7.2.2 Area Averaging Factor, K,

Pressure coefficients given in 7.3 are a result of
averaging the measured pressure.values over a given
area. As the area becomes larger, the correlation of
measured values decrease and vice-versa. The decrease
in pressures due to larger areas may be taken into
account as given in Table 4.

Table 4 Area Averaging Factor (X))
(Clause 7.2.2)

SINo. Tributary Area (A) Area Averaging Facter
’ m . {Ka)*
1 @ . 3y
i) €10 1.0
i) 25 ) 09
iii) 2100 - 08

* | inear interpolation for intermediate values of a is permitted.

7.2.2.1 Tributary area

a) Overall structure - For evaluating loads on
frames the tributary area shall be taken as the
centre {0 centre distances between frames
multiplied by the individual panel dimension
in the other direction together thh overall
pressure coeficients.

b) [Individual elements — For beam type
elements, purlins, etc, the tributary area shall
be -taken as effective span multiplied by
spacing. The effective span is the actual span
for mid span and cantilever load effects; and
half the sum of adjacent spans for support
moments and reactions.

For plate type elements, the area of individual plates -

between supports is taken as the tributary area.

For glass cladding, individual pane area of glass is the
tributary area.

7.3 Pressure Coéfﬁéients

The pressure coefficients are always given for a
particular surface or part of the surface of a building.
The wind load acting normal to a surface is obtained
by muitiplying the area of that surface or its appropriate
portion by the pressure coefficient (C)) and the design
wind pressure at the height of the surface from the
ground. The average values of these pressure'
coefficients for some bulldmg shapes are given in 7.3.2
and 7.3. 3 ' ’

10

Average values of pressure cosfficients are given for
critical wind directions in one or more quadrants. In
order to determine the maximum wind load on the
building, the total load should be calculated for each
of the critical directions shown from all quadrants.
Where considerable variation of pressure occurs over
a surface, it has been sub-divided and mean pressure
coefficients given for each of its several parts.

In addition, areas of high local suction (negative
pressure concentration) frequently occurring near the
edges of wails and roofs are separately shown.
Coefficients for the local effects should only be used
for calculation of forces on these local areas affecting
roof sheeting, glass panels, and individual cladding
units including their fixtures. They should not be used -
for calculating force on entire structural elements such
as roof, walls or structure as a whole.

NOTES

1 The pressure coefficients given in different tables have been
obtained mainly from measurements on models in wind tunnels,
and the great majority of data available has been cbtained in
conditions of relatively smdoth flow. Where sufficient field
data exists as in the case of rectangular buildings, values have
been obtained to allow for turbulent flow.

2 In recent years, wall glazing and cladding design has been a
source of major concern. Although of less consequence than
the collapse of main structures, damage to glass can be
hazardous and cause considerable financial losses.

3 For pressure coefficients for structures not coverec-here,
reference may be made to specialist literature on the subject
or advice may be sought from specialists in the subject.

7.3.1 Wind Load on Individual Members

When calculating the wind load on individual structural
elements such as roofs and walls, and individual
cladding units and their fittings, it is essential to take
account of the pressure difference between opposite
faces of such elements or units. For clad structures, it
is, therefore, necessary to know the internal pressure
as well as the external pressure. Then the wind load, F,
acting in a direction normal to the individual structural
element or cladding unit is:

) F=(C,—C) A p,
where
C,. = external pressure coefficient,
C,; = internal pressure coefficient,
A surface area of structural element or
cladding unit, and
py = design wind pressure

NOTES

1 If the surface design pressure varies with helght the surface
areas of the structural element may be sub-divided so that the
specified pressures are taken over appropnata areas.

2 Positive wind load indicates the force acting towards the
-structural element and negntive away from it.

i
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7.3.2 Internal Pressure Coefficients

Internal air pressure in a building depends upon the
degree of permeability of cladding to the flow of air.
The internal air pressure may be positive or negative
depending on the direction of flow of air in relation to
openings in the buildings.

7.3.2.1 In the case of buildings where the claddings
permit the flow of air with openings not more than
about 5 percent of the wall area but where there are no
large openings, it is necessary to consider the possibility
of the internal pressure being positive or negative. Two
design conditions shall be examined, one with an
internal pressure coefficient of +0.2 and another with
an infernal pressure coefficient of 0.2,

The internal pressure coefficient is algebraically added
to the external pressure coefficient and the analysis
which indicates greater distress of the member shall
be adopted. In most situations a simple inspection of
the sign of external pressure will at once indicate the
proper sign of the internal pressure coefficient to be
taken for design.

NOTE — The term normal pecnteability relates to the flow of
air commeonly afforded by claddings not only through open
windows and doors, but also through the slits round the closed
windows and doors and through chimneys, ventilators and
through the joints between roof coverings, the total open area
being less than 5 percent of area of the walls having the
openings.

7.3.2.2 Buildings with medium and large openings

Buildings with medium and large openings may also
‘exhibit either positive or negative internal pressure
depending upon the direction of wind. Buildings with
“medium openings. between about 5 and 20 percent of
wall area shall be examined for an internal pressure
coefficient of +0.5 and later with an internal pressure

coefficient of 0.5, and the analysis which produces -

greater distress of the member shall be adopted.

‘Buildings with large openings, that is, openings larger
than 20 percent of the wall area shall be examined once
with an internal pressure coefficient of +0.7 and again
with an internal pressure coefficient of —0.7, and the
analysis which produces greater distress of the member
shall be adopted.

Buildings with one open side or opening exceeding 20
percent of wall area may be assumed to be subjected
to internal positive pressurc or suction similar to those
of buildings with large openings. A few examples of
buildings with one side openings are shown in Fig. 2
indicating values of internal pressure coefficients with
respect to the direction of wind.

7.3.3 External Pressure Coefficients
7.3.3.1 Walis

The average external pressure coefficient for the walls

11
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of clad buildings of rectangular plan shall be as given
in Table 5. In addition, local pressure concentration
coefficients are also given.

7.3.3.2 Pitched, hipped and mono slope roafs of clad
buildings

The average external pressure coefficients and pressure
concentration coefficients. for pitched roofs of
rectangular clad building shall be as given in Table 6.
Where no pressure concentration coefficients are given,
the average coefficients shall apply. The pressure
coefficients on the under-side of any overhanging roof
shall be taken in accordance with 7.3.3.5.

For mono slope roofs of rectangular ciad buildings,
the average pressure coefficient and pressure
concentration coefficient for mone slope (lean-to} roofs
of rectangular clad buildings shall be as given in
Table 7.

NOTES
I The pressure concentration shall be assumed to act outward
{suction pressure) at the ridges, eaves, comnices and 90° cornets
of roofs.

2 The pressure concentration shall not be included with the
net external pressure when computing overall load.

3 For hipped roofs, pressure coefficients (including tocal
values) may be taken on all the four slopes, as appropriate
from Table 6, and be reduced by 20 percent for the hip slope.

7.3.3.3 Canopy rogfs with (1/4 < hw <land 1 <
Liw<3) ’ -

The pressure coefficients are given in Tables 8 and 9
separately for mono-pitch and double pitch canopy roofs
such as open-air parking garages, shelter areas, outdoor
areas, railway platforms, stadia and theatres. The
coefficients take into account of the combined effect of
the wind exerted on and under the.roof for all wind
directions; the resultant is to be taken normal to the
canopy. Where the local coeficients overlap, the greater
of the two given values should be taken. However, the _
effect of partial closures of one side and or both sides,
such as those due to trains, buses and stored materials
shall be foreseen and taken into account,

The solidity ratio f is equal to the area of obstructions
under the canopy divided by the gross area under the
canopy, both areas normal to the wind direction. f=0
represents a canopy with no obstructions underneath.
f=1 represents the canopy fully blocked with contents
to the downwind eaves. Values of C, for intermediate
solidities may be linearly interpolated between these
two extremes, and apply upwind of the position of
maximum blockage only. For downwind ofthe position
of maximum blockage, the coefficients for f= 0 may
be used. :

In addition to the forces due to the pressures normal to
the canopy, there will be horizontal loads on the canopy
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Table 5 External Pressure Coefficients (C,,) for Walls of Rectangular Clad Buildings
(Clause 7.3.3.1)

BUILDING | BUILDING ELEVATION PLAN . WIND | Cpa FORSURFACE | LOCAL
ANGL pa
RATIO RATIO ] e A B c D
w l 8 Degress
1.3 oS 0 +07 l.02 |-05 {.08 ] "
ws3 L A 8§ g0 |-05 {-05 |+o7 f-02 1S
~et fomg 28w ]
LA
[GadF] C
31 8 o +07 }-025°]-08 }-08 ]_1
3w _D_ é 8 w0 |-05 Los |vo7 |.o1 [J7°
o
c _
i3 e e o +07 |-025 |-0.8 [-08 ]_”
g7 A o j-08 |-08 |+07 025 '
] )
a3
?4';9-52 - [
' %
EPTPN / e ¢ f+o7 loa j-or -o.rr]_”
27w Z 1A 8 80 |.05 l-06 po7 i-04 ’
; .
o
c .
1eled o< o |+0s l-025 .08 }-08 }12-
2 A 8 -t80  |-08 [-08 {+08 1025 '
D
3
E<—"8 c
a_t :
Pl AN g 8 o [+07 [-04 |-07 |07 ]-12
LY ‘1e0 |08 J-05 |+08 |-04
)
i_3 c 8  |o0es l.185 |-00 [-09 }125 :
wog . g0 |-08 |08 |+08 |-085{S "
_ : sg
A 8 .
LIRS VI \ 0 +095|-125 |-07 |-07 }15
W w 20 -07 [-07 |+085)-126 {) "
D .
s 0 +0.85 1076 |-0.75 |-0.75 }1_5
w B x  |-ors}-07s ro.es . 0.75
 NOTE

} is the height to caves or parapet, / is the greater horizontal dimensions of a building and w is the lesser horizontal dimensions of a
building, - : . :
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Table 6 Externat Pressure Coefficients (Cpe) for Pitched Roofs of Rectangular Clad Buildings

(Clause 7.3.3.2)
BULDING RODF | VAND ANGLE © | WiN{} ANGLE 8 0 COEFFICIENTS
HEIGHT ANGLE o o cAL
RATO a
& ghilea A - R =
Dagreas .
w 1] 03 -4 1-08 =04 20 -2.0 -%g -1_;)
§ | -09 -04[-28 0l 14 -2 . -1
%s% ,/\ t0 F-12 .04 f.08 .08 14 -14 12
v ‘ 2 | -04 .04 | -07 .08 -1 Y]
m | o .04 k-07 -8 .04 -14
et 48 1403  -05§-0T 08 =11
8 | +07  -08 |-07 08} -1
W ¢ .08 -0a}.i0 08 -2¢ -20 -20 —
N s .08 -08]-08 -0 -20 -20 18 oy
4 B _ 3 - 1 -1t «06 |-08 08 -20 -20 ) -1 -
FRh] i = {.07 -05f-08 -04 15 18 .18 -40
] m |.02 -off-p8 Y .10 .10
R % }+02 -08]-08 08
g | +08  -05|-08 -0
LA ¢ |07 e8| -a9 -07 -20 -20 -20 —_
p 3 or 08} -08 .08 T .20 © 18 10
10 07 -08] 08 08 .20 -20 -15 -12
Bclas 0 | -08 -oe| -05- -0a RY .14 .18 12
F R h ag | .10 05| -o8 -0 -18
kN 40 02 05| ~08 07 - 1.0
& |+02  -05)-08 -07
& | +05 -06]-08 .67
i
|
[
i
WIND |
i
i
| i
| |
| { .
| I
} |
j |
| |
| I
l W
} -
KEY PLAN
. y=horQibw
Whichever is tha lesser.
'NOI‘E

1 h is the height to eaves or parapet and w is the lesser horizontal dimension of a building.
2 Where no local coefficients are given, the overall coefficient apply.

3 For hipped roofs the local coefficient for the hip ridge may be conservatively taken as the the appropnate ridge value.

4 w and [ are dimensions between the walls excluding overhangs.
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Table 7 External Pressure Coefficients (Cpe) for Monoslope Roofs of

Rectangular Ciad Buildings h <2
w .

AClause 7.3.3.2)
Y
) He Le i
=
ANNE B [ 1]
}!-h: H 1 L'ELul W
WIND : : : : |
s I L=
H Ly i
[ ‘4—] ""_"As i i
18 L
13l th
1| N
i1 1 ! ol
1§ 1 Y
il R
ll—l—-—.——m-_.-....l_
—
i
VN TR
y=horQisw -

Whichever is the lesser.

NOTE :- Area H and srea L refer to the whola quadrant.

ROOF . WIND ANGLE 8
ANGLE LOCAL GOEFFICIENTS (C pe)

a o 45° 80° 135" 180"

H LiH LIHGLIHELY L H L} Hi | A2 | Ls | Lz | He ] Le
® (%R " : '

Degroes

] -0 -05/-10 -09f-10]-05]|-09 .10|-05 -10|-20}-15|-20]|-1.6]-20]|-28
¢ |-10 -0s8f-1¢ -08j-10]-05]-08 -10|-04 -10]|-20]-15|-20}-15]-20]-20
5 {-08 -05}-10 -07}-t0}-05}-06 -10(-03 -10|-18|-09}-18}-14]-20]-20
20 {-68 -05}-10 -08{-08]|-05{-05 -10[|-62 -10|-18]|-08}-18]{-14]{-20(-20
25 |-07 -05i-10 -06)-08(-05{-03 -09}-01 -09|-18|-07|-08]-08]-201-20
3. {-05 -05{-10 -08]-08|-05}-01 -08|0 -06{-18)-05|-05]-05]-20}-20

* Applied to length w/2 from wind-ward end. *+ Applies to remainder

NOTE

1 # is the height of eaves at lower side, is the greater horizontal dimensions of a building and w is the lesser horizontal dimension of
a building. :

My

2 I and w are overall length and width inciuﬂing overhangs,
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Table 7 External Pressure Coefficients (Cpe) for Monoslope Roofs of

Rectangular Clad Buildings k <?
w .

({Clause 7.3.3.2)

NOTE :~ Area H and area L refer 1o the whola quadrant:

WIND

¥

1
|F
|

b

....E
=

/2
=l _

-

e e s s bt e e e

i
r
I
]
t

L e sy v ST — o — i, it e oty i st e i

—— . S A e, s

N

y=hor015w
Whichavar is the Jessar,

ROOF WIND ANGLE 6

ANGLE . LOCAL COEFFICIENTS (Cpe)
a o a8 s0° 135 180* ,

LS IV R N T2 PTYR Y MW ot Mt Lz Hel Le

: _ X3l

Degrees
§ 110 -08/-10 -09/-10|-05]-00 -10[-05 -1.0]-20|-15]-20]-15}-20]-20
10 [-10 -05{-10 -0.8]|-10)-05/-08 -10(-04 -10].20|.-15}-20(-15]-201-20
5 1-00 -05{-10 -07{-40{-05{-06 -10(-03 -10{-1.8|-09]{-18|-14|-201-20
2 1-08 -05|-10 -06[-09].05]-05 -10{-02 -1.0|-18|-08[-18]-14]-20]-20
28 1-07 -05)-10 -06[-08{-05{-03 -09}-0t -09(-18{.07].08]-08[-20]-20
¥ {-05 -05]-10 -06)-08|-05{-01 -06{0 -06|-18)-05|-08]-05].20!-20

* Applied to length w/2 from wind-ward end.

NOTE

1 kg the height of eaves at lower side, is the

a building. )
2 I and w are overall length and width including overhangs,

** Applies to remainder

greater horizontal dimensions of a building and w is the lesser horizontal dimengion of

15
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due to the wind pressure on any fascia and to friction
over the surface of the canopy. For any wind direction,
only the greater of these two forces need to be taken
into account, Fascia loads should be calculated on the
area of the surface facing the wind, using a force
coefficient of 1.3. Frictional drag should be calculated
using the coefficients given in 7.4.1.
NOTE — Tables 10 to 15 may be used to get internal and
external pressure coefficients for pitches and troughed free roefs
for some specific cases for which aspect ratios and roof slopes
have been specified. However, while using Tables 10 to 15
any significant departure from it should be investigated
carefully, No increase shall be made for local effects except as
indicated.
7.3.3.4 Pitched and saw-tooth roofs muln-span
buildings

For pitched and saw-tooth roofs of multi-span
buildings, the external average pressure coefficients
shall be as given in Tables 16 and 17 respectively
provided that all the spans shall be equal and the height
to the eaves shall not exceed the span.

7.3.3.5 Pressure coefficients on overhangs from roofs

The pressure coefficients on the top over-hanging
portion of the roofs shall be taken to be the same as
that of the nearest top portion of the non-overhanging
portion of the roofs. The pressure coefficients for the
underside surface of the over-hanging portions shal

- be taken as follows and shall be taken as positive if the

overhanging portion is.on the windward side:
a) 1.25, if the overhanging slopes, downwards;
- b) 1.00, if the overhanging is horizontal; and
¢) 0.75, if the overhanging slopes upwards.
For overhanging portions on sides other than windward

side, the average pressure coefficients on adjoining
walls may be used.

7.3.3.6 Curved rogis

For curved roofs the external pressure coefficients shall
be as given in Table 13, Allowance for local effects

- shall be made in accordance with Table 6. Twb values

of C, have been given for elevated curved roofs, Both

the load cases have to be analyzed, and critical load .

effects are to be considered in design.
7.3.3.7 Cylindrical structures

For the purpose of calculating the wind pressure
distribution around a cylindrical structure of circular
crogs-section, the value of external pressure coefficients
given in Table 19 may be used, provided that the
Reynolds number is more than 10 000. They may be
used for wind blowing normal to the axis of cylinders
having axis normal to the ground plane (that is,

- chimneys and silos) and cylinders having their axis

parallel to the ground plane (that is, horizontal tanks),

provided that the clearance between the tank and the
ground is not less than the diameter of the cylinder. A
is height of a vertical cylinder or fength of  horizontal
cylinder. Where there is a free flow of air around both
ends, A is to be taken as haifthe length when calculating

- WD ratio.

In the calculation of resultant load on the periphery of
the cylinder, the value of C,; shall be taken into account.
For open ended cylinders, C ; shall be taken as follows:

a) ~0.8, where h/D is more than or equal to 0.3;
© and

b) —0.5, where 4/D is less than 0.3.

7.3.3.8 Roofs and bottems of cylindrical elevated
siructures

The external pressure coefficients for roofs and bottoms
of cylindrical elevated structures shall be as given in
Table 20.

Alternately, the pressure distribution given in Fig. 3
can be used together with the force coefficients given
in Table 25 for the cylindrical portion.

7.3.3.9 Combined roofs

The average external pressure coefficients for

- combined roofs are shown in Table 21.

7.3.3.10 Roofs with skylight

The average external pressure coefficients for roofs
with skylight are shown in Table 22.

7.3.3.11 Grandstands

The pressure coefficients on the roof (top and bottom)

and rear wall of a typical grandstand roof which isopen

on three sides are given in Table 23. The pressure
coefficients are valid for a particular ratio of dimensions
as specified in Table 21 but may be used for deviations
up 1o 20 percent. In geaeral, the maximum wind load
occurs when the wind is blowing into the open front
of the stand, causing positive pressure under the roof
and negative pressure on the roof,

1.3.3.12 Spheres

The external pressure coefficients for spheres shatl be
as given in Table 24,

- 7.3.3.13 Frames

When taking wind loads on frames of clad buildings it
is reasonable to assume that the pressures or suctions
inside and outside the structnre shall not be fully
correlated. Therefore when taking the combined effect

of wind loads on the frame, a reduction factor of .

K, = 0.90 may be used over the building envelope when
roof is subjected to pressure and mtema! pressure is
suctlon, Or vice-versa.
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Table 8 Pressure C_oefﬁciénts for Monoslope Free Roofs
{Clause 7.3.3.3)

l

L/10

L

ROOF ANGLE

] h? {
e G u;o

7777

W10 —=] |l —i W10
W )
ROOF SOLINTY RATIO MAXIMUM (LARGEST + ve} ANd MNEAUM {LARGEST - ve)
ANGLE ¢ PRESSURE COEFFICIENTS '
(Degree) OVERALL :
a COEEEICIENTS LOCAL COEFFICIENTS
0 . +02 +0.5 +18 +1.1
5 ' +0.4 . +08 +21 +1.3
10 |Allvaluesoto. +05 2 +24 +16
15 “+0.7 . +14 ] +27 +18
20 +038 +1.7 +29 +2.1
25 +1.0 +20 +31 . +23
30 _ +1.2 +22 +3.2 +2.4
0 ¢ =0 -05 _ -06 -13 -1.4
: @ =1 -1.0 «1.2 -1.8 © 18
5 d=0 -07 =14 ~1.7 «18
G =9 - 1.1 -16 ~22 - 23
10 ¢ =0 "0-9 "1.5 . "2.0 " - 2‘1
P =1 ~13 21 «2.8 -27
15 Q :0 '1-1 - 1.8 '2.4 o '2.5
¢ =1 «14 -23 -29 ~3.0
®=0 13 .22 -28 .29
Q=1 -1.5 28 -31 ~32
®=0 -18 -28 -32 : -32
Q=1 A7 -28 -35 : -35
T G=0 1.8 -30 -38 - 36
¢ =1 -1.8 -30 -38 " -36
NOTES

1 For moﬁopitch canopies the centre of pressure should be taken to act at 0.3 w from the windward edge.
2 W and L are overatl widih and tength including overhangs,

- 17
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‘Table 9 Pressure Coefficients for Free Standing Double Sloped Roofs
(Clause 7.3.3.3)

Vo
+C
P aCp I . ) !
{
-va ROOF ANGLE + vo ROOF ANGLE
ROOF | SOLIDITY RATIO |- MAXIMUM (LARGEST + vir) AND MINIMUM {LARGEST - ve)
ANGLE o PRESSURE COBFFICIENTS
{Degrees) OVERALL :
_  w— =3
- 20 +0.7 +03 +18 +0.6 +1.7
.15 +05 +08 15 £07 414
-g | Adeeluescio +04 | +08 +14 «G8 11
-5 +0.3 +0Q5 +15 +03 +08 .
+5 +03 +0.6 +12 - +13 +0.4
+10 +0.4 +07 +1.8 +i4 +04
15 +04 +09 +18 1.4 +04
+20 +0.8 +1.1 +19 15 +0.4
25 +07 +12 +19 +16 +0.6
+30 +08 +1.3 +18 +18 +0.7
2 ®=0 .07 -08 <13 -18 .08
b1 -08 -12 -7 -19 .12
®=0 -08 -08 -13 -1.8 -08
-15 ®=1 .08 11 17 -8 -i2
"o ® =0 .08 -08 -13 .15 .08
- d=1 -08 -1.1 -17 -1 .13
s & =0 Y .07 13 INTE .08
¢ = -0.3 -1.5 -1.7 -18 -14
s ® =0 Y -08 -14 -14 -1.1
o= -0.5 -1.3 -1.8 -18 -2.4
10 ®=0 .07 .07 -1.5 14 -14
- =1 -14 14 -20 -18 -24
.18 e =0 -0.8 Y -47 14 .18
o =1 -12 -15 -22° -18 -2.8
+20 ®=0 -0.9 -13 -18 <14 -2.0
® =i .13 -7 .23 - -19 -3.0
-as ¢ =0 ~10 -4 T ~14 20
®=1 -14 <18 -24 -2.4 -30 -
.30 ®=0 -1.0 -14 -19 -14 .20
_ ®=q -14 .21 .28 -22 -30
NOTES

1 Each sfope of a dubpltch canopy should be abie to withstand forces using both the maxnmu;ﬁ and the minimum coefficients, and the
whole canopy should be able to support forces using one slepe at the maximum coefficient with the other slops at the mmlmum
coefficient. For duoptich canopies the centre of pressure should be taken to act at the centre-of each slope.

2 W and L are overall width and length including overhangs

18
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Table 10 Pressure Coefficients (Top and Bottom) for Pitched Roofs, Roof Slope o =30°

(Clause 7.3.3.3)
D E
a4 F n
R N
h“'?sd : cae & \
d o
c
______ y/
. // |
Wind o J / b'=d

[
{
4

o

Roofslope a = 30°
0 =045 D, D E E full length,
'@=90°,D, D' E £ part length.
b', thereafier Cp= 0

PRESSURE COEFFICIENTS, Cp

END SURFACES
c c G <

) D o E g

ot |+08 |-10 |-05 |-08 7 :
45* | +01. | -03 |-08 }-03 {.03 |-08 [-03 |-c4
50* | -03 |-04 |-03 |-04

For all
value

" ForJ:Cp Top = 1.0, Cp bottom =- 0.2
of @ Tangentislly acting friction : R gge= 0.05p4 bd

19
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Table 11 Pressure Coefficients (Top and Bettom) for Pitched Roofs, Roof o = 30°
with effects of Train or Stored Material

{(Clause 7.33.3)

i” A N h'=01.8h
SEE i

[

Poof slope a = 3g°
Effects of trains or stored materials. ‘
8 = 0" 45°, or 135°- 180°, D, D' E, E' full length,
9=90° D, D' E E part length. :
b thereaftar Cp=0 '

PRESSURE COEFFIGIENTS, Cp
END SURFACES
¢ 2 G G’

e | p|o| E|F

0" |+01 [ +08 |-07 | +08 .
45 |-04 [ +05 |-08 [+08 '

g0' |04 {-06 |-04 |.05 | 0% |*08[*03]-04
180° | .03 | .08 |+04 |-08

fora' | Ford:G, Top=-15,C; botiom = 0.5
of® |  Tangentially acting fiction : R gqe = 0.05py bd

20
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Table 12 Pressure Coefficients (Top and Bettom) for Pitched Raofs, o = 10°

(Clause 7.3.3.3)

Tangentially acting friction : Rgge =0.1 By bd

D E
D' g
a |
h= (}J.S d C&G
d
CI
Gl
b'=d
\M_n%\ D g
uoi - ——
= 5d T ‘ ﬂ Ror X
— 5 0.2d
¢ § -
' it h- ——————————
c
i d i
Roof slop= g = 1¢° }
8=045", D, D, E, E fulllength, -
8=60%D, D, E, E' part length.
- bl thereaflerCp=0
PRESSURE COEFFICIERTS, Cp
' END SURFACES
) D D E- | F ——
c c G e
0 [-10 [+03 | -05 [ +02
45* [-03 | +0t | -03 | +01 | -04 | +08 [ +03 | -08
80° {-03 0 -03 0 '
Vol | Forf:CpTop=-14, Cp botom=0.4
cré

21
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Table 13 Pressure Coefficients (Top and Bottom) for Pitched Free Roofs, o = 10°
with effects of Train or Stored Materials .

(Clause 7.3.3.3)

E
D“E‘ W=0.0h

R B
LT

b'=d

t=0.1d

Roof sfops g = 10°
Effects of trains or stored materials.
Q =0°-458°, or 135° - 180°, O, D', E, E' 1ull length.
8 =80°, 0,00 E E' part length,
" b, thereafter Cp= 0

PRESSURE COEFFICIENTS, Cp

END SURFACES
c e lele

e D (24 E [

¢ | -13 j+08 |-08 0.7
A5* | -05 {04 | -03 |+03
e | -03 0 -03 e

180° [ -04 |-03 | .08 {-03

Eonal | Forr:Cp Top=-18, Cp bottom =- 0.9
of “Tangentially acting friction: R g =.0.1 Pgbd

04 +08 | +03 }{ -08

22
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Table 14 Pressure Coefficients for Troughed Free Roefs, o = 16°

(Clause 7.3

3.3)

D

‘ E
S

Q.

N ., : \ S ]
NR
\
NN
. N : L
Wind D SS E b
<] §\
I §§,
b=5d T lﬂw T
— 1=0.2d
| R S § “““““
g _
Reof slope g = 10° -
- 8=0%45" D, D\ E, E' full length.
8=80%D, D E E part length.
b, thereafler Gp=0
PRESSURE COEFFICIENTS, C p
e o D & E'
o +03 -0.7 +02 -09
A5* <] «02 +0.1 -03
0 -0.1 0.1 -0.1 +0.1
For all e
value |Forf:Cp Top=04, Cpbotiom=-1.5
of@ _Tangenﬂailyac&ng_fricﬁon: Rgge =0.1pgbd
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Table 15 Pressure Coefficients (Top and Bottom) for Troughed Free Roofs, a.= 10°
with Effects of Train or Stored Materials

(Clause 7.3.3.3)

8-

h=056d
. | =08h
d— -
_9
Tt { -
. ] L'
b =54 _ .
- t—w%
‘Q\\ .
\
\
r NN
d -
Roof slope a =.10° ,
Effects of trains or siared materials.
@ = 0°- 45°, or 135° - 180°, D, O, £, E' tultlength.
= 90°, D, D\ E, £ part length.
b, thereafter Cp=0
- PRESSURE COEFFICIENTS, C p
e D o - E E
0’ 07 +0.8 -08 +0.8
45 -04 +03 -02 0.2
a0* -0 +0.1 -0 +0.1
180 | -04 -02 | -08 -03
Forall | ] - -
valve |Forf:CpTop=-1.1, Cp bottom = 0.9
of § Tengentially acting fricion : Rgge =0.1p4 bd
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Table 16 External Pressure Coefficients (C,) for Pitched Roofs of Muitispan Buildings
(All Spans Equal) with i <w'

(Clatse 7.3.3.4)

01w
01w

w' W e et Y ]
ROOF PLAN y=hor 014w
WHICHEVER
ISLESS
hi=hy =h
¥
SECTIDN
ROOF | WIND [FIRST 5PAN | FIRST OTHER END SPAN | LOCAL
ANGLE | ANGLE INTERME - |INTERME- COEFFICIENT
DIATE SPAN IDIATE SPANS
O | 9 a b e d m n|x z 7
Degreas {Degrees :
5 0 |-08 -06|-04 -03[-03 -03!-093 -03
10 -t1 08 |-04 -03{-03 -03]-03 -04
20 -07 -08|-04 -03 |-03 -03(-03 -05)|-20|-18
30 <02 -08|-04 -03|-02 -03]-02 -08
45 +03 -08[-08 -04 [-02 -04]-02 .05
DISTANCE
ROOF WIND ,
ANGLE ANGLE N b "
a 8 t 2 3
DEGREES DEGREES
UPTO 45 o0 -08 -0.8 -02

_ Frictional drag : When wind angle © == 0°, horizantal forces due to frictional drag are allowed for in the above values, and

When wind angle § = 90°, allow for frictional drag in accordance with 7.4.1

_ NOTE — Evidence on these buidings is fragmentary and any departure from the cases given should be investigated separately.
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i Table 17 External Pressure Coefflclents (Cp,) for Saw Tooth Roofs of Multispan Buildings
5 (AHl Spans Equal) with & <w’ ' .
(Clause 7.3.3.4)
0w
: ’ p—01 'fvl —f
; }
Wind N 1 1N T 1y N1
8 ‘ | ha
- |
- I " 7 7 § fe
N |
’ L_w w_ | W i W W w!

SECTION

WIND ) . | FIRST OTHER LOCAL
ANGLE {FIRSTSPAN INTERME- |INTERME - END SPAN 1 COEFFICIENT

DIATE SPAN | DIATE SPANS

Degareena b jc g {m - ajx z ||

o |+06 -07]-07 -04 |-03 -02]-01 -03
180 |-05 -02{-03 .03 {-04 .-06|-08 -01|-20 |-15

, DISTANCE
WIND
ANGLE hy hz . hy
DEGREES| ‘
o0 -08 0.8 - -0.2
270 Similar to 90°, h1.h2,h3,’amnmwmbamd(anedﬁnmmm

adge in the same order

Frictional drag : When wing angle 8 = 0°, horizontal forces due to frictional drag are allowed for in the sbove values, and
When wind angle 8 = 90°, allow for frictional drag in accordance witk 7.4.1. ) )
NOTE — Evidence on these buidings is fragmentary and any deperture from the cases given should be investigated separately.

26
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Table 18 External Pressure Coefficients (Cw) for Curved Roofs
(Clause 7.3.3.6)

a) ROOF SPRINGING FROM GROUND LEVE,

. WIND -

+0.8 -08

TR TR TR VIR TR R TSV

LEEWARD ’
QUARTER (0.4)

o

PORTION OF ROOF
BELOWTHIS LINE
TOBE TREATEDAS
AN EXTENSION CF
VERTICAL SUPPORTE

+08 l -08 JFO8

Py TR PRI T R PRI -L->0.B

¢) DOUBLE CURVED ROOFS
VALUESOF G, Cyand Cy
il c {eq ey

01] -081) +01}+0.05

02} -09| +03| +01
031 -1.0| +04]40.15

04] -14{+08] -

05) 121 +07] -

NOTE — When the wind is blowihg normal to gable ends, C, may be taken as equal to —0.7 for the full width of the roof over a length
of //2 from the gable ends and 0.5 for the remaining portion.
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Table 19 Exterﬁai Pressure Coefficients Around Cylindrical Structures
° (Clause 7.3.3.7)

ey e

IR
77 T

“

1 POSITION OF |

., PERIPHERY, 8 PRESSURE COEFFICIENTS Cpe

5 IN DEGREES _

hiD=25 hiD=7 hiD=1

E o ' 5 08 08 08

‘E : | k) LA % B 0.4

s o -08 -08 | .07
€0 -19 -47 - 1.2
s -256 oo 2.'2 -16
80 -28 -22 -7
105 -1.9 17 . .12
iz -08 .1 -08 -07
138 . -7 -06 0.5
150 <08 -05 -04
165 - o.a - 0.5 - 0.4
180 -08 -05 -04
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185

02D<h<3D |

mng <02 - h

D

SECTION AA

a= 05DFOR2<hfD<3
016h+02DFOR02<hiD <2

PLAN

[Fof force coefficient corresponding to shell portion {See Table 25)]
F16. 3 EXTERNAL PrESSURE COEFFICIENTS ON THE UppER ROOF SURFACE OF CYCLINDRICAL STRUCTURES
- STANDING ON THE GROUND '
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) Table 20 External Pressure Coefficients for Roofs and Bottoms of Cylindrical Structures
' (Clause 7.3.3.8)
P P
| Cpe
DIRECTION ~ —a{ f=—ec=0.1D jr—e=0.1D
OF WIND o / cee
= : | = —
|
(=) {9) X
H
0
(0}
z
' \ i
@ | ;
‘ )
1S '
: I
i i
I
COEFFICIENTS OF SXTERNAL PRESSURE Cpe
STRUCTURE ACCORDING TO SHARE
abandc d
st PP bimpli .
HID ROOF (z/H)-1 ROOF . | BOTTOM
08 -0.65 1.00 -0.76 -0.8
1.00 -1.00 1.25 -0.75 -07
2.00 -1.00 1.50 -0.76 -0.8

Total force acting on the roof of the structure, P = 0.785 D (Cpi- Cpe) Py
The resuitant of P lias eccentrically, e = 0.1D
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Table 21 External Pressure Coefficients (C,,) for Combined Roofs

(Clause 7.3.3.9) o : ’
08 -
DIRECTION1 ¢ ~d DIRECTIONZ
b <30
08 . R R
, ‘ l hy
. fiz
04 e et A P
II._lq * b ;|
62 T
1 JRRNY'RF) VO S N N bk Cro=04 3,08
; g i f| -
i
] 'é 05 | 10 : 15/532.0 25 | 30 | 35 M
02 1] a
5[ \- Cpas :—;—- 1.7
! 2
04 1/ - '
LY DIRECTION1 ¢~ DIRECTION2
pi >
“’0-6 h! a
Cpeuz..ﬁ.;-g_g_/l l #:/'—-—-i T
as / *
a
10
VALUES OF COEFFICIENTS (Cpeg)
PORTION DIRECTIONt |  DIRECTIONZ
} a FROM THE DIAGRAM .
]
Cpe=-05, -g-gsts L .04 -
b
Cpe= +’0.7;%;='1.5:
candd ‘ © SeeTable s
° | Sea Clause 6,3.3.5
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Table 22 External Pressure Coefficients (C,.) for Roofs with a Sky Light
(Clause 7.3.3.10)

DIRECTION

ey, o

- 0.6

DIRECTION -08
OF WIND
=) b -08
e 2035
- hz
By
NN NI, N AENTIE NI ) .
bi— bz
b) ROOFS WITH A SKY LIGHT
VALUES OF COEFFICIENTS {Cpe)
biwbhs bisby
PORTION ‘ '
) b : aand b
Cpe -08 +0.7 | Ses Tabla for combined
roofa
7.4 Force Coefficients _ : . NOTES.
- ’ 1 The value of the force coefficient differs for the wind acting
The value of force coefficients (Cy) apply to a building on different faces of a building orIstructure. In order to
: ; ‘ T determine the critical load, the total wind load should be
or Stl'ElCtl.ll'e as a whole, and when_ m.ultlphed by the caloulated for each wind dirsction,
eﬂ”ectw? ﬁ-on'tal area 4, of the building or structure 2 If surfiace design pressuce varies with height, the surface area
and design wind pressure, p, gives the total wind load . of the building/structure may be sub-divided so that specified
(F) on that particular building or structure, ' Prossures are taken over appropriate areas.
- 3 In tapered buildings/structures, the force coefficients shalt
' F=C.A4 p, : . be applied after sub-dividing the building/structure into suitable
£%eld number of strips and ihe load on each strip calculated

where F is the force acting in a direction specified in individually, aking the arca of each strip as 4,
4 For force coefficients for structures not covered above

the respective tables and C, is the force coefficient for reference may be made specialist literature on the subject or
the building, > advice may be sought from specialist in the subject,

32




IS 875 (Part 3) : 2015

Table 23 Pressure Coefficients at Top and Bottom Roof of Grand Stands
Open Three Sides (Roof Angle Upto 5°)

{Clause 7.3.3.11) .

IESLLIILESSY
L7
E |

>

ANV \
C
s
¢

WIND

ol

o
|
!

& |

]

®
|_©

{ Shaded area to scaie )

FRONT AND BACK OF WALL

J K L M
q +09 [-05 | +08 | -05
A5* 1 +08 |-08 | +04 | -04
135* | -t1 | +08 [-10 | +04
160" { -03 | +09 |-03 | +08

@«

60 Mw-CpofK=-10
60" Mw-Cpofd=+10
TOP AND BOTTOM ROOF
& A 8 |lclole | F G |H

0" |-10 | +08 | -10 |+08 [-07 | +0.5 | +07 | +09
45° {-10 | +07 |-0.7 | +04 |-05 | +08 |-05 | +03
136° | -04 | -14 107 |-10 |-08 |14 |-08 | -1.0
180 [-08 |-03 .08 [-03 [-08 |-03 [-08 .03
45 ' "My - Cp (top) =- 2,0

45" W' - Cp (bettom) = + 1.0
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Table 24 External Pressure Distribution Coefficients Around S'pherical Structures
(Clause 7.3.3,12)

D

i Pe-n
- 2 o
] +
uneor f Z g
Z : Pesd 7
SYMMETRY \ 1T T+ ] =
D
T
DEGREES e
0 +1.0 -

15 +09

30 +05
- 45 -01

60 -07
.75 - 1.1

00 ~1.2

105 -1.0

120 . -08

135 -0.2
150 +0.1

165 +0.3

180 +0.4

74.1 Frictional Drag b) Ifh>p F= Ce'(d--4b) bp, + C;' (d— 46)2hp,
In certain buildings of special shape, a force due to The first term in each case gives the drag on the roof

frictional drag shall be taken into account in addition
to those loads specified in 7.3. For rectangular clad
buildings, this addition is necessary only where the
ratio d/h or d/b is more than 4. The frictional drag force,
', in the direction of the wind is given
formulae:

8) K<, F'=C}(d—4h) bp, + C; (d-
Py and

4b) 2k

by the following

and the second on the walls,

The value of C;” has the
_ following value: :

I) G =0.01 for smooth surfaces without
corrugations or tibs across the wind direction,

2) C/ = 0.02 for surfaces with corrugations
across the wind direction, and

3) €/ =0.04 for surfaces with ribs across the
wind direction, -

*
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For other buildings, the frictional drag has been
indicated, where necessary, in the tables of pressure
coefficients and force coefficients. '

1.4.2 Force Coefficients for Clad Buildings
7.4.2.1 Clad buildings of uniform section

The overall force coefficients for rectangular clad
buildings of uniform section with flat roofs in uniform
flow shall be as given in Fig. 4 and for other clad
buildings of uniform section (without projections,
except where otherwise shown) shall be as -given in
Table 25,

IS 875 (Part 3) : 2015

NOTE — Structures that are in the supercritical flow regime,
because of their size and design wind velocity, may need further
calculation to ensure that the greatest loads do not occur at
some wind speed below the maximum when the flow will be
sub critical. The coefficients are for buildings without
projections, except where otherwise shown.

In Tabte 25, f’; b is used as an indication of the airflow regime.
7.4.2.2 Buildings of circular shapes

Force coefficients for buildings of circular cross-section
shapes shall be as given in Table 25, However more
precise estimation of force coefficients for circular
shapes of infinite length can be obtained from Fig, 5

30
Hi‘_ =00 20
b
2§ A A /— a
/\ 10 {8 WIND -
2.0 <
7 TN 3 PLAN
15 ' :
Cy gﬁ% w——
14 ‘ Vs N ~—m |h
/
' 1
0.5 TT7ITITIIITF
ELEVATION
0 0.5 1.0 15 20 25 30 F=CgFyth
alh ————wo '
8) Vabies of C; versus a /b forh /b > 4
14
. AR
12 ::7;—-:" e
. ' | \ -1
C : h 1
B! S e S L L
) R
5 R
b 2
0.8 _ ,
0 0.6 10 185 20 25 30

alh e R

b} Values of Cevarsus a/b forh/b<1

" Fi6. 4 Force CORFFICIENT FOR RECTANGULAR Crap Bunme 1N UNrorM FLow
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Table 25 Force Coefficients C, for Clad Buildings of Uniform Section
(Acting in the Direction of Wind)

(Clause 7.4.2.2)
Vo C¢ FOR HEIGHT / BREADTH RATIO
PLAN SHAPE .
ma upPTO 12| 1 2 5 0] 20| o
ALL SURFACES <8 Rl
NG 6 | ROUGH or WITH 07 Jo7lo7[oa|oe 0] 12
Vy PROJECTIONz 8 _ -
Sea also Appendix D | SMOOTH 26 05 05 {05108 |05]o08|os
et | <10 05 |o5{05{05|0s]|o0e]o7
—— ] -
216 0.2 02{02]02]02|02]o02
Ellipse bid= 972
p ,
<8 0.8 08 |09 110111} 13|17
28 08 08 |09 |10 11 ] 13| 15
© Elipse bid=2
<4 o056 los]oe|o07]os{os! 10
i
bid =1 24 0.4 04 1 04 10471051051 05
th =13
- r <10 o 08 | o8 |09 10|10 13
bid =1 z 10 0.5 05|06 {os5j08} 06|06
b = 118 j )
G
=3 <3 0.3 03 503103103103/ 04
—_— b
bid = 12 =3 0.2 02 102]02{03]03]03
Hb = 112
d
- @ All vaiues 05 |os5{os]o5|06!o0s]o7
bid= 12 ‘
th=18
—d
- "’ All values 0 {o9l10|11i12 /15118
J ]
bid =2
b= 142
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/73 Cf FOR HEIGHT / BREADTH RATIO
PLAN SHAPE :
- m?fs. upTo 12| 1 2 B4 0] 201
<8 07 jo8 |08 o8 |10 |12]18
b2 26 0.5 05|05l o505)06}o0s8
o= 1/4
d .
<10 0.8 o8 Josl10|11 |13 ] 15
—— h
210 95- {05105 |c5]|os!los|os
tan 113
- <> All values 0.9 oo los |11]12}13 186
- da= 12
od 8 ]
— All vaiues 0.9 caloett1|12]{13] 16
a=148
r -I <1 0.7 o7 lo7loeloe]10]12
o _
211 04 |04a]o04]0405|051]086
e di4
A“'f'
‘“"<(—'i’ Al values 08 |08|08)10]11]12]14
b= 112
—— .-z
-{ All vaiues 07 07ic8 |og 10} 11]13
oo = 1448
T <8 0.7 c7ios|oat1o]| 11|18
...i_ ot
' d <8 04 |o4losa]josios|os|os
b« 174 ,
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Table 25 — (Concluded)

Wb C¢ FOR HEIGHT / BREADTH RATIO
PLAN SHAPE
m?/s uPTO 12| 1 2 ;5| 10] 2]«
- Al values 12 | 12]12 {14 |18 ]17] 21
1148 <1 < 1112 o
. <12 07 |o07{08}08 10| 11]13]
s2SIDED 212 07 (o7 }o7 |07 |08 )o0e |11
POLYGON
-~ All valuss 1.0 10§11 (12512 13] 14
‘OCTAGON
- B e All values 10 1111121314 ] 14118
HEXAGGN

taking into account'the average height of surface
roughness e. When the length is finite the values
obtained from Fig. 5 shall be reduced by the
multiplication factor K (see Table 28 and Annex D).

7.4.2.3 Free standing walls and hoardings

Force coefficients for free standing walls and hoardings
shall be as given in Table 26.

To allow for oblique winds, the design shall also be
checked for net pressure normal to the surface varying
linearly from a maximum of 1.7 C; at the windward
edge to 0.44 C;at the leeward edge.

The wind load on appurtenances and supports for
hoaidings shall be accounted for separately by using
the appropriate net pressure coefficients. Allowance
shall be made for shielding effects of one element on
another. '

7.4.2.4. Solid circular shapes mounted on a surface

The force coefficients for solid circular shapes mounted
on a surface shall be as given in Table 27.
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1.4.3 Force Coefficients for Unclad Buildings

7.4.3.1 This section applies to permanently unclad
buildings and to frameworks of buildings while
temporarily- unclad. In the case of buildings whose
surfaces are weli-rounded, such as those with elliptic,
circular or oval cross-sections, the total force can be
more at a wind speed much Iess than maximum due to -
transition in the nature of boundary layer on them.
Although this phenomenon is well known in the case
of circular cylinders, the same phenomenon exists in
the case of many other well-rounded structures, and
this possibility must be checked.

7.4.3.2 Individual members

a) The force coefficient given in Table 29 refers to
members of infinite length. For members of finite
length, the coefficients should be multiplied by a factor
K that d=pends on the ratio /b where ! is the length of
the member and b is the width across the direction of
wind. Table 28 gives the required values of K. The
following special cases must be noted while
estimating K.
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Table 26 Force Coefficients for Low Wails or Hoardings (< 15m High)
(Clause 7.4.2.2)

p v Q\\

-3

ABOVE GROUND N 2025k - ONE EDGE ON GROUND
{WIND NORMAL TO FACE)
WIDTH TO HEIGHT RATIO, b
DRAG COEFFICIENT Cf
WALL ABOVE GROUND | WALL ON GROUND
FROMO.5T06 FROM11012 |- 12
10 20 13
i8 a2 1.4
20 20 1.8
40 80 1.75
a0 120 Y
80 OR MORE 180 OR MORE 20
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1) when any member abuts on to a plate or wall  b) Flat-sided members — Force coefficients for wind
in such a way that free flow of air around that ~ normal to the longitudinal axis of flat-sided structural
end of the member is prevented, thentheratic  members shall be as given in Table 29.
of I/b shall be doubled for the purpose of

. The fi ffici iven for two mutuall
determining K and e force coefficients are give ally

perpendicular directions relative to a reference axis on

2) when both end{s of a member are S0 the structural member. They are denoted by C, and Cy,
obstructed, the ratio shall be taken as infinity  ;q give the forces normal and transverse respectively,
for the purpose of determining K. to the reference plane as shown in Table 29.

Table 27 Force Coefficients l'm: golid Shapes Mounted on a Surface

: (Clause 7.4.2.4)
SIDE ELEVATION ‘| DESCRIFTION OF SHAPE. Cs
Wind,_ " CIRGULAR DISG 12

sz
—— ) HEMISPHERICAL BOWL, 14
7 % : '
' HEMISPHERICAL BOWL 0.4
A -

HEMISPHERICAL SOLID 1.2
i rac 05FORV, D <7
SPHERICAL SOLID 02FORVZD 27

Table 28 Reduction Factor K for Individual Members

[(Clauses 7.4.2.2, 7.4.3.2(a)]
81 No. /b or D 2 5 10 20 49 56 190 o

)] (2) @ @ () ® (8) £] (10)
i) Circutar cylinder, suberitical flow 0.58 0.62 0.68 0.74 0.82 0.87 0.98 1.00

i) Circular cylinder, supercritical flow .
(D ﬂﬂz émzjs) 0.80 0.80 0.82 0,90 0.98 0,99 1.0G 1.00

iii} For plate perpendicutar to wind

’ ® zi > 6mfs) _ 062 066 0.69 0.81 0.87 0.90 0.95 1.00
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Normal force, F =(C, p, K)lb

Transverse force, Fo=(Cop; K}b
¢) Circular sections — Force coefficients for members

of circular section shall be as given in Table 25 see
also Annex D.

d) Force coefficients for wires and cables shall be as
given in Table 30 according to the diameter (D), the
design wind speed (V) and the surface roughness.

7.4.3.3 Single frames
Force coefficients for a single frame having either,

a) all flat sided members; or

b) all circular members in which ali the members
of the frame have either:

1) DVP, less thar 6 m¥s, or

‘ 2) DV, more than or equal to 6 m%s,
shall be as given in Table 31 according to the type of
the member, the diameter (D), the design hourly mean
wind speed ( 7,) and the solidity ratio ().
Force coefficients for a single frame not complying
with the above requirements shall be calculated as

. follows:

. A
C =YC,, +a-pime, q-pluc,
’ = Amb . A

sub

A

where

Ciauper = force coefficient for the supercritical circular
members as given in Table 31 or Annex D,

Ciapr = force coefficient for subcriticat circular
memibers as given in Table 3tor Annex D,

Crga = force coefficient for the flat sided members
as given in Table 31,

A op = effective area of subcritical circular
members,

Apy = effective area of flat-sided members,

sib = Aeiresin t Ay and
¥ = (Area of the frame in a supercritical flow)/

Ae
7.4.3.4 Multiple frame buildings

- This section applies to structures having two or more

parallel frames where the windward frames may have
ashielding effect upon the frames to leeward side. The
windward frame and any unshielded parts of other
frames shall be calculated in accordance with 7.4.3.3,

but the wind load on the parts of frames that are -

sheltered should be multiplied by a shielding factor
which is dependent upen the saolidity ratic of the
windward frame, the types of members comprising the
frame and the spac-ing ratio of the frames. The values
of the shielding factors are given in Table 32,

Table 30 Force Coefficients for Wires and Cables {L/D = 1[50)
[Clause 7.4.3.2(d)]

SINo. Flow Regime Force Coefficient, C, for
. — it - T —
Smoath Surface Modenmtely Smooth Wire Fine Stranded Cables Thick Stranded Cables
_ _ . {Galvanized or Painted) ‘ '
1 2} 3 ) 3) )
i) D Uy<6niss 12 12 12 13

D ploemys 0.5 0.7 09 o1l

Table 31 Ferce Coefficients for Single Frames

(Clause 7.4.3.3) ’
Solidity Ratio Force Coefficient C, for
N ——
Flat Sided Members ' Circular sections -
“ Subcritical Flow Super Critical Flow
(DF; <6 m¥s) (D ¥,6 mfs)

(13 (3] 3 4)
0.1 1.9. 12 0.7
02 1.8 12 . 0.8
03 17 12 - 08
04 17 11 08

. 05 1.6 1.1 08
0.75 1.6 15 14
1.00 20 2.0 20

NOTE — Linear interpolation between the values is permitied.

4
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Table 32 Shielding Factor H for Multiple Frames

(Clause 7.4.3.4)
Effective Solidity Frame Spacing Ratio
Ratio -— ——— —

e <05 10 20 4.0 >B.0
(1) (2) : 3) {4) &) 6)

0 10 1.0 1.0 1.0 1.0
0.1 0.9 ' 1.0 1.0 . 1.0 Lo
02 0.8 09 10 1.0 1.0
03 0.7 . 08 10 1.0 1.0
04 06 0.7 1.0 1.0 1.0
0.5 0.5 . 06 0.9 1.0 10
0.7 0.3 06 08 0.9 1.0

1.0 0.3 06 06 S v E 1.0

NOTE — Linear interpolation between the values is permitted,

Where there are more than two frames of similar
geometry and spacing, the wind load on the third and
subsequent frames should be taken as equal to that on
the second frame. The loads on the various frames shall
be added to obtain total load on the structure.

a) The frame spac'ing ratio is equal to the centre to

centre distance betwéen the frames, bearms or girders
divided by the least overall dimension of the frames,
beam or girder measured in a direction normal to the
direction of wind. For triangular framed structures or
rectangular framed structures diagonal to the wind, the
spacing ratio should be calculated from the mean
distance between the frames in the direction of the
wind. "

b) Effective solidity-ratio, @.:

D, = & for flat-sided members,

7.4.3.5 Lattice towers

a} Force coefficient for lattice towers of square
or equilateral triangle section with flat-sided
members for wind blowing against any face
shall be as given in Table 33.

b) For square lattice towers with flat-sided
members the meximum load, which occurs
when the wind blows into a corner, shall be
taken as 1.2 times the load for the wind
blowing against a face.

¢) Forequilateral triangle lattice towers with flat-
sided members, the load may be assumed to
be constant for any inclination of wind to a
face,

d) Force coefficients for lattice towers of square
section with circular members, all in the same
flow regime, may be as given in Table 34.

@ is. to Il:ue obtained ﬁ:om Fig. 6 for ngeml_?ers of e} Force coefficients for lattice towers of
clreular cross-sections. equilateral-triangle section with circular
0.40 members all in the same flow regime may be -
- as given in Table 35.
w 035 o -
g , / 7.4.3.6 Tower appurtenances
- 0.30 _ The wind loading on tower appurtenances, such as
ladders, conduits, lights, elevators, etc, shall be
g 025 ¢ calculated using appropriate net pressure coefficients
020 Table 33 Overall Force Coefficlents for Towers
g 018 Composed of Flat Sided Members
) [Clause 7.4.3.5(a)]
E o : .
/ SINo.  Solidity Ratio Force Coﬂnclent )
Q.05 ' ° “Square Eqpi[ateralﬁ‘
. / Towers Triangular
. ’ : ‘ Towers
0 01 02 03 04 05 08 07 08 m o 3 @
‘o ‘ i) <(.1 38 - 31
o SOLIDITY RATIO, i 03 - 33 27
' . : if) 03 28 23
FiG. 6 EFFECTIVE SoLibiTY RATIO, FOR CIRCULAR iv) v4 23 .19
Section MEMBERS

v o5 . 21 15
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Table 34 Overall Force Coefficients for Square Towers Composed of Circular Members
{(Clause 7.4.3.5 (d)]

" 81 Na. Solidity Ratio of Front Face Force Coefficient
@ —— T e — —————
Subcritical Flow Supercritical Flow
(D [p< 6 miks) D [z 6 mis)
Py, P
“ Onto Face Onto Comer "Onto Face Onto Comer
) 73] )] 4 (5} ]
1) <005 24 25 k1 12
i) 0.1 22 23 i2 1.3
iid) 02 L9 21 i3 1.6
iv) 03 1.7 19 14 1.6
v) 04 16 1Ls t4 16
vi} 1.4 1.9 14 i.6

05

for these elements. Allowance may be made for
shielding effect from other elements.

8 INTERFERENCE EFFECTS
8.1 General

Wind interference is caused by modification in the wind
characteristics produced by the obstruction caused by
an object or a structure in the path of the wind. If such
wind strikes another structure, the wind pressures
-usually get enhanced, though there can also be some
shielding effect between two very closely spaced

buildings/structures. The actual phenomenon is too -

complex to justify generalization of the wind forces/
pressures produced due to interference which can only
be ascertained by detailed wind tunnel/CFD studies.
However, some guidance can be provided for the
purpose of preliminary design. To account for the effect
of interference, a wind interference factor (IF) has been
introduced as a multiplying factor to be applied to the
. design wind pressure/force. Interference effects can be
more significant for tall buildings. The interference
factor is defined as the ratio between the enhanced
pressure/force in. the grouped configuration to the
- corresponding pressure/force in isoiated configuration.

Since the values of IF-can vary considerably based on
building geometry and location, the given values of IF
are a kind of median values and are meant only for
preliminary design estimates. The designer is advised
that for assigning values of IF for final design
particularly for tall buildings, specialist literature be
consulted or a wind tunnel study carried out. -

8.2 Roof of Low-Rise Buildings

Maximum increase in wind force on the roof due to
interference from similar buildings in case of closely
spaced fow-rise buildings with flat roofs may be up to
25 percent for c/c distance (x) between the buildings

- of 5 times the dimension (b) of the interfering building
normat to the direction of wind (see Fig. 7). Interference
effect beyond 20b may be considered to be negligible.
For intermediate spacing linear interpolation may be
used,

8.3 Tall Buildings

Based on studies on tall rectangular buildings, Fig. 8
gives various zones of interference. The interference
factor (IF), which needs to be considered as a
multiplication factor for wind loads corresponding to

Table 35 Overall Force Coefficients for Equilateral Triangular Towers Composed of Circular Members
[Clause 7.4.3.5(e)]

St Ne. Solidity Ratio of Front Face Force Coefficient
. ) — : e ~—
Suberitical Flow Supercritical Flow
(D f;<6ms) © I 2 6 m¥s)
All wind Directions All wind Directions
(1) w3} 3} 4
i <0.05 1.8 08
i) 0.1 1.7 0.8
{ii) 02 1.6 L1
iv) 03 15 1.t
v 04 15 1.1
i) 05 14 12




isolated building, may be assumed as follows, for
preliminary estimate of the wind loads under
interference caused by another interfering tall building
of same or more height located at different zones Z1
to Z4 as shown in Fig. 8: '

Zone Z1 z2 A Z4

IF 1.35 1.25 il15  LG7

The interference effect due to buildings of height less
than one-third of the height of the building under
consideration may be considered to be negligible while
for interference from a building of intermediate height,
linear interpolation may be used between one-third and
furll height. '

9 DYNAMIC EFFECTS
9.1 General

Flexible stender structures and structural elements shatl
be investigated to ascertain the importance of wind
induced oscillations or excitations in along wind and
across wind directions.

Wind —e-

o
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In general, the following guidelines may be used for
examining the problems of wind-induced oscillations.

&) Buildings and closed structures with 3 height
to minimum lateral dimension ratic of more
than about 5.0, or

b) Buildings and structures whose natural
frequency in the first mode is less than 1.0
Hz,

Any building or structure which satisfies either of the
above two criteria shall be examined for dynamic
effects of wind. ‘ '

NOTES _

1 The fundamental time period (T) may either be established
by experimental observations on similar buildings or calculated
by any rational method of analysis. In the absence of such
data, T may be determined as follows for multi-storied
buildings: -

&) For moment resistant frames without bracings or shear walls
resisting the lateral loads, . i
T=01n

where

n = number of storeys including basement storeys; and

b) for all others " :

o

X

.

Fig. 7 Low-rise BUILDINGS IN TANDEM CAUSING INTERFERENCE EFFECT

Z1 - Zone of bigh intarference: -
22 - Zonie of moderate Interference

£
0b  15b  20b

Z3 - Zone of low Interference
24 - Zone of Insignificant interferenca

Fia. 8 INTERFERENCE ZONES FOR TaLL RECTANGULAR Buibmyes o SAME or GreaTer HeiGuT (CLAUSE 7.3)
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T= 0.09H

V7
where .
H = total height of the main structures of the building, in m;
and .
d = mexitnum base dimension of building in meters in &
direction parailef to the applied wind force.
2If preliminary studies indicate that wind-induced oscillations
are likely to be significant, investigations should be pursued
with the aid of analytical methods or if necessary, by mears of
wind tunnel tests on models. ’ ’
3 Across-wind motions may be due to lateral gustiness of the
wind. unsteady wake flow (for example, vortex shedding),

negative aerodynamic damping 6t dué to 8 combination of these ™

effects. These cross-wind motions may become eritical in the
design of tall buildings/structures.

4 Motions in the direction of wind (known also as buffeting)
are caused by fluctuating wind force associated with gust, The

- excitation depends on gust energy available at the rosonant

frequency.

5 The eddies shed from an upstream body may intensify motion
in the direction of the wind and may also affect cross-wind
motion. ‘

6 The designer should also be aware of the following three
forms of wind-induced motion which are characterized by
increasing amplitude of oscillation with the increase of wind

- speed.

i) Galloping — Galloping is transverse oscillations of some
structures due to the development of aerodynaric forces-
which are in phase with the motion. It is characterized by
the progressively increasing amplitude of transverse
vibration with increase of wind speed. The cross-sections

.which are particularly prone to this type of excitation
include the following:

1) All structures with non-cireular cross-sections, such as
trigngular, square, polygons, as well as angles, crosses,
and T sections.

2) Twisted cables and cahles with ice encfustations.

Flutter — Flutter is unstable oscillatory motion of a
structure due to coupling between asrodynamic force and
elastic deformation of the structure. Perhaps the most
common form is oscillatory motion due to combined
hending and torsion. Although oscillatory motion in each
degree of freedom may be damped, instability can set in
due to energy transfer from one mode of oscillation to
- another and the structure is seen to execute sustained or
divergent oscillations with a type of motion which is a
combination of the individual modes of vibration. Such
energy transfer takes place when the natural frequencies of

ii

—

modes taken individually are close to each other (ratio being

"typically less than 2.0). Flutter can set in at wind speeds
much less than those required for exeiting the individual
modes of motion. Long span suspension bridge decks or
arny member of a structure with lurge values of 4/t {whered
is the length of the member and t is its dimension parallel
to wind stream)} are prone to low speed flutter. Wind tunzel
testing is required to determine eritical flutter speeds and
the likely structural response. Other ‘types of flutter are
single degree of freedom statl flutier, torsional flutter, etc.

iii} Ovalling — Thin walled structures with open ends at one
or both ends such as oil storage tanks and natural draught
cooling towers in which the ratio of the diameter or
miftimum lateral dimension to the wall thickness is of the
order ef 100 or more are prone to ovalling oscillations.
These oscillations are characterized by periodic radial
‘deformation of the hollow structure.
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7 Buildings and structures that may be subjected to significant
wind excited oscillations, It i3 to be noted that wind induced
oscillations may occur at wind speeds lower than the design
wind speed. .

8 Analytical methods for the evaluation of response of dynamic
structures to wind loading can be found in the special
publications. -

% In assessing wind loads due to such dynamic phenomenon
as galloping, flutter and ovalling, in the sbsence of the required
information either in the special publications or other literature,
expert advice should be sought including experiments on
models in boundary layer wind tunnels. -

9.2 Motion due to Vortex Shedding
E

9.2.1 Slender Structures

For a structure, the vortex shedding frequency f, shall
be determined by the following formula:

SV,
f= :Tz.n
where
S, = Strouhal number,
V.= hourly mean wind speed at height z, and
b = breadth of a structure or structural member

normal to the wind direction in the
horizontal! plane

a) Circular structures — For structures of
circular in cross-section:

8 = 0.20for DV, less than 6 m%s, and

=0.25 for D7, ;; more than or equal to 6 m¥s.

b) Rectangular structures — For structures of
rectangular cross-section:

5=0.10

NOTES

1 Significant cross wind motions may be produced by vortex
shedding if the natural frequency of the structure or structural
element is equal to the frequency of the vortex shedding within
the range of expected wind speeds. In such cases, further
analysis should be carried out on the basis of special
publications. :

2 Unlined welded steel chimney stacks and similar structures
are prone to excitations by vortex shedding.

3 Intensification of the effects of periodic vortex shedding has
been reported in cases where twe or more similar structures
are located in close proximity, for example at less than 20b
apart, where b is the dimension of the structure normal o the
wind,

4 The formulae given in 8.2.1 (a) is valid for infinitely long -

cylindrical structures. The valye of §, decreases stowly as the
ratio of length to maximum transverse width decreases, the
reduction being up to sbout half the valus, if the structure is
only three times higher then its width. Vortex shedding need
not be considered if the ratio of length to maximum transverse
dimension is tess than 2.9,
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10 DYNAMIC WIND RESPONSE

10.1 'General

Tall buiidings which are ‘wind sensitive’ shall be
designed for dynamic wind loads. Hourly mean wind
speed is used as a reference wind speed to be used in
dynamic wind analysis, For calculation of along wind
loads and response (bending moments, shear forces,
or tip deflections) the Gust Factor (GF) method is used
as specified in 10.2. The across wind design peak base
overturning moment and tip deflection shall be
calculated using 10.3.

10.2 Along Wind Response

For calculation of along-wind load effects at a level s
on a building/structure, the design hourly mean wind
pressure at height z shall be multiplied by the Gust
Factor (GF). This factor is dependent on both the
overall height h and the level s under consideration
{see Fig. 9). For calculation of base bending moment

and deflection at the top of the building/structure s

should be taken as zero,

The design peak along wind base bending moment,
(M,) shail be obtained by summing the moments
resulting from design peak along wind loads acting at

different heights, z, along the height of the bu:ldmg/

structure and can be obtained from,

M = ZFZZ
F, = C,4,p0,G
where

F, = designpeakalong wind load on the Buiiding/
structure at any height z

A, = the effective frontal ared of the building/

: structure at any height z, in m?

Py = design hourly. mean wind préssure
corresponding to F,; and obtained as

0.6 I’fd (N/m?)

& =

NOTE-—0<s<h, ands<z<h

IS 875 (Part 3) : 2015

design hourly mean wind speed at height z,
in m/s (see 6.4)

= the drag force coefficient of the building/

structure corresponding to the area 4,
Gust Factor and is given by,

1+ ‘j[ B(1+g) L L) ’?SE]

roughness’ factor which is twice the
longitudinal turbulence intensity, 7, ;
(see 6.5),

peak factor for upwind velocity fluctuation,
3.0 for category 1 and 2 terrains, and
4.0 for category 3 and 4 terrains,

background factor indicating the measure of
slowly varying component of fluctuating
wind load caused by the lower frequency
wind speed variations

1

J0.26(k—s)’ +0.468%
+ Lh_ -

average breadth of the building/structure
between heights s and A

measure of effective turbulence length scale
at the height, , in m

i h 025
_ SS[E-) for terrain category 1 to 3

BYE _
70(EJ for terrain category 4

factor to account for the second order
turbulence intensity

Level at which action effects
are calculated

" Fig. 9 Notations For HEIGHTS
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10.2.1 Peak Acceleration in Along Wind Direction :
= ngilJ \[B—s G . P i
o The peak acceleration at the top of the building/ |
, N . ] ] L structure in along wind direction ( £ in m/s?) is given
i Li = turbulenc-e intensity at height 4 in terrain by the following equation: |
; category i |
H, = height factor for resonance res onse a 2 SE |
: P : = (2nf, ) x gar,fm
a sY ' B
I[% =1+ [};) where
- . " |
F 8§ = size reduction factor given by: _ % = mean deflection at the position where the
- - acceleration is required. Other notations are |
ﬁ _ 1 ' same as given in 10.2,
355k 4£.5,, For computing the peak acceleration in the along wind
F 1+ v 1+ 7. direction, a mean wind speed at the height of the
I “ building/structure, ¥, corresponding to a 5 year mean
where

T

. return period shall be used, A reduced value of 0.011
by, = average breadth of the building/structure s also suggested for the structural damping, B for

N e

g between 0 and A, reinforced concrete structures.

%} E = spectrum of turbulence in the approaching - 19 3 Across Wind Response

lﬁ; wind stream ) ) o ) )

i . . This section gives method for determining equivalent
i _ v _ , _ static wind load and base overturning moment in the |
E - (1+ 708N )% A across wind direction for tall enclosed buildings and

il ' ’ towers of rectangular cross-section. Calculation of

!; where ' - across wind response is not required for lattice towers,

N = effective reduced frequency The across wind design peak base bending moment

M, for enclosed buildings and towers shal be
= Sl determined as follows:
P .
, n
J. = first mode natural frequency of the M, =0.5g,p,bh* (1.06-0.06 k) (‘T&J
: building/structure in along wind direction, -
in Hz ,
' where -
Vwa = design hourly mean wind speed at height, h 2 = apeak factor,
in m/s (see 6.4) ‘ .
B = damping coefficient of the building/structure = \li 21n(3600 1,)] in cross wind direction;
(see Table 36) _ 3 ) : . )
&n = peak factor for resonant response P, = hourly mean wind pressure at height b, n

: Pa;
= 1ﬂ2m(3600f;)] ‘ b

= the breadth of the structure normal to the
wind, in m;
Table 36 Suggested Values of Structural

h = the height of the structure, inm;
Damping Coefficients : k= a mode shape power exponent for -
(Clause 10.2) representation of the fundamental mode
. shape as represented by:
| Kind -of Structure Damping . 5
No. Coefficient, @)= z}
0 @ ® e g
i) Welded steel structures 0.010 J. = firstmode natural frequency of the building/
i) ll?iwd steel structures/RCC . 0.020 structure in across wind direction, in Hz.
]
D P concreto sra o016 The across wind load distribution on the building/

structure can be obtained from M, using linear

48




distribution of loads as given bejow:

re- (5 )3)

where F, = across wind load per unit height at height z.

10.3.1 Peak Acceleration in Across Wind Direction

The peak acceleration at the top of the building/
structure in across-wind direction ( ;: in m/s%) with

approximately constant mass per unit height shall be
determined as follows:

nCy,

)

Typical values of the mode shape power exponent, k
are as follows:

5 = 1.5828(0.76.+0.24x) (
My

a) uniform cantilever, k= 1.5
b) slender framed structure (moment resisting),

IS 875 (Part 3) : 2015

k=03

building with a ceatral core and moment

resisting fagade, k= 1.0

lattice tower decreasing in stiffness with

height, or a tower with a large mass at the

top, k=23

C,, = across wind force spectrum coefficient
generalized for a linear mode. (see Fig. 10
and Fig. 11).

= damping coefficient of the building/structure
{see Table 36).

" m, = the average mass per unit height of the

structure in, kg/m.

10.4 Combination of Along Wind and Across Wind
Load Effects

The along wind and across wind loads have to be
- applied simultaneously on the building/structure during
design.

¢)

d)

B

d
h

I T O I

. _ b
WIND DIRECTION
e B
\'/B
0.1 pe=
o]
A 005 —
5
&
Q
i
q 001 |~
% 0.005
ﬁ‘ ]
[&)
n
7] 0.002 r—
5]
& 0001
u- .
[}
g
O
S
0.0001 | | l
0 4 6

Legend:
— Turbulence intensity of 0.12 at 2/3 h
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- - Turbulence Intensity of .20 at 2/3 h
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ANNEX A
(Clause 6.2)
BASIC WIND SPEED AT 10 m HEIGHT FOR SOME IMPORTANT CITIES / TOWNS
City/Town . Basic wind Speed City/Town Basic wind Speed
‘ m/s m/s
:' Agra 47 Kanpur 47
Ahmedabad ‘ 39 Kohima 44
Ajmer 47 Kolkata ' 50
Almora : : 47 Kozhikode 39
Amtritsar 47 Kurnool 39
Asansol 47 Lakshadweep 39
Aurangabad 39 Lucknow 47
Bahraich ' 47 - -Ludhiana 47
Bengaluru 33 Madurat ' 39
Barauni - .47 Mandi ' 39
Bareilly _ 47 Mangalore 39
Bhatinda 47 Moradabad _ 47
Bhilai 39 Mumbai o 44
Bhopal 39 Mysore 33
Bhubaneshwar 50 Nagpur ' 44
Bhyj 50 Nainital ‘ 47
Bikaner 47 Nasik - 39
Bokaro 47 Nelfore _ 50
Chandigarh 47 Panjim 39
Chennaij ‘50 Patiala : 47
Coimbatore 39 Patna 47
Cuttack 50 Puducherry ) 50
Darbhanga 55 Port Blair : 44
Darjeeling 47 Pune : 39
Dehradun 47 Raipur ' 39
Delhi 47 Rajkot 39
Durgapur 47 | Ranchi 39
Gangtok . 47 Roorkee 39
Guwahati 50 Rourkela ) 39
Gaya 39 . Shimla 39
Gorakhpur 7 47 Srinagar : ' 39
Hyderabad 44 Surat 44
Imphal 47 Tiruchirappalli . 47
Jabalpur ' ‘ a7 Trivandrum 39
Jaipur . 47 "~ |" Udaipur : 47
Jamshedpur ‘ 47 ‘Vadodara B B 44
Jhansi ' 47 | Varanasi : 47
Jodhpur ' 47 Vijayawada © 50
Vishakapatnam _ 50
51
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ANNEX B
[Clause 6.3.2.4 (b)(ii)]
CHANGES IN TERRAIN CATEGORIES

- B-1 LOW TO HIGH TERRAIN CATEGORY

NUMBER

In cases of transition from a low terrain category
number (corresponding to a low terrain roughness}) to

. a higher terrain category number (corresponding to a

rougher terrain), the velocity profile over the rougher
terrain shall be determined as follows:

a) Below height &, the velocities shall be
determined in relation to the rougher terrain;
and : '

b) Above-height &, the velocities shall be
determined ir relation to the less rough (more
distant) terrain.

B-2 HIGH TO LOW TERRAIN CATEGORY
NUMBER

In cases of transition from a more rough to a less rough

terrain, the velocity profile shall be determined as

follows:

a) Above height %, the velocities shall be
determined in accordance with the rougher
(more distant) terrain; and

b) Below height k,, the velocity shall be taken
as the lesser of the following:

1) that determined in accordance with the
less rough terrain, and ‘

2) the velocity at height A, as determined in
relation to the rougher terrain

NOTE — Examples of determination of velocity
profiles in the vicinity of a change in terrain
category are shown in Figs.12a and 12b. *

B-3 MORE THAN ONE CATEGORY

Terrain changes involving more than one category shall
be treated in similar way to that described in B-1 and B-2.

NOTE — Examples involving three terrain categories arc
shown in Fip. 12¢.

h4.X4.
AT
-~ i
. -~
rd
- 3
WIND DIRECTION e /
” hy f
/ /
// 4
/
/
CATEGORY 2 A CATEGORY 4
- X4 -
x4= FETCH, hy = HEIGHT FOR CATEGORY 4
........... wveenees PROFILE FOR CATEGORY 4
~~~~~~~ PROFILE FOR CATEGORY 2
DESIGN PROFILE AT A

a) DETERMINATION OF VELOCITY PROFILE NEAR
A CHANGE IN TERRAIN CATEGORY

{Less raugh to more rough)

Fi6. 12 VeLoctry PROFILES IN THE VICINITY OF A CHANGE IN TERRAIN CATEGORY
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x4 = FETCH, h, = HEIGHT FOR CATEGORY 2 "
. 2 X2

rresvrasaresnnnanss  PROFILE FOR CATEGORY 4

_______ PROFILE FOR CATEGORY 2 .
.
OESIGN PROFILE AT A //
’ he
WINO OIRECTION )
Vi

/
NN AN NSNS N\ A AAAAAARAPA ‘
) CATEGORY 4 l A CATEGORY 2
.

b} Determination of Velacity Profile Near a Change in Terrain Catagory (More rough to less rough)

hex
x4 = FETCH, h, = HEIGHT FOR CATEGORY 4 ‘=4
x1 = FETCH, hy = HEIGHT FOR CATEGORY 1 ,ﬂ:“
4
) ”
X =
hyx h -
129 .j_,.‘:‘j/‘ h‘t
o : Ly
WINO OIRECTION =" s
- . - Vd
-~ < »
ARAAAANNRAANRAPAAA < ANANAAAAAAANA,
' A B
CATEGORY 1 CATEGORY 4

_._...._X1 ---———--—x4

4 iy

, i

hy ~HF

h'4 o"ll Fl
z [/
i ’/
T o/

VELOCITY. VELOCITY

sreeseemess VELOCITY PROFILE FOR CATEGORY 4
—m— === VELOCITY PROFILE FOR CATEGORY 3
—=——===~  VELOCITY PROFILE FOR CATEGORY 1
s OESIGN PROFILE

¢} Determination of Design Profile Involving more than One Change in Terrain Catagory

‘Fic. 12 VeLociTy PROFILES IN THE VICINITY OF A CHANGE IN TERRAIN CATEGORY
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ANNEX C
(Clause 6.3.3.1)

EFFECT OF A CLIFF OR ESCARPMENT ON EQUIVALENT
HEIGHT ABOVE GROUND (%, FACTOR)

C-I The influence of the topographic feature is
considered to extend 1.5 L, upwind and 2.5 L,
downwind of the summit of crest of the feature where
L is the effective horizontal length of the hill depending
on slope as indicated below (see Fig. 13).

Slope L
3*<g,<17° L
8,>17° Z/03
where
L = actuallength of the upwind slope in the wind
~ direction,
Z = effective height of the topography feature,
and"
O, = upwind slope in the wind direction.

In case, the zone in downwind side of the crest of the

- feature is relatively flat (8, < 3°) for a distance

exceeding L., then the feature should be treated as an
escarpment. Otherwise the feature should be treated
as a hill or ridge. Examples of typical features are given
in Fig. 13. : :

NOTES

¥ No difference is made, in evaluating &, between a three
dimensional hill and two dimensional ridge.

2 In undulating terrain, it is often not possible to decide whether

the local topography to the site is significant in terms of wind
flow. In such cases, the average value of the terrain upwind of
the site for a distance of 5 km should be taken as the base level
from wind to essess the height, Z, and the upwind slope 8, of
the feature.

C-2 TOPOGRAPHY FACTOR, k&,
The topography factor &, is given by the following:

ky = 1+Cs)
where C has the followihg values:
Slope C
<917 1.2 (ZIL)
6s>17° 0.36

and s, is a factor derived in accordance with C-2.1
appropriate to the height, H above mean ground level
and the distance, x, from the summit or crest relative
to the effective length, Le .

C-2.1 The factor, s, should be determined from:

a) Fig. 14 for cliffs and escarpments, and
b) Fig. 15 for ridges and hills.

NOTE — Where the downwind slope of a hill or ridge is more
than 3°, there will be large regions of reduced accelerations or
even shelter and it is not possible to give general design rules
to cater for these circumstances. Values of s, from Fig. 15 may
be used as upper bound values,

REGION AFFECTED BY

TOPOGRAHICAL FEATURE -
15Lg 285Le
WIND CREST
vty

WE GROUND 7

-ve UPWIND +va DOWNWIND
13 (a) GENERAL NOTATIONS
54
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_ CRESY

CREST

DOWNWIND SLOPE > 3° WIND DOVWNWIND SLOPE <3°

13 (b) HILL AND RIDGE 13 (¢) CLIFF AND ESCARPMENT

Fig. 13 ToroGrarHIcAL DIMENSIONS
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ANNEX D
(Clauses 74.22,7432 and 7.4.3.3)
© WIND FORCE ON CIRCULAR SECTIONS |

D-1 The wind force on any object is given by:
F= Cf Ac pd
- where
G
o

(]

It

force coefficient,

effective area of the object normal o the
wind direction, and

P design pressure of the wind.

For most shapes, the force coefficient remains
approximately constant over the whole range of wind
speeds likely to be encountered. However, for objects
of circular cross-section, it varies considerably.

For a circular section, the force coefficient depends on
the way in which the wind flows around it and is
dependent upon the velocity and kinematic viscosity
of the wind and diameter of the section. The force
coefficient is usually quoted against a non-dimensional

" parameter, called the Reynolds number, which takes

into account of the velocity and viscosity of the flowing
medium (in this case the wind), and the member
diameter.

Reynoids number, Re = DV, /v

where
D = diameter of the member
7, = design hourly mean wind speed
v = kinematic viscosity of the air which is 1.46

x 107% m%s at 15°C and standard
atmospheric pressure.

Since in most natural environments llkely to be found
in India, the kinematic viscosity of the air is fairly

_constant, it is convenient to use D 7, as the parameter

instead of Reynolds number and thls has been done in
this code. :

The dependence of a circular section’s force coefficient -
on Reynolds number is due to the change in the wake

developed behind the body.

At a low Reynaolds number, the wake is as shown in

Fig. 16 and the force coefficient is typically 1.2. As

Reynolds number is increased, the wake gradually
changes to that shown in Fig. 17; that is, the wake width
d,, decreases and the separation point denoted as sp,
moves from front to the back of the body.

As aresult, the force coefficient shows a rapid drop at

36
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Fig. 16 WAKE v Sus CrimicaL FLow
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/ |
vd_-—o —
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F1a. 17 Wake v Supek CriTicaL FLow

a critical value of Reynolds number followed by a_
gradual rise as Reynolds number is increased still
further.

The variation of C; with parameter DV, is shown in
Fig. 5 for infinitely long circular cylinders having
various values of relative surface roughness (/D) when
subjected to wind having an intensity and scale of -
turbulence typical of built-up urban areas. The curve

- for a smooth cylinder (/D) =1 x 1075 in a steady air

stream, as found in 2 low-turbulence wind tunnel, is
also shown for comparison. :

It can be seen that the main effect of free-stream
turbulence is to decrease the critical value of the
parameter D ¥, . For subcritical flows, turbulence can
produce a considerable reduction in C;below the steady
air-stream values. For supercritical flows, this effect
becomes significantly smaller.

Ifthe surface of the cylinder is deliberately roughened
such as by incorporating flutes, riveted construction,
etc, then the data given in Fig. 5 for appropnate value
of €/D > 0 shall be used.

NOTE — In case of uncertainty regarding the value of g to be
used for small roughness, /D shall be taken as 0.001.
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(Continued from second cover)

f) Provisions to account for effects of directionality, area averaging and correlation of pressures on the
design wind pressure have been included.

g) Guidelines to account for the wind induced interference for tall buildings and low rise buildings have
been included for use in preliminary design. It is however recommended to carry out detailed boundary
layer wind tunnel tests/CFD (Computational Fluid Dynamics) studies for final design of important
structures.

h) In the Gust Factor Method for evaluating along wind response, equations have been suggested for
background factor, size reduction factor, energy ratio and length'scale of turbulence.

j} A method for computing across wind response of tall buildings and Jattice towers, which is in line with
some of the international codes of practice, has been included.

The Committee observed that there has been a growing awareness among the consultants, academicians, researchers
and practice engineers for design and construction of wind sensitive structures. In order to augment the available
limited good quality meteorological wind data and structural response data, it is necessary to conduct full scale
measurements in the field. Thus as emphasized in the previous revision, all individuals and organizations responsible
for putting-up of tall structures are encouraged to provide instrumentation in their existing and new structures
(transmission towers, chimneys, cooling towers, buildings, etc) at different elevations (at least at two levels) to
continnously measure and monitor wind data. The instruments are required to collect data on wind direction,
wind speed and structural response of the structure due to wind (with the help of accelerometer, strain gauges,
etc). It is also the opinion of the Committee that such instrumentation in tall structures shali not in any way affect
or alter the functional behaviour of such structures, The data so collected shall be very valuable in evolving more
accurate wind loading of structures. :

The Committee responsible for the formulation of this standard has taken into account the prevailing practice in
regard to loading standards followed in this country by the various authorities and has also taken note of the
developments in a number of other countries. In the formulation of this code, the following overseas standards
have also been examined: h

a) BS EN 1991-1-4:2005 Eurocode 1: Actions on structures — Part 1-4: General actions — Wind actions
b) Joint Australian/New Zealand Standard AS/NZS 1170.2:2002 Structural design actions, Part 2: Wind
actions

¢) ASCE 7-05 American Standard Building Code Requirements for Minimum Design Loads for Buildings
and Other Structures.

d) AIJ 2004 — Architecture Institute of japan (AIJ) Recommendations for Loads on Buildings.
The composition of the Committee responsible for the formulation ¢f this Code is given at Annex E.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with IS 2 : 1960

. “Rules for rounding off numerical values (revised)’. The number of significant places retained in the rounded off
value should be the same as that of specified value in this standard,
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