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FOREWORD

The Malaysian Standard was developed by the Working Group on Code of Practice on Wind
Loading for Building Structure supervised by the Technical Committee on Structure Loading
under the authority of the Building and Civil Engineering Industry Standards Committee.
Development of this Standard was carried out by the Construction Industry Development
Board Malaysia (CIDB) which is the Standards-Writing Organisation (SWQO) appointed by
SIRIM Berhad to develop standards for the construction industry.

During the development of this Malaysian Standard, reference was made to AS/NZS 1170.2
Structural design — General requirements and design actions.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

vii
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CODE OF PRACTICE ON WIND LOADING FOR BUILDING STRUCTURE

SECTION 1 : GENERAL

1.1 Scope

This Malaysian Standard sets out procedures for determining wind speeds and resulting wind
actions to be used in the structural design for structures subjected to wind action other than
those caused by tornadoes and typhoons.

The standard covers structures within the following criteria:

a) building less than 200 m high;
b) structures with roof spans less than 100 m; and
c) structures other than off-shore structures, bridges and transmission towers.

1.2  Application

This Malaysian Standard applies to structures as described in 1.1 and designed to Malaysian
Standards using limit states and permissible stresses. Appendix A may be used for structures
of limitations as stated there in.

1.3 Referenced document

The following referenced documents contain provisions, which through references in this text
constitute provisions of this Malaysian Standard. For dated references, where there are
subsequent amendments to, or revisions of, any of these publications do not apply. However,
parties to agreements based on this Malaysian Standard are encouraged to investigate the
possibility of applying the most recent editions of the referenced documents. For undated
references, the latest edition of publication referred to applies.

ANSI/ASCE 7-95 Minimum design loads for buildings and other structures

AS/NZS 1170.2 Structural design — General requirements and design actions

ISO 4345 Wind action on structures

MS ISO 1000 Sl units and recommendations for the use of their multiples and of certain
other units

1.4 Determination of wind actions

Values of wind actions for use in design established shall be appropriate for the type of
structure or structural element, its intended use, design working life and exposure to wind

actions. Wind actions on a structure or part of a structure shall be ascertain from using one or
more of the followings:
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a) the applicable clauses of this Malaysian Standard;

b) reliable references used consistently with clauses of this Malaysian Standard;
c) data on wind speed and direction from reliable and recognised source; and
d) wind tunnel or similar fluid dynamic tests carried out for a specific structure.

This Malaysian Standard provides guidelines for wind tunnel testing of structures with
irregular geometric shapes, response characteristics or site locations in which accurate wind
actions are desired (refer to 2.6).

1.5 Units

Except where specifically noted, this standard uses the Sl units as specified in MS 1ISO 1000.

1.6 Definitions
1.6.1 Aerodynamic shape factor

Factor to account for the effects of the geometry of the structure on surface pressure due to
wind.

1.6.2 Awning

Roof-like structure, usually of limited extent, projecting from a wall of a building.
1.6.3 Canopy

Roof adjacent to or attached to a building, generally not enclosed by walls.
1.6.4 Cladding

Material which forms the external surface over the framing of an element of a building or
structure.

1.6.5 Design wind speed

Wind speed for use in design adjusted for wind direction, structure importance, design life,
geographic position, surrounding countryside and height.

NOTE. For very tall structures, design wind speed may be expressed as a function of height.

1.6.6 Dominant opening

Opening in the external surface of an enclosed building which directly influences the average
internal pressure in response to external pressures at that particular opening. Dominant
openings need not be large.
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1.6.7 Drag

Force acting in the direction of the wind stream (see also Lift).

1.6.8 Dynamic response factor

Factor to account for the effects of correlation and resonant response.
1.6.9 Elevated building

Building with a clear, un-walled space underneath the first floor level with a height from
ground to underside of the first floor of one third or more of the total height of the building.

1.6.10 Enclosed building
Building which has full perimeter walls (nominally sealed) from floor to roof level.
1.6.11 Escarpment

Long (steeply sloping) face between nominally level lower and upper plains where the plains
have average slopes of not greater than 5 %.

1.6.12 Exposure factor

Factor used in ISO 4354 to account for the variability of the wind speed at the site of the
structure due to terrain roughness and shape, height above ground, shielding and orographic
environment.

1.6.13 First mode shape

Shape of a structure at its maximum amplitude under first mode natural vibration.

1.6.14 First mode natural frequency

Frequency of free oscillation corresponding to the lowest harmonic of vibration of a structure.

1.6.15 Force coefficient

Coefficient which when multiplied by the incident wind pressure and an appropriate area
(defined in the text), gives the force in a specific direction.

1.6.16 Free roof

Roof (of any type) with no enclosing walls underneath, e.g. free-standing carport.
1.6.17 Free standing walls

Walls that are exposed to the wind on both sides, with no roof attached, e.g. fences.
1.6.18 Gable End

End of building without openings.
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1.6.19 Hip roof

Traditional roof with sloping ridges rising up from external corners (valleys rise up from any
return corners).

1.6.20 Hoardings
Free standing (rectangular) signboards, etc, supported clear of the ground.
1.6.21 Immediate supports (cladding)

Those supporting members to which cladding is directly fixed (e.g. battens, purlins, girts,
studs).

1.6.22 Importance factor
A factor that accounts for the degree of hazard to human life and damage to property.
1.6.23 Lag distance

Horizontal distance down wind, required for the effects of a change in terrain roughness on
wind speed to reach the height being investigated. It increases with height above ground.

1.6.24 Lattice towers

Three-dimensional frameworks comprising three or more linear boundary members
interconnected by linear bracing members jointed at common points (nodes), enclosing an
open area through which the wind may pass.

1.6.25 Lift

Force acting at 90° to the wind stream (see also Drag).

1.6.26 Mansard roof

A roof with two slopes on all four sides, the lower slope steeper than the upper slope.

Note. A mansard roof with the upper slopes less than 10 degrees any be assumed to be flat topped.
1.6.27 Monoslope roof

Planar roof with no ridge, which has a constant slope.

1.6.28 Obstructions

Natural or man-made objects, which generate turbulent wind flow, ranging from single trees to
forests and from, isolated structures to closely spaced multi-storey buildings.
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1.6.29 Permeable

Surface with an aggregation of small openings and cracks etc, which allows air to pass
through under the action of a pressure differential.

1.6.30 Pitched roof

Bi-fold, bi-planar roof with a ridge at its highest point.

1.6.31 Porosity (of cladding)

Ratio of the area openings divided by the total surface area.

1.6.32 Pressure

Air pressure referenced to ambient air pressure. In this Standard, negative values are less
than ambient (suction), positive values exceed ambient. Net pressures act normal to a
surface in the direction specified within the text.

1.6.33 Pressure coefficient

Ratio of the pressure acting at the point on a surface, to the free stream dynamic pressure of
the incident wind.

1.6.34 Ridge (topographic feature)

Long crest or chain of hills which have a nearly linear apex, with sloping faces on either side
of the crest.

1.6.35 Roughness length

Theoretical quantification of the turbulence inducing nature of a particular type of terrain on air
flow (wind).

1.6.36 Rectangular building

For the purpose of Section 5 of this standard, rectangular building includes buildings generally
made up of a rectangular shapes in plan.

1.6.37 Reynolds number

The ratio of the inertial forces to the viscous forces in the airflow.
1.6.38 Scruton number

A mass damping parameter.

1.6.39 Solidity (of cladding)

Ratio of solid area to the total area of the surface.

1.6.40 Structural elements, major

Structural elements whose tributary areas are greater than 10 m°.
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1.6.41 Structural elements, minor
Structural elements whose tributary areas are less than or equal to 10 m°.
1.6.42 Terrain

Surface roughness condition when considering the side and arrangement of obstructions to
the wind.

1.6.43 Topography

Major land surface features comprising hills, valleys and plains, which strongly influence wind
flow patterns.

1.6.44 Tornado

Violently rotating column of air, pendant from the base of a convective cloud, and often
observable as a funnel cloud attached to the cloud base.

1.6.45 Tributary area
Area of building surface contributing to the force being considered.
1.6.46 Troughed roof

Bi-fold, bi-planar roof with a valley at its lowest point.

1.7 Notation

Unless stated otherwise, the notation used in this Standard shall have the following meanings
with respect to a structure, or member, or condition to which a Clause is applied.

A surface area of the element or the tributary area, which transmit wind forces to
the element, being:

i) when used in conjunction with the pressure coefficient (Cy), the area upon
which the pressure acts, which may not always be normal to the wind stream;

ii) when used in conjunction with a drag force coefficient (Cqy), the projected area
normal to the wind stream; and

iii) when used in conjunction with a force coefficient, (Cr x) or (Cry), the areas as
defined in applicable clauses.

Al reference area of ancillaries on a tower.
A gross plan area of the roof including eaves, canopies, awning etc.
At reference area of flag.

Azs total projected area of the tower section at height z.
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area of a structure or a part of a structure, in meter's squared, at height z, upon which
the pressure at that height (p,) acts.

i) constant for ease of calculation (see E4.2.3); and
ii) dimension used in defining the extent of application of local pressure factors.

background factor which is a measure of the slowly varying background component
of the fluctuating response, caused by low frequency wind speed variations.

i) breadth of a structure or element, usually normal to the wind stream (see
Figures 5.1, C5, C7, D1, E1, E3 and Tables E3, E4 and E5);

ii) horizontal breadth of a vertical structure normal to the wind stream, or
average breadth of a vertically tapered structure over the top half of the
structure; or nominal average breadth of a horizontal structure; and

iii) average diameter of a circular section.

diagonal breadth of UHF antennas.

average diameter or breadth of a section of a tower member.

normal breadth of UHF antennas.

average breadth of the structure between 0 and h.

average breadth of the shielding buildings, normal to wind stream.

average breadth of the structure between heights s and h.

average breadth of top of the structure.

average breadth of the structure at the section at height z.

ratio of the average diameter of an ancillary to the average width of structure.
drag force coefficient for a structure or member in the direction of the wind stream.
drag force coefficient of an isolated ancillary on a tower.

effective drag force coefficient for a tower section with ancillaries.

drag force coefficient for the first frame in the up-wind direction.

dynamic response factor.

drag force coefficient for a structure or member, in the direction of the x-axis.
drag force coefficient for a structure or member, in the direction of the y-axis.

frictional drag force coefficient.
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Cow
Cpl(eb)

da

E;

gr

9

Hs

aerodynamic shape factor.

cross-wind force spectrum coefficient generalised for a linear mode shape.
external pressure coefficient for sides of bins, silos and tanks.

external pressure coefficient.

internal pressure coefficient

net pressure coefficient for the leeward half of a free roof.

net pressure coefficient acting normal to the surface for canopies, free standing roofs,
walls etc.

net pressure coefficient for the windward half of a free roof.

external pressure coefficient on walls of bins, silos or tanks of unit aspect ratio (c/b =
1) as a function of 6y,

i) constant for ease of calculation (see E4.2.3);

ii) net height of a hoarding, bin, silo or tank (not including roof or lid height); and
iii) height between the highest and lowest points on a hyperbolic paraboloid roof.
i) minimum roof plan dimension;

ii) depth or distance parallel to the wind stream to which the plan or cross

section of shape extends; and
iii) length of span of curved roof.
along-wind depth of a porous wall or roof surface.
the modulus of elasticity.
spectrum of turbulence in the approaching wind stream.
i) the base of Napierian logarithms (= 2.71828); and
ii) horizontal eccentricity of net pressure.
force on building element.
ratio of peak to mean along-wind response, M, /M,  (related to gust effects).
peak factor for resonant response (10 min period).
peak factor for up-wind velocity fluctuations.
height of the hill, ridge or escarpment.

height factor for the resonant response.

8
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h average roof height of a structure above ground.

he height from ground to the attached canopy, etc.

he eaves height from the ground to the eaves of the building.
hy flag height.

h floor to floor height of the structure.

h average height of surface roughness.

ho height of parapet above average roof level.

hs average height of shielding buildings.

h height from the ground to the top of a structure.

/ i) second moment of area; and
ii) Importance factor.

I turbulence intensity, obtained from Table 6.1 by setting z equal to h.

I turbulence intensity at height z given for the various terrain categories in Table 6.1.

K factor for maximum tip deflection.

Ka area reduction factor.

Kar aspect ratio correction factor for individual member forces.

K. combination factor.

K factor to account for the angle of inclination of the axis of members to the wind
direction.

Kin correction factor for interference.

K local pressure factor.

K mode shape correction factor cross wind acceleration.

K'm mode shape correction factor cross wind base overturning moment.
Ko porous cladding reduction factor.
K parapet reduction factor.

Ksh shielding factor for shielded frames in multiple open framed structures reduction
factor.

k mode shape power exponent.
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Ko

Ln

L

Ly

factor for a circular bin.
measure of effective turbulence length scale at height h.

horizontal distance upwind from the crest of the hill. Ridge or escarpment to a level
half the height below the crest.

length scale in meters to determine the vertical variation of M,, to be taken as the
greater of 0.4Hor 0.36 L.

length scale in meters to determine the horizontal variation of M,, to be taken as L4
upwind for all types, and downwind for hills and ridges, or 10L; downwind for
escarpments.

i) length of member; and
ii) length of cantilevered roof beam.
flag length.

average spacing of shielding buildings.

along-wind base overturning moment.

mean base overturning moment for a structure in the along-wind direction.
design peak base overturning moment for a structure in the along-wind direction.
cross-wind base overturning moment.

mean base overturning moment for a structure in the cross-wind direction.
design peak base overturning moment for a structure in the cross-wind direction.
wind directional multiplier.

resultant vector base overturning moment.

design peak resultant vector base overturning moment.

hill shape multiplier.

shielding multiplier.

terrain/height multiplier.

average mass per unit multiplier.

mass per unit of flag.

average mass per unit height over the top third of the structure.

mass per unit height as a function of height z.

10



m

Ne

N

Pe

Se

Vdes
Vdes, (2
Vsit

Vs

MS 1553 : 2002

number of span of a multi-span roof.
first mode natural frequency of vibration of structure in Hertz.

first mode natural frequency of vibration of structure in the along-wind direction in
Hertz.

first mode natural frequency of vibration of structure in the cross-wind direction in
Hertz.

number of upwind shielding buildings within a 45° sector of radius 20h and with h>h;.
design wind pressure.

external wind pressure.

internal wind pressure.

net wind pressure.

design wind pressure at height z.

Reynolds number.

i) rise of curved roof; and

ii) corner radius of a structure shape.

size reduction factor.

Scruton number.

i) shielding parameter; and

ii) height of the level at which action effects are calculated for a structure.
building design wind speeds.

building design wind speeds as a function of height z.

wind speed for a site.

basic wind speed obtained from the Gringorten Method Analysis for 50 years return
period.

wind actions.

equivalent static wind force per unit height as function of height z.
i) width of tower;

ii) shortest horizontal dimension of the building; and

iii) factor to account for the second order effects of turbulence intensity.

11
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X max
y max

Ymax

20,r

amax

ACy

Az

&,m

width of canopy, etc, from the face of the building.
distance from the windward edge of a canopy or cantilevered roof.

horizontal distance up-wind or down-wind of the structure to the crest of the hill, ridge
or escarpment.

distance down-wind from the start of a new terrain roughness to the developed height
of the inner layer, z at the structure (lag distance).

peak acceleration at the top of a structure in the along-wind direction.
peak acceleration at the top of a structure in the cross-wind direction.

maximum amplitude of tip deflection in cross-wind vibration at the critical wind speed.
height on the structure above the local ground level.

effective height of the hill, ridge or escarpment.

larger of two roughness at a boundary between roughness.

i) angle of slope of a roof; and

ii) direction of a resultant vector base overturning moment with respect to the
along- wind direction.

angle from the along-wind direction to the plane of the maximum resultant vector
base overturning moment.

angle of compass wind direction, measured clockwise from North, for determining site
wind velocities.

additional drag coefficient due to an ancillary attached to one face or located inside
the tower section.

height of the section of the structure upon which the wind pressure acts.

solidity ratio of the structure (surface or open frame) which is the ratio of solid area to
total area of the structure.

effective solidity ratio for an open frame.

action effect derived from the mean along-wind response, and proportional to the
mean base overturning moment, M, .

action effect derived from the mean cross-wind response, and proportional to the
mean base overturning moment, M; .

12
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action effect derived from the mean cross-wind response, and proportional to the
design peak base overturning moment, M .

ratio of structural damping to critical damping capacity of a structure.

angle of the up-wind direction to the orthogonal axes of a structure.

angle of deviation of the wind stream from the normal of the ancillary.

angle from the wind direction to a point on the wall of a circular bin, silo or tank.
angle between the wind direction and the longitudinal axis of the member.

spacing ratio for parallel open frames, equal to the frame spacing center-to-center on

the projected frame width normal to the wind direction.

Pair

density of air which can be taken as 1.225 kg/ms.

NOTE. This value is based on standard atmosphere conditions and typical ground level atmospheric pressure and
variation may be necessary for very high altitudes or cold environments.

@z

first mode shape as a function of height z, normalised to unity at z=h (in the absence
of more accurate shape, assume that @(z) = (z/h)2.

13
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SECTION 2 : CALCULATION OF WIND ACTIONS

2.1

General

This Section gives the procedure for determining wind actions, W, on structures and elements
of structures or buildings as follows:

2.2

determine site wind speeds (see 2.2);
determine design wind speed from the site wind speeds (see 2.3);
determine design wind pressures and distributed forces (see 2.4); and

calculate wind actions (see 2.5).

Site wind speed

The site wind speeds, Vs, is defined at the level of the average roof height above ground (see
Figure 2.1) by the expression:

Vst = Vs (M) (Mzcat) (Ms) (Mh) 1

where,

Vs

My

33.5 m/s zone | and 32.5 m/s zone Il respectively, see Figure 3.1;

1;

M,cat  terrain/neight multiplier as given in Section 4;

M, hill shape multiplier as given in Section 4; and
M shielding multiplier as given in Section 4.
NOTES:

1.

For buildings higher than 25 m and for frames, design wind speeds for other levels up to roof height may need
to be considered.

The wind speeds given in Section 3 are established for each particular region and are related to standard
exposure (i.e. 10 m height in Terrain Category 2), peak gust, annual probability of exceedence (or return period)
and wind direction.

The site exposure multipliers given in Section 4 correct the gust wind speeds for conditions around the site of
the structure due to:

a) the height above ground level;
b) the roughness of the terrain;
c) the shape and slope of the ground contours in undulating terrain; and

d) the shielding effect of surrounding structures.

14
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4. Vsreference is based on 50 years return period and has been recommended for Zone | and Zone Il. For specific
location/station or for other return period (20 and 100 years) the designer may refer to Table 3.1

2.3 Design wind speed

The building design wind speeds, Vs shall be taken as the maximum site wind speed, Vs
multiplied by the importance factor, /, which can be obtained from Table 3.2.

2.4 Design wind pressure

241 General

The design wind pressures, in Pascals, shall be determined for structures and parts of
structures using the following equation:

p = (0.5 pair) [Vees]*Gitg Cayn Pa @)
where,
Pair density of air which can be taken as 1.225 kg/m3 ;and

0.5 pair 0.613 (This value is based on standard air conditions and typical ground level
atmospheric pressure).

Vdes = Vsit>< / (3)
/ Importance factor given in Table 3.2
Giig aerodynamic shape factor as given in Section 5; and

Cqyn  dynamic response factor which shall be taken as 1.0 unless the structure is wind
sensitive (see Section 6), when the values shall be as defined in Section 6

NOTE. ISO 4354 gives the values for the effects of the site as Cex, Which effectively equals the square of the factors
covered in Sections 4, (Mycart Ms M) 1t also assumes an all direction wind effect represented as grr which effectively
equals (0.5pair) [V6]2. Therefore this standard relates to 1ISO 4354 as follows (see also Equation 2):

Qref Cexp = (0-5pair) [Vdes]2
The notation used for pressure is p instead of w.
2.4.2 Minimum design wind load
The wind load in the design of main wind force resisting system shall not be less than 0.65
kN/m? multiplied by the area of the building or structure projected on a vertical plane normal
to the wind direction.
In the case of components and cladding for buildings, the algebraic sum of the pressure

acting on opposite faces shall be taken into account and shall not be less than 0.65 kN/m?
acting in either direction normal to the surface.

15
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The design force for open buildings and other structures shall not be less than 0.65 kN/m?
multiplied by the area A.

Z V4
|
Figure 2.1 Reference to height of structure

2.5 Wind actions

2.5.1 Directions to be considered

Structures shall be designed to withstand wind forces derived by considering wind actions
from no fewer than four critical orthogonal directions aligned to the structure.

2.5.2 Forces on building elements
To determine the action effects, W, the forces, F, in Newton, on a building element, such as a

wall or a roof, shall be calculated from the pressures applicable to the assumed areas as
follows:

F = IpA (4)
where,
P the design wind pressure at height z, in Pascals
(pe — pi) for enclosed buildings or (p,) where net pressure is applicable. Given pe, p,
pn are the external, internal and net pressures respectively as determined in 2.4;
A, area of a structure or a part of a structure, in meters squared, at height z, upon which

the pressure at that height (p,) acts.

16
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For enclosed buildings, internal pressures shall be taken to act simultaneously with external
pressures including the effects of local pressure factors, K (see 5.4.4). The most severe
combinations of internal and external pressures shall be selected for design.

NOTES:

1. Clause 5.4.3 provides a factor for use when calculating action effects on major structural elements that result
from adding wind pressures on more than one surface of the building;

2. Where variations in the surface pressure with height are considered, the area may be subdivided so that the
specified pressures are taken over appropriate areas (see 4.2 for variation of wind speed with height); and

3. The wind pressure acts in a direction normal to the surface of the structure or element. Tangential frictional
effects such as those in 5.5 act parallel to the wind direction.
2.5.3 Forces and moments on complete structures

The total resultant forces and overturning moments on a complete structure shall be taken to be the summation of the
effects of the external pressures on all surfaces of the building.

For rectangular enclosed buildings where the ratio d/hor d/b (see 5.4) is greater than 4 the
total resultant force on a complete structure shall include the frictional drag calculated in
accordance with 5.5.

For dynamic effects the combination of along-wind and crosswind responses shall be
calculated in accordance with Section 6.

2.6 Wind tunnel procedure

Wind-tunnel tests or similar test employing fluids dynamic principles other than air shall be used for the determination
of design wind loads in accordance to 2.6.1.

2.6.1 Test conditions

Test for the mean and fluctuating forces and pressures are considered adequate only if all of
the following conditions are satisfied:

a) the natural atmospheric boundary layer where applicable has been modeled to
account for the variation of wind speed with height;

b) the relevant macro (integral) length and micro length scales of the longitudinal
component of atmospheric turbulence are modeled to approximately the same scale
as that used to model the building or other structure;

c) the modeled building or other structure and surrounding structures and topography
are geometrically similar to their full scale counterparts;

d) the projected area of the modeled building or other structure and surroundings is less
than 8 % of the test section cross-sectional area unless correction is made for
blockage;

e) the longitudinal pressure gradient in the wind tunnel test section is accounted for;

17
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f) Reynolds number effects on pressure forces are minimized; and

Q) Response characteristics of the wind-tunnel instrumentation are consistent with the
required measurements.

2.7 Wind induced vibrations

2.7.1 Building acceleration

The acceleration of a building due to wind-induced motion shall not exceed 1.0 % for
residential structures and 1.5 % for other structures, of the acceleration due to gravity.

2.7.2 Drift
The total drift and inter-story drift of wind force resisting system shall not exceed h/500 and

h/750 respectively, where h is the overall height of the structure and h; is the floor to floor
height of the structure.

18
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SECTION 3 : WIND SPEEDS

3.1 General

This Section provides methods for determining gust wind speeds appropriate to the region in
which a structure is to be constructed.

3.2 Station wind speeds

Station wind speeds for all directions based on 3-second gust wind data is given in Table 3.1

for the regions shown in Figure 3.1. Vjoo is the wind speed for a return period of 100 years,
Vo for 50 years and Vo is for 20 years.

Table 3.1 Wind speed (m/s) for various return period

Station Voo Vs=Vso Vi
Temerloh 25.1 27.4 29.1
Tawau 24.6 26.6 28.1
Subang 29.2 32.1 34.3
Sri Aman 27.6 30.3 32.4
Sitiawan 23.3 25.3 26.7
Sibu 27.0 29.3 31.0
Senai 26.9 29.1 30.7
Sandakan 23.4 25.8 27.7
Petaling Jaya 28.8 31.4 33.4
Muadzam Shah 22.6 24.4 25.8
Miri 26.9 29.0 30.5
Mersing 29.5 32.0 33.8
Melaka 26.7 29.4 31.3
Labuan 26.0 27.7 29.0
Kudat 271 29.1 30.6
Kuala Terengganu 25.5 27.2 28.5
Kuantan 27.5 29.8 31.6
Kluang 29.6 32.6 34.9
Kuala Krai 27.2 29.5 31.3
Kuching 29.5 32.6 34.9
Kota Bahru 30.0 32.4 34.2
Kota Kinabalu 28.3 30.5 32.2
Ipoh 30.6 33.5 35.7
Chuping 23.8 25.6 27.0
Cameron Highlands 25.2 26.8 28.0
Butterworth 24.6 26.4 27.7
Batu Embun 25.3 275 29.2
Bayan Lepas 25.6 27.5 28.9
Bintulu 23.9 25.6 26.9
Alor Setar 27.2 29.9 31.8

Design wind speed as defined in 2.3 shall be calculated based on the Importance factor, /,
given in Table 3.2.
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Table 3.2 Importance factor, /

MS 1553 : 2002

Category of

Nature of Occupancy Structures 1
Buildings and structures that represent low
hazard to human life in the event of failure such 0.87
as agricultural facilities, temporary facilities and
minor storage facilities.
All buildings and structure except those listed in Il 1.0
category |, lll and IV.
Buildings and structures where the primary
occupancy is one in which more than 300 people 1 1.15
congregate in one area.
Essential buildings and structures
Hospital and medical facilities
Fire and police stations
Structures and equipment in civil defense
Communication centres and facilities for vV 115
emergency response
Power stations and other emergency utilities
Defense shelter.
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SECTION 4 : SITE EXPOSURE MULTIPLIERS

41 General

This Section provides methods for evaluating the exposure multipliers relating to site
terrain/height, M, ¢4 , shielding, Ms and hill shape, M.

The design shall take account of known future changes to terrain roughness when assessing
terrain category and to buildings providing shielding when assessing shielding.

4.2 Terrain/height multiplier, M, cat
4.2.1 Terrain category definitions

Terrain, over which the approach wind flows towards a structure, shall be assessed on the
basis of the following category descriptions:

a) Category 1 : Exposed open terrain with few or no obstructions.
NOTE. For serviceability considerations, water surfaces are included in this category.

b) Category 2 : Water surfaces, open terrain, grassland with few well scattered
obstructions having height generally from 1.5 m to 10.0 m.

c) Category 3 : Terrain with numerous closely spaced obstructions 3.0 m to 5.0 m high
such as areas of suburban housing.

d) Category 4 : Terrain with numerous large, high (10.0.m to 30.0 m high) and closely
spaced obstructions such as large city centers and well-developed industrial
complexes.

Selection of terrain category shall be made with due regard to the permanence of the
obstructions which constitute the surface roughness, in particular some vegetation and
buildings in tropical regions shall not be relied upon to maintain surface roughness during
wind events.

4.2.2 Determination of terrain/height multiplier, M, ca

The variation with height, z, of the effect of terrain roughness on wind speed (terrain/height
multiplier), M, ., shall be taken from the values for fully developed profiles given in Table 4.1.

Designers shall take account of known future changes to terrain roughness in assessment of
terrain category.
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Table 4.1. Terrain/height multipliers for gust wind speeds in fully developed
terrain. Serviceability limit state design and ultimate limit state
Height (z) Multiplier (M cat)
m
Terrain Terrain Terrain Terrain
Category 1 Category 2 Category 3 Category 4
<3 0.99 0.85 0.75 0.75
5 1.05 0.91 0.75 0.75
10 1.12 1.00 0.83 0.75
15 1.16 1.05 0.89 0.75
20 1.19 1.08 0.94 0.75
30 1.22 1.12 1.00 0.80
40 1.24 1.04 0.85
50 1.25 1.07 0.90
75 1.27 1.12 0.98
100 1.29 1.24 1.03
150 1.31 1.27 111
200 1.32 1.29 1.16
250 1.34 1.31 1.27 1.20
300 1.35 1.32 1.29 1.23
400 1.37 1.35 1.32 1.28
500 1.38 1.37 1.35 1.31
NOTE. For intermediate values of height z and terrain category, use linear interpolation.

4.2.3 Changes in terrain category

Where, for the direction under consideration, the wind approaches across ground with
changes in terrain category that lie within 3000 m of the structure, M,cat shall be taken as the
weighted average terrain and structure height multiplier over the 3000 m upwind of the
structure at height z above ground level.

For evaluation at height z, a change in terrain incorporates a lag distance, x given as follows:

D1.25

z

Xi =2, O (6)
3 Z, g

where,

Xi distance down-wind from the start of a new terrain roughness to the developed height

of theinner layer, z at the structure (lag distance);
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20, larger of the two roughness lengths at a boundary between roughness, as given in
Table 4.2; and
z height on the structure above the local ground level.

NOTE. Lag distance is not a significant effect for heights less than 15 m.

Table 4.2 Roughness Lengths for terrain categories

Terrain category Roughness length
Terrain category 1 0.002
Terrain category 2 0.02
Terrain category 3 0.2

Terrain category 4 2.0

The weighted average of M, ., is weighted by the length of each terrain upwind of the
structure allowing for the lag distance at each terrain category change for a distance of 3000
m. An example is given in Figure 4.1(b).

Wind direction Developed height

:> of inner layer

Upstream terrain category

New terrain category

X

Start of new Xi X - X
terrain roughness

(a) Notation for changes in terrain category
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Wind direction
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Xt3

Xt2

i

/
—/‘ Terrain category 3

Terrain category 4

Te rrTm category 21

X
Lag distance Lag distance
(tc3 to tc4) (tc4 to tc2)
M,, x M,, x M, x
My car= —2—2 ’ 36’60 u ¥ 258 for the case illustrated

(b) Example of changes in terrain category

Figure 4.1 Changes in terrain category

Shielding Multiplier, Ms

The shielding multiplier, Ms, appropriate to a particular direction, shall be as given in Table
4.3. Where the effects of shielding are ignored, or are not applicable for a particular wind
direction, or where the average up-slope ground gradient is greater than 0.2, M, shall be

equal to 1.0.

Table 4.3 Shielding multiplier, M

Shielding parameter, s

Shielding multiplier, Ms

<15 0.7

3.0 0.8

6.0 0.9

>12.0 1.0

Normal suburban housing 0.85

NOTE. For intermediate values of s, use linear interpolation.
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4.3.2 Buildings providing shielding

For the purposes of this clause, buildings providing shielding are those within a 45° sector of
radius 20h, (symmetrically positioned about the directions being considered) and whose
height is greater than or equal to A shall be taken to provide shielding.

4.3.3 Shielding parameter

The shielding parameter, s, in Table 4.3 shall be determined from :

s = — (6)
hS bS
where,
/s = hs%"’ SE (7)
S
and
ls average spacing of shielding buildings;

hs average height of shielding buildings;

bs average breadth of shielding buildings normal to the wind stream;
h height from the ground to the top of the structure; and
Ns number of upwind shielding buildings within a 45° sector of radius 20h; and with hs =h;.

4.4 Hill shape multiplier, My

The hill shape multiplier, M,, shall be taken as 1.0 except that for the particular cardinal
direction in the local topographic zones shown in Figures 4.3 and 4.4, the value shall be as
follows:

a) for H(2L,) < 0.05, M, =1.0;

b) for 0.05 < H/(2 L,) < 0.44, (see Figures 4.2 and 4.3);

_ H__H_MH
SR ©

c) For H/(2L,) > 0.44, (see Figure 4.4):

i) Within the separation zone (see Figure 4.4); and

O |x||]
My=1+0710-0 ()
g Log

ii) Elsewhere within the local topographic zone, M, is given in Equation (8)
26
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z
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height of the hill, ridge or escarpment;

horizontal distance upwind from the crest of the hill, ridge or escarpment to a level
half the height below the crest;

horizontal distance up-wind or down-wind of the structure to the crest of the hill, ridge
or escarpment;

length scale in meters to determine the vertical variation of M,, to be taken as the
greater of 0.4Hor 0.36L;

length scale in metres to determine the horizontal variation of M,, to be taken as 4L,
upwind of all types, and downwind for hills and ridges, or 10L; downwind for
escarpments; and

height on the structure above the local ground level

Figures 4.2, 4.3 and 4.4 are cross-sections through the structure site for a particular wind direction. z is

measured from ground level at the building face.

For the case where xand z are zero the value of M, may be taken from Table 4.4.

Wind direction
)/re//

Local topographic zone

;ZESEEE: L2_1.44Luor1.6H Ly,=1.44L,0r1.6H W"

X /’

(whichever is greater) (whichever is greater)

Figure 4.2 Hills and ridges
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Local topographic zone

Wind direction
)/re//

T =
H/2 =

;Zfsg:” L2=1.44Lu0r1.6H

Ly=1.44L,0r 1.6 H

T ——
2N

(whichever is greater)

(whichever is greater)

Figure 4.3 Escarpments

Local topographic zone

L H/2 -

S|opeE §>: §£4f -~

Separation zone
starting at crest

Figure 4.4 Separation zone for slopes greater than 0.44

Table 4.4 Hill-shape multiplier at crest ( |4 = 0),
z = 0 (for gust wind speeds)

Upwind slope (H/2L,) M,
<0.05 1.0
0.05 1.08
0.10 1.16
0.20 1.33
0.30 1.49
>0.44 1.71
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SECTION 5 : AERODYNAMIC SHAPE FACTOR

5.1 General

This Section provides methods for evaluating aerodynamic shape factor, Gig, for structures or
parts of structures. The values of Gig are used in determining the pressures applied to each
surface (see Figure 5.1). The wind action effects used for design shall be the sum of values
determined for different pressure effects such as the combination of internal and external
pressures on enclosed buildings.

Clauses 5.3, 5.4 and 5.5 provide values for enclosed rectangular buildings. Methods for
particular cases for buildings, free walls, free roofs, exposed members and other structures
are given in the appropriate appendices.

+ve

—] +ve
" / &
External pressures Internal pressures

NOTE.  Cyjg is used to give a pressure on one surface of the surface under consideration. Positive value of G;g
indicates pressure acting towards the surface, negative acting away from the surface.

Figure 5.1(a) Normal pressures on enclosed buildings

>

NOTE. Cfig is used to give frictional drag on external surfaces of the structure only. Load per unit area acts parallel
to the surface.

Figure 5.1(b) Frictional drag on enclosed buildings
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iy

NOTE. Cfig is used to give net pressure normal to the wall
derived from face pressures on both upwind and downwind
faces. The net pressure always acts normal to the longitudinal
axis of the wall.

Figure 5.1(c)
hoardings

Normal pressure on walls and

ve

A

NOTE. Cﬁg is used to give net pressure normal the roof derived

from face pressures on both upper and lower surfaces. The net
pressure always acts normal to the surface and positive
indicates downwards.

Figure 5.1(e) Normal

standing roofs

pressures on free

s

NOTE. Ctig is used to give frictional on both sides of
the wall. Load per unit area acts parallel to both the
surfaces of the wall.

Figure 5.1(d)
and hoardings

Frictional drags on wall

IS

NOTE. Cfig is used to give the total frictional drag

forces derived from face frictional forces on both
upper and lower surfaces. Load per unit area acts
parallel to the surface.

Figure 5.1(f)
standing roofs

Frictional drag on free

Figure 5.1 Sign conventions for G,

5.2

Evaluation of aerodynamic shape factor

The aerodynamic shape factor, GCig shall be determined for specific surfaces or parts of

surfaces as below:

a) Enclosed buildings (see this Section 5 and Appendix C):

Ciig = Co.e Ka K: K K, for external pressures;
Ciig = Gy, K for internal pressures; and
Giig = G K for frictional drag forces.
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b) Circular bins, silos and tanks (see Appendix C);
c) Free standing hoardings, walls canopies and roofs (see Appendix D):
Gig = CpnKaKiK,tor pressure normal to surface;
Gig = G for frictional drag forces.
d) Exposed structural members, frames and enclosed frames (see Appendix E); and
e) Flags and circular shapes (see Appendix F).

5.3 Internal pressure for enclosed buildings

5.3.1 General

Aerodynamic shape factors for internal pressures C,; shall be determined from Table 5.1.
Table 5.1(a) shall be used for the design case where openings are shut and the wall
permeability dominates. Table 5.1(b) shall be used for the design case where openings are
assumed to be open. The reference height, h, at which the wind speed is determined, shall in
all cases be taken as the average height of the roof.

Internal pressure is a function of the relative permeability of the external surfaces of the
building. The permeability is calculated by adding areas of opening to leakage of the building
(e.g. vents, gaps in windows).

5.3.2 Openings

Combinations of openings shall be assumed to give internal pressures that together with
external pressures give the most adverse wind actions. Potential openings include doors,
windows and vents.

5.3.3 Dominant openings

A surface is considered to contain dominant openings if the sum of all openings in that
surface exceeds the sum of openings in each of the other surfaces taken one at a time.

NOTE. A dominant opening does not need to be large and may occur as a result of a particular proposed scenario
such as an open air vent while all other potential openings are shut.
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Table 5.1 Internal pressure, coefficients, G, ;, for buildings with open interior plan
Table 5.1 (a) Cases for permeable walls
Condition Cos Examples showing permeability
1. One wall permeable, other walls
impermeable:
S—
(a) Windward wall permeable 0.6 > |
|
(b) Windward wall impermeable -0.3 —>
2. Two or three walls equally permeable, A T
other walls impermeable: : : D) !
(a) Windward wall permeable 0.1,-0.2 — >
D | === A |
| |
(b) Windward wall impermeable -0.3 : I:___‘ [___J
P
3. Allwalls equally permeable or -0.3 or 0.0 whichever ' '
openings of equal area on all walls is the more severe for . Lo!
' combined forces
4. A building effectively sealed and having non- |§ti eo:n(c)).rz \;V:\Z?:\;g: »
opening windows f
combined forces

Table 5.1 (b) dominant openings on one surface

Ratio of dominant Dominant opening Dominant opening Dominant opening Dominant opening
opening to total area on windward wall on leeward wall on side wall onroof
(including
permeability) of
other wall and roof
surface
0.50r less -0.3,0.0 -0.3,0.0 -0.3,0.0 -0.3,0.0
1 -0.1, 0.15Cpe -0.1, 0.15Cpe -0.1,0.15Cpe -0.1, 0.15Cpe
1.5 0.45C; ¢ -0.3, 0.45Cp¢ 0.45C, -0.3, 0.45Cp¢
2 0.7Cpe 0.7Cpe 0.7Cpe 0.7Cpe
3 0.85C;¢ 0.85C;¢ 0.85Cpe 0.85C;¢
6 or more e p.e pe p.e
I
—> —> —>
L |

NOTE. G, is the relevant external pressure coefficient at the location of the dominant opening.
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5.4 External pressures for enclosed buildings
5.4.1 External pressure coefficients, G, .

The external pressure coefficients, G, for surfaces of rectangular enclosed buildings are
given in Tables 5.2 (a), (b), (c) for walls and Tables 5.3 (a), (b), (c) for roofs and for some
special roofs in Appendix C. The parameters (e.g. dimensions) referred to in these tables are
set out in Figure 5.2. The reference height, h, at which the wind is determined, shall in all
cases be taken as the average height of the roof. For leeward walls and sidewalls, in all
cases, wind speed shall be taken as the value at h for all z.

Roofs shall be designed for both values where two values are listed. In these cases, roof
surfaces may be subjected to either value due to turbulence. Alternative combinations of
external and internal pressures (see also Clause 5.3) shall be considered to obtain the most
severe conditions for design.

For roof parallel to the wind, R, and for all a, the following cases shall be considered in
determining the worst action effects using the values given in Tables 5.3 (a) and (c):

a) the most negative value of the two given in the Table applied to both halves of the
roof;

b) the most positive value of the two given in the Table applied to both halves of the
roof; and

c) the most negative value applied to one half, and the most positive value applied to

the other half of the roof.

For the underside of elevated building, G, ¢, shall be taken as 0.8 and —0.6. For buildings with
less elevation above ground than one third of the height, use linear interpolation between
these values and 0.0, according to the ratio of clear unwalled height underneath first floor
level to the total building height. For the calculation of underside external pressure, wind
speed shall be taken as the value at h for all z.

Under-eaves pressure shall be taken as equal to those applied to the adjacent wall surface
below the surface under consideration.
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NGO NN N
» For all except L use
’ L V varying with height

LEGEND

W = Winward wall D = Down-wind slope

L = Leeward wall R = Cross-wind slope

S = Side wall & = Angle of slope of a roof

U = Up-wind slope h = Average roof height of a
structure above ground

Figure 5.2 Parameters for rectangular enclosed building
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Table 5.2 Walls : External pressure coefficients, G, . for rectangular
enclosed buildings.

Table 5.2 (a) Windward wall, W

External pressure coefficients, Cp e

h< 25.0 m h>25.0m
For buildings on ground:
0.8, when wind speed varies with height, 0.8, when wind speed varies
or with height,

0.7, when speed is taken for z = h
For elevated buildings:

0.8 when wind speed is taken for z = h

Table 5.2 (b) Leeward wall, L

. * External pressure
a d/b Coefficients, Cp.o
< 10° <1 -0.5
2 -0.3
>4 -0.2
10° -0.3
15° All values -0.3
20° -0.4
> 25° <01 -0.75
0.2 -0.625
>0.3 0.5

* For intermediate values of db and a, use linear interpolation

Table 5.2 (c) Side walls, S

Horizontal distance from

External pressure coefficients,
windward edge X pressd et Co.e

Oto1h -0.65
1hto 2h -0.5
2hto 3h -0.3

> 3h -0.2
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Table 5.3 Roofs : External pressure coefficients, Cp e,
for rectangular enclosed buildings

Table 5.3 (a) For up-wind slope, U and down-wind slope, D for a<10°
and R for gable roofs
Roof type and slope . . External pressure coefficient,
Horizontal distance Coe
from windward edge ‘
Cross wind | Up- wind slopes,
slopes U, h/ds 0-5** h/dZ 1.0**
for gable |Down-wind slope,
roofs, R D
All o a<10° 0to 0.5h -0.9,-0.4 -1.3,-0.6
0.5h to 1h -0.9,-0.4 -0.7,-0.3
1h to 2h -0.5,0 (-0.7)*, (-0.3)*
2h to 3h -0.3, 0.1
> 3h -0.2,0.2
Table 5.3 (b) Up-wind slope, U, a = 10°
Roof type
and slope | Ratio External pressure coefficients, Gy e
Up-wind hid Roof pitch, a degrees *
slope, U 10 15 20 25 30 35 > 45
<0.25 |-0.7,-0.3| -0.5,0.0| -0.3,0.2 | -0.2,0.3 | -0.2,0.4(0.0,0.5
a=10° 0.5 |-0.9,-0.4/-0.7,-0.3| -0.4,0.0 | -0.3,-0.2 |-0.2,-0.3|-0.2,0.4| O,
0.8sina
>1.0 |-1.3,-0.6/-1.0,-0.5| -0.7,-0.3 | -0.5,0.0 | -0.3, 0.2 (-0.2, 0.3

Table 5.3 (¢c) Down-wind slope, D, a = 10° and R for hip roofs

Roof type and slope Ratio External pressure coefficient, G, ¢
Cross-wind slopes art h/d*
for hip roofs, R SDI(;VF\,IZSWII)nd Roof pitch, a degrees*
10 15 20 >05
Al a az10° <0.25 -0.3 -0.5 -0.6 Forb/d,3:-0.6
For 3 <b/d < 8;-0.06
0.5 -0.5 -0.5 -0.6 (7+ bld)
>1.0 0.7 | -06 | -06 Forb/d>8;-0.9

* Interpolation shall only be carried out on values of the same sign.
** For intermediate values of roof slopes and h/d ratios, use linear interpolation.
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5.4.2 Area reduction factor, K,, for roofs and side walls

For roofs and side walls, the reduction factor, Kj, shall be as given in Table 5.4. For all other
cases, K, shall be taken as 1.0. Tributary area is the area contributing to the force being
considered.

Table 5.4 Area reduction factor, K;

Tributary areas A* (m2) Area reduction factor, K,
<10 1.0
25 0.9
=100 0.8
* For intermediate values of A, use linear interpolation.

5.4.3 Combination factor, K;

Where wind pressures acting on two or more surfaces of an enclosed building (e.g. windward
wall, upwind roof, side wall, internal pressure, etc.) contribute simultaneously to a structural
action effect (e.g. member force or stress) on a major structural element, the combination
factor K; given in Table 5.5 may be applied to the combined forces calculated for the critical
external and internal surfaces. This factor shall not be applied to cladding or immediate
supporting structure such as purlins.

For any roof or side wall surface, K. shall not be less than 0.8/Kj, (see 5.4.2).

Table 5.5 Action combination factors for wind pressure contributing from two or
more building surfaces to effects on major structural elements

Design Case Combination Example diagrams
factor, K¢

Where wind action from any
single surface contributes
75 % or more to an action
effect

1.0 -

Pressures from windward and
leeward walls in combination 0.8 \\ \ /l /‘ /
with positive or negative roof

pressure Il\
|

—_—
P —_—
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Table 5.5 Action combination factors for wind pressure contributing from two or
more building surfaces to effects on major structural elements (continued)

Design Case Combination Example diagrams
factor, K¢
Positive pressures on roofs in 08

combination with negative
internal pressures (from a
wall opening)

Negative pressures on roofs

walls in combination with 0.95
positive internal pressures 1 | | r

H RN
All other cases 1.0 ]

NOTE. The action combination factors less than 1.0 can be justified because wind pressures are highly
fluctuating and do not occur simultaneously on all building surfaces.

5.4.4 Local pressure factors, K for cladding

The local pressure, K, shall be taken as 1.0 in all cases except when determining the wind
forces applied to claddings, their fixings, the members which directly support the cladding,
and the immediate fixings of these members. In these cases, K shall either be taken from

Table 5.6 for the area and locations indicated, or be taken as 1.0, whichever gives the most
adverse effect when combined with the external and internal pressures. Where more than one
case applies, the largest value of K| from Table 5.6 shall be used.

The cladding, cladding fixings, the members directly supporting the cladding and their
immediate fixings shall be considered to be subjected to wind forces determined by using the
appropriate value of K| over the area indicated in Figure 5.2 and where the cladding or the
supporting member extends beyond that area, a value of K| = 1.0 shall apply to wind force
contributions imposed from beyond that area.
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Where interaction is possible, external pressures shall be assumed to act simultaneously with
internal pressures and the under eaves pressures given in 5.3.1.

The value of the dimension a is the minimum of 0.2b or 0.2d or the height h as shown in
Figure 5.2.

In all cases, for rectangular buildings, the negative limit on the product K; G, ¢ shall be -2.0

This standard does not cover the cases of the roofs of podium buildings bellow tall buildings
or where in the walls of tall buildings there are sloping edges or edge discontinuities exposed
to conditions of high turbulence.

For flat or near flat roofs with parapets, values of K| for areas RA1 and RA2 in the lee of the
parapet, may be modified by multiplying the values from Table 5.6 by the parapet reduction
factors, K., given in Table 5.7. Different values are applicable for low-rise buildings (average
height to top of roof, h, less than, or equal to, 25 metres) and for high-rise buildings.

Table 5.6 Local pressure factor, K

Design case I:;?:rfni': h (m) Area, A Prozi‘;;i;y to K
number
Positive pressures
Windward wall WA All A <0.254° Anywhere 1.25
All other areas - All - - 1.0
Negative pressures
Roof edges RA1 Al | 02582 <A<d <a 1.5
RA2 All A <0254 < 0.5a 2.0
Hips and ridges of RA3 Al |0258°<A<d <a 1.5
with ;‘I’tzftf o0 RA4 Al | A<0258 < 0.5a 2.0
SA1 <25 | 0258 < A<d <a 1.5
Side walls near SA2 A <0254 < 0.5a 2.0
windward wall edges SA3 > 25 A <0.255 sa 15
SA4 0254 <A< d <a 2.0
SA5 A <0254 < 0.5a 3.0
All other areas - All - - 1.0
NOTES:
1. The dimension, a, and the figure reference numbers are defined in Figure 5.2.
2. Design cases attracting K = 1.5 or 2.0 or 3.0 are alternative cases and need not be applied simultaneously.
3. The areas for local pressure factor are not necessarily square.
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Table 5.7 Reduction factor, K;, due to parapets

hy Ratio * K;
hol hy
<0.07 1.0
s25m 0.1 0.8
>0.2 0.5
hp/w
<0.02 1.0
>25m 003 0.8
>0.05 0.5

*hy, = height of parapet above average roof level
*w = shortest horizontal dimension of the building

*h; = height from the ground to the top of the structure

SA3

SA4

———y -

L

by
=
\

A
W

hg 25m

NOTE. The value of the dimension g, is the minimum of 0.2b, 0.2dand h

Figure 5.3 Local pressure factors (Kj)
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5.4.5 Porous cladding reduction factor, K, for roofs and side walls

The porous cladding reduction factor, Kj, shall be taken as 1.0 except that where an external
surface consists of permeable cladding and the solidity ratio is less than 0.999 and exceeds
0.99, the values given in Table 5.8 may be used for local negative pressure. The solidity ratio
of the surface is the ratio of solid area to total area of the surface. Figure 5.4 shows the
dimension d..

Table 5.8 Porous cladding reduction factor, K,

Horizontal distance from windward Ko
edge

0 to 0.2d, 0.9

0.2d,to 0.4d, 0.8

0.4d, to 0.8d, 0.7

0.8d, to 1.0d, 0.8

NOTE. d. is the along wind depth of the surface in metres for walls and flat roofs.

Permeable
surface

Permeable
Permeable surface
surface

Figure 5.4 Notation for permeable surfaces

5.5 Frictional drag forces for enclosed buildings

The frictional drag shall be calculated for rectangular clad buildings, in addition to pressures
normal to the surface, only where the ratio d/hor d/b is greater than 4. The aerodynamic
shape factor, Gig, equals the frictional drag coefficient, G, in the direction of the wind as given
in Table 5.9.
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The effect shall be calculated on the basis of areas as follows:
a) forh<b, Area= (b+2h)(d-4h);and

b) forh=b, Area = (b+ 2h)(d — 4b).

Table 5.9 Frictional drag coefficient for d/h > 4 or d/b > 4

Position on surface* Surface description G
Surfaces with ribs across the wind 0.04
direction
Surfaces with corrugations across 0.02

the wind direction

Smooth surfaces without 0.01
corrugations or ribs or with
corrugations or ribs parallel to the
wind direction

Not near windward edge

Near windward edge as

follows: All surfaces 0
Xx<4h, For h<b

X<4b, For h=b

* x is the distance from the windward edge
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SECTION 6 : DYNAMIC RESPONSE FACTOR

6.1 Evaluation of dynamic response factor

The dynamic response factor, Cyyn, shall be determined for structures or elements of
structures with natural first mode fundamental frequencies as follows:

a) Greater than 1 Hertz, Cyyn= 1.0
b) Less than 1 Hertz:
A)  For tall buildings and towers:
i) less than 0.2 Hertz is not covered by this standard; and

ii) between 1 Hertz and 0.2 Hertz — Cyy, shall be as defined in 6.2, using 6.3
for along wind response and 6.4 for cross wind response.

B)  For cantilever roofs:
i) less than 0.5 Hertz is not covered by this standard; and

ii) between 1 Hertz and 0.5 Hertz — the dynamic effect is covered by the
calculation of Gig given in Paragraph D5.

This Standard does not cover the roofs and podium buildings below tall buildings or where in
the walls of tall buildings there are sloping edges or edge discontinuities.

6.2 Along-wind response of tall buildings and towers

6.2.1 Dynamic response factor, Cqyn

For calculation of action effects (bending moments, shear force, member forces) at a height,
s, on the structure (see Figure 6.1), the wind pressure on the structure at a height z shall be
multiplied by a dynamic response factor Cyyn This factor is dependent on both z and s and

S < z < h. For calculation of base bending moments, deflection and acceleration at the top of
the structure, a single value of Cyy,, shall be used with s taken as zero.

7N

Level at which

action effects

—————— are being
calculated

YRR,

NOTE. s<z<h
Figure 6.1 Notation for heights
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The dynamic response factor, Cqyn shall be calculated as follows:

where,
s
h

Iy

Bs

E;

Cdyn =

5
gFIZSEt Ij)

d
1+2/,09,”Bs +
E E

(1 + 29vlh)

height of the level at which action effects are calculated for a structure;
average roof height of a structure above ground;

the turbulence intensity, obtained from Table 6.1 by setting z equal to h;
peak factor for the upwind velocity fluctuations, which can be taken as 3.7;

background factor which is a measure of the slowly varying background
component of the fluctuating response, caused by the low frequency wind
speed variations and where by, is the average breadth of the structure
between the heights s and hand Ly is a measure of effective turbulence
length scale at height , equal to 1000(h/1 O)O'25 the value of B, is given as
follows:

]
By = (11)
0.5
36(h—s)? + 64bg)>
Lp

1+

a size reduction &ctor that given bg is the average breath of the structure
between heights 0 and h the value of S is given as follows:

s - ! (12)

ﬁ .\ 3.5n,h(1+ gvlh)ﬁ L 4nabon (1+9,1,)0
Vdes Vdes

spectrum of turbulence in the approaching wind stream given by:

0.47N

(2 + N)%

where N = reduced frequency

N = L1 + (gv b))/ Vaes (14)

n, = first mode natural frequency of vibration of a structure in the along-
wind direction in Hertz

Vges = building design wind speed (see 2.3)
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C ratio of structural damping to critical damping capacity of a structure (see
Table 6.2)
oR peak factor for resonant response (10 min period) given by:
[2 l0ge(600 n,)]°°
Table 6.1 Turbulence intensity () ultimate limit state design and
serviceability limit state design — all regions
Turbulence intensity (£)
Height (Z)m |  Terrain Category 1 Terrain Category 2 Terrain Category 3  [Terrain Category 4
>3 0.17 0.21 0.27 0.34
5 0.16 0.20 0.27 0.34
10 0.16 0.18 0.24 0.34
15 0.15 0.18 0.22 0.34
20 0.15 0.17 0.21 0.34
30 0.14 0.16 0.20 0.34
40 0.13 0.16 0.19 0.30
50 0.13 0.15 0.19 0.27
75 0.12 0.14 0.18 0.25
100 0.11 0.13 0.17 0.23
150 0.10 0.12 0.15 0.21
200 0.09 0.11 0.14 0.20
250 0.08 0.10 0.13 0.18
300 0.07 0.09 0.12 0.17
400 0.07 0.08 0.11 0.15
500 0.06 0.07 0.10 0.14
NOTE. For intermediate values of height, z and terrain category, use linear interpolation.
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6.2.2

Table 6.2 Values of fraction critical damping of structures (()

Stress levels and type of Fraction of critical damping (¢)
construction

Serviceability limit states

Steel frame 0.005 to 0.010
Reinforced or pre-stressed 0.005 to 0.010
concrete

Ultimate limit states

Steel frame welded 0.02
Steel frame bolted 0.05
Reinforced concrete 0.05

Peak along wind acceleration for serviceability

The peak acceleration at the top of a structure in the along wind direction, Xmax, is as follows:

where,

Pair
Vdes (Z)
b,

Az

- 3 .
Xmax = 5 X resonant component of peak base bending moment

myh

- SE;
airY Rq|—
3 & [ h 2
= E, iowi Vges\Z)|“b,z0Az
moh2 1+2g,1; 5Cf/g,wmward ZEO[ des( )] z

h
- Cfig,leeward[‘/dr;=s (h)]2 XObZZAZ} m/s? (15)
z=

average mass per unit height;

density of air which can be taken as 1.225 kg/m®

building design wind speeds as a function of height z;

average breadth of the structure at the section at height z; and

height of the section of the structure upon which the wind pressure acts.
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6.3 Cross wind response

6.3.1 General

Clauses 6.3.2 and 6.3.3 give methods for determining peak accelerations at the top of the
structures, deflection, equivalent static forces and base overturning moments and Giig Cyyn for
tall enclosed buildings and towers of rectangular cross-section and for chimneys, masts and
poles of circular cross-section.

6.3.2 Cross wind response of tall enclosed buildings and towers of rectangular
cross-section

6.3.2.1 Peak acceleration for serviceability

The peak acceleration in the cross-wind direction, j}max, in meters/second squared, at the
top of a structure with constant mass per unit height, m, , shall be determined as follows:

_1.5b9p 050 Vaes |5, [0Cs 2 (16)
max — 2 m
mo g (+a,pf BV 2
where,
b horizontal breadth of a structure normal to the wind stream;
Or peak factor for resonant response (10 min period) given by:
[210g,, (600 n,)]° ;
Ne first node natural frequency of vibration of a structure in the cross-wind direction in
Hertz;
m, average mass per unit height of the structure in kilograms per meter;
Ov peak factor for upwind velocity fluctuations, which can be taken as 3.7;
I turbulence intensity obtained from Table 6.1 by setting z equal to h;
Km mode shape correction factor for cross wind acceleration given by:
0.76+ 0.24k
where,

k mode shape power exponent for he fundamental mode and values of the
exponent shall be taken as:

i) Kk =1.5for a uniform cantilever;

i) k= 0.5 for a slender framed structure (moment resisting);
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iii) k= 1.0 for a building with central core and moment resisting fagade;

iv) k = 2.3 for a tower decreasing in stiffness with height, or with a large mass at
the top; and

V) k = the value obtained from fitting 61(2):(z/h)k to the computed modal
shape of the structure

GCis cross-wind force spectrum coefficient generalized for a linear mode shape given in
6.3.2.2; and
C ratio of structural damping to critical damping of a structure given in Table 6.2.

6.3.2.2 Cross wind force spectrum coefficient, Cis

The reduced velocity V,, is calculated as follows using Vs calculated at z = h:

Vdes

:ﬁ—j (17)
ncb 1+gvlh

n

Values of the crosswind force spectrum coefficient generalized for a linear mode shape. Cis
are calculated from the reduced velocity, V,, as follows (see Figure 6.2 to 6.5):

a) For a 3:1:1 square section (h:b:d), where V, is in the range 2 to 16:
i) For turbulence intensity of 0.12 at 2/3h:
Logio Cis = 0.000353V,,* — 0.0134V,° + 0.15V,,* — 0.345V,, — 3.109
ii) For turbulence intensity of 0.2 at 2/3h:
Logio Gis = 0.00008V,* — 0.028V,% + 0.0199V,? + 0.13V, — 2.985
b) For a 6:1:1 square section (h:b:d) where V, is in the range 3 to 16:
i)  For turbulence intensity of 0.12 at 2/3h:
Logio Cis = 0.000406V,,* — 0.0165V,° + 0.201V,” - 0.603V,, — 2.76
ii) For turbulence intensity of 0.2 at 2/3h:

Log1o Cts = 0.000334V,* — 0.0125V, + 0.141V, - 0.384V,, — 2.36

c) For a 6:2:1 rectangular section (h:b:d) where V, is in the range 2 to 18:

i) For turbulence intensity of 0.12 at 2/3h:

-3.2+0.0683V,2 —0.000394 V
1-0.02v,2 +0.000123 v,*

Log1oCis =
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ii) For turbulance intensity of 0.2 at 2/3h:

-3 +0.0637 V2 -0.00037 V¥
1-0.02V,2 +0.000124 V¥

Log1oGis =

c) For a 6:1:2 rectangular section (h:b:d), where V; is in the range 2 to 16:
i)y  For turbulence intensity of 0.12 at 2/3h:
Logio Crs = 0.000457V,,> — 0.0226 V;” + 0.396 V;, — 4.093
i)  For turbulence intensity of 0.2 at 2/3h:

Logio Crs = 0.00038V,> — 0.0197V,2 + 0.363V, — 3.82

-0.5

TURBULENCE INTENSITY
AT 2h/3 OF 0.12

-15
/ """ P S B CEETR TURBULENCE INTENSITY
2 .’ — AT 2h/3 OF 0.20
25 7 /
-3

-3.5

Logio(Crs)

Reduced Velocity

Figure 6.2 Cross wind force spectrum coefficient for a 3:1:1 square
section
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-0.5

TURBULENCE INTENSITY
AT 2h/3 OF 0.12

""" TURBULENCE INTENSITY
AT 2h/3 OF 0.20

TURBULENCE
INTENSITY AT 2h/3 OF
0.12

215
3)
=
>
S -
-2.5
-3
-3.5
Reduced Velocity
Figure 6.3 cross wind force spectrum coefficient for a 6:1:1 square
section
0 T T T
2 4 8 10 12 14 16 18
-0.5
-1
gt -1.5
o
S \
S - \

-2.5

-3.5

Reduced Velocity

""" TURBULENCE
INTENSITY AT 2h/3 OF
0.20

Figure 6.4 cross wind force spectrum coefficient for a 6:2:1

rectangular section
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2 4 6 8 10 1I2 14 16 18 2
-0.5
-1
s — TURBULENCE
2 e INTENSITY AT 2h/3 OF
< . e, 0.12
=2 » 7
S R I B TURBULENCE
25 — INTENSITY AT 2h/3 OF
. 0.20
-3 ’
-3.5
-4
Reduced Velocity

Figure 6.5 cross wind force spectrum coefficient for a 6:1:2 rectangular
section

6.3.2.3 Equivalent static wind force

The equivalent cross wind static force per unit height as a function of z, (evaluated using force
equals mass times acceleration) is as follows:

Weq(2)=0.5A4;[Ves |2 dC 1igCayn N/ m (18)

where, Vges is evaluated at z = h, and d is the horizontal depth of the structure parallel to the
wind stream, and

CriaCapn) =1 59 n R HKm ‘/écfs 19
( fig dyn) gHI:IdD(1+g /h 2 cho (19)

6.3.2.4 Cross wind base overturning moment

The cross wind base overturning moment, M; (which can be derived by the integration from 0
to h of weq(2) z dz is as follows:

A, 20 ’
&

a(1+gvlh) g Ck+20

where, the value,

3
s @Km = mode shape correction factor for cross wind base overturning moment.
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6.3.3 Cross Wind response of chimneys, masts and poles of circular cross section
6.3.3.1 Cross wind tip deflection
The maximum amplitude of tip deflection, ymax, in cross-wind vibration at the critical wind

speed due to vortex shedding for chimneys, masts or poles of circular cross-section (without
ladders, strakes or other appendages near the top), shall be calculated as follows:

Ymax = Kby/Sc (21)
where,
K factor for maximum tip deflection, taken as 0.5 for circular cross sections;
by the average breadth of the top third of the structure;
Sc Scruton Number given by 46m,ae/(ﬁa,-,b2);
m; average mass per unit height over op third of the structure;
4 ratio of structure damping to critical of a structure; and

air density of air which can be taken as 1.225 kg/ma'

6.3.3.2 Equivalent static wind force

The equivalent static wind force per unit height for chimneys, mast or poles circular cross-
section (without ladders, strakes or other appendages near the top), as a function of height z,

Weq (2), is given by:

Weq (2) = mM(2)(2801)2 Y gy 64 (2) (22)

m(z)  mass per unit height as a function of height z;

n first mode natural frequency of vibration of a structure in Hertz; and

@(z) first mode shape as a function of height z, normalized to unity at z=h (in the absence
of a more accurate shape, assume that @(z) = (z/h)z).

52



MS 1553 : 2002

6.4 Combination of along wind and cross wind response

The total combination peak scalar dynamic action effect, g such as an axial load in a column,
shall be as follows:

.. [ 2 . . 2]0-5
ar =damtldap tap (23)
where,

€,m action effect derived from the mean along-wind response;
€ap action effect derived from the peak along-wind response; and
€ action effect derived from the peak cross-wind response.

The action effect derived from the mean along-wind response shall be calculated from the
action effect derived for the the peak along-wind response by dividing by a gust factor, G
given by:

G = Cyyn ( 1+ 20, )

where, gy, h and Cyynare defined in 6.2.1
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Appendix A
(normative)

Simplified procedure

A1. Limitations

The simplified procedure of analysis shall be applied to the design of cladding and main
structural system of building structures, which meet all of the following criteria:

a) the buildings are rectangular in plan, or a combination of rectangular units;

b) the average roof height of a structure, h, is not greater than 15.0 m;

c) the ratio of the average roof height to the least horizontal dimension does not exceed
3;

d) the location of structure is not at unusually exposed locations such as hill-crest or at

headland; and
e) the following types of building are not considered in this section:

i) buildings and structures where the primary occupancy is one in which more
than 300 people congregate in one area;

ii) essential buildings and structures;

iii) hospital and medical facilities;

iv) fire and police stations;

V) structures and equipment in civil defense;

vi) communication centres and facilities for emergency response;
vii) power stations and other emergency utilities; and

viii) defense shelter.

A2. Procedures
A2.1 The design wind pressures, pin Pa, shall be taken as:

a) p =0.613 (Vg)2(My cat)?(CpeKi - Cpi) for cladding,
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b) p = 0-613(Vs)2(’\/’z,cat)2(cpe - Cpi) for structural system,

where,
Vg 33.5 m/s and 32.5 m/s for Zone | and Zone |l respectively (see Figure A1)
(Mz cat) terrain/height multiplier as given in Table A1
Cpe external pressure coefficients for surfaces of enclosed building as given in A2.3 and
A2.4
Coi internal pressure coefficients for surfaces of enclosed buildings which shall be taken
as +0.6 or —0.3. The two cases shall be considered to determine the critical load
requirements for the appropriate condition.
K| Local pressure factor as given in Table A7 and Figure A2
A2.2 The design wind pressure used in the design of cladding and main structural system shall

not be less than 0.65 kN/m?.

Table A1. Terrain height multiplier, My ¢4t

Height, z Mz,cat
(m) Terrain Terrain Terrain Terrain
Category Category Category Category
1 2 3 4

3 0.99 0.85 0.75 0.75

5 1.05 0.91 0.75 0.75

10 1.12 1.00 0.83 0.75

15 1.16 1.05 0.89 0.75

NOTE. Terrain categories definitions:
a) Category 1 : Exposed open terrain with few or no obstructions.
b) Category 2 : Water surfaces, open terrain, grassland with few well scattered
obstructions having height generally from 1.5 m to 10.0 m.

c) Category 3 : Terrain with numerous closely spaced obstructions 3.0 m to
5.0 m high such as areas of suburban housing.

d) Category 4 : Terrain with numerous large, high (10.0 m to 30.0 m high) and
closely spaced obstructions such as large city centres and well- developed
industrial complexes.
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Figure A1. Peninsular Malaysia
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The external pressure coefficients, Cy ¢, for windward wall shall be taken as 0.8.

Cp,e for leeward and side wall shall be as per Tables A2 and A3 respectively.

Table A2. External pressure coefficients Cp, ¢, for leeward wall

a* d/b* Cp,e
10° 1 -0.5
2 -0.3

4 -0.2

15° All values -0.3
20° -0.4
25° -0.5

* For intermediate values of d/b and a, use linear interpolation.

Table A3. External pressure coefficients Cp,e, for side walls

Horizontal distance from

windward edge Cp.e
0to 2h -0.65
>2h -0.30

A2.4 The external pressure coefficients, Cpe, for roofs shall be as per Tables A4, AS and

AG.

Table A4. For up-wind slope, U and down-wind slope,
D for a<10° and R for gable roofs

Roof type and slope

External pressure coefficient, Cp ¢

Horizontal distance

Cross |Up- wind slopes, U,|from windward edge " "
wind | Down-wind slope, hid< 0.5 h/d=1.0
slopes D
for gable
roofs, R
All a a<10° 0to 1h -0.9,-0.4 -1.3,-0.6
1h to 2h -0.5,0 (-0.7)%, (-0.3)*
> 2h -0.3,0.2
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Table A5. Up-wind slope, U, a = 10°

Roof
type Ratio External pressure coefficients, Cp ¢
and
slope hid
Up-wind Roof pitch, a degrees *
Slcbpe, 10 15 20 25 30 35 >45
<0.25 -0.7,-0.3(-0.5,-0.0(-0.3,-0.2|-0.2, -0.3|-0.2,-0.4 | -0.0, 0.5
a=10° 0.5 -0.9,-0.4|-0.7,-0.3(-0.4,-0.0(-0.3,-0.2|-0.2, -0.3| -0.2, 0.4 | 0, 0.8sina
>1.0 -1.3,-0.6(-1.0,-0.5(-0.7,-0.3|-0.5,-0.0|-0.3,-0.2| -0.2, 0.3

Table A6. Down-wind slope, D, a = 10° and R for hip roofs

Roof type and slope External pressure coefficient, G, ¢
slopes for hip slo Ratio Roof pitch, a degrees*
pes, D
roof, R h/d*
10 15 =20
All a a=10° <0.25 -0.3 -0.5 -0.6
0.5 -0.5 -0.5 -0.6
>1.0 -0.7 -0.6 -0.6
* Interpolation shall only be carried out on values of the same sign.
* For intermediate values of roof slopes and h/d ratios, use linear interpolation
Table A7. Local pressure factor, K for claddings
. Figure A2 Proximity to
Design case |reference number| /(M) Area, A edge Ki
Positive
pressures WA1 All A<0.254° Anywh 1.25
<0.25 nywhere .
Windward wall . Y
- All - - 1.0
All other areas
Negative
presstires RAT Al | 02542<Asa? <a 15
Roof edges RA2 Al A< 0258 <05a 20
Hips and ridges of RA3 Al 0.258°< A< & <a 15
roofs 2
With pitch = 10° RA4 All A<0.253 < 0.5a 2.0

58




MS 1553 : 2002

Table A7. Local pressure factor, K| for claddings (Cont’d)

. Figure A2 Proximity to

Design case reference h (m) Area, A edge K
number
SA1 <25 | 02588 <A<d <a 1.5
Side walls near 5

Windward wall SA2 A <0.254 < 0.5a 2.0
edges SA3 > 25 A <0.2548 >a 1.5
SA4 0258 < A< d <a 2.0
SA5 A <0255 < 0.5a 3.0
All other areas - All - - 1.0

NOTES:

1. The dimension, a, and the Figure reference numbers are defined in Figure A2.

2. Design cases attracting K = 1.5 or 3.0 are alternative cases and need not be applied simultaneously.
3. The areas for local pressure factor are not necessarily square.

sas |
1
! hg 25m
1 WA1 <
SA4 !] 1]
i Usas
| —
<S>
=

NOTE. The value of the dimension a, is the minimum of 0.2b, 0.2dand h

Figure A2. Local pressure factors (K))
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Appendix B
(informative)

START

REFER TO
FLOW o
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with h<15m, h/b< 3, FLOW
and | < 1.0 (Cl. A1)? CHART B2
YES
Will simplified
See Cl. A2 procedure be
used? Use Determine Calculate
Is natural YES :zg;’:iisc dgs(ijgn along-wind
f 1 ysis, win response,
NO R section | P speed, > cl.6.2
6 Section 3,
Use static analysis, and Cl 2.2

Section 2

Iﬁ Calculate
cross-wind YES
Determine design wind response,
FBl;fer to Flow Chart ot 122 25 32 o sa

Is structure
enclosed or
rectangular
section?

Calculate
combination
along and cross-
NO Is structure an YES wind response, NO
open lattice Cl. 6.4
type?

Is structure an
enclosed

building or a
circular silo?

NO

Is structure a
square or
rectangular
tower?

YES

Determine external

Is structure a fr ol
rz:’ Uccasoe afree coefficients , Cl 5.5 Determine drag force
g Py, NO or Appendix C coefficients for

carport wall, or

cantilevered roof? overall lattice towers,
Determine Cl. E4
Seek other aerodynamic shape
sources or
. f , Cl. E2
expert opinion NO Is surface a actors, G
roof or side
Calculate net wall? +
pressures according N
to Cl. D2, D3, D4 and sTOP Determlne drag force
D5 coefficients, CI. E3
Set area Evaluate area T
reduction reduction factor, *‘

factor, Kausing Cl.
Stor Ka=1.0 5_a4_2 Calculate forces on

individual members,

‘4—| cl.25

NO Are cladding YES

loads being
¢ evaluated? STOP

Evaluate local pressure
;S)f;sISS?el tactor factor, K using Cl.
Ki=1.0 ' 5.4.4

Evaluate reduction
factor for porous
cladding,

Ko using Cl. 5.4.5

Is cladding
porous?

Calculate internal
Calculate external pressure coefficient, Calculate
pressure coefficient, _’ Cl. 5.3 using _’ resultant forces,
Cl. 5.4 using Cig = CpiKe Cl.25.2
Giig = Cp,eKaKiKpKe

STOP

Flow chart B1. Information in using this standard
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Select station wind speed,
Table 3.1 or Figure 3.1

v

Select appropriate terrain category

421

Select structure reference heights
4.2.2and 5.4.1
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terrain category
within 3000 m of the
structure?
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NO

3

Calculate terrain/height

Terrain/height multiplier,

multiplier, Me.cat, 4.2.3 M, cat , Table 4.1
I T
Select appropriate shielding
multiplier, Ms, Table 4.3
YES Set hill shape
—»  multiplier, My = 1.0
NO
Calculate hill shape muiltiplier,
M, 4.4
¢
v

Select appropriate
importance factor /, Table 3.2

v

Determine design wind speed,
23

v

Determination of design wind speed

Flow chart B2.
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Select basic windspeed ,
Table A1 or Figure A1

v

Select appropriate terrain/height
multiplier, M, cat Table A1

v

Select appropriate external
pressure coefficients,

Sec A2.3 and A2.4

v

Select appropriate internal
pressure coefficients,
Sec A2.1

No

Isita
structural

element ?

v

Evaluate local pressure
factor Ki, Table A7 and

Figure A2

Calculate design wind pressure,
Sec A2.1

STOP

Flow chart B3. Determination of design wind pressure using simplified procedure
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Appendix C
(normative)

Additional pressure coefficients for enclosed buildings

C1. Additional external pressure coefficients

The external pressure coefficients, C, ¢ given in this appendix are to be used to calculate the
aerodynamic factor for pressures on enclosed buildings in accordance with 5.2 and 5.4.

C2. Multispan buildings, (a <60°)

External pressure coefficient, G, e for multi-span buildings for wind directions 8 = 0° and 6 =
180°, shall be obtained from Tables C1 and C2.

Where two values listed for pressure coefficients in Tables C1 and C2, the roof shall be
designed for both values.

The height h shall be taken as the average roof height for all directions.

External pressure coefficient for wind directions of 6 = 90° and 6 = 270° shall be obtained
from Clause 5.4 but [-0.05(n — 1)] shall be added to the roof pressure coefficients in the region
0 to 1h from the leading edge, where n is the total number of spans. For this calculation, take
n=4,if nis greater than 4.

NOTE. If a is greater than 60°, it should be treated as a wall

Wind direction
C C M M M M
—>
0=0 A Y/J
dS

Figure C1. External pressure coefficients (G, ¢) for multi-span
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Table C1. External pressure coefficients (G, ) for multi-span buildings: pitch roofs

External pressure coefficient (G, )

Surface reference (see Figure C1)
A B | 2 M Y

0.7 Use Tables 5.3 (a),(b) or (c) for -0.3 and 0.2 for a < 10° 02
same (W d;) and a, as appropriate| -0.5and 0.3 for a = 10°

Wind direction Wind direction

6 =180°

Figure C2. External pressure coefficient (G, ¢) for multi-span
building- saw-tooth roofs

Table C2. External pressure coefficients (G, c) for multi-span buildings:
saw-tooth roofs

Wind External pressure coefficient (G e)
direction Surface reference (see Figure C2)
(6°) A B c D M N W X Y
degrees
0 0.7 -0.9 -0.9 |-0.5,0.2]1-0.5,0.5/-0.5,0.3(-0.3,0.5| -0.4 -0.2
180 -0.2 [-0.2,0.2] -0.3 |-0.2,0.2 -0.4 -0.4 -0.7 -0.3 0.7

C3. Buildings with curved roofs

External pressure coefficients, G, for curved or arched roofs with profiles approximating a
circular arc for wind directions normal to the axis of the roof shall be obtained from Table C3.

When two values are listed, the roof shall be designed for both values. In these cases, roof
surfaces may be subjected to either positive or negative values due to turbulence. Alternative
combinations of external and internal pressures (see 2.5.2) shall be considered to obtain the
most severe conditions for design.

All pressure coefficients shall be used with the value of wind speed applying at height h
(average roof height).
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External pressure coefficients, G, for wind directions parallel to the axis (ridge) of the roof
shall be obtained from Table 5.3 (a).

The zero values provided for the windward quarter are alternative values for action effects,
such as bending, which are sensitive to pressure distribution (turbulence and fluctuations in
pressure will be produce a range of values occurring at different times during a wind event).

The effect of length to span ratio can be taken into account by multiplying all the above values
by a factor of (b/d)0'25, where b = breadth normal to wind and dis the span (see Figure C3).

Table C3 provides external pressure coefficients for circular arc roofs with no substantial
interference to the airflow over the roof. Where a ridge ventilator of a height at least 5 % of the
total height of the roof is present, the external pressure coefficient on the central half of the
roof (T) shall be modified by adding +0.3, i.e. the value of a negative coefficient (suction) is
reduced by 0.3. Such reductions shall not be made for the wind direction along the axis of the
roof, for which the ridge ventilator has little effect on the airflow and resulting external
pressures.

This standard does not cover the case where the roof departs substantially from a circular arc
in profile.

Table C3. External pressure coefficients (G, c): curved roofs h/r< 2

Rise-to-spanratio, (r/d)| Windward quarter (U) Centre half (T) Leeward quarter (D)
0.05 -(0.2 + 0.4 hir) or 0.0 -(0.4 + 0.2 h/r) or 0.0
0.2 (0.3-0.4 hir) or 0.0 -(0.55 + 0.2 hir) or 0.0 -(0.25+ 0.2 hir) or 0.0
0.5 (0.5-0.4 hir)or 0.0 -(0.1+ 0.2 h/r) or 0.0
NOTES:

a) histhe average roof height and r is the rise of the arch (see Figure C3).

b) for intermediate values of rise to span ratio, use linear interpolation.

a4 a4

Wi%ﬂ / | \B\iﬁise m 1

b

Figure C3. External pressure coefficient (G, ) — curved roofs
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C4. Mansard roofs

The external pressure coefficients, G, ¢ for a flat-topped mansard roof (see Figure C4) for the
wind direction 6=0°, shall be determined as follows:

For upwind coefficient (U) - Using values for upwind slope given Tables 5.3 (a) and (b).

For downwind slope (D) - Using values for downwind slope given in Table 5.3 (c) using
the same roof pitch a as for the upwind slope.

For flat top (T) - Using the same values as determined for downwind slope given in Table
5.3(c).

The external pressure coefficients, Gy e, for the wind direction 8 = 90° and 6 = 270°, shall be
determined from Clause 5.4.1 assuming R for gable roofs.

NOTE. If a is greater than 60°, it should be treated as a wall

. . . T
Wind direction D
—> ~ Y

¢=0° h

|

Figure C4. External pressure coefficients (C, c) for mansard roofs

TR

C5. Circular bins, silos and tanks

C5.1 General

Grouped circular bins, silos and tanks with spacing between walls greater than two diameters
shall be treated as isolated silos. Closely spaced groups with spacing less than 0.1 diameters
shall be treated as a single structure for wind actions and pressure determined using Tables
5.2 and 5.3. For intermediate spacing use linear interpolation.

C5.2 Isolated circular bins, silos and tanks

C5.2.1 Walls

The aerodynamic shape factor, Gig, for calculating external pressures on the walls of bins,
silos and tanks of circular cross-section, standing on the ground or supported by columns of a
height not greater than the height of the cylinder, ¢, equals the external pressure coefficients,
Go.b, as a function of the angle 6, (see Figure C5), given as follow:

Co,6(8b) = koCp,1(Bb) (C1)
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where,
0o angle from the wind direction to a point on the wall of a circular bin, silo or tank;

Ko factor for a circular bin, given as follows:

Ko 1.0 for Gy =-0.15

Ko

1.0 — 0.55(Cy, + 0.15)log+g B%E for Gy, <-0.15
oo

Cp,I(Bp) = -0.5 + 0.4c0s6;, + 0.8c0526;, + 0.3c0s36, - 0.1c0s46;, - 0.05c0850, (C2)

For calculating the overall drag force on the wall section of circular bins, silos and tanks (both
elevated and on ground) Gigshall be taken as 0.63 (based on an elevation area b x c).

External pressure coefficients for the underside of elevated bins, silos and tanks shall be
calculated as for enclosed rectangular buildings, (see 5.4.1).

Figure C6 is a graphical presentation of the external pressure coefficient C,,) for circular
bins, silos and tanks of unit aspect ratio at individual locations around the perimeter, and 6y
degrees from the incident wind direction as computed from Equation (C1).

NOTE. The values specified in C5 are based on data from isolated silos. The grouping of silos may, in some cases,
produce effects, which are significantly different from those specified. Designers should seek specialist advice if in
doubt about such cases. In the absence of more detailed information, grouped silos with spacing between walls
greater than two diameters may be treated as isolated silos. A group of closely spaced silos with spacing less than
0.1 diameters may be treated as a single structure for wind actions, and Tables 5.2 and 5.3 may be used. Actions for
intermediate spacing may be obtained approximately by linear interpolation.

o

A
o

Figure C5. External pressure coefficients (G, ) on walls of circular bins,
silos and tanks (0.25 < ¢/b<4.0)
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C5.2.2 Roofs and lids

The aerodynamic shape factor, Gig, for calculating external pressures on the roofs or lids of
bins, silos or tanks or circular cross-section shall be as follows:

Cfig = Cp,eKaKI (03)
where, G, ¢ is given in Figure C7, K is given in 5.4.2 and K| is given in 5.4.4.

The local pressure factor (K)) is applicable to the windward edges of roofs with slope less than
or equal to 30°, and to the region near the cone apex for roofs with slope greater than 15°.
The applicable areas are shown in Figure C7.

1.0
0.8+
0.6
0.4+

0.2
30 60* so" 120° 150" 180°
o [ i i _} & o i
ANGULAR POSITION ON CIRCUMFERENCE
-Q.2- FROM WINDWARD GENERATOR

—0.4-
=0.6
=0.849

=1.0+

-1_2-

EXTERNAL PRESSURE COEFFICIENT [Cpb)

-1, 4

1.6~

Figure C6. Plot of External Pressure Coefficient (G,,) on Walls of Circular Bins, Silos
and Tanks (c/b = 1)
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Zone for local

Zone for local _/
pressure factor K; pressure factor K|

a
LEGEND: LEGEND:
a=0.1b a=0.1b
/'=0.25c ~_ Zone A ! Zone B _Zone A :Zone B _

I I

| |

| |

| |

Wind direction | Wind direction I
of _ o

¢ c
b b
Conical: ® < 10° 10° << 30°

Domed: Average & < 10°

Figure C7. External pressure coefficients (G, ¢) on walls of circular bins,
silos and tanks (0.25 < ¢/b < 4.0)

Table C4. External pressure coefficient for roofs of circular bins, silos and tanks

External pressure coefficients (G, ¢) for roofs of circular
bins, silos and tanks

Zone A Zone B

-0.8 -0.5
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Appendix D
(normative)

Free standing walls, hoardings and canopies

D1. General

D1.1  Application

This appendix provides methods for evaluating aerodynamic shape factors, G4, for the
following:

a) free roofs, including hyperbolic paraboloid roofs;

b) canopies, awnings and carports (adjacent to enclosed buildings);

c) cantilevered roofs; or

d) hoarding and free standing walls.
To calculate forces on the structure, use the area of the structure (one side only) as the
reference area for normal pressures, and use the area of all the effected sides as the

reference area for frictional pressure.

D1.2 Area reduction factor (K,)

For the design of free standing hoarding and walls, the Area Reduction Factor (K;) is defined
in Clause 5.4.2. For all other cases in this Appendix K, = 1.0.

D1.3 Local net pressure factor (K))

For the design of cladding elements and elements that offer immediate support to the
cladding in free roofs and canopies, the values of Local Net Pressure Factor K| given in
Table D1 shall be used. For other elements in free roofs and canopies and for all others
cases in this Appendix, K = 1.0.

D1.4 Net porosity factor (Kp)

For free standing hoarding and walls, the Net Porosity Factor () is defined in this clause.
For all other cases in this Appendix, K, = 1.0.

Ky = 1-(1- 87 (D1)

where,

o solidity ratio of the structure (surface or open frame) which is the ratio of solid area to
total area of the structure.
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D2. Free standing hoardings and walls

D2.1 Aerodynamic shape factor for normal net pressure on free standing hoardings
and walls

The aerodynamic shape factor, G4, for calculating net pressure across free standing

rectangular hoardings or walls (see Figure D1), is as follows:

Ciig = Con KaKiKp (D2)

Gon net pressure coefficient acting normal to the surface, obtained from Table D2 using
the dimensions in Figure D1;

Ko porous cladding reduction factor given in D1.4;
Ka 1.0; and
K 1.0.

The resultant of the pressure should be taken to act at half the height of the hoarding or wall,
(c/2), with a horizontal eccentricity, e.

Table D1. Local net pressure factors, K, for open structures

Local Net
Case Description Pressure Factor
(Ki)

Pressures on an area between 0.25a° and 1.0&]
1 within a distance 1.0a from a roof edge, or a ridge 1.5
with a pitch of 10° or more.

Pressures on an area of 0.258" or less, within a
2 distance 0.5a from a roof edge, or a ridge with ¢ 2.0
pitch of 10° or more.

Upward net pressures on an area of 0.254° o less,
3 within a distance 0.5a from a windward corner of 3 3.0
free roof with a pitch of less than 10°.

NOTE. Where ais 20 % of the shortest horizontal plan dimension of the free roof or canopy
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——— 5 ————

Gy,nalways acts normal to the
surface regardless of the wind direction

Figure D1. Free standing hoardings and walls

Table D2. Net pressure coefficients for hoardings and free standing walls

Table D2(a). Wind normal to hoarding or wall, 8 = 0°

b/c c/h Cp,n e
0.2t05 1.45 + 0.5 (0.7 + log1o (b/c) (0.5 - c/h) 0
0.2to 1
>5 As above for b/c =5 0
all <0.2 As above for c/h =0.2 0
Table D2(b). Wind at 45° to hoarding or wall, 0 = 45°
b/c ch Co,n e
0.2to 1 1.45 + 0.5 (0.7 + log 10(b/c) (0.5 —c/h) 0.2b
0.2t05
inclusive
<0.2 As above for c/h=0.2 0.2b
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Table D2(c). Wind at 45° to hoarding or wall, 0 = 45°
b/c c/h Distance from windward free end Cpyn
0to2c 3.0
<0.7 2cto 4c 1.5
>5 >4c 0.75
0to 2h 2.4
>0.7 2htto 4h 1.2
>4h 0.6
NOTE. Where a return wall or hoarding forms a corner extending more than 1c, the G, non 0 to 2cfor a
hoarding shall be 2.2, and 0 to 2h for a wall Cy, » shall be 1.8.

Table D2(d). Wind parallel to hoarding or wall, 0 = 90°

b/c c/h Distance from windward free end *Copn

<0.7 Oto2c +1.2

2cto 4c +0.6

all >4c +0.3

>0.7 0to2h +1.0
2hito 4h +0.25
>4h +0.25

NOTE. Take values of G, of the same sign.

D2.2

Aerodynamic shape factor for frictional drag

The aerodynamic shape factor, Cig, for calculating frictional drag effects on free standing
hoarding and walls where the wind is parallel to the wall shall be equal to G, calculated as
given in Table D3. The frictional drag on both surfaces shall be calculated and summed and
added to the drag on any exposed members calculated in accordance with Appendix E.

Table D3. Frictional drag coefficient
Surface Description G
Surfaces with ribs across the wind direction 0.04
Surfaces with corrugations across the wind direction 0.02
Smooth surfaces without corrugations or ribs or with 0.01
corrugations or ribs parallel to the wind direction
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D3. Free roofs and canopies
D3.1  Aerodynamic shape factor for local net pressure on free roofs (Gig)

The aerodynamic shape factor, Gig, for calculating local net pressure normal to free roofs of
monoslope, pitched or troughed configuration is as follows:

Cfig = Cp,nKa KI Kp (D3)
where,
Gon net pressure coefficient for the windward half of a free roof (C, ) or net pressure

coefficient for the leeward half of a free roof (G, ) as given Tables D4 to D7 ( positive
indicates net downward pressure);

K, area reduction factor as given in D1.2;
K local net pressure factor as given in D1.3; and
Ko 1.0.

For free roofs of low pitch with fascia panels, the fascia panel shall be treated as the wall of
an elevated building, and the GCig found from 5.4.

In Tables D4, D5, D6 and D7, ‘empty under’ implies that any goods or materials stored under
the roof, block less than 50 % of the cross section exposed to the wind. ‘Blocked under’
implies that goods or materials stored under the roof block more than 75 % of the cross
section exposed to the wind.

To obtain intermediate values of blockage and roof slopes other than those shown, use linear
interpolation. Interpolation shall be carried out only between values of the same sign. Where
no value of the same sign is given, assume 0.0 for interpolation purposes.

Table D4(a). Net pressure coefficients, G, , for monoslope free roofs
(0.25 < hld< 1) — (refer Figure D2)

Roof pitch (a ) 0 =0° 6 =180°
Degrees
Cp, w Cp,l Cp,w Cp,l

Empty Blocked Empty Blocked Empty Blocked Empty | Blocked

Under Under Under Under Under Under Under Under
0 -0.3,04 -1.0,04 -0.4,0.0 -0.8,0.4 -0.3,04 -1.0,04 -0.4,0.0 | -0.8,04
15 -1.0 -1.5 -0.6,0.0 -1.0,0.2 0.8 0.8 0.4 -0.2
30 2.2 2.7 -1.1,-0.2 -1.3,0.0 1.6 1.6 0.8 0.0
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Table D4(b) Net pressure coefficients, G, , for monoslope free roofs
with a < 5° (0.05 < h/d< 0.25 ) or for all a and 8 = 90° and
for long roofs — (refer Figure D2)

Horizontal distance Net pressure coefficients (Cp,n)
fromwindward edge

<ih Values given for Cyw in Tables D4(a), for a = 0°
>1h,<2 h Values given for Cy;in Tables D4(a), for a = 0°
>2h -0.2, 0.2 for empty under

-0.4, 0.2 for blocked under

Wind direction Gl Wind direction
0=0° G 0=180°
G <_—1
oo S
RZSNZ\N AZNZAN NN\ RZSNZ\N
Figure D2. Monoslope free roofs
Table D5. Net pressures coefficients, G, , for pitched free roofs
(0.25 <h/d <1) — (refer Figure D3)
Roof pitch (a) degrees 0 =0°
Cp,w Cp,l
Empty Blocked Empty Blocked
Under Under Under Under
<15 -0.3,0.4 -1.2 -0.4,0.0 -0.9
225 -0.3,0.6 -0.9 -0.6,0.0 -1.1
30 -0.3,0.8 -0.5 -0.7,0.0 -1.3
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Wind direction d
0=0°
> |cow Cp
T €Qqugq
h ®Qua;
EZNZANN LI\

Figure D3. Pitched free roofs

Table D6. Net pressure coefficients, G, , for troughed free roofs

(0.25 < h/d <1) — ( refer Figure D4)

0=0°
Roof pitch (a) Cow [
degrees
Empty Blocked Empty Blocked
Under Under Under Under
7.5 -0.6, 0.4 -0.7 0.3 -0.3
15 -0.6, 0.4 -0.8 0.5 -0.2
22.5 -0.7,0.3 -1.0 0.7 -0.2
Wind direction
= .
(¢

Figure D4. Troughed free roofs
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Table D7. Net pressure coefficients, G, , for hypar free roofs

(Empty under) — (refer Figure D5)

For the conditions:

Empty under
0.25< h/d< 0.5,
0.1< ¢/d< 0.3,
0.75< b/d<1.25

0° Cow Cp,
+0.45 +0.25
0 -0.45 -0.25
+0.45 +0.25
%0 -0.45 -0.25

NOTE. G is defined as positive downwards and only combinations of values of the same sign to be considered.

i
)

(Low) (High
A B A B
\\ //
N\ Cpw Gl
b AN /
\\ //
| W
Gl N N e G
AN 7
C D C D
(High) (Low)
Rgm
d

Figure D5. Hyperbolic paraboloid (hypar) roofs

D3.2 Aerodynamic shape factor for frictional drag effects and drag on exposed

members for free roofs (Giig)

The aerodynamic shape factor, Gig, for calculating frictional drag effects and drag on exposed
members for free roofs of monoslope, pitched or troughed configuration, shall be equal to G
calculated as given in Table D3. For free roofs the frictional drag on both upper and lower
surfaces shall be calculated, summed and added to the drag on any exposed members
calculated in accordance with Appendix E.

Calculation of frictional drag pressure is not required for wind directions of 0 or 180° as
shown in Figures D2, D3 and D4 for free roofs with pitches of 10° or more.
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D4. Attached canopies, awnings and carports (roofs)

D4.1 Aerodynamic shape factor for normal net pressure on attached canopies

The aerodynamic shape factor, GCigy, for calculating net pressures normal to the roof on
canopies, awnings or carports adjacent to enclosed buildings and with a roof slope of 10° or
less shall be calculated using :

Cfig= Cp,n KaKIKp (D4)
where,
Gon net pressure coefficient acting normal to the surface given in Tables D8 and D9;

Ka area reduction factor as given in D1.2;
Kilocal net pressure factor as given in D1.3; and
Ko 1.0.

NOTE. The values given for C,» assume that any goods and materials stored under the canopy do not represent
more than a 75 percent blockage.

Such structures shall be designed for both downward (positive) and upward (negative) net
wind pressures where indicated.

For wind directions normal to the attached wall, @ = 0°), for canopies and awnings, G, , shall
be taken from Tables D8 or D9 with reference to Figure D6. The wind speed shall be the
value at height hand h. is the average height of the canopy above ground.

For wind directions parallel to the wall of the attached building, ® = 90° or 270°), the canopy
or awning shall be considered as free roofs and the net pressure coefficients, C,,, shall be
obtained in accordance with the requirements of Tables D4 (a) or D4 (b), or where the canopy
is partially enclosed, Table D9.

Wind direction Wind direction

= !
¢ LR p |

QN AANZ\

(a) Open Canopy or awning
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Wind direction

Wind direction
©®=90° @ =270°

— > <=

Wind direction We Wind direction Wall
6=0° |———I G=0° We

i 75 ]
b he
e

>

b) Wall on side, from building c¢) Wall one two sides

Figure D6. Net pressure coefficients, C, , for canopies, awnings and
carports attached to buildings

Table D8. Net pressure coefficients, G, », for canopies and awnings
attached to buildings (refer to Figure D6(a)) for 6 = 0°

Ratio**
Design case ho/h Net pressure coefficients, (Cpn)
0.1 1.2, -0.2
hs/h < 0.5 0.2 0.7, -0.2
0.5 0.4, -0.2
0.5 0.5, -0.3
h/h= 0.5 0.75 0.4, [-0.3—-0.2 (hc/we)] or —1.5*
1.0 0.2, [-0.3-0.6 (hc/ws)] or —1.5"
* Whichever is the lower magnitude
** For intermediate values of i/h, use linear interpolation

D4.2 Aerodynamic shape factor for frictional drag effects and drag on exposed
members of attached canopies

The aerodynamic shape factor, GCig, for calculating frictional drag effects on attached
canopies, awnings or carport roofs where the wind is parallel to the attached wall shall be
equal to G as given in Table D3. For canopies, the frictional drag on both upper and lower
surfaces shall be calculated and summed and added to the drag on any exposed members
calculated in accordance with Appendix E.

79



MS 1553 : 2002

Table D9. Net pressure coefficients, G, ,, for partially enclosed carports
(h/w. < 0.5) (Refer to Figures D6(b) and (c) above)

Wind -
Partially enclosed direction, 8 Net pressure coefficients, (Cpn)
Wall on one side attached to building, 0° -0.7
see Figure D6(b) 90° -1.0
Wall on two sides, 0° -0.6
see Figure D6(c) 270° -1.2

D5. Cantilevered roofs and canopies
The aerodynamic shape factor, Gig, for long cantilevered roof beams (see Figure D7) shall be
taken as 5.0@1 —%Elapplied as shown in Figure D7.

Dynamic response shall be taken into account. The dynamic response factor, Cyyn shall be
determined as follows:

a) for cases where beams are greater than 15m long, Vdes %1—/% 04andm < 1
n

+gvip
Hz
Vi 1 U
Coyn = 3.0+0.500 2 %7%—0.455 (D5)
+9yln oM/ ila
where,
mn first mode frequency of vibration of the cantilevered roof in the vertical bending mode;
I length of the cantilevered roof beam; and
X distance from the leading edge.
b) for all other cases:

Cayn = 1.0.

~

| |

Figure D7. Cantilevered roof and canopy
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Appendix E
(normative)

Aerodynamic shape factors for exposed structural members, frames and
lattice towers

E1. General

This Appendix sets out procedures for determining aerodynamic shape factors for structures
and components, consisting of exposed members, such as lattice frames, trusses and towers.
E2. Aerodynamic shape factors for individual members and frames
E2.1  Simple shapes and individual members

The aerodynamic shape factor for individual exposed structural members, whose aspect ratio,
I/b, is greater than 8, shall be calculated as follows:

For wind axes:
Cﬁg Kar K| Cd (E1)

or, for body axes:

Giig Kar Ki Cr x— along member’s x-axis (major axis) (E2)
Giig Kar Ki Cry — along member’s y-axis (minor axis) (E3)
where,

I length of member;

b breadth of member normal to the wind stream;
Kar an aspect ratio correction factor for individual member forces (see Table E1); and
Ki a factor to account for the angle of inclination of the axis of members to the wind

direction, determined as follows:

a) 1.0, when the wind is normal to the member;

b) sin®0y, for rounded cylindrical shapes; and

c) sinB,, for sharp edged prism, (sharp edged prism are those with b/r less
than 16).
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where,

6n angle between the wind direction and the longitudinal axis of the member;

r corner radius of a structural shape;

Cyq drag force coefficient for a structure or member in the direction of the wind stream

given in E3; and

Crx and Cry  drag force coefficients for a structure or member, in the direction of the x- and
y-axes respectively, given in E3.

Table E1. Aspect ratio correction factors, K,

Aspect ratio, I/b Correction factor K,
8 0.7
14 0.8
30 0.9
40 or more 1.0
NOTE. For intermediate values of /b, linear interpolation is permitted.

E2.2 Open frames in a single plane
The aerodynamic shape factor for a structure, of open frame type comprising a number of
members where the members are sharp edged rectangular or structural sections, lying in a
single plane normal to the wind direction (see Figure E1), shall be taken as:
a) For0.2< & <0.8and1/3 < (b/c) < 3,
Gig=12+0.26 (1-&) (E5)

b) For all other cases,

Giig = sum of the aerodynamic shape factors on the individual members

where,

& effective solidity ratio for an open frame, given as follows:
iy ofor flat sided members; and
i) 1 .28 for circular cross-section members.

where,

0 solidity ratio of the structure (surface or open frame) which is the ration of solid area to total
area of the structure.
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f— T ——————

Figure E1. Notation for frame dimensions

E2.3 Multiple open frames
For structures comprising a series of similar open frames in parallel, the aerodynamic shape

factors for the second and subsequent frames shall be taken as the aerodynamic shape
factors on the windward frame calculated as in E2.2, multiplied by the shielding factor, Ksp

obtained from Table E2.

Gig = Cur + ZKsnCys (ES)
where,
Cat drag force coefficient for the first frame in the up-wind direction, given in E2.2; and

Ksh shielding factor for shielded frames in multiple open framed structures as given in
Table E2.

The notation in Table E2 is as follows:

A spacing ratio for parallel open frames, equal to the frame spacing centre-to centre
divided by the projected frame width normal to the wind direction
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Table E2. Shielding factors, kg, for multiple frames

Angle of wind to
frames, 0

Frame spacing ratio,

Shielding factors, Ksh

Effective solidity, 8

0 0.1 0.2 0.3 0.4 0.5 0.7 1.0
<0.2 1.0 0.8 0.5 0.3 0.2 0.2 0.2 0.2
0.5 1.0 1.0 0.8 0.6 0.4 0.2 0.2 0.2
1.0 1.0 1.0 0.8 0.7 0.5 0.3 0.2 0.2

0° (wind normal to
frames)
2.0 1.0 1.0 0.9 0.7 0.6 0.4 0.2 0.2
4.0 1.0 1.0 1.0 0.8 0.7 0.6 0.4 0.2
>8.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
<0.5 1.0 0.9 0.8 0.7 0.6 0.5 0.3 0.3
1.0 1.0 1.0 0.9 0.8 0.7 0.6 0.6 0.6
2.0 1.0 1.0 1.0 1.0 1.0 0.9 0.8 0.6
45°

4.0 1.0 1.0 0.9 0.7 0.6 0.4 0.2 0.2
>8.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

NOTE. For intermediate values of & and A in Tables E2, use linear interpolation.

E3. Drag factors for structural members and simple sections

E3.1 Rounded cylindrical shapes, sharp edged prisms and structural sections

Values of drag force coefficients, Cy, for rounded cylindrical shapes, sharp edged prisms and

some structural sections are given in Tables E3, E4 and E5 respectively.

Table E4 gives values for the most common polygonal sharp-edged cross-sections except for

rectangular prisms, which are covered separately in E3.2.

NOTES:

1. Drag force coefficients of sharp-edged section are independent of the Reynolds number.

2. Note that in Table E5, the dimension b used in the definition of the force coefficients is not always normal to the

flow direction and dis not always parallel.
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Table E3. Drag force coefficient (Cd) for rounded circular shapes

Cross-sectional shape Description Drag force coefficient (Cs)
BVies (X) < 4 m/s? BVges (X) > 10 m/s?
|:> @ Round bar 1.2 o
h—
{ Ellipse
I::> b 2-d Ellipse
narrow side 0.7 0.3
to wind
d
E"ipse Ellipse
|:> b 3 =Z | broad side 1.7 1.5
to wind
ho_
[ F | 51
% =% Square bar 1.2 0.6

* For intermediate values of (bVqes(z)), use linear interpolation.

** For smooth circular cross sections and polygonal sections with more than 16 sides,

where,
Vaes, >10 m/s, Cq shall be as follows:

For h/d < 0.00002: Cy = 0.5
For h/d >0.00002: Cy = 1.6 + 0.105 loge(h/d)

where,

h, = average height of surface roughness in millimetres
d = outside diameter in millimetres.

Some typical values for h, in millimetres are as follows:

Glass; plastic: 0.0015

Steel: Galvanised 0.15; light rust 2.5; heavy rust 15
Concrete, new smooth 0.06; new rough: 1.0

Metal painted: 0.003 to 0.03
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Table E4. Drag force coefficient (Cy) for sharp-edge prisms

Sectional shape

Description

Drag Force
Coefficient (Cy)

|:> L Square with face to 2.2
l wind
—> : 15
Square with corner to
wind
|::> b Equilateral triangle 1.2
with apex to wind
|::> b Equilateral triangle 2.0
with face to wind
::> <] b Right angled triangle 1.55
b
: Twelve sided polygon 1.3
h
[ Octagon 1.4
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Table E5. Force coefficients (Cr x) and (Cry) for structural sections

te
1

-~

J=05h
A aauree clockw se

8 CF,x CF,y CF,x CF,y CF,x CF,y
0° +2.0 -0.1 +1.8 +1.8 +1.75 +0.1
45° +1.8 +0.1 +1.8 +2.1 +0.75 -0.75
90° -2.0 -1.7 -1.0 -1.9 +0.1 -1.75
135° -1.8 -0.8 +0.3 -2.0 -0.85 -0.85
180° -1.9 -0.95 -1.4 -1.4 -1.75 -0.1
Ey ;y by
flb_l_gzx:—— X ‘—_bf ——Fx rj 1@_ 2
Ll : :
d o I__rJ_I
x=0.1b d=1.1h d=%4%
o =245
0 CF Cr y CF x CF,y CF CF,y
0° +1.6 0 +2.0 0 2.05 0
45° +1.5 +0.1 +1.2 -0.9 +1.85 -0.6
90° -0.95 -0.7 -1.6 -2.15 0 -0.6
135° -0.5 -1.05 -1.1 2.4 -1.6 -0.4
180° -1.5 0 -1.7 +2.1 -1.8 0
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Table E5. Force coefficients (Cr x) and (Cry) for structural sections (continued)

ny Fy i

f
5 _cf IS 5 Lo
Il LS|
i

=648 d=4

0 CF,x CF,y CF,x CF,y cF,x CF,y

0° +2.05 0 +1.6 0 +1.4 0
45° +1.95 -0.6 +1.5 -1.5 +1.2 -1.6
90° +0.5 -0.9 0 -1.9 0 -2.2
135° - - - - -
180° - - - - -
E3.2 Rectangular prismatic sections

Values of drag and lift force coefficients, Crx, and Cry, for rectangular prismatic cross-
sections are given in Figures E1(a) and E1(b). This clause does not cover the case where the
wind direction angle O is greater than 20°. For intermediate values of db, use linear
interpolation.

NOTE. Figure E1(b) contains maximum values of (Cr,) for angles within 20° of the directions parallel to the faces of
the rectangle. Fluctuations in wind direction of up to 20° may occur in turbulent flow nominally parallel to one face.

Wind Direction L

d
Aspect ratio Force coefficicient Multiplying factor

d/b (€. For @ < 15°
0.1 2.2
0.65 3.0 1.0

1 2.2

2 1.6

4 1.3 [ 1+ (d/b)tand ]
=10 1.1

Figure E1(a).
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Wind Direction
d
Aspect ratio Force coefficient

d/b (Ce.)

0.5 1.2

1.5 +0.8

2.5 +0.6

4 +0.8
>20 +1.0

Figure E1(b). Cross-wind coefficients for rectangular prisms

E4. Lattice towers
E4.1 General

Lattice towers shall be divided vertically into a series of sections (levels) and the aerodynamic
shape factors, Giig, shall be calculated for each section and summed for the overall effect on
the structure.

NOTE. A minimum of 10 sections should be used where possible

The aerodynamic shape factor, Gig, shall be equal to the values calculated as follows:

a) Cy for a tower section without ancillaries, as given in E4.2.1;

b) Cye for a tower with ancillaries, as given in E4.2; and

c) 1.2 sin®0y, for guy cables, using the wind speed calculated for 2/3 of the height of the
cable.

where,

Cde effective drag force coefficient for a tower section with ancillaries; and

Om angle between the wind direction and the longitudinal axis of the member;
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E4.2 Drag force coefficient
E4.2.1 Tower sections without ancillaries

The drag force coefficients, Cq, for complete lattice tower sections shall be taken from Tables
E6(a) to E6(c), using linear interpolation for values of b; Vg4es between 3 and 6 and using the
following notation:

0 solidity ratio of the structure (surface or open frame) which is the ratio of solid area to
total area of the structure, which for the front face of a tower section shall be taken as
the ratio of the total projected area of members, A, to the projected area enclosed
over the section height by the boundaries of the frame; and

b;average diameter or breadth of a section of a tower member.

For equilateral-triangle lattice towers with flat-sided members, the drag force coefficient, Cg,
shall be assumed to be constant for any inclination of the wind to a face.

For complete clad tower sections, Cy4 shall be taken as the value of Cgy, for the appropriate
section shapes given in Tables E3 and E4, and Figure E1.

For UHF antenna sections, C4 shall be obtained from Table E7 and Figure E2. To calculate
the area for the application of the pressure, use breadth (pp) or (bn), as appropriate to the
wind direction.

Where used, the reduction for aspect ratio shall be carried out by multiplying by the correction
factor Ky) given in Table E1, taking / equal to two times the height of the end-mounted
antennas.

Table E6. Drag force coefficients (Cqy) for lattice towers

Table E6(a). Square and equilateral-triangle plan lattice towers with
flat-sided members

o Drag force coefficient (Cy)
Solidity of front face Square towers Equilateral-triangle
(9) Onto face Onto corner towers
<0.1 3.5 3.9 3.1
0.2 2.8 3.2 2.7
0.3 25 2.9 2.3
0.4 2.1 2.6 2.1
>0.5 1.8 2.3 1.9
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Table E6(b). Square plan lattice towers with circular members
Drag force coefficient ( Cq)
Solidity of front Parts of tower in sub-critical flow Parts of tower in super-critical flow
face (3) biVies(z) <3 m?s biVies(2) 26 m?/s
Onto face Onto corner Onto face Onto corner
<0.05 2.2 25 1.4 1.2
0.1 2.0 2.3 1.4 1.3
0.2 1.8 21 1.4 16
0.3 1.6 1.9 1.4 1.6
0.4 1.5 1.9 1.4 1.6
>0.5 1.4 1.9 1.4 1.6
Table E6(c). Equilateral-triangle plan lattice tower with circular members

Solidity of front face

Drag force coefficient (Cq)

Parts of tower in sub-critical flow

Parts of tower in super-critical flow

) biVaes(z) <3 m?s biVies(z) 26 m%is
(all wind directions) (all wind directions)

<0.05 1.8 1.1

0.1 1.7 1.1

0.2 1.6 1.1

0.3 1.5 1.1

0.4 1.5 1.1

>0.5 1.4 1.2

Table E7. Drag force coefficient (Cy) for UHF-antenna sections

(see Figure E2)

Antenna type Wind direction Drag force coefficient
0 degrees (Ca)
1 0, 45 1.5
2 0, 30 1.9
3 0, 36 1.6
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[ External ladders
for narrow girth

G D columns / 6=0°

o2
O
o
O

L s

\ (b) Antenna Type 2
)

0=0°
(a) Antenna Type 1
/ bN /
bD G %

& - 0=36°

(c) Antenna Type 3

Figure E2. Drag force coefficients (Cy) for sections of uhf antennas

E4.2.2 Tower sections with ancillaries

The effective drag force coefficient for a tower section with ancillaries, Cge, shall be calculated
as follows:

a) Where ancillaries are attached symmetrically to all faces, their projected area shall be
added to the projected area of the tower members (A,).

b) When ancillaries are not symmetrically placed, the total effective drag force
coefficient (Cqe) for a tower section shall be taken as follows:

Cde = Cd + ZACd (E6)
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where,

ACy additional drag coefficient due to an ancillary attached to one face or located inside
the tower section, given by:

ACy = Caa KarKin(Ad/Az) (E7)
where,

Cda drag force coefficient of an isolated ancillary on a tower, as given in Figure
E2 and Tables E3 and E4;

Kar orrection factor for aspect ratio which for linear ancillaries with aspect ratios
less than 40, Ky is given in Table E1 and for all other cases, Ky = 1.0;

Kin correction factor for interference given in Clause E4.2.3;

Az v reference area of ancillaries on a tower. For a linear ancillary, As in shall be
taken as /b, where | is the length of the linear ancillary and b is defined in
Figure E2 and Tables E3. and E4.; and

Azs total projected area of the tower section at height z.

E4.2.3 Correction factor for interference
The correction factor for interference, Ki,, shall be calculated as follows:
a) For ancillaries attached to the face of the tower:
i)  To the face of a square tower (see Figure E3(a))
Kin = [1.5 + 0.5c082(85 - 90°) exp [-1.2(Cyd°] (E8)
i)  To the face of a triangular tower (see Figure E3(b))
Kin = [1.5 + 0.5c082(85 - 90°) exp [-1.8(Cyd)] (E9)

b) For lattice-like ancillaries inside the tower, Ki, shall be taken either as 1.0 or shall be
determined as follows:

i) Inside a square tower (see Figure E3(c)):
Kin = exp[-1.4(C48)'?° (E10)
i) Inside a triangular tower (see Figure E3(d)):

Kin = exp [-1.8(Cy4d) (E11) (E11)
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c) For cylindrical ancillaries inside the tower, Ki, shall be taken either as 1.0 or shall be
determined as follows:

i) Inside a square tower (see Figure E3(e)):

Kn = expla(Csd)] (E12)
a = 2.7-1.3exp[-3(bw)7] (E13)
ii) Inside a triangular tower (see Figure E3(f)):
Kn = 1.5 exp[-c(Csd' 7 (E14)
c = 6.8-5exp[-40(b/w)’] (E15)
where,
04 angle of deviation of wind stream from the normal of the ancillary;
o solidity ratio of the tower section, as given in E4.2.1;
a,c constants for ease of calculation; and

b/w ratio of the average diameter of an ancillary to the average width of a structure

0 Wind direction
Wind direction @
8 M

01 0, =0=10
Oa =‘0 )-
] 8. =180>-0 5,50
(a) Ancillary attached to (b) Ancillary attached to
face of square tower face of triangular tower
|
I
|
(c) Lattice-like ancillary (d) Lattice-like ancillary
inside square tower inside triangular tower

b

T
JW_O b 5

g
(e) Cylindrical ancillary (f) Cylindrical ancillary
inside square tower inside triangular tower

Figure E3. Tower sections with ancillaries
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Appendix F
(normative)

Flags and circular shapes

F1. General

This appendix gives aerodynamic shape factors for flags and circular shapes.

F2. Flags
The aerodynamic shape factor, Gig, for flags can be obtained as follows:
Fixed flags: treat as elevated hoarding (see Appendix D)

Free flags (including dynamic effects from flutter), see Figure F1:

mf ] —1.25
Ciig=0.05 + 0.7 — r; E (F1)
Najir COc
where,
mg mass per unit area of flag;
Pair density of air which can be taken as 1.225 kg/m3;
c flag height;
f flag height; and
At reference area of flag.
It
r Aref=o.5CIf
Tt
—Q\-‘—l_
J: Aref=clf

Figure F1. Reference area for flags
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F3. Circular shapes

The aerodynamic shape factor, Gig, for calculating drag pressures on circular shapes shall be
as given in Table F1.

Table F1. Aerodynamic shape factor for circular shapes

Cross-sectional shape Description of shape Aerodynamic shape
factor Cyig
— = Circular disc 1.3

Hemispherical bowl 1.4
— (cup to wind)

— G Hemispherical bowl 0.4

. Hemispherical solid 1.2
( flat to wind )

0.5 for bVges < 7
- Spherical solid 0.2 for bVges =7
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