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FOREWORD

INTRODUCTION

Recognising the need for each country susceptible to disasters to have appropriate
construction standards, the Association of Caribbean States (ACS), with financial
assistance from the Government of Italy, through its Trust Fund managed by the Inter-
American Development Bank (IDB), and from STIRANA (Foundation for Disaster
Preparedness of the Netherlands Antilles), has embarked on a project aimed at “Updating
Building Codes of the Greater Caribbean for Winds and Earthquakes” and thereby
reducing the vulnerability to natural disasters. This initiative is consistent with the goal of
the ACS Special Committee on Natural Disasters to reduce risks and losses caused by
natural disasters in ACS Members Countries.

The objective of the first phase of the project was to produce and disseminate state-of-the-
art model codes for wind loads and earthquakes as well as recommendations for the
updating of existing codes, so that ACS Member Countries be able to endow themselves
with new appropriate codes or improve the existing ones, in order to develop better
construction practices and techniques for the building of safe and reliable buildings.

EVALUATION OF EXISTING BUILDING CODES IN THE GREATER CARIBBEAN

The first part of the project was devoted to a thorough analysis of the situation of present
wind code provisions in ACS Spanish- and English-speaking Member Countries. To
accomplish this task, ad-hoc Evaluation Forms were prepared, the entries of which
included all the main items that should be found in a state-of-the-art code. Subsequently,
the existing wind code provisions of ACS Spanish- and English-speaking Member
Countries were thoroughly reviewed and evaluated, and the Forms were completed. At the
end of each Evaluation Form, salient recommendations for code improvement were
formulated. The Forms were finally disseminated to ACS Member Countries.

An extremely diversified situation emerged from the analysis.

PREPARATION OF A MODEL CODE

In the second part of the project a Model Codes was drafted, to be used by each State in
updating/preparing actual Codes of Practice, inspired by common concepts.

Given the diversity of the situations in each country, the project team decided to prepare a
conceptual model code that would not only be complete in its scope, but also capable of
allowing the development of actual codes of practice at different levels of complexity.
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This step required a clear distinction between principles, to be adopted as the basis of
design and safety rules, and recommendations to implement these principles into practical
rules.

The conceptual choice of the model code implied that no reference to specific construction
materials and structural systems should be made, since these should be treated at a national
or regional level.

These decisions were implemented adopting as a basic reference document the American
Society of Civil Engineers (ASCE) ASCE 7-02 Wind Loads, as the basic reference
document, since a number of Caribbean States have utilised it in their existing wind codes.

This Model Code therefore consists of two parts:

(a) The present document, and
(b) Section 6 of ASCE 7-02 as the basic reference document.

In this regard the numbering of Figures and Tables in the present document has been
maintained as those given in ASCE 7-02 for ease of reference. These are reproduced in
Appendix I. Please note Figure 6-1 has not been included in this model code as it is not
applicable to the Greater Caribbean territories.

A National Application Document (NAD) is to be developed by each country to reflect
both the peculiarities of geography and topography as well as the local construction
practice.

The NAD shall provide complementary information to assist the user to apply the Model
Code in the design of buildings to be constructed, as well as for the retrofitting of existing

buildings in the Greater Caribbean areas.

Due to its conceptual basis, the Model Code is intended for use by code makers and
authorities, not by single professionals.

NORMATIVE REFERENCES

Each NAD may incorporate, by reference, provisions from specific editions of other
publications.

INFORMATIVE REFERENCES

The NAD may also refer to other publications that provide information or guidance. Each
Edition of these publications current at the time of issue of this NAD should be listed.
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WIND SPEED MAPS

The wind speed map referred to in the Model Code should be enforced at a State level, but
should be possibly based on global comprehensive and consistent scientific studies for the
entire Greater Caribbean Region, to avoid inconsistency at the borders between different
states. It is therefore recommended that a “model wind speed map” be developed for
the entire Caribbean region.

Wind speed maps shall be developed using internationally accepted methods, up-to-date
data and transparent and repeatable procedures. Periodic revisions should be foreseen.

ENFORCING AND MONITORING THE USE OF A CODE

Countries of the Greater Caribbean Region should give priority to the strengthening of
existing building codes or the development of new codes.

However, the development of relatively advanced national codes based on the present
model code will not automatically produce a reduction of wind risk. Such reduction
requires adequate measures to enforce the use of the code, to monitor its performance, to
increase the level of understanding and the specific preparation of professionals and
consultants.

Enforcing the use of a code requires making its application mandatory, implying therefore
some sort of control of the application of the code in designing, assessment and
strengthening, through the creation of enforcement and inspection mechanisms. This
objective may be pursued by defining strategies and creating special offices in charge of
collecting design data, responding to technical questions, and checking the actual and
appropriate use of the code in given fractions of the designed and constructed cases. Such
fractions of the designed building stock to be checked may be defined for different
building importance categories (e.g.: 5 % for importance class IV, 10 % for importance
class III, 50 % for importance class II, 100% for importance class I).

To reinforce these building regulations, governments should work with private-sector
financial and insurance companies to encourage the development of financial incentives,
such as premium reductions or reduced-rate loans, for properly constructed buildings using
established standards and regulations.

EDUCATION AND DISSEMINATION
The importance of assuring a high level of competence of the designers cannot be

overemphasized. With the adoption of state-of-the-art building codes throughout the
region, building inspectors, designers, engineers, builders and construction workers have to
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be trained on the new codes. Control measures for the training and the qualification of
those actors should also be put in place. It is therefore recommended that all means of
increasing the understanding of concepts and rules defined in the codes be exploited.
Appropriate measures may include organization of short courses, possibly using e-learning
tools, preparation of manuals and on-line helping tools, periodical verification of the
effective competence of professionals.

PERIODIC REVISIONS

It is recommended that a procedure be established for the periodic updating of the model
and national codes, based on scientific progress and on the results of the monitoring
process. These revisions should be considered at time intervals of approximately 5 years
with a maximum of 10 years.
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I. SCOPE

1.1 Explicit Concepts

This model code is intended for the design and construction of new buildings, as well as
retrofitting of existing buildings subjected to wind loads.

The principal reference code is Section 6.0 of the ASCE-7-02.

The model code is not intended to supersede or amend legislation enforced in any country
since this will be the effect of each appropriate NAD. Users of this model code must
consult other listed legislation. The model code describes the action of wind on structures
and methods for calculating characteristic values of wind loads for use in the design of
buildings and related structures as well as their components and appendages.

1.2 Performance Objectives - Hurricane Precautions

It i1s very important in the Caribbean to be ever conscious of the fact that the region lies
within the customary hurricane path. During such periods of time as are designated by the
Government as being under hurricane warning, the owner, occupant or user of a property
shall take precautions for the securing of buildings and equipment, preferably according to
a previously established plan of measures against catastrophes starting from studies of risk.

The elements of buildings most vulnerable to hurricane forces are roofs, windows and
walls. The objective of hurricane resistant construction is to provide a building that will not
collapse during a hurricane. The building must be standing and its occupants should be
safe.

Rules for construction of hurricane resistant buildings must cover the following issues:

- Building site (selection)

- Roof structure (structure, shape, components and attachment/fastening)
- Windows and Doors

- Walls

- Openings and Claddings

- Interaction with other neighboring structures

In addition these rules shall be specific to the various building materials such as in the
following examples:
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- Timber buildings

- Steel buildings

- Reinforced concrete buildings

Building Location:

Roofs:

Openings, Claddings
interaction with
neighboring structures:

Buildings sited in exposed areas are most vulnerable.

Since experience and research have shown that flat roofs are
vulnerable to high winds, the roof pitch should preferably not be
less than 25 to 30 degrees. Hip roofs should be used as these are
more hurricane resistant than gable roofs. Roof overhangs also
experience high level pressures and, where possible, these
should be kept to a minimum or removed.

The experience has shown that the existence of openings and
and neighboring buildings produce variations of other
consideration in the behavior of the wind pressures on the
buildings so much external as inwardly.

1.3 Specific Indications for Different Construction Types

Timber Buildings:

Steel Buildings:

Reinforced Concrete
Buildings:

The entire structure must be fastened to the foundation and tied
together with timber braces and hurricane straps. The properties
of commonly used timber will have to be researched and
catalogued to assist designers in the region in the use of
indigenous timbers.

Undersized sections and poor maintenance have led to
significant reduction in the size of critical sections and hence
failure. Holding down bolts are needed to tie the structure to the
foundation.

All walls shall be finished at the top by a reinforced concrete
ring beams not less than 200 mm in depth.

The minimum ring beam reinforcement shall be four 12 mm
diameter bars with 6 mm diameter stirrups placed at 300 mm
between centres. The beam width shall be a minimum of 150
mm without plaster.
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1.4 Definitions

15

The following definitions shall apply to the provisions of this model wind code.

Approved

Basic Wind Speed, V

Building Enclosed

Building Envelope

Building and Other
Structure, Flexible

Building, Low-Rise

Building, Open

Building,
Partially Enclosed

Acceptable to the authority having jurisdiction.

3-second gust speed at 10 m (33 ft) above the ground in
Exposure C (see Section 4.2.15) as determined in accordance
with Section 4.2.6. It may be necessary in some countries to use
other wind speed measures and in these cases careful correction
is necessary.

A building that does not comply with the requirements for open
or partially enclosed buildings.

Cladding, roofing, exterior walls, glazing, door assemblies,
window assemblies, skylight assemblies, and other components
enclosing the building.

Slender buildings and other structures that have a fundamental
natural frequency less than 1 Hz.

Enclosed or partially enclosed buildings that comply with the
following conditions:

1. Mean roof height h less than or equal to18 m (60 ft); and
2. Mean roof height h does not exceed least horizontal
dimension.

A building having each wall at least 80%. This condition is
expressed for each wall by the equation A, > 0.8 A,,
where
A, = total area of openings in a wall that receives positive
external pressure, in m” (ft)
A, = thze gross area of that wall in which Ao is identified, in
m” (ft°)

A building that complies with both of the following conditions:

1. The total area of openings in a wall that receives positive
external pressure exceeds the sum of the areas of
openings in the balance of the building envelope (walls
and roof) by more than 10%, and
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Building or other
structure, regular
shaped

Building or other

Building, Simple

Components
and Cladding
Design Force, F

Design Pressure, p

Effective Wind Area

2. The total area of openings in a wall that receives positive
external pressure exceeds 0.37 m* (4 ft?) or 1% of the
arca of that wall, whichever is smaller, and the
percentage of openings in the balance of the building
envelope does not exceed 20%.

These conditions are expressed by the following equations:

1. Ay>1.10 Ay
2. Ay> 037 m* (4 ft)) or > 0.01 A,, whichever is smaller,
and Aoi/Agi <0.20
where
A,, A, are as defined for Open Building
Ao = the sum of the areas of openings in the building

envelope (walls and roof) not  including A,, in
m’ (ft%)

A building or other structure having no unusual geometrical
irregularity in spatial form.

A building or other structure whose fundamental structures, rigid
frequency is greater than or equal to 1 Hz.

An enclosed or partially enclosed building in which Diaphragm:
wind loads are transmitted through floor and roof
diaphragms to the vertical main wind force-resisting system.

Elements of the building envelope that do not qualify as part of
the main wind force-resisting system.

Equivalent static force to be used in the determination of wind
loads for open buildings and other structures.

Equivalent static pressure to be used in the determination of
wind loads for buildings.

The area used to determine GC,, For component and cladding
elements, the effective wind area in Figures 6-11 through 6-17 is
the span length multiplied by an effective width that need not be
less than one-third the span length. For cladding fasteners, the
effective wind area shall not be greater than the area that is
tributary to an individual fastener.
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Escarpment

Glazing

Glazing,
Impact Resistant

Hill

Hurricane-
Prone Regions:

Impact-Resistant

Covering

Importance Factor, I.

Main Wind
Force-Resisting System

Mean Roof Height, h

Openings

17

Also known as scarp, with respect to topographic effects in
Section 4.2.19, a cliff or steep slope generally separating two
levels or gently sloping areas (see Figures 6-4).

Glass or transparent or translucent plastic sheet used in
windows, doors, skylights, or curtain walls.

Glazing that has been shown by testifying in accordance with
ASTM 1886 [1] and ASTM 1996 [2] or other approved test
methods to withstand the impact of wind-borne missiles likely to
be generated in wind-borne debris regions during design winds.

With respect to topographic effects in Section 4.2.19, a land
surface characterized by strong relief in any horizontal direction
(see Figures 6-4).

Areas vulnerable to hurricanes in the Greater Caribbean defined
as:
All countries bounded by or situated within the Caribbean
Sea where the basic wind speed is greater than 145 km/h (90
mph).

A covering designed to protect glazing, which has been shown
by testing in accordance with ASTM E 1886 [1] and ASTM
1996 [2] or other approved test methods to withstand the impact
of wind-borne debris missiles likely to be generated in wind-
borne debris regions during design winds.

A factor that accounts for the degree of hazard to human life and
damage to property.

An assemblage of structural elements assigned to provide
support and stability for the overall structure. The system
generally receives wind loading from more than one surface.

The average of the roof eave height and the height to the highest
point on the roof surface, except that, for roof angles of less than
or equal to 10 degrees, the mean roof height shall be the roof
eave height.

Apertures or holes in the building envelope that allow air to flow
through the building envelope and that are designed as “open”
during design winds as defined by these provisions.
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Recognized Literature

Ridge

Wind-Borne Debris
Regions.
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Published research findings and technical papers that are
approved.

With respect to topographic effects in Section 4.2.19, an
elongated crest of a hill characterized by strong relief in two
directions (see Figures 6-4).

Areas within hurricane-prone regions located

1. Within 1610 m (1 mile) of the coastal mean high water
line where the basic wind speed is equal to or greater
than 177 km/h (110 mph), or

2. In areas where the basic wind speed is equal to or greater
than 193 km/h (120 mph).

1.5 Symbols and Notations

The following symbols and notations shall apply only to the provisions of this model wind

code.

Effective wind area, in m? (ft%).

Area of open buildings and other structures either normal to
the wind direction or projected on a plane normal to the wind
direction, in m* (ft%).

The gross area of that wall in which A, is identified, in m’
(ft).

The sum of the gross surface areas of the building envelope
(walls and roof) not including A, in m’ (ft%).

Total area of openings in a wall that receives positive
external pressure, in m” (ft%).

The sum of the areas of openings in the building envelope
(walls and roof) not including A,, m’ (ft%).

Total area of openings in the building envelope m” (ft%).
Width of pressure coefficient zone, in m (ft).

Horizontal dimension of building measured normal to wind
direction, in m (ft).

Mean hourly wind speed factor in Eq. 4.14 from Table 6-2.
3-second gust speed factor from Table 6-2.
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Cr

Gr

GCpn
GC,

GCyr

£Q
gr

1z
Ki, K3, K3

Kn

Force coefficient to be used in determination of wind loads
for other structures.

External pressure coefficient to be used in determination of
wind loads for buildings.

Turbulence intensity factor in Eq. 4.5 from Table 6-2.
Diameter of a circular structure or member, in m (ft).

Depth of protruding elements such as ribs and spoilers, in m
(ft).
Gust effect factor.

Gust effect factor for main wind force-resisting systems of
flexible buildings and other structures.

Combined net pressure coefficient for a parapet.

Product of external pressure coefficient and gust effect factor
to be used in determination of wind loads for buildings.

Product of the equivalent external pressure coefficient and
gust effect factor to be used in determination of wind loads
for main wind force-resisting system of low-rise buildings.

Product of internal pressure coefficient and gust effect factor
to be used in determination of wind loads for buildings.

Peak factor for background response in Egs. 4.4 and 4.8.
Peak factor for resonant response in Eq. 4.8.

Peak factor for wind response in Egs. 4.4 and 4.8.
Height of hill or escarpment in Figures 6-4, in m (ft).

Mean roof height of a building or height of other structure,
except that eave height shall be used for roof angle 0 of less
than or equal to 10 degrees, in m (ft).

Importance factor.

Intensity of turbulence from Eq. 4.5.
Multipliers in Figure 6-4 to obtain K.
Wind directionality factor in Table 6-4.

Velocity pressure exposure coefficient evaluated at height
z = h (Height Coefficient).

Velocity pressure exposure coefficient evaluated at height z.
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Rg, Ry,

Kzt

pPL

pnet30

Pp
Ps30

dh

dp
gz

Topographic factor.

Horizontal dimension of a building measured parallel to the
wind direction, in m (ft).

Distance upwind of crest of hill or escarpment in Figure 6-4
to where the difference in ground elevation is half the height
of hill or escarpment, in m (ft).

Integral length scale of turbulence, in m (ft).
Integral length scale factor from Table 6-2, m (ft).
Larger dimension of sign, in m (ft).

Smaller dimension of sign, in m (ft).

Reduced frequency from Eq. 4.12.

Building natural frequency, Hz.

Design pressure to be used in determination of wind loads
for buildings, in N/m? (Ib/ ftz).

Wind pressure acting on leeward face in Figure 6-9.

Net design wind pressure for exposure B at h = 30 ft = 9 m.
and [ = 1.0 from Figure 6-3.

Combined net pressure on a parapet from Eq. 4.20.

Simplified design wind pressure for exposure B at h = 30 ft
and I = 1.0 from Figure 6-2.

Wind pressure acting on windward face in Figure 6-9.
Background response factor from Eq. 4.6.

Velocity pressure, in N/m? (Ib/ft?).

Velocity pressure evaluated at height z = h, in N/m? (Ib/ft%).
Velocity pressure for internal pressure determination.
Velocity pressure at top of parapet.

Velocity pressure evaluated at height z above ground, in
N/m? (Ib/ft?).

Resonant response factor from Eq. 4.10.
Values from Eq. 4.13.

Reduction factor from Eq. 4.16.

Value from Eq. 4.11.
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< <

Basic wind speed obtained from the national basic wind
speed zonation map of each country, in m/s (mph). The basic
wind speed corresponds to a 3-second gust speed at 10 m (33
ft) above ground in Exposure Category C.

Unpartitioned internal volume m®>  (ft’)
Mean hourly wind speed at height z, m/s (ft/s).

Width of building in Figures 6-12, and 6-14A and B and
width of span in Figures 6-13 and 6-15, in m (ft).

Distance to center of pressure from windward edge in Figure
6-18, in m (ft).

Distance upwind or downwind of crest in Figure 6-4, in m
(ft).

Height above ground level, in m (ft).

Equivalent height of structure, in m (ft).

Nominal height of the atmospheric boundary layer used in
this standard. Values appear in Table 6-2.

Exposure constant from Table 6-2.
3-sec gust speed power law exponent from Table 6-2.
Reciprocal of a from Table 6-2.

Mean hourly wind speed power law exponent in Eq. 4.14
from Table 6-2.

Damping ratio, percent critical for buildings or other
structures.

Ratio' of solid area to gross area for open sign, face of a
trussed tower or lattice structure.

Adjustment factor for building height and exposure from
Figures 6-2 and 6-3.

Integral length scale power law exponent in Eq. 4.7 from
Table 6-2.

Value used in Eq. 4.13 (see Section 4.2.20.2).
Angle of plane of roof from horizontal, in degrees.

Height-to-width ratio for solid sign.

" In this document, the ratio will always be considered as the geometric ratio or for the quotient
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II. WIND HAZARD

Buildings and structures shall be designed and constructed to resist the forces due to wind
pressure.

The forces exerted by the wind are the result of a combination of factors such as:

(1) Wind speed
(i1) Exposure factor
(iii)  Aerodynamic shape of the structure

(iv)  Dynamic response factor

All structural systems shall be designed and constructed to transfer wind forces to the
ground.

2.1 Basic Wind Speed

The basic wind speed, V, for the determination of the wind load shall be determined in
accordance with the provisions of this Model Wind Code.

A basic wind speed zonation map for each territory shall be established (where this does
not already exist or where it is not consistent with this Code). This will assist in
classification according to the Basic Wind Speed which will be used to develop values of
velocity pressures.

The wind forces per unit area on a structure may be determined from a relationship of the
general form:

Velocity pressure, q,, evaluated at a height, z, is given by Eq. 4.15 i.e.:
q,=0.613K,K,KqV'T  (N/m?)

where V in m/s

K¢ = wind directionality factor determined from Table 6-4

K, = wvelocity pressure exposure coefficient determined from
Table 6-3.

K, = topographic factor given by Eq. 4.3

I = importance factor determined from Table 6-1

The wind speed-up effect shall be included in the calculation of design wind loads by using
the factor K.
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The basic wind speed, V, is obtained from a proper zonation map and corresponds to a 3
second gust speed at 10 m above ground in Exposure Category C, corresponding to a
probability of exceedance 2% in a return period of 50 years.

The numerical coefficient in equation (4.15) shall be used except where sufficient climatic
data are available to justify selection of a different value of this factor for a design
application.

2.2 Topography

The Exposure Factor, K4, accounts for the variability of velocity pressure at the site of the
structure due to the following:

(a) Height above ground level
(b) Roughness of the terrain, and

(©) In undulating terrain, the shape and slope of the ground.

A Wind Topography Factor, K,, will be considered when the structure is located on a hill
or elevation capable of increasing the windward wind velocity at 10 m above ground. K,
will be taken as 1.0 if

H/L,<0.2
H <9 m for Exposure Category B
H < 18.0 m for Exposure Category C

where H = Height of hill
L, = Upwind width of the hill at mid height

2.3 Height Above Ground Level

The velocity pressure exposure coefficients, K, and K, are functions of height above
ground and the exposure categories A, B, C, D and are defined in table 6-3 and section 2.4.

2.4 Terrain — Roughness
Four exposure categories are defined.
(1) Exposure Category A

Large City Centres with at least 50% of the buildings with heights
more than 20 m.
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(ii)

(iii)

(iv)

Exposure Category B

Urban and suburban areas, wooded areas, other terrain with
numerous closely spaced obstructions having the size of single
family dwellings or larger having average heights less than 10 m.
Exposure B shall apply where the ground surface roughness
condition prevails in the upwind direction for a distance of at least
800 m or 10 times the height of the building, whichever is greater.
Exposure Category C

Open terrain, plains and savannahs with scattered obstructions
having average heights less than 10 m.

Exposure C shall apply for all cases where exposure B or D do not
apply.

Exposure Category D

Flat unobstructed coastal areas exposed to wind flowing from the
open ocean for a distance of at least 1610 m (1 mile).
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III.  WIND DESIGN ACTIONS

3.1 Importance Classes and Factors

Buildings are classified into four importance categories:

Category I ~ Buildings and related structures whose failure implies low
risk for human life including but not limited to rural, storage
or temporary facilities.

Category I Normal occupancy public or private buildings (housing,
offices, commerce, etc.). Additionally, it includes hazardous
facilities not classified as Category III if it is insured that any
damage or toxic spill can be immediately controlled.

Category III Hazardous facilities or high occupancy public or private
buildings.

Category IV Essential facilities such as hospitals, fire and police stations
and designated hurricane shelters.

An importance factor shall be assigned to each class (See Table 7-2):

Category I [=0.77 or 0.87
Category I  I=1.0
Category III 1=1.15
Category IV I=1.15
The wind force per unit area is assumed to act statically in a direction normal to the surface

of the structure or element except where others were specified e.g. with tangential
functional forces.

Both internal and external forces must be considered.
Resonance may amplify the responses to the forces on certain wind sensitive structures.

Such structures are characterised by their lightness, flexibility and low level of structural
damping.

3.2 Scale Effects

In Enclosed, Partially enclosed buildings the external pressure coefficients, C, for walls
and roofs may be reduced for scale effects as given in Figure 6-6 when the main wind
force resisting system is calculated by Method 2.
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3.3 Pressure (Internal and External)

In order to estimate the internal pressure coefficient, buildings are classified as Enclosed,
Partially Enclosed or Open.

The design pressure, p, for primary systems in Enclosed or Partially Enclosed Structures is
defined by the following equation that takes into consideration the internal pressures.

(1) Rigid Building of all Heights:
The design pressure shall be determined by Eq. 4.17
The.design pressure, p, for primary systems in Enclosed or Partially

Enclosed buildings shall not be less than 480 N/m”.

For secondary systems in Enclosed or Partially Enclosed buildings,
the design pressure p is defined as:

P = qn [(GC,) — (GCpi)] for structures withh < 18 m
P = q[(GC)) — (GCp)] for structures with h > 18 m

For primary or secondary systems in Open buildings, p is given by
the expression:

P=q, GC,

GC,; shall be determined from Figure 6-5 based on building
enclosure classification.

(i1) Low-Rise Buildings
The design pressure shall be determined by equation 4.18.
(iii))  Flexible Buildings

The design pressure shall be determined by equation 4.19.

3.4 Dynamic and Aeroelastic Effects (Gust Effects)

For the definition of wind pressures, buildings are classified according to the geometry of
their exposed areas in four Structural Types:
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TypeI:  Enclosed buildings with a slenderness ratio less than 5 or natural
period less than 1 s that are insensitive to gusts and other
dynamic wind effects. Also includes buildings enclosed with
laminated sheets, with one or more open facades (industrial
warehouses, theatres, auditoriums, etc.).

Type II: ~ Open buildings with a slenderness ratio less than 5 or natural
period less than 1 s such as towers, guyed or free standing
antennas, elevated tanks, commercial signs and parapets.

Type III:  Buildings particularly sensitive to short duration gusts. Includes
all buildings considered as Type I or Type II but with a
slenderness ratio greater than 5 or natural period larger than 1 s
as well as those whose geometry can induce strong vibrations.

Type IV: This group includes all structures with specific aerodynamic
problems such as suspended roofs, unstable aerodynamic forms,
flexible structures having natural periods closed to each other,
etc.

For downwind surfaces, the pressure g, (as well as Ky) is taken as constant along the entire
height and corresponds to the value calculated for a height, h, equal to the medium roof
height for buildings Type I or total building height for the other building types.

Wind pressures p and forces F are related to the Dynamic Wind Pressure q, the Gust Effect
Factors G, and G, and the Shape Coefficients for external C,. and internal pressures Cp; as
well as Cr for roofs of open building and non-building structures.

For rigid structures the Gust Effect Factor, G, shall be taken as 0.85 here the natural period
T<1 sec.

For flexible structures (natural period T > 1 sec) or for wind sensitive structures, the design
pressure p is determined by equation 4.19.

3.5 Directionality Effects

The wind should be considered as coming horizontally from any direction, therefore the
building has to be analysed with the wind acting parallel to its two principal directions.
The Wind Directionality Factor, Ky, varies from 0.85 to 0.95 and shall be determined from
Table 6-4. This factor shall only be applied when used in conjunction with specific load
combinations (Sections 3.5.1 and 3.5.2) otherwise it should be taken as equal to unity.
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3.5.1 Combined Factored Loads Using Strength Design Applicability

The load combination and load factors shall be used only in those cases in which they are
specifically authorised by the applicable material design standards.

Structures, components and foundations shall be designed so that their design strengths
equal or exceed the effects of the factored loads in the following combinations:

AL

1.4(D+F)
12(D+F+T)+1.6(L+1t)+0.5(L;orSorR)
1.2D+ 1.6(L;or Sor R) + (0.5 L or 0.8 W)

1.2D + 1.6W + 0.5L + 0.5(L; or S or R)

1.2D + 1.0E + 0.5L + 0.2S

0.9D ++ 1.6W + 1.6H

0.9D + 1.0E + 1.6H

3.5.2 Combined Nominal Loads Using Allowable Stress Design

Load listed herein shall be considered to act in the following combination, whichever
produces the most unfavourable effect in the buildings:

A e

where

D
D+L+F+H+T+(L;or SorR)
D+ (Wor0.7E) + L + (L; or S or R)

0.6D+W+H

0.6D + 0.7E + H

D = dead load

E = -earthquake load

F = load due to fluids with well-defined pressures and maximum
heights

Fa = flood load

H = load due to lateral earth pressure, ground water pressure, or
pressure of bulk materials

live load

= roof live load

rain load

= snow load

= self-straining force

= wind load

sHnmCC
I
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Iv.

METHODS OF ANALYSIS

4.1 Method 1 — Simplified Procedure

4.1.1 Scope

A building whose design wind loads are determined in accordance with this Section shall
meet all the conditions of 4.1.2 or 4.1.3. If a building qualifies only under 4.1.3 for design
of its components and cladding, then its main wind force-resisting system shall be
designed by Method 2 or Method 3.

4.1.2 Main Wind Force-Resisting Systems

For the design of main wind force-resisting systems the building must meet all of the

following conditions:

The building is a simple diaphragm building as defined in Section
1.4.

The building is a low-rise building as defined in Section 1.4.

The building is enclosed as defined in Section 1.4 and conforms to
the wind-borne debris provisions of Section 4.2.21.3.

The building is a regular shaped building or structure as defined in
Section 1.4.

The building is not classified as a flexible building as defined in
Section 1.4.

The building does not have response characteristics making it
subject to across-wind loading, vortex shedding, instability due to
galloping or flutter; and does not have a site location for which
channeling effects or buffeting in the wake of upwind obstructions
warrant special consideration.

The building structure has no expansion joints or separations.

The building is not subject to the topographic effects of 4.2.19
(i.e. K4 =1.0).

The building has an approximately symmetrical cross section in
each direction with either a flat roof, or a gable or hip roof with 0 <
45 degrees.
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4.1.3 Components and Cladding

For the design of components and cladding the building must meet all the following
conditions:
1. The mean roof height h < 18 m (60 ft).

2. The building is enclosed as defined in Section 1.4 and conforms to
the wind-borne debris provisions of Section 4.2.21.3.

3. The building is a regular shaped building or structure as defined in
Section 1.4.
4. The building does not have response characteristics making it

subject to across-wind loading, vortex shedding, instability due to
galloping or flutter; and does not have a site location for which
channeling effects or buffeting in the wake of upwind obstructions
warrant special consideration.

5. The building is not subject to the topographic effects of Section
4.2.19 (i.e. K, = 1.0).

6. The building has either a flat roof, or a gable roof with 6 < 27
degrees.

4.1.4 Design Procedure

1. The basic wind speed V shall be determined in accordance with
Section 4.2.6. The wind shall be assumed to come from any
horizontal direction.

2. An importance factor I shall be determined in accordance with
Section 4.2.11.

3. An exposure category shall be determined in accordance with
Section 4.2.12.

4. A height and exposure adjustment coefficient, A, shall be determined
from Figure 6-2.

4.1.5 Main Wind Force-Resisting System

Simplified design wind pressure, ps, for the main wind force-resisting systems of low-rise
simple diaphragm buildings represent the net pressures (sum of internal and external) to be
applied to the horizontal and vertical projections of building surfaces as shown in
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Figure 6-2. For the horizontal pressures (Zones A, B, C, D), ps is the combination of the
windward and leeward net pressures. ps shall be determined by the following equations:

ps =A I psso (4.1)
where A = adjustment factor for building height and exposure from
Figure 6-2
I = importance factor as defined in Section 1.4.

ps3o= simplified design wind pressure for exposure B, at h = 9 m
(30 ft), and for I = 1.0 from Figure 6-2.

Minimum Pressures for Wind Free-Resisting System:
The load effects of the design wind pressures from Section 4.1.5 shall not be less than the

minimum load case from Section 3.3 assuming the pressures, ps, for Zones A, B, C and D
all equal to + 479 N/m” (10 psf), while assuming Zones E, F, G and H all equal to 0 N/m?

(psh).

4.1.6 Components and Cladding
Net design wind pressure, pnet, for the components and cladding of buildings designed
using Method 1 represent the net pressures (sum of internal and external) to be applied

normal to each building surface as shown in Figure 6-3.

Pret shall be determined by the following equation:

pnet: 7\- I pnet30 (42)
where A = adjustment factor for building height and exposure from
Figure 6-3.
I = importance factor as defined in Section 1.4.
Pnezo=  net design wind pressure for exposure B, at h = 9 m

(30 ft), and for I = 1.0 from Figure 6-3.
Minimum Pressures for Components and Cladding:
The positive design wind pressures, pnet, from Section 4.1.6 shall not be less than + 479

N/m* (10 psf), and the negative design wind pressures, pe, from 4.1.6 shall not be less
than — 479 N/m?” (10 psf).
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4.1.7 Air-Permeable Cladding

Design wind loads determined from Figure 6-3 shall be used for all air-permeable cladding
unless approved test data or recognized literature demonstrate lower loads for the type of
air-permeable cladding being considered.

4.2 Method 2 — Analytical Procedure

4.2.1 Scope

A building or other structure whose design wind loads are determined in accordance with
this Section shall meet all of the following conditions:

1. The building or other structure is a regular shaped building or
structure as defined in Section 1.4 and

2. The building or other structure does not have response
characteristics making it subject to across-wind loading, vortex
shedding, instability due to galloping or flutter; or does not have a
site location for which channeling effects or buffeting in the wake of
upwind obstructions warrant special consideration.

4.2.2 Limitations

The provisions of Section 4.2 take into consideration the load magnification effect caused
by gusts in resonance with along-wind vibrations of flexible buildings or other structures.
Buildings or other structures not meeting the requirements of Section 4.2.1, or having
unusual shapes or response characteristics, shall be designed using recognized literature
documenting such wind load effects or shall use the wind tunnel procedure specified in
Section 4.3.

4.2.3 Shielding

There shall be no reductions in velocity pressure due to apparent shielding afforded by
buildings and other structures or terrain features.

4.2.4 Air-Permeable Cladding

Design wind loads determined from Section 4.2 shall be used for air-permeable cladding
unless approved test data or recognized literature demonstrate lower loads for the type of
air-permeable cladding being considered.
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4.2.5 Design Procedure

1.

10.

The basic wind speed V and wind directionality factor K4 shall be
determined in accordance with Section 4.2.6.

An importance factor I shall be determined in accordance with
Section 4.2.11.

An exposure category or exposure categories and velocity pressure
exposure coefficient K, or Ky, as applicable, shall be determined for
each wind direction in accordance with Section 4.2.12.

A topographic factor K, shall be determined in accordance with
Section 4.2.19.

A gust effect factor G or Gy, as applicable, shall be determined in
accordance with Section 4.2.20.

An enclosure classification shall be determined in accordance with
Section 4.2.21.

Internal pressure coefficient GC,; shall be determined in accordance
with Section 4.2.23.1.

External pressure coefficients C, or GCpy, or force coefficient Cy, as
applicable, shall be determined in accordance with Section 4.2.23.2
or 4.2.23.3, respectively.

Velocity pressure q, or gu, as applicable, shall be determined in
accordance with Section 4.2.22.

Design wind load p or F shall be determined in accordance with
Sections 4.2.24 and 4.2.25, as applicable.

4.2.6 Basic Wind Speed

The basic wind speed, V, used in the determination of design wind loads on buildings and
other structures shall be as given in the national basic wind zonation map of each country
except as provided in Sections 4.2.7 and 4.2.8. The wind shall be assumed to come from
any horizontal direction.

4.2.7 Special Wind Regions

The basic wind speed shall be increased where records or experience indicate that the wind
speeds are higher than those reflected in the national basic wind zonation map of each
country. Mountainous terrain, gorges, and special regions shown in the national basic wind
zonation map of each country shall be examined for unusual wind conditions. The
authority having jurisdiction shall, if necessary, adjust the values given in the national
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basic wind zonation map to account for higher local wind speeds. Such adjustment shall be
based on meteorological information and an estimate of the basic wind speed obtained in
accordance with the provisions of Section 4.2.8.

4.2.8 Estimation of Basic Wind Speeds from Regional Climatic Data

Regional climatic data shall only be used in lieu of the basic wind speeds given in the
national basic wind zonation map when: (1) approved extreme-value statistical-analysis
procedures have been employed in reducing the data; and (2) the length of record,
sampling error, averaging time, anemometer height, data quality, and terrain exposure of
the anemometer have been taken into account.

In hurricane-prone regions, wind speeds derived from simulation techniques shall only be
used in lieu of the basic wind speeds given in the national wind contour map when (1)
approved simulation or extreme-value statistical-analysis procedures are used (the use of
regional wind speed data obtained from anemometers is not permitted to define the
hurricane wind speed risk along the Greater Caribbean areas) and (2) the design wind
speeds resulting from the study shall not be less than the resulting 500-year return period

wind speed divided by +/1.5.
4.2.9 Limitation

Tornadoes have not been considered in developing the basic wind-speed distributions.

4.2.10 Wind Directionality Factor

The wind directionality factor, Ky, shall be determined from Table 6-4. This factor shall
only be applied when used in conjunction with load combinations specified in Sections
3.5.1 and 3.5.2.

4.2.11 Importance Factor

An importance factor, I, for the building or other structure shall be determined from Table
6-1 based on building and structure categories listed in Table 7-1.

4.2.12 Exposure

For each wind direction considered, an exposure category that adequately reflects the
characteristics of ground roughness and surface irregularities shall be determined for the
site at which the building or structure is to be constructed. Account shall be taken of
variations in ground surface roughness that arises from natural topography and vegetation
as well as constructed features.



MODEL BUILDING CODE FOR WIND LOADS 35
METHODS OF ANALYSIS

4.2.13 Wind Directions and Sectors

For each selected wind direction at which the wind loads are to be evaluated, the exposure
of the building or structure shall be determined for the two upwind sectors extending 45
degrees either side of the selected wind direction. The exposures in these two sectors shall
be determined in accordance with Sections 4.2.14 and 4.2.15 and the exposure resulting in
the highest wind loads shall be used to represent the winds from that direction.

4.2.14 Surface Roughness Categories

A ground surface roughness within each 45-degree sector shall be determined for a
distance upwind of the site as defined in Section 4.2.15 from the categories defined below,
for the purpose of assigning an exposure category as defined in Section 4.2.15.

Surface Roughness B: Urban and suburban areas, wooded areas or other terrain with
numerous closely spaced obstructions having the size of single-
family dwellings or larger.

Surface Roughness C: Open terrain with scattered obstructions having heights generally
less than 9.1 m (30 ft). This category includes flat open country,
grasslands, and all water surfaces in hurricane-prone regions.

Surface Roughness D: Flat, unobstructed areas and water surfaces outside hurricane-
prone regions. This category includes smooth mud flats, salt flats,
and unbroken ice.

4.2.15 Exposure Categories

Exposure B: Exposure B shall apply where the ground surface roughness
condition, as defined by Surface Roughness B, prevails in the
upwind direction for a distance of at least 800 m (2624 ft) or 10
times the height of the building, whichever is greater.

Exception: For buildings whose mean roof height is less than or
equal to 9.1 m (30 ft), the upwind distance may be reduced to 457

m (1500 ft).

Exposure C: Exposure C shall apply for all cases where exposures B or D do
not apply.

Exposure D: Exposure D shall apply where the ground surface roughness, as

defined by surface roughness D, prevails in the upwind direction
for a distance at least 1524 m (5000 ft) or 10 times the building
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height, whichever is greater. Exposure D shall extend inland from
the shoreline for a distance of 200 m (656 ft) or 10 times the
height of the building, whichever is greater.

For a site located in the transition zone between exposure categories, the category resulting
in the largest wind forces shall be used.

Exception: An intermediate exposure between the above categories is permitted in a
transition zone provided that it is determined by a rational analysis method defined in the
recognized literature.

4.2.16 Exposure Category for Main Wind Force-Resisting Systems

4.2.16.1 Buildings and other Structures

For each wind direction considered, wind loads for the design of the main wind force-
resisting system determined from Figure 6-6 shall be based on the exposure categories
defined in Section 4.2.15.

4.2.16.2 Low-Rise Buildings

Wind loads for the design of the main wind force-resisting systems for low-rise buildings
shall be determined using a velocity pressure, qn, based on the exposure resulting in the
highest wind loads for any wind direction at the site when external pressure coefficients
GC,r given in Figure 6-10 are used.

4.2.17 Exposure Category for Components and Cladding

4.2.17.1 Buildings with Mean Roof Height h less than or equal to 18 m

Components and cladding for buildings with a mean roof height h of 18 m (60 ft) or less
shall be designed using a velocity pressure g, based on the exposure resulting in the
highest wind loads for any wind direction at the site.

4.2.17.2 Buildings with Mean Roof Height h greater than 18 m and
Other Structures

Components and cladding for buildings with a mean roof height h in excess of 18 m (60 ft)
and for other structures shall be designed using the exposure resulting in the highest wind
loads for any wind direction at the site.
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4.2.18 Velocity Pressure Exposure Coefficient

Based on the exposure category determined in Section 4.2.15, a velocity pressure exposure
coefficient K, or Ky, as applicable, shall be determined from Table 6-3.

4.2.19 Topographic Effects

4.2.19.1 Wind Speed-Up Over Hills, Ridges and Escarpments

Wind speed-up effects at isolated hills, ridges, and escarpments constituting abrupt
changes in the general topography, located in any exposure category, shall be included in
the design when buildings and other site conditions and locations of structures meet all of
the following conditions:

1. The hill, ridge or escarpment is isolated and unobstructed upwind by
other similar topographic features of comparable height for 100
times the height of the topographic feature (100 H) or 3.22 km (2
miles), whichever is less. This distance shall be measured
horizontally from the point at which the height H of the hill, ridge or
escarpment is determined.

2. The hill, ridge or escarpment protrudes above the height of upwind
terrain features within a 3.22 km (2 miles)radius in any quadrant by
a factor of two or more.

3. The structure is located as shown in Figures 6-4 in the upper half of
a hill or ridge or near the crest of an escarpment.

4. H/L, > 0.2 and

H is greater than or equal to 4.5 m (15 ft) for Exposures C and D and
18 m (60 ft) for Exposure B.

4.2.19.2 Topographic Factor

The wind speed-up effect shall be included in the calculation of design wind loads by using
the factor K:

K= (1+K; K, Kj)* (4.3)

where K, K; and K3 are given in Figure 6-4.
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4.2.20 Gust Effect Factor

4.2.20.1 Rigid Structures

For rigid structures as defined in Section 1.4, the gust effect factor shall be taken as 0.85 or
calculated by the formula:

(4.4)

I+1.7g,1

z

G=0.925[(1+1'7 go 1, Q)]

I, =c(33/2)" 4.5)

Where I, = the intensity of turbulent at height z where z = the equivalent
height of the structure defined as 0.6 h but not less than z,, for
all building heights h. zyi, and c are listed for each exposure in
Table 6-2; go and g, shall be taken as 3.4. The background
response Q is given by:

1
Q= 0.63 (4.6)
1+0.63 (B * hJ
L

z

where B and h are defined in Section 1.5
L, = the integral length scale of turbulence at the equivalent height
given by:
L,= A(z/33)° 4.7)
in which A and ¢ are constants listed in Table 6-2.

4.2.20.2 Flexible or Dynamically Sensitive Structures

For flexible or dynamically sensitive structures as defined in Section 1.4, the gust effect
factor shall be calculated by:

1+1.71, /g3 Q* +g2 R
1+1.7g, 1

Gr=0.925 (4.8)

z

gqand g, shall be taken as 3.4 and gg is given by:
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gr= 210 (3600m, ) +——217 (4.9)
J21n(3600n,)

R, the resonant response factor, is given by

R= \/%RnRhRB(O.SS +0.47R,) (4.10)
n: 747N, _ @.11)
(1+10.3N))
n, L
N, = 1= 4.12
Ty (4.12)
1 1 o
R, =————(1-¢"") fornp>0 (4.13 a)
n
R,=1forp =0 (4.13 b)

where the subscript A in Eq. 4.13 shall be taken as h, B and L respectively
= building natural frequency
.= Rysettingm=4.6n, h/V,

nj

R

R, = Rgsettingn =4.6n,/V,
R, = Rgsettingn=154n,L/V,

B = damping ratio, percent of critical h, B, L are defined in
Section 1.5

V, = mean hourly wind speed (ft/sec) at height z determined from
Eq. 4.14

z )\ (88
=p — | V| — 4.14
V=) &) @19
where b and a are constants listed in Table 6-2
V = basic wind speed in mph.

4.2.20.3 Rational Analysis

In lieu of the procedure defined in Sections 4.2.20.1 and 4.2.20.2, determination of the gust
effect factor by any rational analysis defined in the recognized literature is permitted.
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4.2.20.4 Limitations

Where combined gust effect factors and pressure coefficients (GC,, GC,; and GCyy) are
given in figures and tables, the gust effect factor shall not be determined separately.

4.2.21 Enclosure Classifications

42.21.1 General

For the purpose of determining internal pressure coefficients, all buildings shall be
classified as enclosed, partially enclosed, or open as defined in Section 1.4.

4.2.21.2 Openings

A determination shall be made of the amount of openings in the building envelope in order
to determine the enclosure classification as defined in Section 1.4.

4.2.21.3 Wind-Borne Debris

Glazing in buildings classified as Category II, III or IV (Note 1) located in wind-borne
debris regions shall be protected with an impact-resistant covering or be impact-resistant
glazing according to the requirements (Note 2) specified in Ref. 1 and Ref. 2 referenced
therein or other approved test methods and performance criteria.

Notes:

l. In Category II, III, or IV buildings, glazing located over 18.3 m (60
ft) above the ground and over 9.1 m (30 ft) above aggregate surface
roof debris located within 457 m (1500 ft) of the building shall be
permitted to be unprotected.

Exceptions: In Category II and III buildings (other than health care,
jail, and detention facilities, power generating and other public
utility facilities), unprotected glazing shall be permitted, provided
that unprotected glazing that receives positive external pressure is
assumed to be an opening in determining the buildings’ enclosure
classification.

2. The levels of impact resistance shall be a function of Missile Levels
and Wind Zones specified in Ref. 2.



MODEL BUILDING CODE FOR WIND LOADS 41
METHODS OF ANALYSIS

4.2.21.4 Multiple Classifications
If a building by definition complies with both the “open” and “partially enclosed”
definitions, it shall be classified as an “open” building. A building that does not comply

with either the “open” or “partially enclosed” definitions shall be classified as an
“enclosed” building.

4.2.22 Velocity Pressure
Velocity pressure, q,, evaluated at height z shall be calculated by the following equation:
q, = 0.613 K, K, Kq V* T (N/m?); V in m/s (4.15)
In UK: q, = 0.00256 K> K, Kq V2 I (Ib/ft)

where Ky = wind directionality factor defined in Section 4.2.10,

K, = velocity pressure exposure coefficient defined in Section
4.2.18

K, = topographic factor defined in Section 4.2.19.2

gn = velocity pressure calculated using Eq. 4.15 at mean roof
height h.

The numerical coefficient 0.613 (0.00256 in UK) shall be used except where sufficient
climatic data are available to justify the selection of a different value of this factor for a
design application.

4.2.23 Pressure and Force Coefficients

4.2.23.1 Internal Pressure Coefficients

Internal pressure coefficients, GC,;, shall be determined from Figure 6-5 based on building
enclosure classifications determined from Section 1.4.

4.2.23.1.1 Reduction Factor for Large Volume Buildings, Ri

For a partially enclosed building containing a single, unpartitioned large volume, the
internal pressure coefficient, GC,;, shall be multiplied by the following reduction factor,
Rii

R,=1.0 or
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Ri=0.5]1+ ! <1.0 (4.16)

Vi
T4
\/ 22,800 A,

where A,,= total area of openings in the building envelope (walls and
roof, in ft%)
Vi = unpartitioned internal volume, in ft®

4.2.23.2 External Pressure Coefficients

4.2.23.2.1 Main Wind Force-Resisting Systems for Main
Force-Resisting Systems

External pressure coefficients for main wind force-resisting systems C, are given in
Figures 6-6, 6-7, and 6-8. Combined gust effect factor and external pressure coefficients
GGy, are given in Figure 6-10 for low-rise buildings. The pressure coefficient values and
gust effect factor in Figure 6-10 shall not be separated.

4.2.23.2.2 Components and Cladding

Combined gust effect factor and external pressure coefficients for components and
cladding GC,, are given in Figures 6-11 through 6-17. The pressure coefficient values and
gust effect factor shall not be separated.

4.2.23.3 Force Coefficients

Force coefficients, Cr are given in Figures 6-18 through 6-22.

4.2.23.4 Roof Overhangs

4.2.23.4.1 Main Wind Force-Resisting System

Roof overhangs shall be designed for a positive pressure on the bottom surface of
windward roof overhangs corresponding to C, = 0.8 in combination with the pressures
determined from using Figures 6-6 and 6-10.

4.2.23.4.2 Components and Cladding for Roof Overhangs

For all buildings, roof overhangs shall be designed for pressures determined from pressure
coefficients given in Figures 6-11B, C and D.
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4.2.23.5 Parapets

4.2.23.5.1 Main Wind Force-Resisting System for Parapets

The pressure coefficients for the effect of parapets on the MWFRS loads are given in
Section 4.2.24.2.4.

4.2.23.5.2 Components and Cladding for Parapets

The pressure coefficients for the design of parapet component and cladding elements are
taken from the wall and roof pressure coefficients as specified in Section 4.2.24.4.4.

4.2.24 Design Wind Loads on Enclosed and Partially Enclosed Buildings

4.2.24.1 General
4.2.24.1.1 Sign Convention
Positive pressure acts toward the surface and negative pressure acts away from the surface.
4.2.24.1.2 Critical Load Condition

Values of external and internal pressures shall be combined algebraically to determine the
most critical load.

4.2.24.1.3 Tributary Areas Greater than 65 m” (700 ft%)

Component and cladding elements with tributary areas greater than 65 m” (700 ft%) shall be
permitted to be designed using the provisions for main wind force resisting systems.

4.2.24.2 Main Wind Force-Resisting Systems
4.2.24.2.1 Rigid Buildings of all Height

Design wind pressures for the main wind force-resisting system of buildings of all heights
shall be determined by the following equation:

p=q GC, — qi(GCp) (N/m?) (Ib/ft%) (4.17)

where q = z, for windward walls evaluated at height z above the
ground
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q =  qn for leeward walls, side walls, and roofs, evaluated at
height h
q = qn for windward walls, side walls, leeward walls, and

roofs of enclosed buildings and for negative internal
pressure evaluation in partially enclosed buildings

gi =  q. for positive internal pressure evaluation in partially
enclosed buildings where height z is defined as the level
of the highest opening in the building that could affect
the positive internal pressure. For buildings sited in
wind-borne debris regions, glazing that is not impact
resistant or protected with an impact-resistant covering,
shall be treated as an opening in accordance with Section
4.2.21.3. For positive internal pressure evaluation, g; may
conservatively be evaluated at height h(q; = qpn)

G = gusteffect factor from Section 4.2.20.
C, =  external pressure coefficient from Figure 6-6 or 6-8
GC,i =  internal pressure coefficient from Figure 6-5

q and q; shall be evaluated using exposure defined in Section 4.2.15.
Pressure shall be applied simultaneously on windward and leeward walls
and on roof surfaces as defined in Figures 6-6 and 6-8.

4.2.24.2.2 Low-Rise Buildings

Alternatively, design wind pressures for the main wind force-resisting system of low-rise
buildings shall be determined by the following equation:

q = al(GCpr) — (GCp)] (N/m?®) (Ib/ft) (4.18)
where qn =  velocity pressure evaluated at mean roof height h using
exposure defined in Section 4.2.15.
GC,r=  external pressure coefficient from Figure 6-10 and
GC,i =  internal pressure coefficient from Figure 6-5.

4.2.24.2.3 Flexible Buildings

Design wind pressures for the main wind force-resisting system of flexible buildings shall
be determined from the following equation:

p=aGC, ~ a(GCy) Nm).(bD)  (4.19)

where ¢, qi, Cp and (GCp;) are as defined in Section 4.2.24.2.1 and
Gr = gust effect factor defined in Section 4.2.20.2.
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4.2.24.2.4 Parapets

The design wind pressure for the effect of parapets on main wind force-resisting systems
of rigid, low-rise or flexible buildings with flat, gable or hip roofs shall be determined by
the following equation:

Pp = 4pGCpn (N/m?) (Ib/sf) (4.20)

where p, =  combined net pressure on the parapet due to the
combination of the net pressures from the front and back
parapet surfaces. Plus (and minus) signs signify net
pressure acting toward (and away from) the front
(exterior) side of the parapet.
qpb =  velocity pressure evaluated at the top of the parapet
GCpn combined net pressure coefficient
=  +1.8 for windward parapet
= -1.1 for leeward parapet

4.2.24.3 Design Wind Load Cases

The main wind force-resisting system of buildings of all heights, whose wind loads have
been determined under the provisions of Sections 4.2.24.2.1 and 4.2.24.2.3, shall be
designed for the wind load cases as defined in Figure 6-9. The eccentricity e for rigid
structures shall be measured from the geometric center of the building face and shall be
considered for each principal axis (e, €y). The eccentricity e for flexible structures shall be
determined from the following equation and shall be considered for each principal axis (ex,

ey):

eq +1.71,/(gqQeq,)” + (g4 Rey)’

e= (4.21)
1.71,4/(2,Q)° +(gxR)’
where eq = eccentricity e as determined for rigid structures in Figure 6-9
er = distance between the elastic shear center (torsion or stiffness

center)and center of mass of each floor
I, gq, Q, gr, R shall be as defined in Section 4.2.20.

The sign of the eccentricity e shall be plus or minus, whichever causes the more severe
load effect.

Exception: One-story buildings with h less than or equal to 9.1 m (30 ft), buildings two
stories or less framed with light-framed construction and buildings two stories or less
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designed with flexible diaphragms need only be designed for Load Case 1 and Load Case 3

in Figure 6-9.

4.2.24.4 Components and Cladding

4.2.24.4.1 Low-Rise Buildings and Buildings

with h < 18.3 m (60 ft)

Design wind pressures on component and cladding elements of low-rise buildings and
buildings with h < 18.3 m (60 ft) shall be determined from the following equation:

p = al(GCp) - (GCp)] (N/m?) (Ib/ft’) (4.22)
where qn = velocity pressure evaluated at mean roof height h using
exposure defined in Section 4.2.15.
GC, =  external pressure coefficients given in Figures 6-11
through 6-16 and
GC,i =  internal pressure coefficient given in Figure 6-5

4.2.24.4.2 Buildings with h> 18.3 m (60 ft)

Design wind pressures on components and cladding for all buildings with h > 18.3 m (60
ft) shall be determined from the following equation:

p =q(GCyp) — 4i(GCyi) (N/m’) (Ib/ft%) (4.23)
where ¢ = g, for windward walls calculated at height z above the
ground
q =  qn for leeward walls, side walls, and roofs, evaluated at
height h
q = qn for windward walls, side walls, leeward walls, and
roofs of enclosed buildings and for negative internal
pressure evaluation in partially enclosed buildings and
gi =  q. for positive internal pressure evaluation in partially

GC,

enclosed buildings where height z is defined as the level
of the highest opening in the building that could affect
the positive internal pressure. For buildings sited in
wind-borne debris regions, glazing that is not impact
resistant, or protected with an impact-resistant covering,
shall be treated as an opening in accordance with Section
4.2.21.3. For positive internal pressure evaluation, g; may
conservatively be evaluated at height h (q; = qn)

external pressure coefficient from Figure 6-17 and
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GC, = internal pressure coefficient given in Figure 6-5
q and q; shall be evaluated using exposure defined in Section 4.2.15.

4.2.24.4.3 Alternative Design Wind Pressures for Components
and Cladding in Buildings with 18.3 m (60 ft)<h <
27.4 m (90 ft)

Alternative to the requirements of Section 4.2.24.4.2 the design of components and
cladding for buildings with a mean roof height greater than 18.3 m (60 ft) and less than
27.4 m (90 ft) values from Figure 6-11 through 6-17 shall be used only if the height to
width ratio is one or less (except as permitted by Note 6 of Figure 6-17) and Eq. 4.22 is
used.

4.2.24.4.4 Parapets

The design wind pressure on the components and cladding elements of parapets shall be
designed by the following equation:

p = 4p(GC, — GCpi) (4.24)
where q, =  velocity pressure evaluated at the top of the parapet
GC, =  external pressure coefficient from Figures 6-11 through
6-17 and
GC,i =  internal pressure coefficient from Figure 6-5, based on

the porosity of the parapet envelope

Two load cases shall be considered. Load Case A shall consist of applying the applicable
positive wall pressure from Figure 6-11A or 6-17 to the front surface of the parapet while
applying the applicable negative edge or corner zone roof pressure from Figure 6-11B
through 6-17 to the back surface. Load Case B shall consist of applying the applicable
positive wall pressure from Figure 6-11A or 6-17 to the back of the parapet surface, and
applying the applicable negative wall pressure from Figure 6-11A or 6-17 to the front
surface. Edge and corner zones shall be arranged as shown in Figures 6-11 through 6-17.
GC, shall be determined for appropriate roof angle and effective wind area from Figures 6-
11 through 6-17. If internal pressure is present, both local cases should be evaluated under
positive and negative internal pressure.

4.2.25 Design Wind Loads on Open Buildings and Other Structures

The design wind force for open buildings and other structures shall be determined by the
following formula:
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F = q,GCA¢ (N) (Ib) (4.25)
where q, =  velocity pressure evaluated at height z of the centroid of
area Arusing exposure defined in Section 4.2.15
G =  gusteffect factor from Section 4.2.20
Cs =  net force coefficients from Figure 6-18 through 6-22; and
Af =  projected area normal to the wind except where Cr is

specified for the actual surface area, m” (ft%)

4.3 Method 3 — Wind Tunnel Procedure

4.3.1 Scope

Wind-tunnel tests shall be used where required by Section 4.2.2. Wind-tunnel testing shall
be permitted in lieu of Methods 1 and 2 for any building or structure.

4.3.2 Test Conditions

Wind-tunnel tests, or similar tests employing fluids other than air, used for the
determination of design wind loads for any building or other structure, shall be conducted
in accordance with this section. Tests for the determination of mean and fluctuating forces
and pressures shall meet all of the following conditions:

I.

The natural atmospheric boundary layer has been modeled to
account for the variation of wind speed with height.

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
structure.

The modelled building or other structure and surrounding structures
and topography are geometrically similar to their full-scale
counterparts, except that, for low-rise buildings meeting the
requirements of Section 4.2.1, tests shall be permitted for the
modeled building in a single exposure site as defined in Section
4.2.13.

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.

The longitudinal pressure gradient in the wind-tunnel test section is
accounted for.

Reynolds number effects on pressures and forces are minimized, and
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7. Response characteristics of the wind-tunnel instrumentation are
consistent with the required measurements.

4.3.3 Dynamic Response

Tests for the purpose of determining the dynamic response of a building or other structure
shall be in accordance with Section 4.3.2. The structural model and associated analysis
shall account for mass distribution, stiffness, and damping.

4.3.4 Limitations

4.3.4.1 Limitations on Wind Speeds

Variation of basic wind speeds with direction shall not be permitted unless the analysis for
wind speeds conforms to the requirements of Section 4.2.8.
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V. INDUCED EFFECTS

5.1 Impact of Flying Objects

This model code has four definitions applicable to enclosure: “wind-borne debris regions”,
“glazing”, “impact-resistant glazing”, and “impact-resistant covering”. “Wind-borne debris
regions” are defined to alert the designer to areas requiring consideration of missile impact
design and potential openings in the building envelope. “Glazing” is defined as “an glass
or transparent or translucent plastic sheet used in windows, doors, skylights, or curtain
walls”. “Impact-resistant glazing” is specifically defined as “glazing which has been shown
by testing in accordance with ASTM E 1886 [1] and ASTM E 1996 [2] (See Tables 5.1
and 5.2) or other approved test methods to withstand the impact of wind-borne missiles
likely to be generated in wind-borne debris regions during the design winds”. “Impact-
resistant covering” over glazing can be shutters or screens designed for wind-borne debris
impact. Impact resistance can now be tested using the test method specified in ASTM E
1886 with missiles, impact speeds and pass/fail criteria specified in ASTM E 1996 [2].
Other approved test methods are acceptable.

5.2 Wind-Borne Debris

Glazing in Category II, IIT and IV buildings in wind-borne debris regions shall be protected
with an impact-resistant covering or be impact resistant. For Category II and III buildings
(other than health care, jails and detention facilities, and power-generating and other public
utility facilities), an exception allows unprotected glazing, provided the glazing is assumed
to be openings in determining the building’s exposure classification.

Table 5.1 - Levels of Impact Resistance Specified in ASTM E 1996-1999*

Building Classification | Category II & III (Note 1) | Category III & IV (Note 2)

Glazing Height <9.1m >9.1m <9.1m >9.1m
g g (30 ft) (30 ft) (30 ft) (30 ft)
Wind Zone 1 Missile B Missile A Missile C Missile C
Wind Zone 2 Missile B Missile A Missile C Missile C
Wind Zone 3 Missile C Missile A Missile D Missile C

*Reprinted with permission from ASTM
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Wind Zone 1

Wind Zone 2

Wind Zone 3

Note 1

Note 2

Note 3
Note 4

Wind-borne debris region where basic wind speed is greater
than or equal to 177 km/h (110 mph) but less than 193 km/h
(120 mph).

Wind-borne debris region where basic wind speed is greater
than or equal to 193 km/h (120 mph) but less than 209 km/h
(130 mph) at greater than 1.61 km (1 mile) of the coastline
(Note 3).

Wind-borne debris region where basic wind speed is greater
than or equal to 209 km/h (130 mph), or where the basic wind
speed is greater than or equal to 193 km/h (120 mph) and
within 1.61 km (1 mile) of the coastline (Note 3).

Category III other than health care, jails and detention
facilities, power-generating and other public utility facilities.

Category III health care, jails and detention facilities, power-
generating and other public utility facilities only.

The coastline shall be measured from the mean high waterline.

For porous shutter assemblies that contain openings greater
than 5 mm (3/16 in) projected horizontally, missile A shall also
be used where missile B, C or D are specified.

Table 5.2 - Missile Levels Specified in ASTM E 1996-1999*

Missile Level

Missile Impact Speed

Missile A

2 g + 5% steel ball 39.6 m/s (130 ft/sec)

Missile B

2050 g+ 100 g
(4.51b+£0.251b)

2 x 4 lumber

4’ _ 0’7 i 4’7

(1.2 m + 100 mm) long

12.2 m/s (40 ft/sec)

Missile C

4100g+ 100 g
(9.01b£0.251b)

2 x 4 lumber

8 -0"x4”

(2.4 m £ 100 mm) long

15.3 m/s (50 ft/sec)

Missile D

4100 g+ 100 g

(9.0 Ib £ 0.25 Ib)

2 x 4 lumber

8 -0"x4”

(2.4 m £ 100 mm) long

24.4 m/s (80 ft/sec)

* Reprinted with permission from ASTM
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5.3 Wind Driven Rain

5.3.1 Design Wind Driven Rain Loads

Each portion of a roof shall be designed to sustain the load of all rainwater that will
accumulate on it if the primary drainage system for that portion is blocked plus the uniform
load caused by water that rises above the inlet of the secondary drainage system at its
design flow.

R =0.0098 (ds + dp) (5.1)
In UK: R=52(ds+dp)
where R = rain load on the undeflected roof, in kilonewtons/m? (pounds

per square ft).
When the phrase “undeflected roof” is used, deflections from
loads (including dead loads) shall not be considered when
determining the amount of rain on the roof.

ds = depth of water on the undeflected roof up to the inlet of the
secondary drainage system when the primary drainage
system is blocked (i.e. the static head), in mm (in).

dy = additional depth of water on the undeflected roof above the
inlet of the secondary drainage system at its design flow (i.e.
the hydraulic head, in mm (in.)

If the secondary drainage systems contain drain lines, such lines and their point of
discharge shall be separate from the primary drain lines.

5.3.2 Ponding Instability

“Ponding” refers to the retention of water due solely to the deflection of relatively flat
roofs. Roofs with a slope less than 1.19 degrees (V4 in./ft) shall be investigated by structural
analysis to ensure that they possess adequate stiffness to preclude progressive deflection
(i.e. instability) as rain falls on them. The rain load shall be used in this analysis. The
primary drainage system within an area subjected to ponding shall be considered to be
blocked in this analysis.

5.3.3 Controlled Drainage

Roofs equipped with hardware to control the rate of drainage shall be equipped with a
secondary drainage system at a higher elevation that limits accumulation of water on the
roof above that elevation. Such roofs shall be designed to sustain the load of all rainwater
that will accumulate on them to the elevation of the secondary drainage system, plus the



MODEL BUILDING CODE FOR WIND LOADS 53
INDUCED EFFECTS

uniform load caused by water that rises above the inlet of the secondary drainage system at
its design flow (determined from Section 5.2.1).

Such roofs shall also be checked for ponding instability (determined from Section 5.2.2).
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VI. SAFETY VERIFICATIONS

6.1 Structure

All structures and their components must be designed to resist the internal forces generated
upon their elements and components by the pressures or suctions produced by wind.

For the design of structures under wind effects the following effects should be considered
according to the Structural Types (see 3.3):
- Static pressure or suction normal to the wall surface.

- Dynamic forces parallel and perpendicular to the main flow due to
turbulence.

- Vibrations due to alternating vortex effects.

- Aeroelastic instability.

For Type I Structures (see 3.3) only the static pressures normal to the wall surface should
be considered.

The stability of the structure during construction must be considered. For this purpose the
Basic Wind Speed will correspond to a 10 year Return Period (see 2.1).

Drift limits are defined in the following Table 6.1-A.

Table 6.1-A — Drift Limits

Structural Conditions Drift Limit (A/Ah)
Structures without fragile infill 0.005
elements likely to be damaged
due to lateral displacements
Structures with fragile elements 0.002
likely to be damaged during
lateral displacements

Note: These drift limit are obtained from relative displacements(A).
Maximum lateral displacement in the top of any structure.
The maximum lateral displacement in the top of a steel structure shall be 1/500 of the

height of the structure and for a reinforced concrete structure it shall be 1/360 of the height
of the structure.
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6.2 Claddings and Non-Structural Elements

For both the Simplified and Analytical Procedures (see 4.1 and 4.2) wind pressure p for
claddings and non-structural elements are calculated with the following equations:

Buildings with h < 18 m
p = an[(GCp) — (GCpy)]

Buildings with h> 18 m
P =a(GGCp) - qi(GCy)

where qn =  velocity pressure evaluated at mean roof height, h

q = q. for upwind walls calculated at height z above the
ground

q =  qnfor downwind walls, side walls and roofs, evaluated at
height h

g =  qn for upwind walls, lateral walls, downwind walls and
roofs

G = gust factor (see 3.4)

Cp, =  external pressure coefficient

GC,i =  internal pressure coefficient (see 3.3)

Combined gust effect factor G and external pressure coefficients C, (see 3.3) for
components and cladding (GC,) are given in specific figures [Figures 6-3 to 6-5 for h < 18
m or Figures 6-6 for h > 18 m; same as Figures 6-5 through 6-7 and 6-8 respectively of
ASCE-7-02]. Pressure coefficient values and gust effect factor shall not be separated.
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VII. SIMPLE BUILDINGS

7.1 Scope

This section applies to buildings in building classification category II listed in Table 7-1
designed applying simplified rules because of their dimensions, simplicity and regularity
characteristics. The importance factor I shall be as given in Table 7-2.

7.1.1 Definition of ‘Simple’ Building

A building can be defined “simple” if it meets all the regularity criteria defined in 1.4 and
in addition it meets all the following criteria:

I.

The building is a simple diaphragm building as defined in Section
1.4.

The building is a low-rise building as defined in Section 1.4.

The building is enclosed as defined in Section 1.4 and conforms to
the wind-borne debris provisions of Section 4.2.21.3.

The building is a regular shaped building or structure as defined in
Section 1.4.

The building is not classified as a flexible building as defined in
Section 1.4.

The building does not have response characteristics making it
subject to across-wind loading, vortex shredding, instability due to
galloping or flutter; and does not have a site location for which
channeling effects or buffeting in the wake of upwind obstructions
warrant special consideration.

The building structure has no expansion joints or separations.

The building is not subject to the topographic effects of 4.2.19
(i.e. K =1.0).

The building has an approximately symmetrical cross section in
each direction with either a flat roof, or a gable or hip roof with 6 <
45 degrees.
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7.1.2 Components and Cladding

For the design of components and cladding the building must meet all the following
conditions:

1. The mean roof height h < 18. m (60 ft).

2. The building is enclosed as defined in Section 1.4 and conforms to
the wind-borne debris provisions of Section 4.2.21.3.

3. The building is a regular shaped building or structure as defined in
Section 1.4.
4. The building does not have response characteristics making it

subject to across-wind loading, vortex, shedding, instability due to
galloping or flutter; and does not have a site location for which
channeling effects or buffeting in the wake of upwind obstructions
warrant special consideration.

5. The building is not subject to the topographic effects of Section
4.2.19 (i.e. K, = 1.0).

6. The building has either a flat roof, or a gable roof with 6 < 45
degrees, or a hip roof with 6 <27 degrees.

7.2 Design and Safety Verifications

Simple buildings can be designed without performing any specific analysis and safety
verification, provided that all previous requirements are fulfilled, in addition to those
specified for each construction material and structural system.

If a building in a low and very low wind zone does not exceed the limits given in terms of
storey height and number of storeys, it can be designed by Method 1 given in Section 4.1.
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FIGURES 6-2 TO 6-22 AND TABLES 6-1 TO 6-4
REPRODUCED FROM
ASCE-7-02

SECTION 6.0 WIND LOADS

TABLES 7-1 TO 7-2
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Figure 6-2 I Design Wind Pressures
W
Enclosed Buildings e

1.

R

Transverse

Notes:

Pressures shown are applied to the horizantal and vertical projections, for exposure B, at h=30 fi (9.1m), for 1=1.0. Adjust 10 other
exposures and heights with adjustment factor A.

The load patierns shown shall be applied to each comer of the building in turn as the reférence comer. (See Figure 6-10)

For the design of the longitudinal MWFRS use 8 = 0°, and Jocate the zone E/F, G/H boundary at the mid-length of the building.
Load cases | and 2 must be checked for 25° < @ < 43°. Load case 2 at 253° is provided only for interpolation between 25 1o 307,
Plus and minus signs signify pressures acting toward and away from the projected surfaces, respectively.

For roof slopes ather than those shown, linear interpolation is permitied.

The total horizontal Toad shall not be less than that determined by assuming ps = 0 in zones B & D.

The zone pressures represent the following:

Horizontal pressure zones — Sum of the windward and leeward net (sum of inierna) and external) pressures on vertical projection of:

A~ End zone of wall C- Interior zone of wall
B- End zone of roof D - Interior zone of roof
Vertical pressure zones — Net (sum of internal and external) pressures on horizontal projection oft
E- End zone of windward roof G- Interior zone of windward roof
F- End zone of leeward roof H~ Interior zone of leeward roof

Where zone E or G falls on a roof overhang on the windward side of the building, use Eny and Goy for the pressure on the horizontal

projection of the overhang. Overhangs on the leeward and side edges shall have the basic zone pressure applied.

Notation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of least horizontal dimension
or 3 ft (0.9 m).

h: Mean roof height, in feet (meters), except that eave height shall be used for roof angles <10°.

# Angle of plane of roof from herizontal, in degrees.
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f = : .
Figure 6-2 (c-un-t d) I Design Wind Pressures Walls & Roofs
Enclosed Buildings
Simplified Design Wind Pressure , pszg (psf) (Exposure B at h =30 ff. with | = 1.0)
% Zones
Ba;::e\:’(;nd AF:;’[C: % Horizontal Pressures Vertical Pressures Overhangs
{mph) (degrees) | S A B c D E F G H EoH GoH
0ws5 | 1] 115 5.9 76 35 -13.8 7.8 9.5 5.1 -13.3 | -151
10° 1| 129 5.4 8.6 3.1 -13.8 8.4 9.6 6.5 193 | -151
15° | 1] 124 48 9.6 2.7 -13.8 9.0 -9.6 5.9 -19.3 | -151
85 20°) 1| 159 4.2 10.6 2.3 -13.8 -9.6 9.6 73 193 | -1514
25° 1| 144 2.3 10.4 24 6.4 8.7 4.6 7.0 119 | -1041
] I e | i e 24 4.7 0.7 -3.0 S| e
3045 | 1| 129 8.8 10.2 7.0 1.0 7.8 0.3 6.7 45 52
2| 128 8.8 10.2 7.0 5.0 3.9 43 2.8 4.5 5.2
0 to 5* 1 12.8 5.7 8.5 -4.0 -15.4 -8.8 -107 [~ 8.8 -21.6 -16.9
10° 1] 128 £.0 9.6 -3.5 -15.4 -9.4 -10.7 32 216 | -16.9
15° 1| 164 54 10.7 3.0 154 | -101 | -10.7 R 216 | -169
90 20° 1| e 27 119 26 454 | 107 | -10.7 X 216 | -169
25° 1] 161 2.6 M7 27 &) 9.8 5.2 7.8 133 | 114
| e (e || 2.7 5.3 0.7 5.4 e WL s
30t045 | 1] 144 9.9 115 79 1.1 -8.8 0.4 75 5.1 5.8
2| 144 9.9 115 79 56 43 48 3.1 5.1 58
005 | 1] 158 82 10.5 4.9 191 | -108 | 133 8.4 267 | -20.9
10° 1| 17.9 7.4 1.9 4.3 191 | -116 | 133 8.9 267 | 209
15° 1] 189 5.6 133 38 1941 | 124 | 133 95 267 | -20.9
20° 1] 220 5.8 14.6 32 191 | -133 | 133 | -10.1 | 267 | 208
100 25° 1] 198 3.2 144 3.3 88 -12.0 6.4 8.7 65 | -14.0
2l — | —= | e [ =] B4 6.6 09 472 = || ===
30145 | 1] 178 12.2 14.2 9.8 1.4 ~10.8 0.5 9.3 6.3 1.2
2| 178 12.2 14,2 9.8 6.9 53 5.9 3.8 3 FB
05 | 1] 19.2 | -10.0 12.7 5.9 231 | 8.3 | 160 | 101 | 228 | 263
10° 1| 216 9.0 144 5.2 231 | -14.3 | 6.0 | -10.8 | 323 | 253
15° T 244 8.0 6.0 26 231 | -154 | -16.0 | 115 | 223 | 252
110 20° 1| 266 7.0 7.7 -3.8 231 | 160 | 160 | 122 | 323 | 253
25 1| 241 38 174 40 -107 | -148 KR 417 | 199 | -170
e e e 4.1 7.8 1.1 -5.1 e
3045 | 1| 218 14.8 17.2 1.8 17 -13.1 0.6 113 76 8.7
2| 218 14.8 17.2 11.8 8.3 6.5 7.2 46 78 8.7
Otos | 1| 228 | -11.8 | 151 7.0 274 | -158 | -18.1 | -12.1 | -38.4 | -30.1
0° T| 268 | -10.7 | 171 52 774 | 168 | 181 | 128 | 384 | -30.41
15 1| 287 9.5 19.1 -5.4 274 | 178 | 194 | -137 | 384 | -301
120 20° 1] 318 8.3 211 46 274 | 191 | 191 | -145 | -384 | -30.1
25° 1| 288 46 20.7 4.7 27 [ 73 82 139 | =37 | =02
O [ NP ) [ 4.8 3.4 1.3 6.0 e
30tods | 1| 257 176 20.4 14.0 2.0 156 0.7 -13.4 8.0 -10.3
2| 257 17.6 20.4 14.0 9.9 T 88 5.5 9.0 -10.3
Owa | 1| 268 | -15.8 | 178 X2 | 222 | -163 | 224 | -1%.2 | =251 | -353
10° 1] 302 | -125 | 209 7.3 322 | a7 | 224 | 154 | 451 | 353
15° 1] ag7 | sz T 224 5.4 322 | 210 | 224 | 161 | 451 | 353
130 20° 1| 374 o8 247 54 322 | 224 | 224 | 170 | 451 | 353
25° 1| 336 5.4 24.3 55 148 | 204 | -w08 | -164 | -278 | 237
2| — | — | — | — 5.7 114 1.5 A A
30t45 | 1] 301 20.6 24.0 16.5 23 -18.3 0.8 57 | 106 | 124
2| 301 206 24.0 16.5 116 8.0 10.0 6.4 106 | -124
Unit Conversions — 1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m’
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Main Wind Force Resisting System — Method 1

h < 60 ft.

Figure 6-2 (cont’d) |

Design Wind Pressures

Walls & Roofs

Enclosed Buildings
Simplified Design Wind Pressure , pssy (psf) (Exposure B at h =30 with | = 1.0)
Zones
Ba;g,e \;v;na A':;’; % Horizontal Pressures Vertical Pressures Ovarhangs
(mph) (degrees) | § A B & D E F G H EoH Gow
0to 5" 1 31.1 -16.1 20.6 8.6 -37.3 -21.2 -28.0 -16.4 -52.3 -40.8
10° 1] 381 145 | 233 8.5 373 | 228 | -260 | -175 | -523 | 408
15° 1 33.0 -12.9 26.0 7.4 -37.3 -24.4 -26.0 -18.6 -52.3 -40.9
1 40 20° 1 43.0 -11.4 287 6.3 -37.3 -26.0 -26.0 -10.7 523 “40.8
25° 1 39.0 6.3 282 64 -17.3 -238 -12.5 -18.0 -32.3 -27.5
2| — | — | — | — £.5 -12.8 -1.8 8.2 R [ —
30045 | 1] 350 23.8 278 181 27 21.2 0.9 182 | 123 | -140
2 35.0 239 278 181 134 -10.56 1.7 -7.5 -12.3 -14.0
0tn5° | 1] 357 | -1B5 237 | -110 | 429 | -244 | 208 | -188 | 600 | 470
107 1] 402 | -167 26.8 9.7 429 | -26.2 | -29.8 [--20.1 | 0.0 | -<47.0
15° 1| 428 | -149 29.8 8.5 429 | 280 | -298 | -21.4 | -60.0 | -<47.0
150 20° 1| 484 | -13.0.| 329 1.2 429 | -298 | -208 | -226 | -80.0 | 7.0
25° 1 448 7.2 324 74 -18.9 <271 -14.4 -21.8 -37.0 -316
2 —e — — — -1.5 -14.7 -2.1 -9.4 e —
30tosas | 1| 401 274 31.9 22.0 3.1 -24.4 1.0 209 | -141 | 181
2| 404 274 31.9 220 154 | -120 13.4 B8 141 | <181
005" | 1] 458 -23.8 304 | -141 | 551 | -31.3 | -383 | 242 | -7v.1 | 604
10° T 517 | 214 | 344 | -125 | 551 | -336 | -383 | -258 | -77.1 | -60.4
15¢ 1] 578 -19.1 383 | 1098 | 551 | -360 | 383 | 275 | -7va | 604
170 20° i1 634 | 167 | 423 | 93 | 551 | -383 | -383 | -2041 | 771 | 604
25° 1| 515 a3 418 95 256 | -34.8 | -185 | -280 | 478 | -405
2l — | — | — | — 8.7 -18.9 2.6 -12.1 — || =—
30t0d45 [ 1] 515 35.2 41.0 282 4.0 -31.3 1.3 268 | -84 | 207
2| 515 352 41.0 28.2 18.8 -15.4 172 | -110 | 181 | -207

Adjustment Factor

for Building Height and Exposure, ),

Mean roof Exposure
| _height (ft) B C D
15 1.00 1.21 1.47
20 1.00 1.29 155
25 1.00 125 1.61
30 1.00 1.40 1.66
35 1.05 1.45 1.70
40 1.09 1.49 1.74
45 1.12 1.53 1.78
50 1.16 1.56 1.81
55 1.19 1.59 1.84
60 1.22 1.62 1.87

Unit Conversions — 1.0 ft =0.3048 m; 1.0 psf =0.0479 kN/m?
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Figure 6-3 Design Wind Pressures

Wall
Enclosed Buildings s & Roofs

Flat Roof

Gable Roof (< 7°) Gable Roof (7° < § <45°)

End Zones . Comer Zones

Roofs - Zona 2 { Walls - Zong § Rogfs - Zong 3

[:| Interior Zones

Roofs - Zone 1 { Walls - Zona 4

Pressures shown are applied normal to the surface, for exposure B, at h=30 ft (9.1m), for I=1.0. Adjust to other exposures and
heights with adjustment factor A.

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively,

For hip roofs with 8 < 25°, Zone 3 shall be treated as Zone 2.

For effective wind areas between those given, value may be interpolated, otherwise use the value associated with the lower
effective wind area,

Notation:
a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of least horizontal

dimension or 3 ft (0.9 m).
h: Mean roof height, in feet (meters), except that eave height shall be used for roof angles <10°,
& Angle of plane of roof from horizontal, in degrees.
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Figure 6-3 (cont’d) Design Wind Pressures
Walls & Roofs
Enclosed Buildings
Net Design Wind Pressure , ppeso (PST) (Exposure B at h =30 ft. with 1 = 1.0)
Zong| St Basic Wind Speed V (mph)
I 85 90 100 110 120 130 140 150 170
1 10 53 |-130| 58 |-146| 7.3 [-180| 8.8 [-218] 105 | -25.0| 124 | -804 | 143 | -353 | 1656 | 405 [ 21.1 | -52.0
1 20 50 |127| 56 |-142)] 68 |-175| 83 | -212| 08 | 252 116 | -206| 134 | -34.4 | 154 | -30.4 | 198 | -50.7
- 1 50 45 |-122| 51 [-137| 63 |-168| 7.6 |-205| 80 | -244| 106 | 285 123 | -33.2| 141 | -38.1 | 18.1 | 488
g 1 100 | 42 |-118) 47 |-133] 58 |-165]| 70 |-108) 83 | 237 | o8 | 278 114 | 323 13.0 [.37.0] 167 | 476
@ 2 10 53 |-218| 59 |-244| 7.3 |-302| 88 |-365| 105 | 435 | 124 | -51.0] 143 | -50.2| 16.5 | 67.8 | 211 | -87.2
b 2 20 50 |-185| 56 |-21.8]| 69 |-27.0] 83 [-325| oo |-388| 116 | 456 134 [ 520] 154 | -60.7 | 198 | 780
] 2 50 45 | 164151 |-184| 63 |-227| 7.6 |-275| 90 |-327| 106 | -384( 123 | 445 | 144 | 511 | 187 | 857
s 2 100 | 42 |[41[-47 [-158]| 58 [-195] 7.0 [-236] 83 [-281] 06 |-33.0] 114 | -38.2| 13.0 | 439 | 16.7 | -56.4
© 3 10 53 |-328| 59 |-368| 73 | 454 | B9 |-65.0| 105 | 654 | 124 | -76.8 | 14.3 | -80.0 | 16,5 [-102.2] 21.1 |-131.3
3 20 50 |-27.2| 56 |-305| 69 |-376| B3 | -455| 69 | -542| 116 | 635 | 134 | -73.8 | 154 | -847 | 19.8 [-108.7
3 50 45 |197] 54 |-229| 63 |-273| 76 |-331| 00 | -303| 106 | 462 123 | -535] 144 | 615 181 | 788
3 100 | 42 [-141] 47 |-158] 58 [-105] 7.0 [-236] 83 [ 281 | 8.8 [-330] 114 [-382] 130 438 167 | 564
1 10 75 | -11.9] 84 |-13.3]| 104 [-165] 125 [-19.0] 149 | 237 | 176 | 2v8| 203 | -323| 233 | -37.0 | 30.0 | 4756
1 20 68 |-16| 77 |-130] 84 |-160] 114 [-194 | 136 | -280] 160 | -zr.0| 185 | -31.4] 21.3 [ -36.0 | 27.3 | 483
g 1 50 60 |-111] 87 |-125] 82 | -154 | 10.0 [ -18.6 | 11.0 | 222 | 13.9 | -26.0 | 161 | -30.2| 18:5 | -24.6 | 238 | 445
4 1 100 | 53 |-108] 59 | 124 73 |-149]| 86 |-181]| 105 | -245] 124 | 252 143 | -203] 185 | -336 | 241 | 432
g 2 10 75 |-207| B4 | -232| 104 | -287 | 125 [ 347 | 148 | 413 | 175 | 484 | 203 | -56.2 | 23.3 | -64.5 | 30.0 | -828
S 2 20 68 |-19.0] 7.7 | -214| 94 |-264) 114 | -318 136 | -380 | 160 | 445 | 185 | -51.7 | 21.3 | -59.3 | 27.3 | -76.2
2 2 50 60 |-169| 67 [-182| 82 |-233] 10.0 | -28.2| 118 [ 336 13.0 | -38.4 | 161 | 457 | 185 | -525| 238 | 6574
Vs 2 100 | 53 |152| 59 |-170| 7.3 [-210| &8 |-255] 105 | -30.3]| 124 [ -358 | 143 | 412 165 | 473 | 214 | -508
5 3 10 75 | -306| 84 |-343| 104 |-424| 125 | 513 | 148 | -61.0| 475 [ -71.6| 203 | -83.4 | 233 | -95.4 | 30.0 [-1225
L 3 20 68 |-286| 77 |-321| 94 |-308| 114 | <478 | 186 | -57.1 | 16.0 | 67.0 | 185 | -77.7| 21.3 | -80.2| 27.3 |-1145
3 50 60 | 260| 67 [-201| B2 |-360] 10.0 | 435] 118 [-51.8] 139 | 608 | 164 [ 705 185 [ 81.0| 238 [-104.0]
3 100 | 53 [-240| 59 |-268| 73 |-332| 88 |-402] 105 (<4708 124 [ 562 143 | -65.1] 16.5 | -74.8 | 214 [ -e600
1 10 1.8 | 130 133 | 146 | 165 | -18.0| 19.9 | -218| 287 | -250 | 27.8 | -30.4 | 323 | -353 | 37.0 | 40.5 | 47.6 | -520
1 20 116 | 123 | 13.0 | -138 | 16.0 | -17.1 | 19.4 | -20.7 | 23.0 | -246 | 27.0 | -28.0 | 314 | -335| 36.0 | -38.4 | 463 | 493
v 1 50 114 | -115| 125 | 128 154 | 150 | 186 | -19.2 | 22.2 | 228 | 26.0 | 268 | 302 | -31.1| 34.6 | -35.7 | 44.5 | 4538
2 1 100} 10.8 | -10.8] 121 | -12.1| 148 | 148 | 181 | -181]| 215 | -215| 252 | -252 | 203 | -28:3| 336 | -33.6 432 | 432
o 2 10 1.9 | 162 | 133 | -17.0| 165 | -21.0| 19.8 | 255 237 | -30.3 | 278 | -356 | 323 | 12| 37.0 | 47.3 | 476 | -60.8
f 2 20 11.6 | -14.5] 13.0 | 163 | 16.0 | -201 | 184 | -243 | 23.0 | -290 | 27.0 | -340 | 314 | -394 | 3B.0 | -45.3 | 46.3 | -58.1
et 2 50 1.1 | -137] 125 | 153 154 | -89 | 185 | -229| 222 | 772 | 260 | -320 | 302 | -37.1| 346 | 425 445 | -545
vy 2 100 10.8 | -13.0 | 121 | -146| 149 | -18.0 | 181 | 21.6]| 215 | 259 | 252 | -304 | 203 | -35.3| 336 | <05 432 | -520
g 3 10 1.8 | 162 133 | -17.0| 185 | -210| 10.8 | -255| 237 | -30.3 | 278 | -356 | 323 | 12| 37.0 | 473 | 476 | -608
L 3 20 116 | -14.5 | 13.0 | 163 | 16.0 | 201 | 19.4 | -24.3| 230 | 200 | 27.0 | -34.0 | 314 | -38.4 | 36.0 | 45.3 | 46.3 | -58.1
3 50 1.1 | -13.7 | 125 | 153 154 | -189 | 185 | -220| 202 | -27.2 | 26.0 | -320 | 302 | -37.1] 34.6 | 425 445 | .54
3 100 | 108 | -13.0 [ 121 | -14.6] 149 | -18.0 | 181 | 218 | 215 | -25.9| 252 | -30.4 | 28.3 | -35.3 | 33.6 | 40.5 | 43.2 | -520
4 10 180 | -14.1] 146 | -158| 16.0 | -195| 21.8 | -236| 25.9 | -26.1 | 30.4 | -38.0 | 36.3 | -38.2] 405 | 43.8 | 520 | -56.4
4 20 124 | -13.5| 138 |15 | 17.2 | 187 | 208 | 226 | 247 | -26.0 | 20.0 | -31.8 | 337 | -36.7| 387 | 421 | 496 | -54.1
4 50 118 | 127 ] 13.0 | 143 161 | -176 | 195 | -213| 232 | -254 | 272 | 298| 316 | 346 362 | -39.7 | 46.6 | -51.0
4 100 | 111 | 122 | 124 [-136] 153 | -168 | 185 | 204 | 220 | 242 | 259 | -28.4 | 30,0 | -33.0 | 344 | -378| 442 | 485
= L4 500 | 87 |-10.8] 108 | 421 134 | 1409 | 162 | 184 103 | 215 227 | 252 263 | 203 | 302 | 336 | 388 | 432
=15 10 13.0 | 74| 146 | -165| 18.0 | -241 | 21.8 | -20.1 | 250 | -34.7 | 304 | 407 | 353 | 47.2| 405 | -54.2 | 620 | -696
5 20 124 | 162 | 1398 | 162 172 |-225| 208 | -27.2| 247 | -324| 200 | -380 | 337 | <40 387 | -50,5| 496 | 549
5 50 11.6 | -14.7 | 130 [ -16.5| 161 | 203 | 185 | -246| 232 | 203 | 27.2 | -343| 316 | -308| 36.2 | 467 | 466 | 587
5 100 | 1.4 | -135] 124 | 161 ] 15.3 [ 187 | 185 | 226 | 200 | 260 25.0 [ -316 [ 300 [ 367 ] 344 | 421 | 442 [ 54
5 500 | 07 |-108] 100 |-121[ 134 [ 140 6.2 | -18.1] 183 | .215]| 227 [-252| 263 | 203 302 | 335 388 | <32

Unit Conversions — 1.0 ft = 0.3048 m; 1.0 sf=0.0929 m%; 1.0 psf = 0.0479 kN/m"
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Components and Cladding — Method 1 h < 60 ft.

Figure 6-3 (cont’d)
Enclosed Buildings

Design Wind Pressures

Walls & Roofs

Roof Overhang Net Design Wind Pressure , ppaso (psf)
(EX.OOSurEi_B ath =30 ft with | = 1.0)

Effective Basic Wind Speed V (mph)

Wind Are

Zone (sf) 80 100 | 110 120 130 | 140 | 150 170
10 21.0 | 259 | -31.4 | -37.3 | 438 | -50.8 | -58.3 | -74.8
20 -20.6 | -25.5 | -30.8 | -36.7 | 43.0 | 488 | -57.3 | -736
50 -20.1 | -24.9 | -30.1 | -35.8 | -42.0 | 487 | -55.9 | -71.8
100 -18.8 | -24.4 | 295 | 351 | 412 | 478 ]| -548 | -T0S
10 -346 | 427 | 516 | 615 | -721 | -83.7 | -96.0 | 1234
20 -271 | -335 | 405 | 483 | -566 | 65.7 | -754 | -96.8
50 173 | -214 | -259 | -30.8 | -36.1 | 41.9 | 481 [-618
100 -10.0 | -12.2 | <148 | -17.6 | -206 | -23.8 | -274 | -352
10 -27.2 | 335 | 406 | <48.3 | -56.7 | -65.7 | -75.5 | -96.8
20 -27.2 | -335 | 406 | 48B3 | -56.7 | 857 | -755 | -96.9
50 272 | -33.5 | 406 | 48.3 | -56.7 | -B6.7 | -75.5 | -96.9
100 272 | 335 | 406 | 483 | -567 | -66.7 | -7T5.5 | -96.8
10 457 | -56.4 | -6B3 | -B1.2 | -95.3 [ -110.6| -126.9 | -183.0
20 412 | -509 | 616 | -73.3 | -86.0 | -99.8 | -114.5] -147.1
50 -35.3 | 436 | -52.8 | 628 | -73.7 | -855 | -98.1 | -126.1
100 -30.8 | -38.1 | 46.1 | -54.9 | -644 | -74.7 | -85.8 | -110.1
10 -24.7 | -30.5 | -36.9 | 439 | -51.5 | -58.8 | 68.6 | -88.1
20 -24.0 | -296 | -358 | 426 | -50.0 | -58.0 | -66.5 | -85.5
50 -23.0 | -284 | -34.3 | 408 | 470 | -556 | -63.8 | -82.0
100 =222 | -274 | -33.2 | -39.5 | 464 | -53.8 | -61.7 | -78.3
10 -24.7 | -305 | 368 | 4309 | -515 | -598 | -68.6 | -85.1
20 -24.0 | -296 | -358 | 426 | -500 | -58.0 | 665 | -855
50 230 | -284 | 343 | 408 | 479 | -556 | -63.8 | -82.0
100 -22.2 | -274 | -332 | -38.5 | -46.4 | -53.8 | -61.7 | -78.3

Roof 0 to 7 degrees

Roof > 7 to 27 degrees
G |2 L2 [ || R el e |0 [N [R R || (MM NN

Roof > 27 to 45 degrees

Adjustment Factor
for Building Height and Exposure, ),

Mean roof Exposure

height (ft) _E _Q_ 9
15 1.00 1.21 1.47
20 1.00 1.29 1.55
25 1.00 1.35 1.81
30 1.00 1.40 1.66
35 1.05 1.45 1.70
40 1.09 1.49 1,74
45 1.12 1.53 1,78
50 1.16 1.56 1.81
55 1.19 1.59 1.84
60 1.22 1.82 1.87

Unit Conversions — 1.0 ft = 0.3048 m; 1.0 sf=0.0929 m*; 1.0 psf =0.0479 KkN/m?
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Topographic Factor, K, — Method 2

Figure 6-4

1. For values of H/Ly, x/L; and z/Ly, other than those shown, linear interpolation is permitted.
2. For H/Ly > 0.5, assume H/L; = 0.5 for evaluating K, and substitute 2H for Ly, for evaluating K, and K.
3. Multipliers are based on the assumption that wind approaches the hill or escarpment along the direction
of maximum slope.
4. Notation:
H:Height of hill or escarpment relative to the upwind terrain, in feet (meters),

Distance upwind of crest to where the difference in ground elevation is half the height of
hill or escarpment, in feet (meters).

Factor to account for shape of topographic feature and maximum speed-up effect.

Factor to account for reduction in speed-up with distance upwind or downwind of crest.
Factor to account for reduction in speed-up with height above local terrain.

Distance (upwind or downwind) from the crest to the building site, in feet (meters).

Height above local ground level, in feet (meters).
Horizontal attenuation factor.
Height attenuation factor.

. Ve
] Speed-up
x (Downwind)
LT B2
g H
CARPMENT 2-D RIDGE OR 3-D AXISYMMETRICAL HILL
Topographic Multipliers for Exposure C
K, Multiplier K, Multiplier K Multiplier
H/L; 2-D 2-D 3-D x/Ly 2-D All z/Ly, 2-D 2-D 3-D
Ridge | Escarp. | Axisym. Escarp. | Other Ridge | Escarp. | Axisym.
Hill Cases Hill
0.20 0.29 0.17 0.21 0.00 1.00 1.00 0.00 1.00 1.00 1.00
0.25 0.36 0.21 0.26 0.50 0.88 0.67 0.10 0.74 0.78 0.67
0.30 (.43 (.26 0.32 1.00 0.75 0.33 0.20 0.55 0.61 0.45
0.35 0.51 0.30 0.37 1.50 0.63 0.00 0.30 0.41 0.47 0.30
0.40 0.58 0.34 0.42 2.00 0.50 0.00 0.40 0.30 0.37 0.20
0.45 0.65 0.38 0.47 2.50 0.38 0.00 0.50 0.22 (.29 0.14
0.50 (.72 0.43 (.53 3.00 0.25 0.00 0.60 0.17 0.22 0.09
3.50 0.13 0.00 0.70 0.12 0.17 0.06
4.00 0.00 0.00 (.80 0.09 0.14 0.04
0.90 0.07 0.11 0.03
1.00 0.05 0.08 0.02
1.50 0.01 0.02 0.00
2.00 0.00 0.00 0.00
Notes:
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Topographic Factor, K — Method 2

Figure 6-4 (cont’d) |

Equations:

K, =(1-ﬂ)_
KL
K3 =Elﬂ’Lh

Kp=04%; £s Ky)2

K determined from table below

Parameters for Speed-Up Over Hills and Escarpments

K,/(H/Ly)
Hill Shape Exposure ¥ Upwind Downwind
B C D of Crest of Crest

2-dimensional ridges

(or valleys with negative 130 | 145 | 1.55 3 1.5 1.5

H in Ky/(H/Ly)
2-dimensional escarpments 0.75 0.85 0.95 25 1.5 4
3-dimensional axisym. hill 0.95 1.05 1.15 4 1.5 1.5
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Figure 6-5 | Internal Pressure Coefficient, GCy;
alls &
Enclosed, Partially Enclosed, and Open Buildings Walls Roofs

Enclosure Classification GCy

Open Buildings 0.00
Partially Enclosed Buildings +0.55
-0.55

Enclesed Buildings +0.18
-0.18

Notes:

1. Plus and minus signs signify pressures acting toward and away
from the internal surfaces, respectively.

2. Values of GC,; shall be used with g, or g, as specified in 6.5.12.

3. Two cases shall be considered to determine the critical load
requirements for the appropriate condition:

(i) a positive value of GC,; applied to all internal surfaces
(il) anegative value of GC,; applied to all internal surfaces

Note: Section 6.5.12 of ASCE 7-02 corresponds to the section 4.2.24 of this Model Code
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Main Wind Force Resisting System — Method 2 All Heights
Figure 6-6 J External Pressure Coefficients, C
Enclosed, Partially Enclosed Buildings Walls & Roofs
(LI esee " "
} == 1,6,
WIND_ | T
GC, == ¢,46C
| =: i z ! 745,
= == l l
P _
T £
PLAN ELEVATION

GABLE, HIP ROOF

956C,

PLAN ELEVATION ELEVATION

MONOSLOPE ROOF (NOTE 4)

&E*mw i i@f 7715 )
1,65, 1_}:_, g'ﬁwp L

T e, !

L- PL:H J ELEVinON

MANSARD ROOF (NOTE$)
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Main Wind Force Resisting System — Method 2 All Heights
Figure 6-6 (con’t) I External Pressure Coeflicients, Cp
Enclosed, Partially Enclosed Buildings Walls & Roofs
Wall Pressure Coefficients, Cp,
Surface L/B C, Use With
Windward Wall All values 0.8 Qx
0-1 -0.5
Leeward Wall 2 -0.3 Qh
>4 0.2
Side Wall All values -0.7 Gn
Roof Pressure Coefficierits, C,, for use with qy I
Windward Leeward
Wind . Angle, 0 (d
poond Angle, 8 (degrees) et Geresy)

h/L 10 15 20 25 30 35 45 =60# 10 15 | 220

Normal | <025 | -0.18 | 0.0* | 0.2 0.3 0.3 04 [ 04 10016

0.7 -0.5 -0.3 02 | 0.2 0.0* 03 |05 | 06

to -0.9 -0.7 -0.4 -0.3 0.2 -0.2 0.0*
ridgefor | 05 | -0.18 | -0.18 | 0.0* | 02 | 02 03 | 0.4 |o0.01p]|905 |05 |06
82=10° -1.3%* | -1.0 -0.7 -0.5 | -03 -0.2 0.0*
210 | 018 | 018 | 018 | 00| 02 | 02 | 03 |oo1g |07 |06 |06
Horiz distance from *Value is provided for interpolation
Normal windward edﬂge Cp purposes.
to 0toh/2 -0.9.-0.18
ridgefor | <0.5 | H2toh -0.9,-0.18 | **Value can be reduced linearly with area
6<10 htoZh -0.5,-0.18 | over which it is applicable as follows
and >2h -0.3,-0.18 .
Parallel 1 Ak Area (sqg ft) Reduction Factor
toridge | 210 | O%h2 1.3%, 0.18 I——100 (9.3 sq m) 1.0
for all 8 200 (23.2 sqm) 0.9
> h2 07,018 57000 (92.6 sq m) 0.8

Notes:

1. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

2. Linear interpolation is permitted for values of L/B, A/L and 0 other than shown. Interpolation shall only be
carried out between values of the same sign. Where no value of the same sign is given, assume 0.0 for
interpolation purposes.

3. Where two values of C, are listed, this indicates that the windward roof slope is subjected to either positive
or negative pressures and the roof structure shall be designed for both conditions. Interpolation for
intermediate ratios of h/L in this case shall only be carried out between C, values of like sign.

4. For monoslope roofs, entire roof surface is either a windward or leeward surface.

5. For flexible buildings use appropriate G, as determined by Section 6.5.8.

6. Refer to Figure 6-7 for domes and Figure 6-8 for arched roofs.

7. Notation:

B: Horizontal dimension of building, in feet (meter), measured normal to wind direction.

L: Horizontal dimension of building, in feet (meter), measured parallel to wind direction.

h: Mean roof height in feet (meters), except that eave height shall be used for 8 < 10 degrees.
z: Height above ground, in feet (meters).

G: Gust effect factor.

.4y Velocity pressure, in pounds per square foot (N/m®), evaluated at respective height.

8: Angle of plane of roof from horizontal, in degrees.

8. For mansard roofs, the top horizontal surface and leeward inclined surface shall be treated as leeward
surfaces from the table.

9. Except for MWFRS’s at the roof consisting of moment resisting frames, the total horizontal shear shall not

be less than that determined by neglecting wind forces on roof surfaces.

#For roof slopes greater than 80°, use C, = 0.8
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Main Wind Force Resisting System — Method 2 All Heights
Figure 6-7 I External Pressure Coefficients, Cp
Enclosed, Partially Enclosed Buildings and Structures Domed Roofs
B
Wind = !
A 9‘ o C
hp
e o]
I D |

A(hy ID=0.25); ¢
" AlhyD=0)\ \

:;:.: \)//—-’)/d/_/mhnmzjm

(3' +0:2 /‘/ /( / -
= 7] 1-ctn=0
o 00 .

g Ay

I A

S s . 9% 205
o \"""\"\'."/“'l'“‘""?‘i'““"

3 {6

& \ i~ /’

S_j 08 / S !

B A0 7(\ ¥ B (h, D =0)
g 12 1/ s / S~g "

& :1.'4 P4 kel B (h /D 20.5)

A8 -
0 0.1 0.2 0.3 0.4 0.5

Ratio of Rise to Diameter, fiD
External Pressure Coefficients for Domes with a Circular Base.

(Adapted from Eurocode, 1995)

-1.8

Notes:

1. Two load cases shall be considered:
Case A.  C, values between A and B and between B and C shall be determined by linear
interpolation along arcs on the dome paralle] to the wind direction;
Case B.  C, shall be the constant value of A for 8 < 25 degrees, and shall be determined by linear
interpolation from 25 degrees to B and from B to C.
2. Values denote C, to be used with qupsn Where hp + £ is the height at the top of the dome.
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. G is constant on the dome surface for arcs of circles perpendicular to the wind direction; for example,
the arc passing through B-B-B and all arcs parallel to B-B-B.
5. For values of hp/D between those listed on the graph curves, linear interpolation shall be permitted.
6. 8=0 degrees on dome springline, 6 = 90 degrees at dome center top point. f is measured from
springline to top.
7. The total horizontal shear shall not be less than that determined by neglecting wind forces on roof
surfaces.
8. For /D values less than 0.05, use Figure 6-6.

Note: Section 6.5.8 of ASCE 7-02 corresponds to the section 4.2.20 of this Model Code
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Main Wind Force Res. Sys. / Comp and Clad. — Method 2 All Heights
Figure 6-8 | External Pressure Coefficients, C;,
Enclosed, Partially Enclosed Buildings and Structures Arched Roofs
Rise-to-span G
Conditions ratio, r
Windward _Center Leeward
quarter " half quarter
0<r<0.2 -0.9 0.7-r -0.5
Roof on elevated structure 0.2<r<0.3* 1.57-0.3 0.7-r -0.5
035r<06 2.75r-0.7 -0.7 -7 -0.5
Roof springing from ground level 0<r<0.6 1.4r -0.7-r -0.5

the windward quarter.

Notes:

directed parallel to ridge.

this table multiplied by 0.87.

*When the rise-to-span ratio is 0.2 < r < 0.3, alternate coefficients given by 6r - 2.1 shall also be used for

1. Values listed are for the determination of average loads on main wind force resisting systems.
2. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

3. For wind directed parallel to the axis of the arch, use pressure coefficients from Fig. 6-6 with wind

4. For components and cladding: (1) Atroof perimeter, use the external pressure coefficients in Fig. 6-11
with 8 based on spring-line slope and (2) for remaining roof areas, use external pressure coefficients of
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Main Wind Force Resisting System— Method 2 All Heights
Figure 6-9 I Design Wind Load Cases
] o G.YS.P;;[Vy .
I ; ] vy
I |
0.75 P gy —— 075 PLx
- =g '
075 Pry
CASE 1 CASE 3
By
By
0,563 P gy
l 075wy 'BEERERE
aEl & 4 2 o B
JM f——t My _—
Mr :q ¥ = ==
0.75P wrx 0.75P 1y ‘ l || 075PLY 0.563 P wx [ 1 1] 0.563 P px
! 0.563 Py
Myr=0.75 (Pppx‘f'Puf)Bxex Mr=0.75 (PuyytPry)Byey Mr= 0.563 (PWA"l‘PM;JBXQX +0.563 (P;MP”;)B)»'EY
E,f=2i20.].SBX Ey:ia}.sBy E?'X::ta.]jgx EY:iO-]SBY
CASE 2 CASE 4
Case 1. Full design wind pressure acting on the projected area perpendicular to each principal axis of the

structure, considered separately along each principal axis.

Case2. Three quarters of the design wind pressure acting on the projected area perpendicular to each
principal axis of the structure in conjunction with a torsional moment as shown, considered separately

for each principal axis.

Case3. Wind loading as defined in Case 1, but considered to act simultaneously at 75% of the specified
value.

Case 4. Wind loading as defined in Case 2, but considered to act simultaneously at 75% of the specified
value.

Notes:

1. Design wind pressures for windward and leeward faces shall be determined in accordance with the
provisions of 6.5.12.2.1 and 6.5.12.2.3 as applicable for building of all heights.
2. Diagrams show plan views of building.
3. Notation:
Py Pwy: Windward face design pressure acting in the x, y principal axis, respectively.
P.y. Ppy: Leeward face design pressure acting in the x, y principal axis, respectively.
e (ey. ey) : Eccentricity for the x, y principal axis of the structure, respectively.
My Torsional moment per unit height acting about a vertical axis of the building.

Note: Sections 6.5.12.2.1 and 6.5.12.2.3 of ASCE 7-02 correspond respectively to the sections
4.2.24.2.1 and 4.2.24.2.3 of this Model Code
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Main Wind Force Resisting System — Method 2 h <60 ft.

Figure 6-10 I Exterpal Pressure Coefficients, GCpy¢

Enclosed, Partially Enclosed Buildings Low-rise Walls & Roofs

Longitudinal Direction

Basic Load Cases
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Main Wind Force Resisting System — Method 2 h < 60 ft.

Figure 6-10 (cont’d) | External Pressure Coefficients, Cpr

Enclosed, Partially Enclosed Buildings

Low-rise Walls & Roofs

All}gﬁefﬁ Building Surface
(@egrees) [ 2 3 4 5 6 | IE | 2E | 3E | 4E
0-5 0.40 | -0.69 -0.37 -0.29 | -0.45 | -0.45 0.61 -1.07 0.53| -0.43
20 053 | 069 | -048 | -043]|-045 |-045 080 | -1.07| -0.69| -0.64
30-45 0.56 021 | -043 | -037[-045 |-045 0.69 027 -0.53| -0.48
90 0.56 0.56 -0.37 -0.37] -0.45 | -045 0.69 069 | -048| -048
Notes:
1. Plus and minus si sigm'.g pressures acting toward and away from the surfaces, respectively.
2. For values of B other than those shown, linear interpolation is permitted.
3. The building must be designed for all wind directions using the 8 loading patterns shown. The load
patterns are applied to each building corner in turn as the Reference Cormner.
4. Combinations of external and internal pressures (see Figure 6-5) shall be evaluated as required to
obtain the most severe loadings.
5 For the torsional load cases shown below, the pressures in zones designated with a “T" (1T, 2T, 3T,
4T) shall be 25% of the full desiguwi.nd pressures (zones 1, 2, 3, 4).
Exception: One story buildings with h less than or equal to 30 ft (9.1m), buildings two stories
or less framed with light frame construction, and buildings two stories or less designed with
flexible diaphragms need not be designed for the torsional load cases.
Torsional loading shall apply to all eight basic load patterns using the figures below applied at each
reference corner.
6. Except for moment-resisting frames, the total horizontal shear shall not be less than that determined
by neglecting wind forces on roof surfaces.
7. For the design of the MWFRS providing lateral resistance in a direction parallel to a ridge line or
for flat roofs, use 8 = 0° and locate the zone 2/3 boundary at the mid-length of the building.
8. The roof pressure coefficient GC,y, when negative in Zone 2, shall be applied in Zone 2 for a
distance from the edge of roof equal to 0.5 times the horizontal dimension of the building parallel to
the direction of the MWEFRS being designed or 2.5h, whichever is less; the remainder of Zone 2
. &xtendmg shall use the pressure coefficient GCfor Zone 3.
3 ofation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either
4% of least horizontal dimension or 3 fi (0.9 m).

h:* Mean roof height, in feet (meters), except that eave height shall be used for 6 <10°.

6: Angle of plane of roof from horizontal, in degrees.

A
[

- llllﬁﬁ'u

Transverse Direction Longitudinal Direction

Torsional Load Cases
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Components and Cladding — Method 2 h < 60 ft.
Figure 6-11A External Pressure Coefficients, GCpy
Enclosed, Partially Enclosed Buildings Walls
10 3 500
o -1.8
Q s
‘;’_1 1.4 E 1.4
g o N 43
s -0 —
= s 0.8
S s
O 4
g 0.2
@ 0
e +0.2
(a8 +0.4
® 406
= +0.7
HIOLOmmE—
= +1.0 +1.0
w0
1 10 20 50 100 200 5001000
1) 09) (19 (46) (03) (186) (465)(929)

Effective Wind Area, ft? (nf' )

Notes:

Vertical scale denotes GG, to be used with g,,.

Horizontal scale denotes effective wind area, in square feet (square meters).

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

Each component shall be designed for maximum positive and negative pressures.

Values of GC,, for walls shall be reduced by 10% when 6 < 10°.

Notation:

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4%
of least horizontal dimension or 3 ft (0.9 m).

h:  Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.

6: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2 h < 60 ft.
Figure 6-11B External Pressure Coefficients, GC, < 70
Enclosed, Partially Enclosed Buildings Gable Roofs 6 <7
a a
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= 0 ! i 1 10 20 50 100 200 5001000
g o If 0.) (08 (19 (48) (93) (188) (465)(829)
£ 0 i : ; 2
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+04 i |[ ; ] 93
408 | :
1 10 20 50 100 200 5001000
o) 09 (19) [4F) 83) {185) (465 (929)
Effective Wind Area, ft? (m2 )
Notes:
1. Vertical scale denotes GC, to be used with g,
2. Horizontal scale denotes effective wind area, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4, Each component shall be designed for maximum positive and negative pressures.
5. If aparapet equal to or higher than 3 ft (0.9m) is provided around the perimeter of the roof with 8 < 7°,
Zone 3 shall be treated as Zone 2.
6. Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.

a:

h:
B:

7. Notation:
10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of

least horizontal dimension or 3 fi (0.9 m).
Eave height shall be used for 8 < 10°.

Angle of plane of roof from horizonal, in degrees.
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Figure 6-11C

Components and Cladding — Method 2
External Pressure Coefficients, GCp

78

h <60 ft.

Enclosed, Partially Enclosed Buildings

Gable/Hip Roofs 7°< 0 < 27°
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mA

Notation:

10 20
(08) (19)

50 100 200 5001000
(45) (93) (186) (¢6.5)(328)

Effective Wind Area, ft *(m?)

Vertical scale denotes GC, to be used with g;.
Horizontal scale denotes effective wind area, in square feet (square meters).

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

Each component shall be designed for maximum positive and negative pressures.

Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.

For hip roofs with 7° < 0 < 27°, edge/ridge strips and pressure coefficients for ridges of gabled roof shall
apply on each hip.
For hip roofs with 8 < 25°, Zone 3 shall be treated as Zone 2.

External Pressure Coefficient, GCp

10 100
4.0 = T ]
L3
‘2: ) Overhahg | 7
a4 N -
32 \\
-3.0 A\
28
AN
26 N
25
24 |5y 1
22 = . 22
20 — ’
K] 10 20 50 100 200 5001000
0) (09) (18) (45) (83) (188) (465)(028)

Effective Wind Area, ft %(m?)

a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of

least horizontal dimension or 3 fi (0.9 m).
h:  Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.
8:  Angle of plane of roof from horizontal, in degrees.
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h <60 ft.
Figure 6-11D External Pressure Coefficients GCp & 5
Enclosed, Partiaily Enclosed Bm’ldings Gable Roofs 27°< 8 <45
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Notes:
1. Vertical scale denotes GC, to be used with g,
2. Horizontal scale denotes effectwe wind area, in square feet (square meters).
3. Plus and minus signs signify pressures actmg toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.
6. Notation:
a: 10 percent of least horizontal dimension or 0.4h, whichever is smaller, but not less than either 4% of
least horizontal dimension or 3 ft (0.9 m).
h:  Mean roof height, in feet (meters).
8: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2 h < 60 ft.
Figure 6-12 External Pressure Coefficients, GGy
Enclosed, Partially Enclosed Buildings Stepped Roofs
[
hy By 210t (3 m)
k . b=1.5h,
; b<100ft.(30.5 m)
i =0.3t00.7
L4 h
W,
—=0.25100.75
# 4! w
= s
| s
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=
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Notes:

1. On the lower level of flat, stepped roofs shown in Fig. 6-12, the zone designations and pressure
coefficients shown in Fig. 6-11B shall apply, except that at the roof-upper wall intersection(s), Zone
3 shall be treated as Zone 2 and Zone 2 shall be treated as Zone 1. Positive values of GC, equal to
those for walls in Fig. 6-11A shall apply on the cross-hatched areas shown in Fig. 6-12.

2. Notation:

1.5k in Fig. 6-12, but not greater than 100 ft (30.5 m).

Meun roof height, in feet (meters).

hyor hyinFig 6-12; h=hy + hy; by 2 10 £ (3.1 m): A/h =03 to 0.7.

: Building width in Fig, 6-12.

i Wyor Wyor Wy in Fig. 6-12. W= W, + Wyor W, + Wy + Wi Wi/W=0.25 to 0.75.

Angle of plane of roof from horizontal, in degrees.

PIFTFEY
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Components and Cladding — Method 2 h < 60 ft.
Figure 6-13 External Pressure Coefficients, GCp .
Enclosed, Partially Enclosed Buildings Multispan Gable Roofs
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Notes:
1. Vertical scale denotes GC, to be used with g;.
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4, Each component shall be designed for maximum positive and negative pressures.
5. For 8 £ 10°, values of GC, from Fig. 6-11 shall be used.
6. Notation:

@ 10 percent of least horizontal dimension of a single-span module or 0.4k, whichever is
smaller, but not less than either 4 percent of least horizontal dimension of a single-span

module or 3 ft (0.9 m).

k+  Mean roof height, in feet (meters), except that eave height shall be used for @ < 10°.
W: Building module width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Mecthod 2 h < 60 ft.
Figure 6-14A External Pressure Coefficients, GC, Monoslope Roofs
Enclosed, Partially Enclosed Buildings 3°<B8<10°
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Notes:
1. Vertical scale denotes GC, to be used with g,
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. For 8 £3°, values of GC, from Fig. 6-11B shall be used.
6. Notation:
a: 10 percent of least horizontal dimension or 0.4/, whichever is smaller, but not less than
either 4 percent of least horizontal dimension or 3 ft (0.9 m).
h:  Eave height shall be used for 6 < 10°,
W. Building width, in feet (meters).
6:  Angle of plane of roof from horizontal, in degrees.
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h < 60 ft.
Figure 6-14B External Pressure Coefficients, GC, Monoslope Roofs
Enclosed, Partially Enclosed Buildings 10°< 9 < 30°
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Notes:
1. Vertical scale denotes GC, to be used with gy,
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4, Each component shall be designed for maximum positive and negative pressures.
5. Notation:
a: 10 percent of least horizontal dimension or 0.4%, whichever is smaller, but not less than
either 4 percent of least horizontal dimension or 3 ft (0.9 m).
h:  Mean roof height, in feet (meters).
W: Building width, in feet (meters).
8: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2
Figure 6-15

84

h <60 ft.

External Pressure Coefficients, GG,

Enclosed, Partially Enclosed Buildings

Sawtooth Roofs
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1. Verti
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6.

Elevation of Building
(2 or More Spans)

Effective Wind Area, ft* (m?)

cal scale denotes GC, to be used with g,

Horizontal scale denotes effective wind area A4, in square feet (square meters).
Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.

component shall be designed for maximum positive and negative pressures.

For 8 = 10°, values of GC, from Fig. 6-11 shall be used.

Notation:

a: 10 percent of least horizontal dimension or 0.4%, whichever is smaller, but not less than either 4
percent of least horizontal dimension or 3 ft (0.9 m).

h:  Mean roof height, in feet (meters), except that eave hei ght shall be used for 6 < 10°,

W: Building width, in feet (meters).

8: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2 All Heights
Figure 6-16 External Pressure Coefficients, GCp Roof:
Enclosed, Partially Enclosed Buildings and Structures Domed Roofs

Wind —
fa) f
¥  Wind
k F 3 hD
=
D
External Pressure Coefficients for Domes with a Circular Base
Negative Positive Positive
Pressures Pressures Pressures
6. degrees 0-90 0 - 60 6190
GC, -0.9 +0.9 +0.5
Notes:
1. Values denote GC, to be used with qg,:5) where hp + f is the height at the top of the dome.
2. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
3. Each component shall be designed for the maximum positive and negative pressures.
4. Valuesapply to 0 < hy/D £0.5,02 <D <0.5.
5. 8= 0 degrees on dome springline, 8 = 90 degrees at dome center top point. f is measured from

springline to top.
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8. Notation:

@ N

from Fig. 6-11 and attendant g, based on exposure defined in 6.5.6.
7. If a parapet equal to or higher than 3 1 (0.9m) is provided around the perimeter of the roof with 6 <
10°, Zone 3 shal] be treated as Zone 2.

a: 10 percent of least horizontal dimension, but not less than 3 ft (0.9 m).
h: Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°,
height above ground, in feet (meters).

Angle of plane of roof from horizontal, in degrees.

Components and Cladding — Method 2 h > 60 ft.
Figure 6-17 External Pressure Coefficients, GCp
Enclosed, Partially Enclosed Buildings Walls & Roofs
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Notes:
1. Vertical scale denotes GC, to be used with appropriate g. or g
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Use g. with positive values of GC, and g, with negative values of GC,.
3. Each component shall be designed for maximum pasitive and negative pressures.
6. Coefficients are for roofs with angle 6 < 10°. For other roof angles and geametry, use GC,valee

Note: Section 6.5.6 of ASCE 7-02 corresponds to the section 4.2.12 of this Model Code
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Main Wind Force Resisting System — Method 2 All Heights
Figure 6-18 I Force Coefficients, C;
Open Buildings Monoslope Roofs
Roof angl= 6 L/B
degrees 5 3 2 1 1/2 1/3 1/5

10 0.2 0.25 0.3 0.45 0.55 0.7 0.75

15 0.35 0.45 0.5 0.7 0.85 0.9 0.85

20 0.5 0.6 0.75 0.9 1.0 0.95 0.9

25 0.7 0.8 0.95 1.15 1.1 .. L05 0.95

30 0.9 1.0 1.2 1.3 1.2 1.1 1.0

Center of Pressure X/L
Roof angle 6
degrees L/B
2t05 1 1/5t0 1/2
10 to 20 0.35 0.3 0.3
25 0.35 0.35 0.4
30 0.35 0.4 0.45

Motes:

1. Wind forces act normal to the surface. Two cases shall be considered: (1) wind forces directed
inward; and (2) wind forces directed outward.

2. The roof angle shall be assumed to vary = 10° from the actual angle and the angle resulting in the
greatest force coefficient shall be used.

3. Notation:
B: dimension of roof measured normal to wind direction, in feet (meters);
L: Dimension of roof measured parallel to wind direction, in feet (meters);
X: Distance to center of pressure from windward edge of roof, in feet (meters); and
a:

Angle of plane of roof from horjzontal, in degrees.
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Other Structures — Method 2

All Heights

Figure 6-19 l * Force Coefficients, C;

Chimneys, Tanks, Rooftop
Equipment, & Similar Structures

’ h/D

Cross-Section Type of Surface I = 35
Square (wird normal to face) All 1.3 1.4 2.0
Square (wind along diagonal) All 1.0 1.1 1.5
Hexagonal or ectagonal All 1.0 1.2 1.4
Moderately smooth 0.5 0.6 0.7

Round (D./q. >2.5)
- Rough (DYD = 0.02) 0.7 0.8 0.9
(Dylg, >53, Dinm,q, inN/m?) Very rough (DYD=0.08) | 08 1.0 12

Round (DJ; <2.5)
N All 0.7 0.8 1.2

(Dy/g, <53, Dinm,q_ inN/m?)

Notes:

3. Notation:

2. Linear interpolation is permitted for 4/D values other than shown.

h:  height of structure, in feet (meters); and

D': depth of protruding elements such as ribs and spoilers, in feet (meters); and

gzt velocity pressure evaluated at height z above ground, in pounds per square foot (N/m?).

1. The design wind force shall be calculated based on the area of the structure projected on a plane normal
to the wind direction. The force shall be assumed to act parallel to the wind direction.

D: diameter of circular cross-section and least horizontal dimension of square, hexagonal or octagonal
cross-sections at elevation under consideration, in feet (meters);




MODEL BUILDING CODE FOR WIND LOADS 89
APPENDIX
Other Structures — Method 2 All Heights
Figure 6-20 Force Coefficients, C; Solid Freestanding
Walls & Solid Signs
At Ground Level Above Ground Level
v Cr M/N Cr
=3 1.2 <6 1.2
5 1.3 10 1.3
8 1.4 16 1.4
10 1.5 20 1.5
20 1.75 40 1.75
30 1.85 60 1.85
240 2.0 >80 2.0

Notes:
L

The term "signs" in notes below applies also to "freestanding
walls".

Signs with openings comprising less than 30% of the gross area
shall be considered as solid signs.

Signs for which the distance from the ground to the bottom edge is
less than 0.25 times the vertical dimension shall be considered to
be at ground level.

To allow for both normal and oblique wind directions, two cases
shall be considered:

a, resultant force acts normal to the face of the sign on a vertical
line passing through the geometric center, and

b. resultant force acts normal to the face of the sign at a distance
from a vertical line passing through the geometric center equal
to 0.2 times the average width of the sign.

Notation:
v: ratio of height to width;
M: Tlarger dimension of sign, in feet (meters); and

N: smaller dimension of sign, in feet (meters).
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Other Structures — Method 2

All Heights

Figure 6-21 Force Coefficients, C; Open Signs &
Lattice Frameworks
Rounded Members
‘ e Flat-Sided
Members D.lg. £2.5 Dilgs 2.5
(D4/q, £5.3) (D+/g; >5.3)

<0.1 2.0 1.2 = 0.8

0.1t0 0.29 1.8 13 0.9

031t00.7 1.6 1.5 1.1

Notes:

1.

Signs with openings comprising 30% or more of the gross area are
classified as open signs.

The calculation of the design wind forces shall be based on the area of
all exposed members and elements projected on a plane normal to the
wind direction. Forces shall be assumed to act parallel to the wind
direction.

The area A; consistent with these force coefficients is the solid area
projected normal to the wind direction.

Notation:
€: ratio of solid area to gross area;
D: diameter of a typical round member, in feet (meters);

g.: velocity pressure evaluated at height z above ground in pounds per
square foot (N/m?),




MODEL BUILDING CODE FOR WIND LOADS 91

APPENDIX
Other Structures — Method 2 All Heights
Figure 6-22 I Force Coefficients, C, dT
Open Stoictires Trussed Towers
Tower Cross Section Cr
Square 40e€*-59€e+40
Triangle 34e’-47€ +3.4

Notes:
1.

For all wind directions considered, the area 4 consistent with the specified force
coefficients shall be the solid area of a tower face projected on the plane of that
face for the tower segment under consideration.

The specified force coefficients are for towers with structural angles or similar flat-
sided members.

Far towers containing rounded members, it is acceptable to multiply the specified
force coefficients by the following factor when determining wind forces on such
members:

0.51 €2+ 0.57, but not > 1.0

Wind forces shall be applied in the directions resulting in maximum member forces
and reactions. For towers with square cross-sections, wind forces shall be
multiplied by the following factor when the wind is directed along a tower
diagonal:

1+0.75,butnot>12

Wind forces on tower appurtenances such as ladders, conduits, lights, elevators,
etc., shall be calculated using appropriate force coefficients for these elements.

Loads due to ice accretion as described in Section 11 shall be accounted for.
Notation:

e: ratio of solid area to gross area of one tower face for the segment under
consideration.
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Importance Factor, I (Wind Loads) 1
Table 6-1 |

Non-Hurricane Prone Regions Hurricane Prone Regions
Category and Hurricane Prone Regions with V > 100 mph
: with V = 85-100 mph
and Alaska
I 0.87 T 0.7
1| 1.00 1.00
I 1.15 1.15
v 1.15 LIS
Note:

1. The building and structure classification categories are listed in Table 1-1.
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Terrain Exposure Constants I

Table 6-2

Exposure o Z (i0) & /; P B c £(ft) c Znyin (FE)*
B 7.0 1200 17 0.84 | 1/4.0 | 045 0.30 | 320 ). 1/3.0 30
C 9.5 900 1/9.5 | 1.00 | 1/6.5 | 0.65 [ 020 | 500 | 1/5.0 15
D 11.5 700 | 1/11.5 | 1.07 | 1/9.0 | 0.80 | 0.15 | 650 | 1/8.0 7

" ¥z = minimum height used to ensure that the equivalent height z is greater of 0.64 or Zy,.
For buildings with h < Z.,, 2z shall be taken as zpin.

93
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Velocity Pressure Exposure Coefficients, Kj, and K [
Table 6-3 |
Height above Exposure (Note 1)
ground level, z B c D
ft (m) Case 1 Case 2 Cases 1 & 2 Cases 1 82
0-15 (0-4.6) 0.70 0.57 0.85 1.03
20 (6.1) 0.70 0.62 0.90 1,08
25 (7.6) 0.70 0.66 0.94 1.12
30 {9.1) 0.70 0.70 0.98 1.16
40 (12.2) 0.76 0.76 .04 . 122
50 (15.2) 0.81 0.81 1.09 J 1.27
60 (18) 0.85 0.85 1.13 131
70 (21.3) 0.89 0.89 1.17 1.34
80 (24.4) 0.93 0.93 121 1.38
90 (27.4) 0.96 0.96 1.24 1.40
100 (30.5) 0.99 0.99 1.26 1.43
120 (36.6) 1.04 1.04 1.31 1.48
140 (42.7) 1.09 1.09 1.36 1.52
160 (48.8) 1.13 1.13 1.39 1.55
180 (54.9) 1.17 1.X0 1.43 1,58
200 (61.0) 1.20 1.20 1.46 1.61
250 (76.2) 1.28 1.28 1.53 1.68
300 (91.4) 1.35 1.35 1.59 1.73
350 (106.7) 1.41 1.41 1.64 1.78
400 (121.9) 1.47 1.47 1.69 1.82
450 (137.2) 152 1.52 1.73 1.86
500 (152.4) 1.56 1.56 1.77 1.89
Notes:
1. Casel: a All componentsand cladding,
b. Main wind force resisting system in low-rise buildings designed using Figure 6-10,
Case 2: a. All main wind force resisting systems in buildings except those in low-rise buildings
designed using Figure 6-10.
b. All main wind force resisting systems in other structures.
2. The velocity pressure exposure coefficient K, may be determined from the following formula:
Forl5ft. <z<z, Forz<15 fi.
K,=2.01 (/2™ K, =2.01 (15/z)**
Note: z shall not be taken less than 30 feet for Case 1 in exposure B.
o and z; are tabulated in Table 6-2.
4. Linear interpolation for intermediate values of height z is acceptable,
Exposure categories are defined in 6.5.6.

Note: Section 6.5.6 of ASCE 7-02 corresponds to the section 4.2.12 of this Model Code
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Wind Directionality Factor, Kg

Table 6-4 |
Structure Type Directionality Factor Kg*

Buildings ‘

Main Wind Force Resisting System 0.85

Components and Cladding 0.85
Arched Roofs 0.85
Chimneys, Tanks, and Similar Structures

Square

Hexagonal 0.99

Round 0.95

0.95

Solid Signs 0.85
Open Signs and Lattice Framework 0.85
Trussed Towers

Triangular, square, rectangular 0.85

All other cross sections 0.95

“Directionality Factor K4 has been calibrated with combinations of loads
specified in Section 2. This factor shall only be applied when used in
conjunction with load combinations specified in 2.3 and 2.4.

Note: Section 2 of ASCE 7-02 corresponds to the section 3.5 of this Model Code
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Sections 2.3 and 2.4 correspond respectively to the sections 3.5.1 and 3.5.2 of this

Model Code
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Table 7-1
Classification of Buildings for Wind Loads
Nature of Occupancy Category
Buildings and other structures that represent a low hazard to human life in the event of failure including, but I
not limited to:
- Agricultural facilities
- Certain temporary facilities
- Minor storage facilities
All buildings and other structures except those listed in Categories I, III and IV I
Buildings and other structures that represent a substantial hazard to human life in the event of failure I
including, but not limited to:
- Buildings and other structures where more than 300 people congregate in one area
- Buildings and other structures with elementary school, secondary school or day-care facilities with
capacity greater than 150
- Buildings and other structures with a capacity greater than 500 for colleges or adult education
facilities
- Health care facilities with a capacity of 50 more resident patients but not having surgery or
emergency treatment facilities
- Jails and detention facilities
- Power generating stations and other public utility facilities not included in Category IV
Buildings and other structures containing sufficient quantities of toxic, explosive or other hazardous
substances to be dangerous to the public if released including, but not limited to:
- Petrochemical facilities
- Fuel storage facilities
- Manufacturing or storage facilities for hazardous chemicals
- Manufacturing or storage facilities for explosives
Buildings and other structures that are equipped with secondary containment of toxic, explosive or other
hazardous substances (including, but not limited to double wall tank, dike of sufficient size to contain a spill
or other means to contain a spill or blast within the property boundary of the facility and prevent release of
harmful quantities of contaminants to the air, soil, ground water, or surface water) or atmosphere (where
appropriate) shall be eligible for classification as Category II structure.
In hurricane prone regions, buildings and other structures that contain toxic, explosive, or other hazardous
substances and do not qualify as Category IV structures shall be eligible for classification as Category II
structures for wind loads if these structures are operated in accordance with mandatory procedures that are
acceptable to the authority having jurisdiction and which effectively diminish the effects of wind on critical
structural elements or which alternatively protect against harmful releases during and after hurricanes.
Buildings and other structures designated as essential facilities including, but not limited to: v

- Hospitals and other health care facilities having surgery or emergency treatment facilities

- Fire, rescue and police stations and emergency vehicle garages

- Designated earthquake, hurricane, or other emergency shelters

- Communications centres and other facilities required for emergency response

- Power generating stations and other public utility facilities required in an emergency

- Ancillary structures (including, but not limited to communication towers, fuel storage tanks, cooling
towers, electrical substation structures, fire water storage tanks or other structures housing or
supporting water or other fire-suppression material or equipment) required for operation of Category
IV structures during an emergency

- Aviation control towers, air traffic control centres and emergency aircraft hangers

- Water storage facilities and pump structures required to maintain water pressure for fire suppression

- Buildings and other structures having critical national defence functions
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Table 7-2
Importance Factor, I for Wind Loads
Non-Hurricane Prone Regions Hurricane Prone
Catesor and Hurricane Prone Regions with Regions with
8O1Y | v =137-161 km/h V > 161 km/h
(85 —-100 mph) (100 mph)

I 0.87 0.77

II 1.00 1.00

I 1.15 1.15

IV 1.15 1.15

Note: The building and structure classification categories are listed in Table 7-1.
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