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Synopsis

Wind is an important factor in the design of buildings located in the coastal areas & in
those areas where annual average wind speed is above average level. For the design of
wind resistance building wind codes are available, which are widely used by the de-
signer around the world. Different countries like India, Australia and Japan have their
separate wind code for design of wind resistant builciing in their territory. On analys-
ing these wind codes erratic results were obtained which had brought the validity of
these codes in shadows when applied universally. In recent study detail analysis of a
particular type of structure is being carried out and differences in their way of design-
ing, loading, parameters involved, basic wind speed etc. were tried to figure out. After
the analysis it has been found out that Japanese code is least economical & European
code is most economical whereas Indian code is moderately economical. On further
analysis much more difference can be found out and a need for unified wind code

which is globally feasible can be suggested.




CHAPTER-1

Origin of wind

Wind is simply the air in motion. We cannot actually see the air moving but we can
measure its motion by the force that it applies on objects. Wind vane measures the
wind direction. Anemometer measures the wind speed. Rising air is cool, often satu-
rated, and can lead to clouds and precipitation. ‘H’ and ‘L’ indicate high and low

pressure centres.
H = High
L =Low

Highs and lows are lines called isobar. Isobar means equal pressure. We connect these
areas of equal pressure with a line. Everywhere along line is constant pressure. The

closer the isobars are packed together the stronger the pressure gradient is.

Pressure gradient is the difference in pressure between high and low pressure area.
Wind speed is directly proportional to the pressure gradient. This means the strongest

wind are in the areas where the pressure gradient is to the greatest.




| Three forces cause the wind to move b

1)Pressure gradient force(PGF)
| 2)Coriolis force

] 3)Friction

Pressure Gradient Force

1) Pressure Gradient Force: A force that tries to equalize pressure difference.

This is the force that causes high pressure to push air towards low pressure. Thus air

would flow from high to low pressure.

2) Coriolis force: Duc to rotation there is a second force called the coriolis force,

which affects the direction of wind flow. This force is what causes objects in northern

hemisphere to turn to the right. The combination of the two forces would cause the

—

wind to flow parallel to straight isobars with high pressure on the right
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Rotation

3) Friction: It is the final component to determining the flow of the wind. The sur-
face of the earth is rough and it not slow the wind down but it also causes the diverg-
ing wind from highs and converging winds near lows. A property called mass conti-
nuity state that mass cannot be created or destroyed in.a given area. So air cannot

“pile up” at a given spot. It has to go somewhere so it is forced to rise.
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Low rise buildings

A low — rise building is defined as any acceptable building which is divided at regular

interval into occupant levels, which is lower than a high — rise. To be considered a low-rise
building an edifice must be based on solid ground, and fabricated along its full height through
deliberate processes and have at least one floor above ground. A low-rise building is only few

stories tall.

There is no universally accepted height requirement for a building to be considered a low-
rise. Some define the term as any building that is shorter than high-rise. Low-rise are
enclosed structure below 35 metres which is divided into interior spaces. Any low-rise
building with more than one disconnected interior space may only as a single building it was

built as a single unit and if the separate from an architecturally integral unit.
Low — rise buildings are considered on the following criteria:-

1. Any building’s housing commercial uses.
Building added at the request of a company.

Building of significant architectural interest.

il L

Buildings which are especially prominent because of their size or position.

11
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Low - rise residential buildings

Low-rise or residential buildings include the smallest buildings produced in large
quantities. It shall mean a building up to the height of 16.50 metres and having a
ground floor plus four floors. Hollow plinth up to 2.8 metres and a parapet on terrace
up to 1.5 metres shall not be counted. Single-family detached houses for example are
in the walk-up range of one to three stories and typically meet their users need with
about 90 to 180 square meters (1000 to 2000 square feet). Other example includes the

urban row house and walk-up apartment buildings.

12
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Low — rise commercial, institutional and industrial buildings

The size of buildings in the commercial, institutional and industrial market segment

ranges from a few hundred to as much as 45,000 square metres (500 000 square feet).
All of these buildings have public access and exit requirement although their popula-
tions may differ considerably in density. The unit costs are generally higher than those

for dwellings are.

Characteristics of low — rise buildings

Low-rise apartments sometimes offer more privacy and negotiability of rent and utili-
ties than high-rise apartments, although they may have fewer amenities and less flexi-
bility with leases. It is also easier to put out fires in low-rise buildings while less luxu-
rious than high-rises. Some businesses prefer low-rise buildings due to lower costs
and more usable space. Having all employees on a single floor may also increase

work productivity.

13
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IS 875 Part-3
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This Indian Standard ( Part 3 ) ( Second Revision ) was adopted by the Bureau of In-
dian Standards on 13 November 1987, after the draft finalized by the Structural Safety

Sectional Committee had been approved by the Civil Engineering Division Council.

This standard was first published in 1957 for the guidance of civil engineers, design-
ers and architects associated with the planning and design of buildings. It included the
provisions for the basic design loads (dead loads, 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 curved and sloping were modified; seismic load provisions were deleted (
separate code having been prepared ) and metric system of weights and measurements

was adopted.

Terminology

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

Angle of Attack -Angle between the direction of wind and a reference axis of the
structure,

Breadth - Breadth means horizontal dimension of the building measured normal to
the direction of wind.

Depth - Depth means the horizontal dimension of the building measured in the di-
rection of the wind.

Developed Height - Developed height 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 de-
veloped profile of that terrain category has to be taken, with the additional provision
that the velocity at the top of this shorter profile equals that of the un penetrated ear-
lier velocity profile at that height.

Effective Frontal Area - The projected arca of the structure is normal to the di-

rection of the wind.

16




Element of Surface Area - The area of surface over which the pressure coeffi-
cient is taken to be constant.

Force Coefficient - 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.

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 roughness.

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

Peak Gust - Peak gust or peak gust speed is the wind speed associated with the
maximum amplitude.

Fetch Length - Fetch length 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 or city, forest, etc), the wind
profile changes in character but such changes are gradual and start at ground level,
spreading or penetrating upwards with increasing fetch length.

Gradient Height- Gradient height 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.

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

Pressure Coefficient - Pressure coefficient is the ratio of the difference between
the pressure acting at a point on a surface and the static pressure of the incident wind
to the design wind pressure, where the static and design wind pressures are deter-
mined 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 [ 1 - ( Vp/V,)’] where Vp is the actual wind speed at any point on the structure at a

height corresponding to that of v,.

7
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Wind Speed and Pressure

Nature of Wind in Atmosphere — In general, wind speed in the atmospheric
boundary layer increases with height from zero at ground level to a maximum at a
height called the gradient height. There is usually a slight change in direction ( Ekman
effect ) but this is ignored in the code. 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 aver-
age or mean value and a fluctuating component around this

Basic Wind Speed — In India basic wind speed is 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 seconds and corre-
sponds to mean heights above ground level in an open terrain. Basic wind speeds have
been worked out for a 50 year return period.

Design Wind Speed (Vz) - Design wind speed up to IO m height from mean
ground level is considered constant .The basic wind speed ( Vi ) for any site shall be
obtained and be modified to include the following effects to get design wind velocity
at any height ( V) for the chosen structure:

a) Risk level,

b) Terrain roughness, height and size of structure; and

c) Local topography.

It can be mathematically expressed as follows:

Where,

v.=vp ki ko k3

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

K, = probability factor (risk coefficient);

K;= terrain, height and structure size factor; and

Ks3= topography factor

Design Wind Pressure - The design wind pressure at any height above mean
ground level shall be obtained by the following relationship between wind pressure

and wind

18




Velocity:

p.= 0.6 %

The coefficient 0.6 (in SI units) in the above formula depends on a number of factors
and mainly on the atmospheric pressure and air temperature. The value chosen corre-
sponds to the average appropriate Indian atmospheric conditions

Where,

p. = design wind pressure in N/ms at

Height z, and

v, = design wind velocity in m/s at height

Pressure Coefficients —

The pressure coefficients are always given for a particular surface or part of the sur-
face of a building. The wind load acting normal to a surface is obtained by multiply-
ing 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.
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 exter-
nal pressure.

F=(Cpe-Cpi) Apa

Where

F=wind load

Cp. = external pressure coefficient,

Cp; = internal pressure- coefficient,

A = surface area of structural or cladding unit, and

pa= design wind pressure.

19
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Table 1

clad building with pitched roofs

External pressure coefficient (C,.) for walls of rectangular
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TABLE 2.0
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Wind loads

Each wind load is determined by a probabilistic-statistical method based on the con-
cept of “equivalent static wind load”, on the assumption that structural frames and
components/cladding behave elastically in strong wind. Mean wind force based on the
mean wind speed and fluctuating wind force based on a ﬂﬁctuating flow field act on a
building. The effect of fluctuating wind force on a building or part thereof depends
not only on the characteristics of fluctuating wind force but also on the size and vibra-
tion characteristics of the building or part thereof. These recommendations evaluate
the maximum loading effect on a building due to ﬂuétuating wind force by a probabil-
istic-statistical method, and calculate the static wind load that gives the equivalent ef-
fect. The design wind load can be obtained from the summation of this equivalent

static wind load and the mean wind load.

Wind loads on structural frames and wind loads on compo-

nents/cladding

The wind loads provided in these recommendations is composed of those for struc-
tural frames and those for components/cladding. The former are for the design of
structural frames such as columns and beams. The latter are for the design of finishing
and bedding members of components/cladding and their joints. Wind loads on struc-
tural frames and on components/cladding are different, because there are large differ-
ences in their sizes, dynamic characteristics and dominant phenomena and behaviours.
Wind loads on structural frames are calculated on the basis of the elastic response of

the whole building against fluctuating wind forces. Wind loads on compo-

23
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nents/cladding are calculated on the basis of fluctuating wind forces acting on a small

part.

Wind force coefficients and wind pressure coefficients

Wind force coefficients and wind pressure coefficients fall into two categories corre-
sponding to the design of the structural frames and components/claddings. The coeffi-
cients shall be estimated from wind tunnel experimerits or from the following proce-
dure using the wind pressure coefficients (external and internal pressure coefficients)

and wind force coefficients provided in this clause.
Procedure for estimating wind force coefficients

1) Wind force coefficients for design of structural frames
2) Wind force coefficients for estimating horizontal wind loads on structural frames
DC

3) Wind force coefficients are calculated using the external pressure coefficients

Roof Wind Load on Structural Frames

Roof wind loads on structural frames are calculated from
Wr=quCrGrAR

Where,

Wr(N): wind load




i\
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qH(N/mZ): design velocity pressure as defined

Cx: wind force coefficient as defined

Gp: gust eftect factor for roof wind load as defined

A R(ml): subject area
The design velocity pressure, qu(N/m), is calculated from:
qu=(1\2) P-UH2

where,

p (kg/ml): air.density, assumed

Uy (mv/s): design wind speed, which depends on wind direction

Design wind speed, Uy(m/s), is calculated for each wind direction from:

Un=UoKpEnKg,w

Where,

Uy: basic wind speed (m/s) depending on the geographic location of the construction
site, as defined

Kp: wind directionality factor as defined.

Ey: wind speed profile factor at reference height A defined

Ky yy: return period conversion factor

Wind speed profile factor

Wind speed profile factor £ is calculated from:
E=ERrEqg

Where,

Ex: exposure factor for flat terrain categories,

Eg: topography factor defined

Exposure factor based on flat terrain categories
By = L(BZs)

Z(m): height above ground

Zg, o: parameters determining the exposure factor
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‘Wind force coefficients for estimating roof wind loads on structural

frames

wind force coefficients are calculated using the external pressure coefficients and the

internal pressure coefficients:
Ci= Cpcl = Cch
Cpe1 = Ext. pressure coefficient on windward side.

Cpe2 = Ext. pressure coefficient on leeward side.
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| Wind force coefficient (', for free roofs with rectangular base
1oof angle windward roof Ry leeward roof Ry
? 0(°) positive egative positive negative
| -30<0<-10 0.7-0016 -0.6+0.034 0.05-0.0256 -1.2-0.039
-10<g <10 0.6 -09 03 0.9
108430 0.3-0.036 -1.1540.0256 03 -0.0-0.034

H{m): reference height

8(°): roof angle

H ~ Positive mdicates downwards.

Pressure coefficient C, for free roofs with rectangular base

Table 3




=
=
-
=X

e
=
-
@




This European Standard has been prepared by Technical Committee CEN/TC250
ngtructural Euro codes ", the Secretariat for which is held by BSL

Background of the Euro code programme

n 1975, the Commission of the European Community decided on an action pro-
gramme in the field of construction based on article 95 of the Treaty. The objective of
the programme was the elimination of technical obstacles to trade and the harmonisa-

tion of technical specifications.
Definitions

Fundamental basic wind velocity

Exceeded of 0, 02, irrespective of wind direction, at a height of 10 m above flat open
country terrain and accounting for altitude effects (if required) The 10 minute mean

wind velocity with an annual risk of being

Basic wind velocity

The fundamental basic wind velocity modified to account for the direction of the wind
being considered.

Mean wind velocity

The basic wind velocity modified to account for the effect of terrain roughness and
orography

Pressure coefficient

External pressure coefficients give the effect of the wind on the external surfaces of
buildings; internal pressure coefficients give the effect of the wind on the internal sur-
faces of buildings. The external pressure coefficients are divided into overall coeffi-
cients and local coefficients. Local coefficients give the pressure coefficients for
loaded areas of 1 m® or less e.g. for the design of small elements and fixings; overall
coefficients give the presSure coefficients for loaded areas larger than 10 m’ Net pres-
sure coefficients give the resulting effect of the wind on a structure, structural element

or component per unit area.
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Force coefficient

Force coefficients give the overall effect of the wind on a structure, structural element

or component as a whole, including friction, if not specifically excluded

Design situations

(1) The relevant wind actions shall be determined for each design situation identified
in accordance with EN 1990, 3.2.

(2) In accordance with EN 1990, 3.2 (3) other actions (such as snow, traffic or ice)
which will modify the effects due to wind should be taken into account.

(3) In accordance with EN 1990, 3.2 (3), the changes to the structure during stages of
execution (such as different stages of the form of the structure, dynamic characteris-

tics, etc.), which may modify the effects due to wind, should be taken into account.

Wind velocity and velocity pressure

Basis for calculation

(1) The wind velocity and the velocity pressure are composed of a mean and a fluctu-
ating component. The mean wind velocity vm should be determined from the basic
wind velocity v, which depends on the wind climate as described in 4.2, and the
height variation of the wind determined from the terrain roughness andorography .

The peak velocity pressure is determined.

Basic values

The fundamental value of the basic wind velocity, vb,0, is the characteristic 10 min-
utes mean wind velocity, irrespective of wind direction and time of year, at 10 m
above ground level in open country terrain with low vegetation such as grass and iso-

Jated obstacles with separations of at least 20 obstacle heights.

The basic wind velocity shall be calculated from Expression
V= Cdircsﬁasnnvbﬂ

Vo - fundamental value of basic wind velocity taken as 44m/s

V- recommended value = 1




Cieason= recommended value = 1

Mean wind

Variation with height
It depends on the terrain roughness and orography and on the basic wind velocity, vb,
and should be determined using Expression

vin(2) =¢; (2) .co(2) v

Where:

vin(2) is the mean wind velocity at a height z above the terrain

¢ (2) is the roughness factor, ¢,(z) is the orography factor, taken as 1, 0 unless other-
wise specified. The influence of neighbouring structures on the wind velocity should

be considered.

Wind pressure on surfaces
The wind pressure acting on the external surfaceé, we , should be obtained from Ex-
pression
We =¢p (Ze ).Cpe
where:
qp(ze) = is the peak velocity pressure
Z = is the reference height for the external pressure

cpe = is the pressure coefficient for the external pressure

The wind pressure acting on the internal surfaces of a structure, w; , should be ob-
tained from Expression

Wi =qp (zi } .Cpi

Where:

gp(ziy = is the peak velocity pressure

Zi = reference height for the internal pressure

cpi = pressure coefficient for the internal pressure




The net pressure on a wall, roof or element is the difference between the pressures on
the opposite surfaces taking due account of their signs. Pressure, directed towards the

surface is taken as positive, and suction, directed away from the surface as negative.
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Figure 2 Pressure on surfaces

Vertical walls of rectangular plan buildings
The reference heights, z, for windward walls of rectangular plan buildings (depend
on the aspect ratio //b and are always the upper heights of the different parts of the

walls. They are given in Figure 7.4 for the following three cases:

— A building, whose height 4 is less than b should be considered to be one part.

— A building, whose height 4 is greater than b, but less than 25, may be considered
to be two parts, comprising: a lower part extending upwards from the ground by a
height equal to b and an upper part consisting of the remainder.A building, whose

height 4 is greater than 26 may be considered to be in multiple parts, comprising: a

33




lower part extending upwards from the ground by a height equalo b; an upper part ex-
tending downwards from the top by a height equal to b and a middle region, between
the upper and lowe;" parts, which may be divided into horizontal strips with a height £

strip as shown in Figure 2.

building - reference shape of profile
face height of velocity pressure
}*———b——ﬂ

[ T z5=h 0p(2)=9,(2,) >
h g b h " :

gp(2)=q(h) >

‘ z,.=b :
S . e =¢q (b N
bR, i 0,(2)=9,(b) >
b >
§ :

“’7"‘;7'77 v 77 7772777 7 7
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|
NOTE The velocity pressure should be assumed to be uniform over each horizontal strip considered. ||

b
s
ry T th-}:h e R
qf«‘(z)qu(h) 22
b »
[ ooy
S—— |
ool R I
| R i — N
| F A ) > |
» il
b — |

Reference height, z,, depending on h and b, and
/ corresponding velocity pressure profile

Figure -3
(2) The external pressure coefficients Cpe,10 and Cpe,1 for zone A, B, C, D and E are
defined in figure 1.2

Table 4 — Recommended values of external pressure coefficients for vertical

walls of rectangular plan buildings |

Zone A B a D E ‘
hid Ceed0 | Coe Cpato | Cpe Cpe,10 | Coed Cpe1o | Cped Cpe 10 o/ il
5 42 | 14 | 08 | -1 0,5 +08 | +1.0 -0,7 ‘|
1 2 | 14 | 08 | -1 -0,5 +08 | +1.0 0,5 ’ ]
<025 | 12 | 14 | 08 | -1,1 -0.5 +07 | +1.0 03 I {'

(3) In cases where the wind force on building structures is determined by application
of the pressure coefficients ¢, on windward and leeward side (zones D and E) of the - ‘

building simultaneously, the lack of correlation of wind pressures between the wind-

ward and leeward side may have to be taken into account. I |
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Flat roofs
(1) Flat roofs are defined as having a slope of —5°< a< 5°
(2) The roof should be divided into zones as shown in Figure 2
(3) The reference height for flat roof and roofs with curved or mansard eaves should
be taken
as h. The reference height of flat roofs with parapets should be taken as h+ hp.

(4) Pressure coefficients for each zone are given.

(5) The resulting pressure coefficient on the parapet should be determined.




Edge of eave \
T «
Z.=
L7 T ] 7977 A7
Parapets Curved and mansard eaves
L d R
N >
o e=bor2h
whichever is smaller
eld F
_____ b : crosswind dimension
E
\
/
| \
wind \‘
.74, G H 1 b
eld F
v L =5
e/10
A
0 el2 N

Figure 4 — Key for flat roofs
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TABLE §

External pressure coeflicients for flat roofs

Zone
Roof type F G H ¥ ' 1w
Cpa10 Cran Cpa, 10 Cpad Con 0 Cpe Cos, 11 Cpat
+0,2
Sharp eaves -1.8 2.5 -1,2 -2,0 0,7 -1,2
-0,2
) 40,2
h/h=0025 | -16 | -22 | 41 | 48 | 07 | -1.2
o 0,2
With +0,2
hsh=005 | -14 | 20 | 08 | 16 | 07 | -12
Parapets 0,2
' +0,2
hi=0,0 | 12 | 1.8 | 08 [ 14|07 | M2 %
-0,2
) +0,2
rih = 0,05 -1.0 -1.5 -1,2 -1,8 0,4
-0,2
Curved +0,2
rth =010 0.7 12 -0,8 -1,4 0,3
Eaves -0,2
+0,2
rih =020 0,5 0,8 -0.5 «0,8 0,3 -
-0,2
: 0,2
o =30° -1,0 1.5 -1,0 -1,5 0,3
0,2
+0,2
Mansard o = d5° 42 4.8 A3 49 04 IRV ET |
Eaves 0,2
+0,2
o= 60° -1.3 1,9 -1,3 -1,9 0,5
0,2

Monopitch roofs

(1) The roof, including protruding parts, should be divided into zones.

(2) The reference height z. should be taken equal to A.

(3) The pressure coefficients for each zone that should be used.
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wind : wind
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h h
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(a) general
) j e
eld F
wind\‘
e G H b
/
eld J F
3 X
/10 e=bor2h
e whichever is smaller

(b) wind directions 8= 0° and 6= 180°

high eave

b : crosswind dimension

up

+ ———
el4 F,

wind\

7 G H
eml Fiow
L o | e

6."2__'_1

(c) wind direction 6= 90°
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.
Figure 5 — Key for monopitch roofs
TABLE 6 and 7
External pressure coefficients for monopitch roofs
zone for wind direction ©=0° Zone for wind direction @= 180°
Pitch
F G H F G H
Angle « s P e
Corte 1 i Conts | Cows | Cract Gt Cead | Gt | Cewid Cowt Toete | Foes
1.7 l 2.5 .12 2.0 36 1.2
8 23 L an | 3 2.0 a8 | -2
0.0 0.0 10,0
0,9 1 a0 0,8 ‘ Ak 03
16° - IE— - FRRE—— . 2,4 1.3 a0 0y A%
+0,2 <02 + 10,2
05 | 15 | 48 ' 15 02
30" 1,1 23 1 0B 15 08
0.7 a7 0,4
\
/ 0,0 00 00
45° ) E— ———— 06 1.3 0.5 07
+0F +0.7 6
80° +0.7 207 407 D5 | <10 A5 05
75° W08 108 10,8 DE |40 05 05
External pressure coefficients for monopitch roofs
Zone for wind direction @=90°
Pitch ]
Fup Fiow i G H i
Angle o Loy I S—— — EEE—
i i i1
et i Cre Uge ; P Gpese Cpat Gratn Lyt Cratn Crat
: |
5" 21 | P 20 | 06 | A2 05
15° G 4 24§ A8 -2.5 08 5 ] 0.7 5.2
LRk S wé e ,; ........ BUTUUCOURY FU—————
20° 3 | 20 g 15 20 A0 1.3 08 12
45° wa |20 | a4 |20 | a0 | a3 | s | 42
[ - i
80° 12 f 2,0 ; A2 2.0 41,0 1.3 0,7 432
i g % |
75 42 | .28 L2 -2 12 20 1,0 4.3 46
i H £

Duo pitch roofs
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(1) The roof, including protruding parts, should be divided in zones.

(2) The reference height z. should be taken as h.

(3) The pressure coefficients for each zone that should be used.

. upwind face upwind face
Wil wind
6= 0° downwind face B0 downwind face
a>0 o LT T T

Piii?iii'ﬁ:ii:ﬂ h ;

TI77 700 L s

Pitch angle postive Pitch angle negative

(a) general

upwind face downwind face

@
ridge or trough
o

i

I .=
le—sle/10 el Y hoiZh
whichever is smaller
(b) wind direction 6=0° IR
b : crosswind dimension

T

(c) wind direction f=90°
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Figure 6 — Key for duo pitch roofs

External pressure coefficients for duopitch roofs

Zone for wind direction @=0°
117 TR IS M— ; :
F G H I J
Angle «
G {8 Gtz | Grad Chesn Coed Rpt Cpet Crat re
-45° 0,6 0,6 08 01 A0 A5
-30¢ A1 | 20 | 08 | a5 08 06 08 | A4
-15* 20 28 43 20 {9 -2 D5 07 -2
1,2 #,2
5 2.3 2.5 42 20 Ng 1.2
i} A6
A7 25 4.2 20 {6 1,2 +02
iy D
{0 W10 +0,0 Rl
BiRY 240 08 | -1p 03 04 A0 A5
1o :
+02 +)2 +2 +00 |00 +00
a5 | oas |08 | s 02 4 05
30
{7 +i7 +04 +00 #00
0.0 010 A0 0.2 A3
I
7 4,7 06 #10 +(1.0
60° 07 40,7 07 02 03
15 W8 + 3 8 42 03
Figure-7
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External pressure coefficients for duopitch roofs
7one for wind direction 6= 90° i
P 6 I 1 il
angle « i
Cpe 10 Cred | Cpeto Coef | Cpeto Cre, | Cpe, 10 Cpe,1 |I' |
4 T T T I R I |
30 L O R T T B 03 12
A5 A0 | a5 | a2 ] 20 | 08 | A2 08 12
/ 5 ag Loas Lo | a0 | o | a2 ) 48|
5 a6 |22 a3 a0 oA | 2 08
15 Lo | a3 | oo | s | 2 08
30 A0 45 | 4| 20 | 08 g A2 05
45° A0 | oas | a4 | 20 |08 | A2 05
80° ar L4 a2 |20 | | W 05
75° A 45 | a2 | a0 | a8 | A0 05
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Australian J

New Zealand code

AS\NZS 1170.2




This joint Australian\new Zealand standard was prepared by joint technical committee
BD-006, general design requirement and loading on structures. It was approved on
\ behalf of the council of standard Australia on 29" march 2002 and on the behalf of
council standards new Zealand on march 28" 2002.It was published on 4™ June
2002.this standard may be used as a means for demonstrating compliance with the

requirements of part (B) of the building code of Australia.

AS\NZS 1170.2- part 2 is used for calculation of wind load. This standard sets out
procedures for determining wind speeds and resulting wind actions to be used in the
structural design of structures subjected to wind actions other than those caused by

tornados. The standard covers structures within the following criteria:

(a) Buildings less than 20m high.

(b) Structures with roof span less than 100m.

—
o

(c) Structures other than off shore structures, bridges and off shore structures.

95— 3

e

==

Design wind pressure and distributed forces

The design wind pressure (p) in Pascal shall be determined for structures and parts of

structures as follows:

P=(.5Qair )[Vd,]z’cﬁg-cdyn

P = design wind pressure (Pascal)

Qair = density of air, 1.2 kg/m?

V4 = building orthogonal; design wind speed taken as 40 m/s

Cyie = aerodynamic shape factor

Cayn = dynamic response factor (generally value is taken as (1)
Aerodynamic shape factor

Crig= Cpe. Ku-ko ki ks
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Where,

Cpe = external pressure coefficient (-.4)
K, = area reduction factor (.8)

K¢ = combination factor (.8)

K =local pressure factor (1)

K, = porous cladding (1)

Area reduction factor (k,)

For roofs and side walls the area reduction factor shall be given in the table for all
other cases it shall be taken as 1.tributary area is the area contributing to the force be-

ing considered

AREA REDUCTION FACTOR (K,)

i - 3
Priutaryares (@)om Aren reduction factor (K,)
{see Note)
<10 1.0
25 0.9
2 100 0.8

NOTE: For intormediate values of A4, use lincar interpolation,

Combination factor (K,.)

Where wind pressures acting on two or more surfaces of an enclosed building eg.
Windward wall, upwind roof, side walls etc contribute simultaneously to a structural
action effect on a major structural element, the combination factor given in the table
may be applied to the combined forces calculated for the critical external and inter-
nal surfaces. This factor shall not be applied to cladding or immediate supporting

structure such as purling:
Permeable cladding reduction factor (K,)

The permeable cladding reduction factor shall be taken as 1 except that where an ex-

ternal surface consists of permeable cladding and the solidity ratio is less than .999
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and exceed .99. The solidity ratio of the surface is the ratio of solid area to total area

of the surface.

ACTION COMBINATION FACTORS FOR WIND PRESSURE

CONTRIBUTING FROM TWO OR MORE BUILDING SURFACES TO
EFFECTS ON MAJOR STRUCTURAL ELEMENTS

mbinat .
Design case C? WREED Example diagrams
; tactor (K,)

(n)}  Where wind action from any 1.0 e

single surluce contributes

15 percent or more to an

action effect -
(b)  Pressures from windward and 0.8

leeward walls in combination

with positive or nepgative roof

prossures
{¢) Pogitive pressures on roafs in 0.8

combination with negative

internal pressures (from a watl

opening)
(d) Negative pressures on roufs or 0.95

walls in combination with t ' t

positive internal pressures

(RS | . o B

(¢} All other cases 1.0 e
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Asnaspane  wew

PERMEABLE CLADDING REDUCTION FACTOR (K,}

Horizontal distance from windward edge X
(se0 Nate) P
(110 0,24, 0.9
0,24, to 0.4d, 0.8
0.4, 10 0.84, 0.7
0.84, 10 1.04, 0.3

NOQTE: d, Is the along-wind depth of the surface in melres.

\*'Permeabm

surface

/‘\d,..‘_\7
Permaable /
surfgoe

NOTATION FOR PERMEABLE SURFACES

Figure 8
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itable 9

ROOFS-~EXTERNAL PRESSURE

s I TS

COEFFICIENTS (C,,.) FOR

"TANGULAR ENCLOSED BUILDINGS—FOR UPWIND SLOPE (U) AND
DOWNWIND SLOPE, (D) FOR a < 10° AND FOR (R) FOR GABLE ROOFS

Raof type and slope

Crosswind slopes

Upwind stope, (U),

Horizontal distance

External pressure coefficient ()

‘ I from windward edge il £ 0.5 Wdz 1.0
for gable roofs, Downwind slope, of rool 3
N

®) (D) (s¢e Note 1) {sve Note 1)
0 to 0.5 ~0.9, ~0.4 ~1.3, 0.6
0.510 1k ~{1L.9, ~0.4 =0.7, 0.3

All 2 a1 Vhto 2k -0.5,0 {~0.D, {(~0.3)
2hto M ~0,3, 0.1 see Note 2
> 3k ~0.2,0.2
MOTES:

3

2 The values given in parentheses are provided for interpolation purposes.

TABLE-10
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i Forintermediate values of roof slopes and /d ratios, use lincar interpolation, Interpotution shall only be
carried out on values of the same sign,




ROOFS—EXTERNAL PRESSURE COEFFICIENTS (C,,.) FOR
TANGULAR ENCLOSED BUILDINGS—UPWIND SLOPE (U) a2 10°

Rot;f:ym External pressure cocfficients (Cp.e)
Sriciubin o 08 § PTGV :
Upwind | (see Note) Roof piteh, a degrees (see Note)
stope, (U) 10 15 w ] s 30 33 245
£025 [-0.7,-03]~0500 |-03,02 }-02,03 |-02,04 | 0.0,05
ez 10 0.5 ~0.9, ~0.4 | ~0.7, -0.3 | ~0.4, 0.0 |~0.3,02 }~0.2,03 [~0.2,04]0,0.8sin«
2 1.0 ~1.3, 0.6 |~1.0,-0.5 | ~0.7, ~0.3 | -0.5, 0.0 |-0.3,0.2 }-0.2,03

IOTE: For intermediote values of roof slopes and 2fd ratios, use linear interpolation. Interpolation shall only
¢ carried out on values of the same sign,
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ASCE standard, minimum design loads for buildings and other structure gives re-
quirements for dead, live, soil, flood, wind, snow, rain, ice and earthquake loads and
there combinations, that are suitable for inclusion in building codes and other docu-
ments. The major revision of this standard involves the section on wind loads. This
section has been greatly expanded to the latest information in the field of wind load
engineering. Requirements have been added for flood loads and ice load , an appendix
on serviceability requirements has also been added. The structural load requirements
provided by this standard are intended for use by architects, structural engineers, and

those engaged in preparing and administering local building codes
Design procedure

. The basic wind speed V and wind directionality factor K4 shall be determined.

2. An important factor I should be determined

3. An exposure category or exposure categories and velocity pressure exposure coef-
ficient K, or Ky, as applicable, shall be determined for each wind direction.

A topographic factor K, shall be determined

A gust effect factor G or Gy as applicable shall be determined.

An enclosure classification shall be determined.

Internal pressure coefficient Gepi shall be determined.

e = Oy W o

External pressure coefticient C, or GCpy, or force coefficient Cras applicable shall
be determined.
9. Velocity pressure q; as applicable shall be determined.

10. Design wind load P or F shall be determined.
Exposure categories

For each wind direction considered, an exposure category that adequately reflects the
characteristics of ground surface irregularities shall be determined for the site at
which the building or the structure is to be constructed. For a site located in the transi-
tion zone between categories , the categories resulting in the largest wind force shall
apply, account shall be taken of variation & ground surface roughness that arise from
natural topography and vegetation as well as from constructed features. For any given
wind direction, the exposure in which specific building or other structure is sited shall

be assessed as being one of the following categories.
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D)

2)

3)

4)

EXPOSURE A @ A large city centre with at least 50% of the building having
height in excess of 70 ft. this exposure category shall be limited to those areas for
which terrain representative of exposure A prevails in the up wind direction for a
distance of at least 0.8 km or 10 time the height of the building or other structure,
whichever is greater. Possible channelling effects of increasing velocity pressure
due to the building or structure being located in the wake of adjacent buildings

shall be taken into account.

EXPOSURE B: Urban and sub urban area, wooded areas or other terrain with
numerous closely spaced obstructions having the size of single family dwelling or
larger. Use of this exposure category shall be limited to those areas for which ter-
rain representative of exposure B prevails in the upwind direction for a distance of
at least 460 m or 10 times the height of the building or other structure, whichever

is greater.

EXPOSURE C open terrain with scattered obstruction having height generally
less than 9.1 m. This category includes flat open country, grassland and shorelines

in hurricanes prone regions.

EXPOSURE D: Flat unobstructed area exposed to wind flowing over open water
for a distance of at least 1.61 km. Shorelines in exposure D include inland water-
ways the great lakes and costal area of California ,Oregon, Washington and
Alaska. This exposure shall apply only to those buildings and other structures ex-
posed to the e wind coming over the water. Exposure D extends inland from the
shoreline a distance of 460mts. Or 10 time the height of building or structure,

whichever is greater.

Velocity pressure exposure coefficient

It is Based on exposure category .velocity pressure exposure coefficient K 7 shall be

determined.
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Topographic effect

Wind speed over hill, ridge and escarpment:

\ Wind speed-up effects at isolated hills, ridges, and escarpment constituting abrupt

changes in the general topography, located in any exposure category, and shall be in-
cluded in the design when buildings and other site conditions and located structure

meet all of the following conditions:

1. The hill, ridge, or escarpment is isolated and unobstructed upwind by other similar
topographic features of comparable height for 100 times the height of the topographic
feature (100h) or 3.22 km whichever is less. This distance shall be measured horizon-

tally from the point at which the ht H of the hill, ridge. Or escarpment is determined. i

2. The hill, ridge or escarpment protrudes above the height of upwind terrain features

with in 3.22 km radius in any quadrant by a factor of 2 or more

-
e

3. H/Ly =0.2 and

P——

B T ——_i
S :

4. H greater than equal to 15 ft for exposure C and D and 60 ft for exposure A and B.
Topographic factor:

The top speed —up effect shall be include in the calculation of design wind loads by

using the factor Ky,
Ky = (1+ K KoK3)
Velocity pressure:

Velocity pressure q, evaluated at a height z shall be calculated by the following eqn:

q. =.613K;KpKyV(N/m”)
Where |
Kp =wind directionality factor

Kz=velocity pressure exposure coefficient ‘
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Ku=l0p0graphié factor
q.= velocity pressure calculated at mean root height h,

The numerical coefficient .613 shall be used except where sufficient climatic data are
available to justify the selection of a different value of this factor for a design applica-

tion
Design wind pressure for low rise buildings:

Design wind pressure for the main wind force resisting system of low rise buildings

shall be determined by the following equation:

P=qu[(GCp) (N/mm’)
Where:
gr=velocity pressure evaluated at a mean root height h

(GC,pp)=external pressure coefficients
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COMPARISON BETWEEN 1S-875-3 AND AlJ

)

2)

3)

4

In IS 875 probability factor terrain height factor and topography factor are taken
into account for design wind speed where as in ALJ air density is used for calcu-
lating design velocity pressure.

In AIJ guest effect factor is used for calculating wind load where as IS 875 it is
not used.

In ALJ for calculating voof wind load different parameter like design wind speed,
wind direction factor, wind speed profile factor, topographic factor, return period
conversion factor where used, which makes the designing difficult & sometimes
crroneous if not done meticulously whereas in IS 875 it is quite easy.

In IS 875 there is separate table for pressure coefficient at wind angle of 0 & 90
degree but in A1J there is no table for pressure coefficient at 90 degree wind an-

gle.

COMPARISON BETWEEN IS 875-3 & EURO CODE

1)

2)

3)

4)

In IS 875 basic wind velocity is determined simply from the figure applicable to
10 meter height whereas in EURO code basic wind velocity depends upon vari-
ous parameters like fundamental value of basic wind velocity directional factor
and seasonal factor.

In IS 875 there is a separate table for internal pressure coefficient where as in
EURO code internal pressure coefficient is taken 0.75 of external pressure coef-
ficient.

In IS 875 force on the cladding is directly obtained from the formulas given in
the code whereas in EURO CODE, pressure on the cladding is obtained & it is
then multiplied by cladding area to get the force.

In EURO code terrain category is given more stress in calculating basic wind

speed than in IS 875.
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Comparison between 1S-875-3 and AS/NZS

1) In AS/NZS acrodynamic factor is used to take into account the effect of external
coefficient, area, pressure by incorporating different parameters like area reduc-
tion factor, combination factor, local pressure factor ete. in it, whereas in IS 875-3
design wind speed accounts for such parameters.

2) In AS/NZS a special factor called permeable cladding reduction factor is used in
case the cladding is permeable but no such factor is used in IS 875-3.

3) Unlike IS 875-3, in AS/NZS the cladding is not divided into sections while calcu-

lating the forces, only windward & leeward sides were considered.

Comparison between IS 875-3 and ASCE

1) In ASCE some new factors like wind directionality factor, importance factor etc.
are used which is not used in IS 875-3.

2) InlS 875-3 for obtaining pressure coefficient table are given only for 0 & 90 de-
gree wind angle whereas in ASCE tables for range of angles 0 to 45'degree & 45
to 90 degree are given which covers the entire range of attacking wing angle.

3) Like IS 875-3, in ASCE the cladding is divided among four sections for calculat-

ing force with slight variations.
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CHAPTER-4

NUMERICAL

A
{Il
A
b
Ellm\\ / |
/DZEQ T 3
i m

IS 875-3

Design wind speed i
V., = vkikaks
A =20 degree
V}, = basic wind speed, taken as 44m/s I
K, = probability factor, from table] k;=.91

» = terrain height, structure size factor, from table 2
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Taking class A, terrain category-3 at height 10m
K;=.91

K3 = topography factor,

Considering upwind slope greater than 3 degree,

k=125
hence,

Building ht. | Roof angle Wind angle 0 Wind angle 90
Ratio EF GH EG FH
hiw<(1\2) 20

design wind speed = 44+.91+91+1.25
=45.54 m/s

Design wind pressure p, = 6V} = .64(45.54)" = 1244.33 N/m’
h\w <(1/2) = .46

from table 3

Force (F) = C,AP,,

Area,
Wind angle 0 degree = 137.8m’

Wind angle 90 degree
Windward = 68.9m’
Leeward = 206.7.5m’
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Wind angle 0 degree Wind angle 90 degree

windward leeward windward leeward !

EF (kN) GH (kN) EG (kN) FH (kN)

FORCE

-09.184 -69.184 -60.53 -155.66
\ 3;
Vil
;' |
il
il
Il

EURO CODE

Wind pressure on external surface.

We =¢p(2€ ).Cpe

where: ii
qp(ze) is the peak velocity pressure
ze  Is the reference height for the external pressure

cpe 18 the pressure coefficient for the external pressure,
|

now, I

basic wind velocity |

Vb = CuirCeason Vo

Vio - fundamental value of basic wind velocity taken as 44m/s

Vo=recommended value = 1
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Ceason= recommended value = 1
So, Vp=1*1*44 = 44 m/s

Peak velocity pressure: ;
Qp2=Ce(zqb & qQ=(1/2) Vu'p il

S0, qp=.5+1.22+44 =26.84 /s

hence, qpn= 1.8+26.84 =48.312 N/m’ 'I

I T :
F \ "
I
‘;?\
il

H J I !
G |
F |
|
| |

Pressure coefficient for 0= 0 degr

WINDWARD LEEWARD
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F G H I J
COEFF. D5 14 =9
=5 -
1
WINDWARD LEEWARD
F(kN) G(kN) H(kN) I(kN) J(kN)
FORCE :
227..26 -14.30 29.92 -16.66 223.30

Pressure coefficient for 0=90°

H I \J
G |
il
¥ H I |
b it
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Pressure coefficient
WINDWARD LEEWARD
F G H [
Coeff.
-1.9 -1.2 -8 -8
WINDWARD LEEWARD
\\‘ ‘
F G H I 1:] 3
lj Il
-21.07 -28.36 -18.91 -18.91 il
FORCE ‘
AlJ JAPAN
Roof wind loads on structural frames are calculated from
Wr=quCrGrAr
Where,

Wpr(N): wind load

2
gu(N/m ): design velocity pressure
Cr: wind force coefficient

Gp: gust effect factor for roof wind load

2
Agr(m ): subject area
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The design velocity pressure, Qu(N/m), is calculated from:
Qu=(1\2) p.Uy?*
Where,
3
p (kg/m ): air density, assumed to be 1.22

Uy (nv/s): design wind speed, which depends on wind direction

Design wind speed, Un(m/s), is calculated for each wind direction from:
Un=UoKpErKrw

where

Uy: basic wind speed (nV/s) depending on the geographic location of the construction
site,
Kp: wind directionality factor

Ey: wind speed profile factor at reference height / defined

Kz return period conversion factor

Wind speed profile factor:

Wind speed profile factor £ is calculated from:
E=EREg

Where,

Ex: exposure factor for flat terrain categories,

Eg: topography factor defined
Exposure factor based on flat terrain categories
Er = L.7(Z\Zg) *
Z(m): height above ground
Zg, o.: parameters determining the exposure factor
So, Ex=1.7(10/350)"°= 99
Ee=1, Kpw=3.9,
Uy= 44+ 85+.99:3.9 = 144.4

S0, = .5:1.22+144.4° = 12719.32 N
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Force coefficient

ROOF AN- | WINDWARD Ry, LEEWARD R,
GLE
3+.030 “1.15+.0250 -6-.030
20
9 -.65 d 1.2
WINDWARD Ry LEEWARD R,
FVE (kN) | -VE (kN) +VE (kN) _VE (kN)
FORCE
76.47 -55.23 25.49 -10.19
AS\NZS

Design wind pressure

P= (.5Qair )[V4,0]% Crig-Cayn

P = design wind pressure(Pascal’s)

Q.i = density of air,1.2 kg/m’

V4 = building orthogonal; design wind speed taken as 40 m/s
Cre= aerodynamic shape factor

Cayn = dynamic response factor (generally value is taken as 1)

Aerodynamic shape factor
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Cﬁg = Cpe.Ka.kc.ki‘kp
Where,
C,c = external pressure coefficient (-.4) from table9

K, = area reduction factor (.8) from table10

[

K. = combination factor(.8) from table 11

K; =local pressure factor (1)

K, = porous cladding (1)

For windward side

Cpg = -.4*.8*.8%1*]
=-.256

P = .5%].2*[40]2*-.256*1

= -34.16kN

For leeward side

Ch = BM8MEFL*]

= -384

P = 5*1.2"40]2%-384*]

= -51.24kN

ASCE

Design wind pressure
B qh(GCpf)
qn = velocity pressure.

GC,r = External pressure coefficient
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So,
qn = 613k, K ke V2 (N/m?)
kq = wind directionality factor (.85 ) from table 12
k., = velocity exposure factor, from table 13
k, =2.01 (Z/Zg)*"
a=7.0, Z=30, Z;=1200
Hence, k.= .702
So, qn = 0613*.702%1*.85%44

=708 N/m

N
- '
CASE A )"\
ﬁ WIND DIRECTION

RANGE

Figure 9

a = 10% of horizontal distance.




CASE A 2E 2 3 3E

Coefficient -1.07 -.69 -.69 -48

Pressure ~754.56 ~488.52 ~488.52 -339.84 |

Area 13.7 124.02 124.02 13.7 |
|

Force (kN) 10.37 60.58 60.58 4.65 |

Figure 10
CASE B 2E 2 3 3E
Coetficient -1.07 -.69 -.37 -.53
Pressure -757.56 -488.52 -261.96 -375.24 '
Area 13.7 124.02 124.02 13.7
Force (kN) 1037 60.58 32.48 514




D

2)

3)

4)

5)

CHAPTER-5

CONCLUSION

The design value for IS 875-3 is max. & AS/NZS is min., it means that, con-
struction of a wind resistance building according to AS/NZS is most economi-
cal and by IS 875-3 is least economical whereas by other codes is moderately
economical.

The design procedure for Indian code is easy and straight whereas in other
codes the design procedures are lengthy and difficult.

In ASCE & EURO CODE design pressure is obtained from the formula
whereas design force is obtained in other codes.

Unlike other codes, in AIJ the basic wind speed depends largely on frequency
of tornadoes & coastal winds.

The leeward value in IS 875-3 at 90 degree wind angle is unexpectedly large,

it is due to drastic increase in the leeward area.
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Comparative values

Codes Wind angle 0 degree Wind angle 90 degree
Windward(kN) | Leeward(kN) Windward(kN) Leeward(kN)

IS 875-3 69.184 69.184 60.53 155.66

EURO CODE 71.48 39.96 49.43 37.82

AlJ 76.47 25.49

AS/NZS 34.16 51.24

ASCE 70.95 65.23 70.95 37.62
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Bar-Chart




Bar-Chart
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Table 11
-
; TABLE 1 RISK COEFFIQIENTS FOR DIFFERENT CLASSES OF STRUCTURES IN
DIFFERENT WIND SPEED ZONES
z { Clause 5.3.1 )
Crass oF STRUCTURE MgeaN PropanLe &y Facror vonr Basic Wino Seeep
Desion Live o¥ (m|s ) or
i STRUCTURE IN PR A e s i et S WS it e ke S |
YRaRs 33 39 44 47 50 59 !
All general buildings and structures 50 10 10 10 10 10 10
Temporary sheds, structures such as 5 082 076 073 071 070 067
i those used during construction |
! operations { for example, form- I
i work and falsework ); structures 1
durinf contruction stages and ‘
houndary walls

| Buildings and structures presenting 25 09¢ 092 091 09 090 089
| a low degree of hazard to life and
| property in the event of failure
! such as isolated towers in woode
| areas, farm buildings -other than
residential buildings

Important buildings and structures 100 105 106 107 107 108 108
i such as hospitals communication
i buildings | towers, power plant
structures

Nusk — The factur Ay is based on statistical concopts which take account of the degree of relinbility required
and period of time in years during which these will be exposure 10 wind, thatis, life of the structure, Whatever
| wind speed is adopted for design purposes, there is always a probability ( however small ) that it may be exceeded
| i in astorin of exceptional violence; the greater the period of years over which these will be exposure to the wind,
| | the greater is the probability. Higher return periods ranging from 100 to 1 000 years ( implying lower risk fevel ) in
association with greater periods of exposure may bave to be selected for exceptionally important structures, such
as, nuclear power reactors and satellite commugication towers, Equation %iven below may be used in such cases
to estimate &, factors for different periods of exposure and chosen probability of exceedance ( risk level ). The
probability level of 0°63 is normally considered sufficient for design of buildiogs and structures against wind effects
and the values of &y corresponding (o this risk level arc given abave,

e 2=o[e{-xa (-2} ]

(Tl il )




‘ Table 12

[ AL | ACTORSTOOBTAN DN WD SPBED VARATON WK HEGHT
" DIFFZRENT TERRAINSFOR DISFERENT CLASSES OF ULLDINGSSTRUCTURRS

| ( Clauge §.3.22)

Heogr  Tosnary Cantaony | Tonmand Cavsony?  TennayCamsaonyd  Tusmarw Carecosy 4
Ctog Cuass Crass Clagy

u=- Ny : \ r- s AMM—‘ ol N \

5 dedetil sl ¥ 01 ¢
VA T O 1/ I
015 [ 0% 0 0% 0% 0oL 0% 08 080 0% Ol
OB M M5 M0 oW 0% 08 oW 0% O]
I N O O O 1)
| WO Mg Moo b0 M 16 L 0% 09 0% 08
| I 2 O O A O A
| I N A I
T NS v I S/ AT
N T T I/ /T O/ /S
T O O A IR O T
ORI MR 1

(U A N N B v B VA o v B T I /A
O T A /A VN N N O VA v B
O N N v R N IV T T o I T v
I U T T N A I N v R S '

= ﬁiwﬁmwiﬂ

Tntermediate values may be obained by lnea intrpolation, if desred, 1 s permisible to asume
- constant wiad seed between 2 heghts for simplicity.
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Table 13 f
o
i TFABLE 3 EXTERNAL PRESSURE COEFFICIENTS ( Cpe ) FOR PITCHED ROOFS OF RECTANGULAR CLAD BUILDINGS
{ Clause £,2,2,2)
“;‘]1;‘1(‘;:‘-‘:_" \";\‘:;i)f | Wisp .3:«0[,1: [ “'am;j:;inuu;ﬂ Locan Corpricipnrs
Ratio 4 S S — i e
EF o G M V2 | Y | E=
- - S |
!
dwgl;ru ~08 -4 =8 ~04 -0 2¢ 2 l
P 5 -09 ~04 | ~ou -ty -4 22 i N
b e 10 —ir2 —04 | -t i 14 —14 12 |
~Some v 8 2 14 wird | =07 -0 -1 S 142
“ l z* 30 1] —id -7 P ~08 —11
i e S 45 +03 ~G% -0 P e i
i 50 +O7 ~06 | 07 -6 11
| ) i I P I ‘
H [P -
! { e 4 : ~08 —06 | —-10 -6 -0 -2 -0
1 i . : ~09 ~04 | =~09 -~ 06 =20 -20 =19 10
i Lered | | IR 1 i Zu6 | ~os o6 “20 ~z0 1 Zi2
i -\ in e =07 wi(h | «08 ~06 - 18 <13 -1'5 - |
; ! } i Tt -0 | -08 -0 -1 AL ) 1o ‘
ahisssbipd o 1 Rup =43 | orid ot 1] e s - |
| o R e | o e— IR ‘
i P \
USSR S (e JET & i 35
1 - I ’ w1 Zor o6 | Tod ] B -0 b3
B e | 2 —48 -G -l ] -5 15 15
1 S | a 3 -1 05 | =0l -7 —1'5 b o
i ; | S LR “hd il =07 o QU (A )
i 1 5t +02 -5 -=08 -7 i i
I [ l 60 05 TR 07
Table 14
‘ Table 4.1 — Terrain categories and terrain parameters |
Zo Zpin
Terraln category
m m
0  Seaor coastal area exposed to the open sea 0,003 1
| Lakes or flat and horizontal area with negligible vegetation and 0.01 1
without obstacles '
Il Area with low vegetation such as grass and Isolated obstacles 005 2
(trees, buildings) with separations of at least 20 obstacle heights ?
il Area with regular cover of vegetation or bulldings or with Isolated
obstacies with separations of maximum 20 obstacle heights (such 0.3 5
as villages, suburban terrain, permanent forest)
IV Area in which at least 15 % of the surface is covered with buildings 10 10
and their average height exceeds 15 m '
The terrain categories are illustrated in Annex A.1.




Table 15
Table 7.4a — External pressure coefficients for duopitch roofs
) Zone for wind direction @=0°
Pitch
F G H I J
Angle «
Cre.12 Cpe Cpz,50 Cre.t Cretn Cret Cpeso Cee.t Cpa.i0 Cpa,1
|
-45° -0,6 0.6 -0,8 0,7 -1.,0 -1.5
~30° -1.1 2.0 0.8 -1,5 0,8 -0,6 0,8 14
-15° 25 2,8 -1,3 -2,0 -0,9 1,2 0,5 0,7 1,2
+0,2 +0.2
-5° 2.3 25 -1,2 2,0 0.8 -1,2
0,6 -0,6
A7 2,5 4.3 2.0 0.6 52 +0.2 |
5 -0.,6 :
+0,0 +0,0 +0,0 0,6 ;
. 0.9 20 | 08 | -5 -0,3 04 -1,0 -1.5
+0,2 +0,2 +0,2 +0,0 +0,0 +0,0 ;
05 15 0,5 1,5 0,2 -0,4 0,5 1
30° |
0,7 +0,7 +0,4 +0,0 +0,0 1
0,0 -0,0 -0,0 0,2 0,2
45°
+0,7 +0,7 +0,8 +0,0 +0,0
60° +0,7 +0,7 +0,7 -0,2 0,3
75° +0,8 +0,8 +0,8 0,2 0,3
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Table 16
Table 7.4b — External pressure coefficients for duopitch roofs
Bite Zone for wind direction ©@= 80°
angle o F “ é :
Cpe.10 Cpa t Cpe.10 Cpe.1 Cge.10 Cpe.1 Cpe,10 Cpe.t
-45° 14 2.0 4.2 20 1,0 4 09 4,2
-30° 1.5 -2,1 1.2 2.0 -1,0 1,3 0,9 1,2
-15° 1,9 2,5 -1,2 2,0 -0,8 -1,2 0,8 1,2
-5° 1.8 25 -1,2 -2,0 -0,7 1,2 08 1,2
5° 16 2,2 1.3 -2,0 -0,7 1,2 -0,
15° 1,3 -2,0 1,3 2,0 0,6 1,2 05
30° 1.1 1,5 -1.4 -2,0 -0,8 -1,2 -0,5
45° -1,1 1,5 -1.4 -2,0 0,9 -1,2 -0,5
607 -1.1 1.5 -1,2 -2,0 -0,8 -1,0 0.5
7&° -1,1 1,5 -1,2 -2,0 08 -1,0 0.5
Table 17
Table A6.2  Flat terrain categories
Category Condition at construction site and upwind region
Smooth I Open. no significant obstruction, sea, lake
T II Open, few obstructions, grassland, agricultural field
I Suburban, wooded terrain, few tall buildings (4 to 9-story)
{ Y City. tall buildings (4 to 9-story)
Rough \Y City. heavy concentration of tall buildings (higher than 10-story)
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Table 18
i) Roof
zone Ry {(windward roof)
roof angle DIH =1 D/H>1
8 (%) BiH <2 B/Hz6 BiH <2 B/H=z6
6«10 not necessary to evaluate
Positive | 1028« 15 0
156245 0.014(6-15)
6«10 same value as zone R (roof)
1028 « 30 0.04(8-30)
-0.84tan(70-2 0)
Negative | 308 <35 _ —0.5tan(80-26)
—0.81tan(72-1.68)
3528 «40 0
0
40845 0

* Linear interpolation is permitted for 2« B/ H < 6,

Table 19

ROOFS—EXTERNAL PRESSURE COEFFICIENTS (C,,.) FOR
RECTANGULAR ENCLOSED BUILDINGS—FOR UPWIND SLOPE (U) AND
DOWNWIND SLOPE, (D) FOR & < 10° AND FOR (R) FOR GABLE ROOFS

Roof type and slope External pressure coeflicient (Cp ;)
Hovizontal distance

Crosswind slopes | Upwind slope, (U | §r0mm windward edge W< 0.5 B> 1.0

for gable roofs, | Downwind slope, of raof (see Note 1) (se¢ Note 1)
(R) . (D}

0to 0.54 0.9, -0.4 ~1,3,-0.6

051014 0.9, =0.4 ~0.7, 0.3
All & o< 10° 14 to 2h -0.5,0 0.7, (-0.3)

2hto 3h —0.3, 0.1 sce Note 2

> 3h -0.2, 0.2
Table 20

AREA REDUCTION FACTOR (X,)

LY F A ]
o i Apm Aren reduction factor (K,)
(see Note)
<10 1.0
25 0.9
> 100 0.8
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Table 21

ACTION COMBINATION FACTORS FOR WIND PRESSURE
CONTRIBUTING FROM TWO OR MORE BUILDING SURFACES TO
EFFECTS ON MAJOR STRUCTURAL ELEMENTS

Combination

et
esign case factor (K.)

Exumple diagrams

()  Where wind action from any
single surface contributes
75 percent or more to an

action effect

1.0

(b) Pressures from windward and
leeward walls in combination
with positive or negative roof’

pressures

0.8

e

|
{
|
! ——
1
|
!

(¢) Positive pressures on roofs in 0.8
combination with negutive
internal pressures (from a wall
opening)

(d) Negative pressures on rools or 0.95
“walls in combination with
pusitive internal pressures

All other cases 1.0

(e)

NOTE: The action combination factors less than 1.0 can be justified becavse wind pressures are highly

fluctuating and do nol eceur simultaneously on all building surfaces.
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Table 22
- Structure Type Directionality Factor K *
Buildings
Main Wind Force Resisting System 0.85
Components and Cladding 0.85
Arched Roofs 0.85

Chimneys, Tanks, and Similar

Structures
Square 0.90
Hexagonal 0.95
Round 0.95
Solid Signs . 0.85
Open Signs and Lattice Framework 0.85

Trussed Towers
Trianguiar, square, rectangular 0.85
All other cross sections 0.95
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Table 23

Helght above Xxposure (Nofe 1)
grownd fevel, z A B C b
ft (m) Case b Case 2 Case 1 Case? |[Casesl &2 |Casesl &2
015 1 (0-4.6) 0.68 0.32 0.70 0.57 0.85 1.03 :
20 {6.1) 0.68 0.36 0.70 0.62 0.99 1.08
25 {7.6) 0.68 0.39 Q.70 0.66 0.94 1.12
30 {9.1) 0.68 042 0.70 0.70 0.98 ' 1.16
40 [ (2.1 0,68 Q.47 0.76 0.76 1.04 1.22
50 | (15.2) 0.68 1 Q.52 0.8] 0.8% .09 1.27
60 {18) 0.68 0.55 0.35 0.85 - 1.13 1.31
70 | {21.3) 0.68 0.59 0.39 0.89 1.17 1.34
80 | (244) | 068 | 0.62 0.93 0.93 1.21 1.38
¢ | {27.4) 0.68 0.65 0.96 Q.96 1.24 1.40
I0C | (30.5) (.68 0.68 0.99 0.99 1.26 1.43
120 1 {36.6) 0.73 0.73 _1.04 1.04 1.31 1.48
140 | (42.7) (.78 0.78 1.09 109 1.36 1.52
ls0 | (48.8) 0.82 0.82 1.13 1.13 1.39 .55
18¢ [ (54.9 .86 (.86 1.:7 . 1.17 143 1.58
L20C | (61.0) 0.90 0.90 1.20 1.29 .46 1.61
725G {76.2) .98 = 0.98 1.8 1,28 1.53 1.08
T 30C | (914 | 105 1.05 1,35 1.35 1.59 1.73
350 1 (1067 | 112 L2 | 14l 141 1.64 1.7¢
400 | (1219 | 118 1.18 1.47 147 1.69 182
450 | (137.2y | 124 1.24 1.52 1,52 1,73 1.86
500 | £152.4) 126+ 129 1,56 1.56 1.7 1.8%
Notes:
i, Casel: a All components and cladding.

o

. Main wind force resisting syslern ir. Jow-rise buildings designed using Figure 6-4.

Case 2: a. All main wind force resisting systems in buildings except those in low-rise buildings
desizned using Figure 6-4.
b. Al main wind force resisting systems in other structures.

b

The velocity pressure exposure coefficient K; may be determined from the following formula:
Forl5ft.szsz Forz<I51t.
K, = 2.01 (22" K, = 2.01 (152"

Note: z shall no: be taken less than 100 fect for Case | in exposure A or less than 30 feet for Case
1 in exposure B.

o and =z, are tabulated in Table 6-4.
Linear interpolation for intermediate values of hieight z is acceptable.

o PSR ]

Exposure categories are defined in 6.5.6.
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Table 24
Exposwre | o |%(f)| 4 /g e I3 e |E(®)| e ! Lot (IL)*
A 50 1500 /5 1C.6411/3.0]1030 | 045 | 180 | 1720 60
B (AU 1200 U7 | .84 1 14.0 | 045 | 0.30 | 320 | 1/3.0 30
C 9.5 900 | 1/9.5 | 1.00 | 1/6.5 | 0.65 | 0.20 [ 500 {1/5.0 i5
n s 700 {115 | 107 | V9.0 0.80 | 0.15 | 650 | 1/8.0 7

*Zpnin = Minimum height used to ensure that the cquivalent aeight z is greater of 0.6k O Zyin.
For buildings with h € 7., z shall be taken as Zyn
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Figure 13
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Figure 14

Main Wind Forece Resisting System . h < 60 ft.
Figure 6-4 | External Pressure Cocfiicients, GCpyy
Enclosed, Partially Enclosed Buildings Walls & Gable Roof

CASE A g CASEB ~ =%~
ﬁ. WIND DIRECTION &J ‘\ﬂW'ND DIRECTION

RANGE i
CASE A
l\}]}g&rn Building Surface ;
(digress) [~ 5 2 3 4 1E 2E I 4K |
05| 040 | 069 | 037 | 029 | 061 | -1.07 | -0.53 | -043
20 0.53 -0.69 -0.48 -0.43 0.80 -1.07 -0.69 -0.64
30-45 0.56 0.21 -0.43 -0.37 0.69 0.27 -0,53 -0.48
90 0.56 .56 -0.37 -0.37 0.69 0.69 -0.48 -0.48
CASE B
Aﬁgﬂfa Building Surlace

(legrees) 5 [ a3 g [ s ¢l m| e[|« %] ek
0-99 | -045 -069 | -037 | -045 | 0.40 | 029 | -048 | -1.07 | -053 | -048 | 061 | -0.43

Notes:

1. Case A and Case B are required as iwo seperate loading conditions lo generate the wind actions,
including torsion, to be resisted by :he-main wind-force resisting system,

2. T'o obtain the critical wind actions, the building shall be rotated in 90¢ degree increments so that
cach corner in turn beeomes the windward corner while the loading patierns in the sketches remain
fixed. TForthe design of structural systems providing lateral resistance in the direction parallel to the
ridge line, Case A shall be based or 0 = 0°.

3. Plus und minus signs signify pressures acting toward and away fron: the surfaces, respectively.

4. Fo: Case A loading the following restrictions apply:

a. The roof pressure coeflicient GGy, when negative in Zone 2, shall be applied in Zone 2 for a
distance from the cdge of roof equal to 0.5 times the horizontal dimensions of the building
measured perpendiculer to the eave line or 2,54, whichever is less; the remainder of Zone 2
extending o the ridge ling shall use the pressure cozfficient GG,y for Zone 1.

b. Except for moment-resisting frames, the to-al horizontal shear sﬁ’all not be 1358 than that

determined by neglecting wind forces on rool surfaces,

5. Combinations of cxternal and intemnal pressures (see Table 6-7) shall be evaluated as required to
ob:ain the mos: severe loadings.

G. Tor values of 8 other than those shown, linear interpolation is permilted,

7. Notation:

a: 10 percent of least horizontal dimension or 0.4k, whichever is smaller, but not less than eithar
4% of least horizontal dimznsion or 3 fL {1 m).

It Mean roof height, in feet (meters), except that cave height shall be used for € < 10°.

0:  Angle of plane of roof from herizontal, in degrees.

SIS S oy
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