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Preface

This guide is designed ro assist professionals in the use of the wind load pro-
visions of ASCE/SEI Standard 7-05, Minimwm Design Loads for Buildings and
Other Structures, published by the American Scciely of Civil Engineers
(ASCE). The guide is a revision of the Guide to the Use of Wind Load Provisions
of ASCE 7-02, reflecting the signilicant changes inade (o win load provisions
when the previous version of the Standard, SEI/ASCE 7-02, was updated.
The guide contains 13 example problems worked out in dewil, which can
provide direction to practicing professionals in assessing wind loads on a
variety of buildings and other soructures. Every effort has bDeen made to
make these illustrative example problems correct and accurate. The authors
would welcome comments regarding inaccuracies, errors, or different inter-
pretations. The views expressed and interpretation of the wind load provi-
sions made in the guide are those of the anthors and not of the ASCE 7 Stan-
dards Committee or of the American Society of Civil Enginecers.
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Table of Conversion Factors

U.S. customary wunils

International System of Unils (S1)

1 inch (in.)

1 foot (ft)

1 statute mile

1 square foot (f%)

1 cubic foot {ft)

1 pound (lb)

1 pound (force)

1 pound per square foot (Ib/ft*)
1 pound per cubic foot (Ib/ft")
1 degree Fahrenheit (°T)

1 British thermal unit (Btuw)

1 degree Fahrenheit per British thermal unit (°F/Btu)

25.4 millimeters {mm)

0.3048 meter (m)

1.6093 kilometers {(km)

0.0929 square meter (m®)

0.0283 cubic meter (m?)

0.4536 kilogram (kg)

4.4482 newtons (N)

0.0479 kilonewton per square meter (kN/m?)
16.0185 kilograms per cubic meter (kg/m?)
1.8 degrees Celsius (°C)

1.0551 kilojoules (k])

1.7061 degrees Celsius per kilojoule (°C/KkJ)
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The American Society of Civil Engineers (ASCE) publication, Minimum
Design Loads for Buildings and Other Structures, ASCE/SEI Slandard 7-05, is a
consensus standard. It originated in 1972 when the American National
Standards Institute (ANSI} published a standard with the same title (ANSI
AB8.1-1972). That 1972 standard was revised ten years later, containing an
inntovative approach to wind loads for compoenents and cladding (C8&C) of
buildings (ANSI A58.1-1982). Wind load criteria were based on the under-
standing of acrodynamics of wind pressures in building corners, eaves, and
ridge areas, as well as the effects on pressures of area averaging.

In the mid-1980s, the ASCE assimed responsibility for the Minimum
Design Loads for Buildings and Other Structires Standards Cominittee, which
establishes design loads. The document published by ASCE (ASCE 7-88) con-
tained design load criteria for live loads, snow loads, wind loads, earthquake
loads, and other environmental loacls, as well as load combinations, The ASCE
7 Standards Committee has voting imembership of close to 100 individuals rep-
resenting all aspects of the building construction industry. The criteria for each
of the environmental loads are developed by respective task comnittees.

The wind load criteria ol ASCE 7-88 (ASCE, 1990) were essentially the
sane as ANSI A58.1-1982. T 1995, ASCE published ASCE 7-95. This version
contained major changes in wind load criteria: the basic wind speed averag-
ing time was changed from fastest-mile to 3-second gust. This in turn necessi-
tated significant changes in boundary-layer profile parameters, gust effect
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factor, and some pressure coefficients. A Guide to the Use of the Wind Load Pro-
visions of ASCE 7-95 (Mehta and Marshall, 1998) was published by ASCE to
assist practicing professionals in the use of wind load criteria of ASCE 7-95.

In 2000, ASCE published a revision of ASCE 7-95 with updated wind
load provisions. The document is termed ASCE 798 and has the same title
(ASCE, 2000). The International Building Code (ICC, 2000) adopted the
wind load criteria of ASCE 7-98 by reference. This was a major milestone
since it had the potential to establish a single wind load criterion for design
of all buildings and structures for the entire United States. A Guide to the Use
of the Wind Load Provisions of ASCE 7-98 (Mehta and Perry, 2000) was pub-
lished soon after publication of ASCE 7-98. This document was updated as
Guide to the Use of the Wind Load Provisions of ASCE 7-02 (Mehta and Delahay,
2004) after publication of the revised standard ASCE 7-02.

In 2005, the new standard, ASCE 7-05, was published. This guide is
designed to assist practicing professionals in the use of wind load criteria of
ASCE 7-05.

Objective of the Guide

The objective of this guide is to provide direction in the use of wind load
provisions of ASCE 7-05 (referred to as “the Standard”). The Commentary
of ASCE 7-05 (Chapter C6) contains a good background and discussion of
the wind load criteria; that information is not repeated in this document.
Rather, this guide contains two important items to assist the users of ASCE
7-05: (1) examples, and (2) frequently asked questions.

The guide contains 13 worked examples. Sufficient details of calcula-
ton of wind loads are provided to help the reader properly interpret the
wind load provisions of the Standard. Chapter 6 of the Standard, as well as
the figures and tables of the Standard, are cited liberally in the examples. It
is necessary to have a copy of ASCE 7-05 to follow the examples and work
with this guide. A copy of ASCE 7-05 can be ordered by calling 1-800-548-
ASCE or on the Internet at www. pubs.asce.org.

Significant Changes and Additions

The wind load provisions of Chapter 6.0 were revised in ASCE 7-05 using
recent research and development achievements. The major additions involve
roof pressures over open buildings, loads on rooftop equipment, and expan-
sion of the commentary.

The basic approach to assessing wind loading has not been changed. Sig-
nificant changes/additions can assist the design process and are listed below,

* Simplified procedure for MWFRS is permitted only if torsion load-
ing consideration is exempted or does not control.

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05
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* Simplified procedure is permitted for hilly terrain if topographic
effects are taken into account.

» Upwind distances are changed for Exposures B and D.

* In wind-borne debris regions, impact resistant glazing or protecave
covering in the bottom 60 ft of buildings is made mandatory.

* Parapet pressure coefflicients [lor MWIRS loading are revised.

* Tor open buildings, pressure coefficients for monoslope, pitched
and moughed roofs are added.

* [orce coefficients for freestanding solid walls and signs are added.

* Rooftop equipment wind load provisions for buildings less than 60 fi
are added. ‘ .

¢ Commentary Chapter C6 for wind loads is expanded to provide
guidance in hurricane wind speeds, Lorsional sensitivity of buildings,
agsessment of fundamental frequency, and other items.

As noted above, the basic methodology of the Stanclard remains the
same as in ASCI 7-02. Additonal information on the changes can be found
in the Commentary of the Standard and from references.

Limitations of Stan_d_ard

The possible shortcomings or limitations of the Standard are directly depen-
dent on accurate knowledge of parameters and factors used in the algo-
rithins that define the wind loads for design applications. Limitations of
some of the significant parameters are given below.

Assessment of Wind Climate

The current Standard provides a more realistic description of wind speeds
than cid the previous editions of the 1970s and 1980s. Perhaps the most
serious limitations are that design speeds are not referenced to direction,
and potential wind speed anomalies are defined only in terms of special
wind regions. These special wind regions inclucde mountain ranges, gorges,
or river valleys. Unusual winds may be encountered in these regions
because of orographic effects or because of the channeling of wind. The
Standard perntits climatological studies wsing regional climatic data and
consultation with a wind engineer and/or a incteorologist.

Tornado winds are not included in development of the basic wind
speed map (Figure 6-1 of the Standard) because of their relatively rare
occurrence at a given location. Intense tornacdoes can have ground level
wind speeds in the range of 150 to 200 mph; however, the annual probabil-
ity of exceedance of this range of wind speeds may be less than 1 x 107
(mean recurrence interval exceeding 100,000 years). Special soructures and
storm shelters can be designed to resist tornado winds if required.

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05 3
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1.3.2

1.3.3

Limitations in Evaluating Structural Response

Given that the majority of buildings and other structures can be treated as
rigid structures, the gust effect factor specified in the Standard is adequate.
For dynamically sensitive buildings and other structures, a gust effect factor,
G;, is given. The formulation of gust effect factor, G, is primarily for build-
ings; it is not always applicable to other structures. It should be noted that
the gust effect factor, G, is based on along-wind buffeting response.

Vortex shedding is almost always present with bluffshaped cylindrical
bodies. It can become a problem when the frequency of shedding is close
to, or equal to, the frequency of the first or second transverse modes of the
structure. The intensity of excitation increases with aspect ratio (height-to-
width or length-to-breadth) and decreases with increasing structural damp-
ing. Structures with low damping and with an aspect ratio of 8 or more may
be prone to damaging vortex excitation. If across-wind or torsional excita-
tion appears to be a possibility, expert advice should be obtained.

Another limitation with respect to evaluating structural response is
that the Standard does not define acceptable design wind speeds for ser-
viceability states (e.g., deflection, dynamic sway). Table C6-7 in the Com-
mentary provides conversion factors for determining appropriate wind
speeds for mean recurrence intervals of 5 to 500 yr.

Limitations in Shapes of Buildings and Other Structures

The pressure and force coefficients given in the Standard are limited. Many of
the stuctural shapes (e.g., "Y,” “T,” and “L” shapes) or buildings with stepped
elevations are not included {except as shown in Figure 6-12). Fortunately, this
information may be found in other sources (see Table G1-1 of this guide).

When coefficients for a specific shape are not given in the Standard,
the designer is encouraged to usec values that are available in the literature.
However, the use of prudent judgment is advised, and the following caveats
must be addressed:

1. Were the coefficients obtained from proper turbulent boundary
layer wind tunnel (BLWT) tests, or were they generated under con-
ditions of relatively smooth flow?

2. The averaging time used must necessarily be considered in order to
determine whether the coefficients are directly applicable to the
evaluation of design loads or whether they need to be modified.

3. The reference wind speed (fastest-mile, hourly mean, 10-min mean,
3-s gust, etc.) and exposure category under which the data are gener-
ated must be established in order to properly compute the velocity
pressure, 4.

4. If an envelope approach is used, the coefficients should be appro-
priate for all wind directions. If, however, a directional approach is
indicated, then the applicability of the coefficients as a function of
wind direction needs to be ascertained. A major limitation in the

Wind Loads; Guide to the Wind Load Provisions of ASCE 7-05
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use of directional coeflicients is that their adequacy for other than
normal wind directions may not have been verilied,

Technical Literature

There has been a vast amount of literatwe published on wind engineering
during the past three decades. Most of it is in the form of research papers in
the Journal of Wind Engineering and Industrial Aerodynaonics, Journal of Structural
Engineering, Proceedings of the International Conferences on Wind Engineering (a
total of twelve), Proceedings of the Americas Conferences on Wind Engineering (a total
of eteven), Proceedings of the Asia-Pacific Conferences on Wind Enginecring (a wotal
of six) and Proceedings of the Favopean-African Conferences on Wind Ingineering
(five). The literature is extensive and scholarly; however, it is nol always in a
format that can be used by practicing proflessionals.

- Several texthooks, handbooks, standards and codes, reports, and
papers contain material thar can be used to determine wind loads. Selected
ites are identified in Table G1-1 of this guide. The items are listed by sub-
Ject mauer for ecasy identification. Detailed references for these items are
given in the citations in References, of this guide.

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05 5
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Table G1-1  Technical Literature

Subject

Selected veference material
(see References section of this guide)

Wind effects on bunildings and
structures

Foreign codes and standards

Wind tunnel testing

General wind research

Pressure and force coeflicients

Tornadoes, shelter design

Impact resistance protocol

Newberry and Eaton (1974)

Lawson, vols. 1 and 2 (1980)

Caok, parts 1 and 2 (1985)

Holmes, Melbourne, and Walker (1990)
Liu (1991)

Simiu and Scanlan (1996)

Holmes (2001)

NRCC (2005)

British Standard BS 6399 (1997)

Eurocode 1 (1998)

ISO (1997)

Australian/New Zealand Standard AS/NZS

1170.2 (2002)

Reinhold {1982)
ASCE (1999)

ASCE (1961)
Cermak (1977)
Davenport, Surry, and Stathopoulos (1977, 1978)

Simiu (1981)

ASCE (1961, 1997)
Hoerner (1965)

FEMA TR83-A {1980)

Minor (1982)

Minor, McDonald, and Mehta (1993)
McDonald (1983}

FEMA 320 (2008)

FEMA 361 (2008)

SBCCI (1999)

ASTM E1886-05 (2005)

ASTM E1996-08e2 (2008)

Miami/Dade County Building Code Compliance
Office Protocol PA 201-94 and PA 203-94

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05



Wind Load Provisions

Format

The designer is given three options for evaluating the design wind loads for
buildings and other structures:

Method 1 Simplified Procedure, as specified in Section 6.4 of the Stan-
dard, for buildings meeting certain specific requirements. The
requirements are set for main wind force-resisting system
(MWEFRS) and components and cladding (C&C), respectively.

Method 2 Analytical Procedure, of Section 6.5 of the Standard, applica-
ble to buildings and other structures.

Method 3 Wind Tunnel Procedure, which meets certain test conditions
' as specified in Section 6.6 of the Standard.

The simplified and analytical procedures (see Sections 6.4.2 and 6.5.3,
respectively) provide specific steps to be followed in the determination of
wind loads on MWFRS and C&C separatcly. MWERS is defined in Section
6.2 as an assemblage of structural elements assigned to provide support and
stability for the overall structure; it always receives wind loading from more
than one surface. Components and cladding receive wind loads directly
and generally transfer the load 10 other components or to the MWFRS.

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05 7
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2.2

2.2.2

Equations for the determination of wind loads using the analytical proce-
dures are given in the body of the text of the Standard.

Equations for the graphs of Figures 6-11A through 6-17 in the Stan-
dard are given in Section 2.4 of this guide because interpolation using these
graphs, as presented in the Standard, is difficult.

Design Procedures

Velocity Pressure

The first step in nsing Method 2, Analytical Procedure, is to determine the
appropriate parameters for evaluating the velocity pressure, 4.

Velocity pressure, ¢, at any height above ground and at mean roof

height is obtained by the following equation:
q.= 0.00256 K K K, V*I (Ib/ft*) (Eq. 6-15)

where

g = Elfective velocity pressure to be used in the appropriate
equations to evaluate wind pressures for MWFRS and C&C; ¢,

at any height, z, above ground; ¢, is based on K, at mean roof
height, £

K, = Exposure velocity pressure coefficient, which reflects change
in wind speed with height and terrain roughness (see Section
6.5.6 and Table 6-3 of the Standard)

K, = Topographic factor, which accounts for wind speed-up over
hills and escarpments (see Section 6.5.7 and Figure 6-4 of the
Standard)

K, = Directionality factor (see Section 6.5.4.4 and Table 6-4 of the
Standard) '

V = Basic wind speed, which is the 3-s gust speed at 33 ft above
ground for Exposure Category C and is associated with an
annual probability of 0.02 (50-yr mean recurrence interval)
(see Section 6.5.4 and Figure 6-1 of the Standard)

I = Importance factor, which adjusts wind speed associated with
annual probability of 0.02 (50-yr mean recurrence interval) to
other probabilities (25- or 100-yr MRI) (see Section 6.5.5 and
Table 6-1 of the Standard)

Method 1, Simplified Procedure

Method 1 was introduced in ASCE 7-98 for simplifyingA evaluation of design
loads for common regularshaped buildings. Since then, provisions of
this method have been revised significantly. The restrictions for using the

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05
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simplified procedure are set for MWERS and C&C in Sections 6.4.1.1 and
6.4.1.2, respectively.

Tabulated wind pressure values are provided in Figure 6-2 for MWIRS
and Figure 6-3 for C&C. For MWI'RS, Method 1 combines the windward
and leeward pressures into a net horizontal wind pressure on the walls
(internal pressures cancel). The maximum uptilt on low-slope rools for
MWTERS is based on a positive internal pressure as the controlling case and
is applied on horizontal projection of the roofl surface. For C&C, values are
provided only for enclosed buildings and represent the net pressure (sum
of external and internal pressures) applied normally o surfaces. The fol-
lowing values have been asstned in the preparation of the tabulated values:

=30 ft

Exposwe B, K, = 0.70

K,=0.85

G=0.85

K,=1.0

I=1.0

GG, =10.18 (enclosed building)

MWERS pressure coefficients from Figure 6-10

C&C pressure coefficients from Iigure 6-11A-D

Multiplying factor A is given for different mean roof heights and expo-
sure classifications in Iigures 6-2 and 6-3 of the Siandard. Tor importance
factors other than /= 1.0, tabulated pressure values should be multiplied by

the appropriate value of I Topographic factor, K, if needed, should be
determined from Figure 6-4.

Method 2, Analytical Procedure

The analytical procedure for this method is applicable to

1. Buildings of all heights
2. Alternate low-rise buildings with mean roof height less than or

equal to 60 ft and as defined in Section 6.2 of the Standard
3. Open buildings and other structures.

The design procedure for each building type is delineated in Section
6.5.3 of the Standard. Velocity pressures, ¢ or g, are determined in each
case using Eq. 6-15 (see Section 6.5.10).

Design pressures for MWIRS and for C&C are determined separately.
Generally, C&C design pressures will be higher because of localized high
pressures acting over siall areas. MWI'RS receive wind pressures from sev-
eral surfaces; hence, with spatial averaging and correlation, the pressures
are likely to be sinaller than those for C&C.

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05 9




Calculation of design pressures requires selection of appropriate gust
effect factors and pressure or force coefficients. The equation for the evalu-
ation of wind loads guides the user in the selection of appropriate factors
and cocfhicients. Various gust effect factors and pressure and force coefli-
cients specified in the Standard are as follows:

G Gust effect factor for MWERS of rigid buildings (all heights})
and for other structures (Section 6.5.8.1)
Gust effect factor for MWFRS of flexible buildings and
dynamnically sensitive other structures obtained using the
procedure given in Section 6.5.8.2 or using a rational analysis
{see Section 6.5.8.3)
C, External pressure coefficients for MWFRS of closed buildings:
all heights (Figure 6-6); domed roof (Figure 6-7); and arched
roof (Figure 6-8)
C, Netpressure coefficients for MWIRS of open buildings (Figure
6-18A-D) and for C&C of open buildings (Figure 6-19A-C)

G Force coefficients for other structures (Figures 6-20 through 6-23)

G

(GG,  External pressure coefficients for MWEFRS of low-rise
buildings (Figure 6-10)

(GC)  External pressure coefficients for C&C of buildings
(Figures 6-11 through 6-17)

(GC)  Internal pressure coefficients for MWFRS and C&GC of
' buildings (Figure 6-5)

Sign convention in the Standard is as follows:

+ (plus sign) means pressure acting toward the surface
— (minus sign} means pressure acting away from the surface.
Whenever the sign of “+" is specified, both positive and negative values

should be used to obtain design loads. Values of external and internal pres-
sures are to be combined algebraically to obtain the most critical load.

2.2.3.1 Design Pressures for Closed Buildings

Design wind pressures for the MWFRS of rigid buildings of all (any) heights
are determined using the following equation:

p=4¢GC,— ¢{GC,) (Ib/fc*) (Eq. 6-17)
The terms in Eq. 6-17 are defined above. The effective velocity pres-

sure related to internal pressure, ¢, is generally used as g, (see Section
6.5.12.2.1 of the Standard). Only for high-rise building may it be advanta-

70 Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05



geous to use ¢, as defined in Section 6.5.12.2.1 related to positive internal
pressure. Use of this term is illustrated in Ex. 3 (Section 3.3 of this guide).

Alternatively, design pressures for MWIRS of low-rise buildings can be
determined using the following equation:

2= ql(GC) — (GC)H] (Ib/Lt*) (Eq. 6-18)

The terms in Eq. 6-18 are delined above. A low-rise building is defined
in Section 6.2 of the Standard as a building with mean roof height £ < 60 ft
and with mean roof height not exceeding the least horizontal dimension.
The design pressures are applied for ransverse and longttndinal directions
as shown in Figure 6-10. This alternate procedure is appropriate for gable
and rectangular buildings, though use of it for any building is permiited.
Use of this procedure is itlustrated in Ex. 7 (Section 3.7 of this guide).

Design wind pressures for the MWEFRS of flexible buildings shall be
determined from the following equation:

P=4GC,— ¢{GC,) (Ib/fe) (Eq. 6-19)

where the terms are as defined above, and sz gust effect factor as defined in
Section 6.5.8.2 of the Standard. The procedure is the same as that for rigid
buildings except for determination of gust cffect factor, G;. A flexible building
(or structure) is defined in Section 6.2 as one that has lundamental natral
frequency less than 1 Hz (period of vibration greater than 1 s). Flexible build-
ings or structures are affected by the gustiness of the wind and have potential
of resonance response. This response resulis in a large gust effect factor. Cal-
culation of gust effect factor, Gf, for a flexible struciire using Eq. 6-8 of Section
6.5.8.2 is illustrated in Ex. 10 (Section 3.10 of this guide).

BDesign wind pressures on C&C clements of buildings with A < 60 ft are
determined from the following equation:

P=q[(GC) - (GC)1 (Ib/F*) (Eq. 6-22)
The terms in Eq. 6-22 are defined above.

Design wind pressures on C&C for buildings with £ > 60 ft are deter-
mined from the following equation:

p=q(GC) ~ 4(GC,) (Ib/fi*) (Eq. 6-23)
The terms in Eq. 6-23 are defined above.
An alternate procedure (see Section 6.5.12.4.3 of the Standard} to calculate

design pressures on C&C for buildings with mean roof height of 60 < £< 90 ft is
to use Eq. 6-22 and associated pressure coefficients. Since this equation, which is

Wind Loads: Guide to the Wind Load Provisions of ASCE7-05 17
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for buildings with 4 equal or less than 60 ft, uses g, for positive and negative exter-
nal pressures, the resulting pressures may be higher in some cases.

If a component or cladding eleinent has tributary area (not effective
area) greater than 700 f* (see Section 6.5.12.1.3 of the Standard), it is per-
mitted to be designed using the provisions of MWIRS, Eq. 6-17, and assaci-
ated pressure coefficients.

2.2.3.2 Design Pressures for Open Buildings

Design wind pressures for the MWFRS and C&C elements of open buildings
are determined using the following equation:

p=q,GC, (Eqs. 6-25 & 6-26)

The terms in Eqs. 6-25 and 6-26 are defined above. The net pressure
coefficient, C,, includes the combined pressure on top and bottom surfaces.

2.2.3.3 Design Wind Loads on Other Structures
The design wind-force on other structures is determined by the following
equation:

F=q,GGA, (Ib) (Eq. 6-28)

The terms of Eq. 6-28 are defined above. The area, A, is the exposed
area projected on a plane normal to the wind direction unless it is specified
with the value of force coeflicient, Cf The force, E is in the direction of
wind except when it is specified with the value of G,.

Method 3, Wind Tunnel Procedure

For those situations where the analytical procedure is considered uncertain
or inadequate, or where more accurate wind pressures are desired, consid-
eration should be given to wind tunnel tests. The Standard lists a set of con-
ditions in Section 6.6 that must be satisfied for the proper conduct of such
tests. The wind tunnel is particularly useful for obtaining detailed informa-
tion about pressure distributions on complex shapes and the dynamic
response of structures. Model scales for structural applications can range
from 1:50 for a single-family -(lwelling to 1:400 for tall buildings. Even
smalier scales may be used to model long-span bridges. Of equal impor-

tance is the ability to model complex topography at scales of the order of -

1:10,000 and assess the effects of features such as hills, mountains, or river
gorges on the nearsurface winds. Details on wind tunnel modeling for
structural or civil engineering applications may be found in Cermak (1977),
Reinhold (1982), and ASCE (2006).
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2.4 Equations for Graphs

Figures 6-11A through 6-17 of the Standard give external pressure coefti-
cient (GC) values for C&C for buildings as a function of effective arca of
component and cladding. Wind wumel resulis found this relatonship
between pressure coefficients and cifective area to be a logarithmic func-
tion. The scale of effective area in the figures is a log scale, which makes it
very difficult to interpolate. Equations for each of the lines in these figures
are given in Tables G2-1 through G2-10. The equations can be used to
determine wind loads.

Table G2-1  Walls for Buildings with h <60 ft (Figure 6-11A in ASCE 7-05)

Positive: Zones 4 and 5

(GG)=1.0 for A =10 ft*
(CCF) =1.1766 — 0.1766 log A for 10 < A < 500 It
(GC) =0.7 for A > 500

Negalive: Zone 4

(GG) =-1.1 for A =10 I
(GC,) =-1.2766 + 0.1766 log A for 10 < A <500 f?
(GC,) =-0.8 for A > 500 fi?

Negative: Zone 5

(GC) =-1.4 for A=101#"
(GG) =-1.7532 + 0.3532 log A for 10 < A < 500 fi*
(GC)=-038 for A > 500 ft*
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Table G2-2  Gable Roofs with h < 60 ft, 8 = 7° (Figure 6-118 in ASCE 7-05)

Positive with and without overhang: Zones 1, 2, and 3

(GC)=03

(GC,) = 0.4000 - 0.1000 log A
(GC)=0.2

Negalive withoul overhang: Zone 1
(GC)=-1.0

{GC,)) =-1.1000 + 0.1000 log A
(GG) =-0.9

Negalive withoul overhang: Zone 2
(GG)=-18

(GC) =-2.5000 + 0.7000 log A
(GG) =-1.1

Negative without overhang: Zone 3
(GG) =-28

(GG} = —4.5000 + 1.7000 log A
(GG =-11

Negative with everhang: Zones Iand?2
(GC)=-17

(GC,) =-1.8000 + 0.1000 log A
(GG} = -3.0307 + 0.7153 log A
(GG) =-1.1

Negative with overhang: Zone 3
(GC)=-2.8

(GG,) =-4.8000 + 2.0000 log A
(GG,) =-0.8

for A=101t*
for 10 < A< 100 £

for A > 100 £

forA=10R?
for 10 < A< 100 ft?
for A > 100 £t

for A=101
for 10 < A< 100 ft*
for A> 100 ft*

~ for A=10f¢

for 10 < A €100 ft?
for A> 100 ft*

for A=10ft°

for 10 < A< 100 £?
for 100 < A <500 ft?
for A > 500 ft*

for A=10

for 10 < A <100 £t2

for A> 100 fi?
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Table G2-3  Gable and Hip Roofs with h <60 ft, 7° < 8 = 27° {(Figure 6-11C in ASCE 7-05)

Positive with and without vverhang: Zones 1, 2, and 3

(GG) =05

(GC,) = 0.7000 - 0.2000 log A
(GC)=03

Negative with and withou! everhang: Zone |
(GC)=-09

(GC) =-1.0000 + 0.1000 log A
(GC)=-08

Negative withoul overhang: Zones 2
(GC) =-1.7

(GC) =-2.2000 + 0.5000 log A
(GC)=-12

Negative without overhang: Zones 3
(GG) =-2.6

(GC,) =-3.2000 + 0.6000 log A
(GC) =-2.0

Negative wilh overhang: Zone 2
(GC)=-2.2

Negative with vverhang: Zone 3
(GC)=-37

(GG} =—4.9000 + 1.2000 log A
(GC) =-2.5

for A=100"
for 10 < A< 100 ft*

for A>100 ft*

for A =10 f*
for 10 < A< 100 f*
[or A >100 1

for A=10f
for 10 < A <100 £

for A > 100 i

for A =10 fi*
for 10 < A< 100 ft®

for A > 100 fe
forall A ft*
for A=10*

fer10< A<100 A2

for A> 100 {t*
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Table G2-4 Gable Roofs with h < 60 ft, 27° < 8 < 45° (Figure 6-11D in ASCE 7-05)

Positive with and without cvevhang: Zones 1, 2, and 3

(GC,) =0.9 for A =10 f®
(GC,) =1.0000 - 0.1000 log A for 10 < A < 100 f2
(GC) =0.8 for A > 100 £t

Negative with and without everhang: Zone 1

(GC)=-1.0 for A=10f*
(GC)) =~1.2000 + 0.2000 log A for 10 < A <100 f¢*
(GC) =—-0.8 for A > 100 i°

Negative without overhang: Zones 2 and 3

(GC) =-1.2 for A =10 ft?
(GC,) =-1.4000 + 0.2000 log A for 10 < A< 100 £
(GC)=-1.0 for A > 100 £2

Negative with overhang: Zones 2 and 3

(GC) =-2.0 for A=10ft°
(GC,) =-2.2000 + 0.2000 log A for 10 < A< 100 fi?
(GC)=-138 for A> 1002
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Table G2-5 Multispan Gabled Roofs with h <60 ft, 10° < 9 < 30° {Figure 6-13 in ASCE 7-05)

Positive: Zones 1, 2, and 3

(GC) =06

(GC,) = 0.8000 — 0.2000 log A
(GC) =04

Negative: Zone 1

(GC)=-1.6

(GC,) =~1.8000 + 0.2000 log A
(GC)Y=-1.4

Negative: Zone 2

(GG)=-22

(GC,) =-2.7000 + 0.5000 log A
(GG)=-1.7

Negative: Zone 3

(GC)=-2.7

(GC,) =-3.7000 + 1.0000 log A
(GC) =-1.7

for A=100*
for 10 < A< 100

for A > 100 [t*

lor A =10 It"
lor 10 < A< 100 fi*

for A > 100 f*

lor A =10t
for 10 « A< 100 F¢*

for A> 100

forA=10HR*
for 10 < A < 100 i*

for A > 100 f¢*
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Table G2-6  Multispan Gable Roofs with h <60 ft, 30° < 0 < 45° {Figure 6-13 in ASCE 7-05)

Positive: Zones 1, 2, and 3
(GC)=1.0

. (GG) = 1.2000 - 0.2000 log A
(GC) =08

Negative: Zone 1

(GG =-2.0

(GC) =—-2.9000 + 0.9000 log A
(GC) =-1.1

Negative: Zone 2

(GGC)=-2.5

(GCG,) =-3.3000 + 0.8000 log A
(GC) =-1.7 |

Negative: Zone 3

(GC)=-2.6

(GC,) =-3.5000 + 0.9000 log A
(GG) =-1.7

forA=10 ft'z_
for 10 < A < 100 fi?
for A> 100 ft*

for A=1062
for 10 < A < 100 £*
for A > 100 f?

for A=10f2
for 10 < A< 100 £
for A > 100 ft*

for A =10 {1
for 10 < A< 100 fi?
for A> 100 f?
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Table G2-7 Monoslope Roofs with h <60 ft, 3° < 8 < 10° {Figure 6-14A in ASCE 7-05)

Positive: All Zones

(GC) =03

(GC) = 0.4000 - 0.1000 log A
(GC) =02

Negative: Zove 1

(GC) =-1.1

Negative: Zone 2

(GC)=-13

(GG) =-1.4000 + 0.1000 log A
(GG) =-1.2

Negative: Zone 2’

(GC) =~1.6

(GG) =-1.7000 + 0.1000 log A
(GG) =-1.b

Negative: Zone 3

(GC)=-18

(GG) =-2.4000 + 0.6000 log A
(GC)Y=-1.2

Negalive: Zone 3’

(GC) =-2.6

(GC) =-3.6000 + 1.0000 log A

(GC) =-1.6

for A =10 f(z
for 10 < A <100 *

for A> 100 ft*

forall A i

lorA=10f"
for 10 < A< 100 i*

for A>100 ft*

lor A =10 fi®
for10 < A< 100 f*

for A > 100 [i®

for A=10 f*
for 10 < A< 100 ¢

lor A>1001*

for A=1010*
for 10 < A <100 £t

lor A > 100 ft*
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Table G2-8 Monoslope Roofs with h <60 ft, 10° < 0 < 30° (Figure 6-14B in ASCE 7-05)

Positive: All Zones

(GC,) =04 for A =10 ft*
(GC,) = 0.5000 - 0.1000 log A for 10 < A <100 ft*
(GC)=03 for A>100 ft*

Negative: Zone 1

(GCp) =-1.3 for A =10 ¢
(GC,) =-1.5000 + 0.2000 log A for 10 < A <100
(GG) =-1.1 for A > 100 £

Negative: Zone 2

(GC,) =-1.6 for A=10f¢
(GC,) =-2.0000 + 0.4000 log A for 10 < A< 100 fi*
(GG) =-1.2 for A > 100 ff?

Negative: Zone 3

(GC)=-2.9 for A=10 ¢
(GC,) = -3.8000 + 0.9000 log A for 10 < A <100 ft?
(GG) =-2.0 ~ for A>100 fé
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Table G2-9  Sawtooth Roofs with h <60 ft, 8 < 10° (Figure 6-15 in ASCE 7-05)

FPositive: Zone ]

(GGC)=0.7

(GC,) = 0.8766 ~- 0.1766 log A
(GC) =04

Positive: Zone 2

(GC) =11

(GC,) = 1.4000 - 0.3000 log A
(GC)=03

Fositive: Zone 3

(GC)=08

(GC,) = 0.9000 - 0.1000 log A
(GC) =07

Negative: Zone 1

(GC) =-2.2

(GC) =—2.8474 + 0.6474 log A
(GC)=-1.1

Negative: Zone 2

(GC) =-3.2

(GC)=—41418 + 0.9418 log A
(GC)=-1.6

Negative: Zone 3 (span A)

(GC) =-4.1

(GC,) =—4.5000 + 0.4000 log A
(GC) =-8.2782 + 2.2891 log A
(GG) =-21

Negative: Zone 3 (spans B, C, D)

{GC) =-26

(GC) =-4.6030 + 1.0015 log A

(GC) =-1.9

for A =10 {?
for 10 < A <500 "

for A > 500 fi*

tor A=10 R
lor 10 < A<100 ¢

for A> 100 1*

for A=10 ¢
for 10 < A< 100 fit*

for A> 100 ft*

for A =10 f*
for 10 < A < 500 £*

for A > 500 [*

for A=10H1*
for 10 < A <500 It?

for A > 500 f*

for A= 10
for 10 < A< 100 it?
for 100 < A <500 i?

for A > 500 @?

for A =100 f*
for 100 < A <500 fe*

for A > 500 fi*
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Table G2-10 Roof and Walls for Buildings with h > 60 ft (Figure 6-17 in ASCE 7-05)

Roofs 6 - 10°

Negative: Zone 1

(GC)=-1.4 for A=10 ft*
(GCP) =-1.6943 + 0.2943 log A for 10 < A <500 f*
(GG) =-09 for A > 500 £’

Negative: Zone 2

(6GG)=-23 for A =10 f¢*
(CG,) =~2.7120 + 0.4120 log A for 10 < A <500 £2
(GC) =-16 for A > 500 f®

Negative: Zone 3

(GC)) =32 for A=10 f¢

(GG) =-3.7297 + 0.5297 log A for 10 < A < 500 £2
(GC) =-2.3 for A> 50b ft®
Walls AlL 6

Posttive: Zones 4 and 5

(GG =09 for A =20 [
(GG)=1.1792-0.2146 log A for 20 < A <500 fi*
(GC) =06 for A> 500 ft*
Negative: Zone 4

(GG) =-0.9 " for A=2012

(GC) =-1.0861 + 0.1431 log A for 20 < A <500 fi?
(GC)=-0.7 ' for A > 500 ft?

Negative: Zone 5

(6C)=-18 for A= 20 f*
(GC,) =-2.5445 + 0.5723 log A for 20 < A < 500 fi?
(GC) =-1.0 for A> 500 fi°
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In this chapter, 13 examples illustrate how wind loads are determined using
the stmplified and analytical procedures described in ASCE 7-05. These
examples provide guidance to the user of the Standard in determining
wind loads for several types of buildings.

These examples represent a variety of sitnations in determination of
wind loads. The equation, table, ligure, and section numbers of ASCE 7-05
are cited where appropriate. Every elfort has heen made o check the acen-
racy of the numbers in calenlations, although no absolute assurance is given.

3.1 Example 1: 30-ft x 60-ft x 15-ft Commercial Building
with Concrete Masonry Unit Walls

In this exanple, design wind pressures for a typical load-bearing one-story
masonry butlding are determined. The building is shown in Figure G3-1,
and data are as shown here. :

This example uses Method 2, Analytical Procedure, of Section 6.5 of
ASCE 705 for rigid buildings of all heights. The same building is illustrated
in Ex. 2 (Section 3.2) using Method 1, Simplified Procedure, of Section 6.4
of ASCE 7-05.
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Example . . Ligure No.
No. Building/Methodology Section No. (This Guide)
1 30t x 60-ft X 15-ft commercial building with concrete masonry 3.1 G31
unit {CMU) walls
2 Commercial building from Ex. 1 using simplified procedure 3.2 G3-1
3 100-ft x 200-ft x 160-fi-high office building located in hurricane 3.3 G3-6
zone .
4 Office building from Ex. 3 located on an escarpment 34 G3-10
5 A typical 2,500-ft* house with gable/hip roof 3.5 G311 (a)-(d)
6 200-ft x 250-ft gable roof commefcia]/ warehouse building using 3.6 G3-13
all height provisions
7 Commercial/warehouse buillding from Ex. 6 using low-rise 3.7 G3-13
building provisions
8 40-ft x 80-ft commercial building with monoslope roof with over- 3.8 G327
hang
9 U-shaped apartment building 39 G3-33
10 50-ft X 20-ft billboard sign on poles (flexible) 60 ft above ground 3.10 G338
11 Domed-roof building 311 G340
12 Unusunally shaped building 3.12 G343
13 Open roof 3.13 G3-50

Roof Panels (2 x 20 ft}
Open Web Jolst
CMU Wall

Figure G3-1  Building Characteristics for Examples 1 and 2, Commercial Building
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3.1.1

3.1.2

3.1.3

Location Corpus Chrisd, Texas
Topography Homogencous
Terratn Flai, open lerrain
Dimenstons 30 fux 60 L x 15 fi, flac roof
Building Use Shop

Framing CMU walls on three sides
Steel framing in [ront with glass
Open web joists, 30-ft span spaced at 5 ft on center, coverecl
with metal panel to provide roofl diaphragnm action

Cladding Roofl metal panels are 2-ft wide, 20-ft long
Doors and glass size vary; glass is debris cesistant

Roof top equipment 1 — 10 It (face normal o wind) x 5 ft x 5 ft high air handler
1 - 3 ft diameter smooth surface vent pipe

Basic Wind Speed

Selection of the basic wind speed is addressed in Section 6.5.4 of the Stan-
dard. Basic wind speed for Corpus Chrisa, Texas, is 130 mph (Figure 6-1a of
the Standard).

Exposure

The building is located on Hat and open terrain. It does not fit Exposures B
or D, therefore use Exposwre C (Sections 6.5.6.2 and 6.5.6.3 of the Standard).

Building Classification

The building function is shops. It is not considered an essential facility.
Building Category 11 is appropriate; see Table 1-1 of the Standard.

Velocity Pressure

The velocity pressures are computed using
q.= 0.00256 KK K,V*/ (Eq. 6-15)

where

K = 0.85 from Table 6-3 of the Standard for Case 1 (C&C) and
Case 2 (MWTIRS); for 0 1o 15 ft, there is only one value: K = K,

K, = 1.0 for homogeneous topography (see Section 6.5.7 of the
Stanclard)

0.85 for buildings (see Tuble 6-4 of the Standard)

K,
1%
I = 1.0 for Category Il building (see Table 6-1 of the Standard) .

130 mph (see Figure 6-1a of the Standard)
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therefore,

q. = 0.00256 (0.85) (1:0) (0.85) (130)* (1.0) = 31.3 psf
g, = 31.3psfforh=151t
Gust Effect Factor

The building is considered a rigid structure. Section 6.5.8.1 of the Standard
permits use of G = 0.85. If the detailed procedure for a rigid structure is
used (Secton 6.5.8.1 of the Standard), the calculated value of G = 0.89;
however, the Standard permits the use of the value of G= 0.85. Detailed cal-
culations for G value are illustrated in Ex. 3 (Section 3.3 of this guide).

Use G=0.85 for this example.

Internal Pressure Coefficient

The building is located in a hwricane-prone area (see definition of wind-
borne debris region in Section 6.2 of the Standard). Section 6.5.9.3 requires
that glazing be considered openings unless protected or debris resistant.
The example building has debris-resistant glazing, and other openings are
such that it does not qualify as a partially enclosed or open building.
Use (GG,) = +0.18 and ~0.18 for enclosed buildings (see Figure 6-5 of
- the Standard).

3.1.5 Design Wind Pressures for MWFRS
Design wind pressures are determined using
p=46GG-q(GC) (Eq. 6-17)
where |
q = ¢ for windward wall (31.3 psf for this example}

g = g, for leeward wall, side walls, and roof {31.3 psf for this

example)
G =085
G, = Values of external pressure coefficients
q; = g, for enclosed building (31.3 psf)
(GG} = +0.18 and —0.18

The values of external pressure coefficients are obtained from Figure 6-6
of the Standard.

Wall Pressure Caefficient
The windward wall pressure coefficient is 0.8. .
The side wall pressure coefficient is ~0.7.

The leeward wall pressure coefficients are a function of L/B ratio.
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TFor L/B=10.5, Cp = —0.5 for wind norimal to 60 ft
For L/B=2.0, Cp =—0.3 tor wind normal 10 30 ft

Roof Pressure Coefficient

The roof pressure coefhicients are a lunction of roof slope and /L. For 8 < 10°
and A/L=0.25 and 0.5,
First value

C,=-0.9 for distance O to &

C,=-0.5 for distance & to 2/

C,=—0.3 for distance >2h

Second value

C,=—0.18 fov distance 0 to end.

This value of smaller uplift pressures on the roofl can hecome critical when
wind load is combined with roof live load or snow load; load combinations
are given in Section 2.3 and 2.4 of the Standard. For brevity, loading for this
value is not shown in this example.

MWERS Pressures
Windward wall
=313 (0.85) (0.8) —31.3 (20.18) = 21.3 £ 5.6 psl

Leeward wall

P =31.3 (0.85) (-0.5) - 31.3 (£0.18) =-13.3 £ 5.6 psf for wind normal

to 60 fi
# =313 (0.85) (-0.3) —31.3 (2£0.18) =-8.0£ 5.6 psf for wind normal to
30 ft

Roof - First value
# =315 (0.85) (-0.9) - 31.3 (£0.18)

=-23.9 + 5.6 psf forOto 15 fi
=-13.3%5.6 psf for 15 to 30 [t
=-8.0%£ 5.6 psf for > 30 It

The MWFRS design pressures for two directions are shown in Figures G3-2
and G3-3. The internal pressures shown are to be added to the external pres-
sures as appropriate. The internal pressures of the same sign act on all surfaces;
thus, they cancel out for total horizontal shear.
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Figure G3-2  Design Pressures for MWFRS When Wind Is Normal to 30-ft Wall
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Figure G3-3  Design Pressures for MWFRS When Wind Is Normal to 60-ft Wall

3.1.6  Design Wind Load Cases _
According to Section 6.5.12.3 of the Standlard, this building shall be designed
for the wind load Cases 1 and 3 as defined in Figure 6-9. Load Case 1 has
been considered above. Figure G3—4 is for Load Case 3 where the windward
and leeward pressures are taken as 75% of the specified values. '

3.1.7  Design Pressures for C&C /
Design wind pressures are determined using the equation
P=q,(GC) - (GC] (Eq. 6-22)
where
q, = 31.3 psf

(GC) = Values obtained from Figure 6-11 of the Standard; they are a
funcoon of effective area and zone

(GG,) = +0.18and -0.18

Wall Pressures

CMU walls are supported at the roof diaphragm and at ground, span = 15 ft.
CMU wall effective wind area is determined using the definition from
Section 6.2 of the Standard: “the width of effective area need not be less than
one-third of the span.”
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Figure G3-4 Load Case 3

CMU wall effective wind area, A =15 (15/8) =75 ft*

In Figure 6-11A of the Standard, Note 5 suggests that the pressiwe coefli-
cient values for walls can be reduced by 10% for roof slope of 10 or less dius cal-
culations below take 90% of the graphed values. The values of (GC) are obtained
from the figure or from equations of the graphs (see Section 2.4 of this guide).

Corner Zone 5 distance

smaller of a=0.1 (30) = 3 [t {coutrols)
or «=04(16)=060N

Corner Zone 5
=313 [(-1.09) (0.9) - (+0.18}] =-36.3 psf
#=313[(0.85) (0.9) — (£0.18)] = +29.6 psf

intericr Zone 4

=313 [(-0.95) (0.9) — (£0.18)] = -32.4 pst

£=31.3[(0.85) (0.9} — (20.18)] = +29.6 psf
Note: The CMU walls have uplift pressure from the roof, which is deter-
minec on the basis of MWFRS,

Pressure for glazing and mullions can be determined similarly with the
known elfective wind area.

Roof Joist Pressures

Roof joists span 30 ft and are spacec 5 fr apart. The joist can be in Zone 1
(interior of roof) or Zone 2 (eave area). Zone 3 (roof corner area) acts only
on a part of the joist.

Width of Zones 2 and 3 (Figure 6-11B)

sinaller of a=0.1 (30) = 3 [t {controls)
or a=04(15)=06Fk
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Joist Effective Wind Area

larger of A=30%5=150ft
or A =30 x(30/3) = 300 [t (controls)

The values of (GC) are obtained from Figure 6-11B of the Standard or
from equations of the graphs using effective area A = 300 ft*.

Interior Zone 1 ,
p=31.3 [-0.9+0.18] =-33.8 psf
p=31.3 [+0.2 £ 0.18] =+11.9 psf

Eave Zone 2 and Corner Zone 3
p= 31.3 [-1.1 £0.18] =-40.1 psf
p=313 [+0.2 £ 0.18] =+11.9 psf

Roof Panel Pressures
Even though roof panel length is 20 ft, each panel spans 5 ft between

joists.
Roof Panel Effective Area

larger of A=5%2=10f (controls)
or A=5x%(5/3) = 8 ft* (width of Zones 2 and 3, a= 3 ft)

Interior Zone 1
$=31.3[-1.0+0.18] =-36.9 psf
$=31.3 [+0.3£0.18] = +15.0 psf

Eave Zone 2
=313 (-1.8+0.18] =-62.0 psf
#=313 [+0.3+0.18] = +15.0 psf

Corner Zone 3
p=31.3[2.8+0.18] =-93.3 psf
#=31.3 [+0.3 £ 0.18] = +15.0 psf

Notes:

* Internal pressure coefficient of +0.18 or —0.18 is used to give critical
pressures.

* The roof panel fasteners design pressures will be the same as metal
panel since values of (GC) are the same for wind effective areas less
than 10 fe%. '
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3.1.8

3.2

Design Forces on Roof Top Equipment

Design wind forces are determined using the equation

F=1.94,CCA, (Eq. 6-28)
where
g. = 313 psf
G = gust effect factor from Section 6.5.8
G, = force coeflicients [rom Figure 6-21
A, = projected area normal to the wind
L9 = magnification factor when A,< 0.18k from Section 6.5.15.1.

Note if A, 2 Bh, the magnitication factor is 1.0. It may be
linearly interpolated from 1.9 to 1.0 as the value of A,
increases from 0.1 B4 wo Bh.

Rectangular air handler
From Tigure 6-21, for rectangular (square paramelers used since rectangu-
lar is not a noted shape), h/D =15 ft (height of swucture) /5 ft (least dimen-
sion of square cross-section) = 3.

Interpolating from Figure 6-21, &/D=3,. C}: 1.33.

Af= 10 £t x 5 ft =50 sq ft

Amust be compared o 0.18%in order to determine the magnitude of
the magnilication factor. B = the face of the building normal to the wind,
therefore if the windward wall is 60 fi, 0.18k = 0.1 (60) (15) = 90 sq ft, there-
fore A, < 0.1 Bhand the magnilication [actor = 1.9.

Thus, F=31.3 psf (1.9) (0.85) (1.33) (50 sq ft) = 3,361 lbs.

Round vent pipe
From Tigure 6-21, for a round cross-section, D/,\/Ez where D = diameter of
round cross-section and ¢, = velocity pressure at height z, or 3/ m ={.54,
which is less than 2.5

With /D=3, Cf= 0.73 interpolating in Figwre 6-21.

A=31tx 10 fi =30 sq [t.

A;< 0.1Bh, therefore the magnification factor = 1.9.
Thus, £=31.3 psf (1.9) (0.85) (0.73} (30 sq tt) = 1,108 1b>.,
Example 2: Ex. 1 Using Simplified Procedure

In this example, design wind pressures for the buikling of Ex. 1 are deter-
mined using the simplified procedure of Section 6.4 of the Standard. Data
for the building are the same as Ex. 1 (see Section 3.1 and Figure G3-1).
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3.2.1

3.2.2

3.23

3.24

3.25

In order to use the simplified procedure, all conditions of Section
6.4.1 of the Standard must be satisfied, namely:

1. It is a simple diaphragm building.

2. Its mean roof height % is less than 60 ft and does not exceed the

least horizontal dimension.

3. Since the building has debrisresistant glazing and no dominant
opening in any one wall, it can be classified as an enclosed building.
It also conforms to the wind-borne debris provisions of Section
6.5.9.3 of the Standard.

. It has a regular shape.

. Itis a rigid building (2/width << 4) (see Commentary in the Standard)

. There is no expansion joint.

. There is no abrupt change in topography (sce Section 6.5.7.1 of the
Standard for requirements of topographic effects).

8. It has an approximately symmetrical cross section in cach direction

with a flat roof. '

~r & O o

Wind pressures for both the MWERS and C&C can be obtained using
the simplified procedure.

Basic Wind Speed

Basic wind speed for Corpus Christi, Texas, is 130 mph (see Figure 6-1a of
the Standard).

Building Classification

Building Category Il is appropriate. Importance Factor f=1.00 (see Table 6-1
of the Standard).

Exposure

The building is located on flat and open terrain. It does not fit Exposures B or

- Dj; therefore, use Exposure C (Sections 6.5.6.2 and 6.5.6.3 of the Standard).

Note that wind pressure values given in Figures 6-2 and 6-3 of the Standard are
for Exposure B.

Height and Exposure Adjustment Coefficient A
I'rom Figure 6-2 of the Standard, A =1.21.

Design Wind Pressures for MWFRS
This building has a flat roof, so only Load Case 1 is checked (see Table G3-1)

P=Abk, Ipa=121x1.0x1.0Xp,, (Eq.6-1)
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Table G3-1

Design Wind Pressures

Zones A C I F G H

».(psh) 39.4 215 -39.0 99,1 -97.1 ~17.2

Notes: (1) Zones are defined in Figure 62 of the Standard: & = smaller of 0.1 % 30 = 3 ft
(control) or 0.4 x 15 =6 fi. (2) The load patierns shown in Figure G3-5 shall be applied o
each corner of the building in wrn as the reference comer.

Q’rec . Reference
&, ‘0 corner
U
oo

Transverse Longitudinal

Figure G3-5 Design Wind Pressure for Transverse and Longitudinal Directions

3.26

In the simplified procedure, design roof pressure includes internal
pressure. The wall pressure is the combined windward and leeward wall
pressures (internal pressure cancels).

Design Pressures for C&C

According to Section 6.4.2.2 of the Standard,

Poa= Al I, =121 x1.0X1.0xp

et efh

(Eq. 6-2)

Wall Pressures

The effective wind area for a CMU wall is 75 [* (see Ex. 1). Linear interpo-
lation is permitted in Figure 6-3 of the Standard.

Zone 4
Por=121%x10x1.0x26.6 =322 psf
Pua=121x1.0x 1.0 x (-29.1) = -35.2 pst
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Zone 5
Poa=121 x1.0% 1.0 % 26.6 = 32.2 psf
P..=121 x1.0x1.0 x (-33.0) =-39.9 pst

Roof Joist Pressures

From Figure 6-3 of the Standard, for V=130 mph, for effective wind area of
300 f¢%, the design pressures are calculated as follows.

Zone 1 »
$,.=121x1.0x1.0x9.8=11.9 psf

net

$..=121 X 10X 1.0 X (—27.8) =—33.6 pst

Zones2and3
Pa=121 x1.0x1.0x9.8=11.9 psf
P =121 X LOX 1.0 X (-33.0) =-39.9 psf

Roof Panef Pressures

Effecuve wind area for roof panel is 10 ft* (see Ex. 1). From Figure 6-3 of
the Standard, for V=130 mph, for effective wind area of 10 ft?, the design
pressures are calculated as follows.

Zone 1
Poa=121 x1.0x1.0x12.4=15.0 psf

et

poa=1.21 % 1.0 X 1.0 X (-30.4) = —36.8 psf

el

Zone 2
Pa=121x1.0x12.4=15.0 pst
P = 1.21 X 1.0 X (-51.0) = —61.7 psf

Zone3
Pos=1.21 X1.0x12.4=15.0 psf
P = 1.21 X 1.0 X (-76.8) = -92.9 psf

The analytical procedure in Ex. 1 yields C&C design pressures close to |
the results of the simplified procedure.
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3.3 Example 3: 100-ft x 200-ft x 160-ft High Office Building

This building is illustrated in Figure G3-6; daia for the building is as follows:
Location Near Houston, Texas
Topography Homaogeneous
Terrain Suburban

Dimensions 100 ft X 200 fuin plan
Roof hieight of 157 ft with 3-t pavapet
Flat roof

Framing Reinforced concrete rigid frame in both divections
Floor and roof stabs provide diaphragim action
Fundamental natural frequency is greater than 1 He
(Since the height 1o least horizontal dimension is less than 4,
the fundamental trequency is judged 1o be greater than 1 Hz.)

Cladding Mullions for glazing panels span 11 [t between floor slabs
Mullion spacing is 5 [t

Glazing panels ave 50t wide X 5-ft 6 in. high {typical); they are wind-
borne debris impact resistant in the bottom 60 fi as required by Section
6.5.9.3 of the Standard

The analytical procedure of ASCE 7-05 is to be used.

160 ft

Figure G3-6  Building Characteristics for Example 3, Office Building
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3.3.1

3.3.2

333

334

335

Exposure

The building is located in a suburban area; according to Section 6.5.6.3 of
the Standard, Exposure B is used.

Building Classification

The building function is office space. It is not considered an essential facility
or likely to be occupied by 300 persons in a single area at one time. There-
fore, building Category Il is appropriate (see Table 1-1 of the Standard).

Basic Wind Speed

Selection of the basic wind speed is addressed in Section 6.5.4 of the Stan-
dard. Vicinity of Houston, Texas, is located on the 120-mph contour. The
basic wind speed V=120 mph (see Figure 6-1a of the Standard

Velocity Pressures

The velocity pressures are computed using the following equation:
q.=0.00256 KX K VI pst (Eq. 6-15)

where

K, = value obtained from Table 6-3, Case 1 for C&C and Case 2 for
MWFRS

K, = 1.0 for homogeneous topography
K, = 0.85 for buildings (see Table 6-4 of the Standard}
V = 120 mph
I = 1.0 for Category Il classification (sce Table 6-1 of the
Standard)
= 0.00256K (1.0) (0.85) (120)* (1.0)
q. = 31.3 K, psf,

Values for K and the resulting velocity pressures are given in Table G3-2.
The velocily pressure at mean roof height, g, is 35.1 psf.

Design Wind Pressures for the MWFRS

The design pressures for this building are obtained by equation,
P=4qGGC,- 4{(GC,) (Eq. 6-17)
where

q. for windward wall at height z above ground

-
]

= ¢, for leeward wall, side walls, and roof

w2y
|
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Table G3-2 g, Velocity Pressures

MWIRS C&
Height, [t K 1 PSf K, . b5f
0-15 0.567 17.9 0.70 21.9
30 0.70 21.9 0.70 21.9
50 0.81 25.4 .81 254
80 0.93 20.1 0.93 20.1
120 1.04 32.6 ‘. 1.04 32.6
Roof = 157 1.12 35.1 1.12 351
Parapet = 160 1.13 354 1.13 35.4

Note: ¢, = 35.1 psf.

g; = ¢, for windward walls, side walls, leeward walls, and roofs for

negative internal pressure evaluation in pardally enclosed

building

1 = ¢.for positive internal pressure evaluation in pardally

enclosed buildings where height zis 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 shall
be treated as an opening in accordance with Section 6.5.9.3,

G
C

1
(GC,)

Gust Effect Factor, G

Dimensions of this building where //least width = 1.6 < 4.0 indicates that it

|

is a rigid structure:
G =0.925 [ (

gQ = g1.' = 3.4

1+1.7 gokQ)
(1+1.7 gvkz)

% =0.6(157) = 94.2 ft (controls)

z=1z,=30ft

it

c=0.30

= External pressure coellicient

Internal pressure coeflicient

Gust effect factor for rigid building and strucwure

(Sec.6.5.8.1)
(Sec.6.5.8.1)

(Table 6-2)

(Eq. 6-4)

(Tabie 6-2)
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% %

I, = c(g) = 030(&) =0.25 (Eq. 6-5)

z 94.2

. \E y3
Ly= z(i] = 320(%J =454 ft (Eq. 6-7)

33) . 33

1
Q= ’ 0.63 (Eq. 6:6)
\]1+0 63[3”’)
LE

B =100 ft (smaller value gives larger G)

1

Q= —— =0.83
1+0_6?{100+157)
454
G =0995 (1+1.7%3.4%0.25x0.83) 083
' (1+1.7x3.4x0.25) '

Wall External Pressure Coefficients, C .

The values for the external pressure cocfficients for the various wall sur-
faces are obtained from Figure 6-6 of the Standard and show in Table G3-3.
The windward wall pressure coefficient is 0.8. The side wall pressure coeffi-
cientis —0.7,

The leeward wall pressure cocfficient is a function of the L/B ratio. For
wind normal to the 200-t face, L./B=100/200 = 0.5; therefore, the leeward wall
pressure coefficient is —0.5. For wind normal to 100-ft face, I/B=200/100 = 2.0;
therefore, the leeward wall pressure coeflicient is —0.3.

Table G3-3 Wall C, for Ex.3

Surface Wind Direction L/B ) Cp
Windward wall All All 0.80
Leeward wall 1 to 200t face 0.5 —0.50

|| to 200t face 2.0 -0.30
Side wall All All -0.70
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Table G3-4

Table G3-5

Roof C with the wind normal to the 200-ft face

Roof G, with the wind normal to the 200-ft face are shown in Table G3—4. For
h/L=157/100 = 1.6 > 1.0, and 8 < 10°, wo zones are specified in Figure 6-6
of the Standard.

First value
0to h/2 CP =-1.5
> h/2 CP: 0.7

Second value

C,=—0.18. This value of smaller uplift pressures on the roof can

become critical when wind load is combined with roof live load or
snow load; load combinations are given in Section 2.3 and 2.4 of the
Standard. For brevity, loading for this value is not shown in this
example,

The €,=-1.3 may be reduced with the area over which it is applicable.
Area = 200 x 79 = 15,800 ft*
Reduction lactor = (.8

Reduced C,=0.8 x (-1.3) =-1.04

Roof C with the wind normal to 100-ft face

Roof €, with the wind normal to the 100t face are shown in Table G3-5. For
h/L=157/200 = 0.8, interpolation in Figure 6-6 of the Standard is required.

Roof Calculation for 0 to 79 fi (hW/2) from Edge (Wind Normal to 200-ft Face)
LExternal pressure = 35.1(0.83) (-1.04) =-30.3 psf

Roof C, for Wind Normal to 200-ft Face

Distance from Leading Edge C:,,
Oto h/2 ~1.04
> h/2 -0.70

Note: A= 157 .

Roof G, for Wind Normal to 100-ft Face

Distance from windward edge AL <05 /L =08 /L2210
Ow /2 -0.9 -0.98 -1.04
2w h -0.9 -0.78 -07
hio2h -0.5 . —0.62 0.7
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Roof Calculation for 79 (h/2) to 100-ft from Edge (Wind Normal to 200-ft Face}

External pressure = 35.1(0.83) (-0.70) = -20.4 pst

External pressures are ssumnarized in Tables G3-6 and G3-7.

Internal Pressure Coefficients, (GG,)

The building is in a hurricane-prone and wind-borne debris region. The
glazing is required to be debris resistant up to 60 ft above the ground
(Section 6.5.9.3 of the Standard). Above 60 ft, glazing is considered as an
opening. In addition, if there is a debris source, such as an aggregate sur-
faced roof within 1500 ft of the subject building, glazing that is up to 30 ft
above the aggregate surfaced roof must be debris impact resistant from -
the ground to 30 ft above the adjacent building roof. Since there is no
information in this example about an adjacent aggregate surfaced roof,
the lower 60 ft of the building could be designed as an enclosed building
using GC,; = 0.18 because of impact resistant glazing. The remainder of

the building is classified as a partially enclosed building.

MWHFRS Pressures
p=4GC,~ ¢{GC,) (Eq. 6-17)
I'or enclosed buildings
GC,;=+0.18
Table G3-6  External Pressures for MWFRS: Wind Normal to 200-ft Face
Sturface (]zz ) (pzp - G Pfe,]f:;jz?;;g)

Windward wall 0-15 17.9 0.80 11.9
30 21.9 0.80 - 14.5
50 25.4 0.80 16.9
80 29.1 0.80 19.3
120 52.6 0.80 _ 21.7
157 35.1 0.80 23.3
Leeward wall All 35.1 —0.50 -14.6
Side walls All 35.1 -0.70 -20.4
Roof 0-79 35.1 -1.04 -30.3
79-100 35.1 -0.70 -20.4

Note: ¢, = 35.1 psf; G=0.83.
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Table G3-7  External Pressures for MWFRS: Wind Normal to 100-ft Face

Suface w ) “ P.isfie&fsﬂ
Windward wall 0-15 17.9 0.80 11.9
30 21.9 0.80 14.5
50 25h.4 0.80 16.9
80 29.1 0.30 19.5
120 32.6 .80 21.7
157 35.1 0.80 23.3
Leeward wall All 35.1 —0.30 -8.7
Side walls All 35.1 -0.70 ~20.4
Roof 0-79 35.1 -0.98 -28.6
79-157 35.1 —0.78 -22.7
157-200 35.1 —0.62 -18.1

Note: g, = 35.1 psl; G=0.83.

For partially enclosed buildings:
GC,=+0.55 (Table 6-7)

For g, q,= 35.1 psf {or negative internal pressure, and ¢, will be evalu-
ated at 60 ft for positive internal pressure (the point at which the enclosed
building classification changes to partially enclosed).

Internal Pressure Calculation
Negative internal pressure = 85.1 x (-0.55) = -19.3 psf
Positve internal pressure = 26.6 X 0.55 = 14.6 psf (g, is gained by inter:

polation at height z = 60 [t)

Parapet Load on MWFRS

According to Section 6.5.12.2.4 of the Standard:

Pfl = quC[m (E(l' 6-20)
g, = 35.4 psf
GC,, = 1.5 for windward parapet

=~1.0 for leeward parapet
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Parapet is 3 ft high; the force on parapets of MWERS can be determined as
follows:

y
I

85.4 x 1.5 x 3 = 159.3 plf for windward parapet
35.4 x (-1.0) X 3 = -106.2 plf for leeward parapet

il

This force is to be applied on the windward parapet and to the leeward
parapet.

Design wind pressures for MWFRS are shown in Figure G3-7 for wind
normal to 200-ft face and in Figure G3-8 for wind normal to 100-ft face.

For design of parapet, see the loads on components and cladding.

3.3.6 Design Wind Load Cases

Section 6.5.12.3 of the Standard requires that any building whose wind
loads have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9.
Case 1 includes the loadings determined in this example and shown in
Figures G3-7 and G3-8. A combination of windward (P,) and leeward (F})
loads are applied for Load Cases 2, 3, and 4 as shown in Figure G3-9.

3.3.7 Design Pressures for C&C
Design pressure for C&C is obtained by the following equation:

p=q(GC) - g(GC,) (Eq. 6-23)
where

g = ¢, for windward wall calculated at height z and g, for leeward
wall, side walls, and roof calculated at height

g = q,=35.1 psf for negative internal pressure

g, evaluated at 60 ft = 26.6 psf for positive internal pressure

Il

(GC) = External pressure coefficient (see Figure 6-17 of the Standard)
(GC,) = Internal pressure coefficient (see Figure 6-5 of the Standard)
Wall Design Pressures

The pressure coefficients (GC) are a function of effective wind area (see
Table G3-8). The definition of effective wind area for a C&C panel is the
span length multiplied by an effective width that need not be less than one-
third the span length (see Section 6.2 of the Standard). The effective wind
areas, 4, for wall components are:

Mullion _
larger of A=11(5) =55 ft* (controls)
or A=11(11/3) =40.3 fi?
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AP

T ’l‘ T20.4 psf
wind 1593plf — 1|60 Ift — > 106.2plf
>
157 ft
233 psf F 79 ft
120 fr
21.7 psf 100ft ————=
? 14.6 psf
_ 80 ft 7
19.3 psf Add internal pressure of
+14.6 psfand -19.3 psf
500 for Lo load cases
16.9 psf
30ft
14.5 psf :
~ 15t
11.9 psf

Figure G3—-7  Design Pressures for MWFRS for Wind Normal to the 200-ft Face

286 ps
! 22.7 psf
‘l”l"[ | 181 psf
159.3 pif — | 160Mt —106.2 plf
15710t
Wind 120t
21.7 psf 200 ft
8.7 psf
80 ft
19.3 psf Add internal pressure of
+14.6 psf and -19.3 psf
50t for two load cases
16.9 psf
I0f
14.5 psf
15 ft
11.9 psf

Figure G3-8  Design Pressures for MWFRS for Wind Normal to the 100-ft Face
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Mr=075(uy + Pix)  Mr=075(Puy+Pry) My =0.563(Py +P, ) x 100 % (+15 )

x 100 x (£151t) X200 x (+30ft) +0.563(P, + Py ) x 200 {30 /1)
e, =#15ft ey =230t ey=x15ft e,=+301t
Case 2 Case 4

Figure G3-9  Design Pressures in Case B for MWFRS for Wind Normal to 100-ft Face

Glazing panel
larger of A=5(5.5) = 27.5 ft* (controls)
or A=5(5/3) =8.3 ft*

Width of corner Zone 5
larger of a=0.1(100) = 10 ft (controls)
or a=3ft

" The internal pressure coefficient (GC,} =+ 0.55 (Figure 6-5).

&

See notes above about the location of enclosed building area and
internal pressure coefficient of GC,,= %0.18 can be used in the bottom 60 ft.

Table G3-8 Wall (GC) for Ex. 3

: A Zones 4 and 5 Zone 4 Zone 5
Component () {(+GC,) (-GG,) {(-GG,)
Mullion 55 0.81 -0.84 -1.65
Panel 27.5 0.87 -0.88 -1.72
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Typical Design Pressure Calculations

Design pressures for mullions are shown in Table G3-9 and for panels in
Table G3-10. Controlling negaltive design pressure for mullion in Zone 4 of
walls for &= 60 ft and above:

=35.1(-0.84) - 26.6 x 0.55
=—44.1 psf (positive internal pressure controls)

Controlling negaltive design pressurve for nullion in Zone 4 for wall
below 60 fu

=35.1(~0.84) - 26.6 X 0.18

=-34.3 psf (positive internal pressure controls).

Table G3-9 Controlling Design Pressures for Mullions {psf)

Design Pressute

Zone 4 Zone 5
z (1) Positive Negalive Peositive Negative
0-15 37.0 -34.3 37.0 —59.2
15-30 37.0 -34.3 37.0 —59.2
30-50 39.9 -34.3 39.9 -59.2
50-80 ' 42.9 —44.1 42.9 -69.0
80-120 45.7 —44 .1 45.7 -59.0
120-157 47.7 —44.1 47.7 -69.0

Table G3-10 Design Pressures of Panels (psf)

Design Pressiore

Zone 4 Zone 3

z(ft) Fositive Negative Positive Negative

0-15 38.4 —45.5 38.4 -75.0

15-30 38.4 -45.5 38.4 -75.0

30-50 41.4 -45.5 41.4 -75.0 |

50-80 44.6 —45.5 44.6 ~75.0 |
80-120 47.7 —45.5 47.7 -75.0
120-157 49.8 —45.5 49.8 =75.0
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Controlling positive design pressure for mullion in Zone 4 of walls at
roof height:

35.1 X 0.81 — 85.1 x (~0.55)

47.7 psf (negative internal pressure controls)

I

Controlling negative pressure is obtained with positive internal pressure,
and controlling positive pressure is obtained with negative internal pressure.

Parapet Design Pressures

The design wind pressure on the C&C elements of parapets shall be deter-
mined according to the following equation (Section 6.5.12. 4.4 of the Stan-
dard). In this example, the effective wind area is assumed to be 3 ftx 3 ft=9 f°.

P=q,(GC,- GC) - (Eq. 6-24)
where

g, = Velocity pressure evaluated at the top of parapet.

GC, = External pressure cocfficient from Figures 6-11 through 6-17
of the Standard. _
GC,; = Internal pressure coefficient from Figure 6-5 of the Standard,

based on the porosity of the parapet envelope. In this
example, internal pressure is not included since parapet is
“assumed to be nonporous.

Note that, according to Note 7 of Iigure 617, Zone 3 is reated as Zone 2.

Load Case A
85.4 x [(0.9) — (-2.3)] = 113.3 psf (directed inward)

Load Case B
95.4 % [(0.9) — (~1.8)] = 95.6 psf (directed outward)

Roof Design Pressures
The C&C roof pressure coefficients are given in Figure 6-17 of the Stan-
dard. The pressure coefficients (Table G3-11) are a function of the effec-
tive wind area. Since specific components of roofs are not identified, design
pressures are given for various effective wind areas, 4.

The design pressures are the algebraic sum of external and internal
pressures. Positive internal pressure provides controlling negative pressures.
These design pressures act across the roof surface (interior to exterior):

Design internal pressures = 26.6 x 0.55 = 14.6 psf
Design pressures = ¢, (GC,) —14.6 = 35.1 (GC)) - 14.6

Design pressures are summarized in Table G3-12.
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Table G3—-11  Roof External Pressure Coefficient {GC)

A Zone 1 Zones 2 and 3
(ft') GC, -GC,
<10 -1.40 -2.30
20 -1.31 -2.18
100 -1.11 -1.89
250 -0.99 -1.72
400 —0.93 -1.64
2500 —0.90 ~1.60

Note: Note 7 in Figure 6~17 of the Standard permits weatment of Zone 3 as Zone 2 il para-
pet of 3 [Lor higher is provided.

Table G3-12  Roof Design Pressures (psf)

Dt‘ﬂgu- Jrressures negalive

A(T) Zone | Zones 2 and 3
<10 —63.7 -95.3
20 -60.6 ~01.1
100 -53.6 -80.9
250 —49.3 ~75.0
400 -47.2 —72.2
500 —46.2 -70.8

3.4 Example 4: Office Building from Ex. 3 Located on an
Escarpment

In this example, velocity pressures for the office building of Ex. 3, when it is
located on an escarpment, are determined. Design pressures for MWFRS
and C&C can be determined in the same manner as Ex. 3 once velocity pres-
sures ¢, and g, are determined. The building is illustrated in Figure G3-10;
data are provided below.

Location City in Alaska
Topography Escarpment as shown

Terratn Suburban
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Dimensions 100 ft x 200 ft in plan

Roof height of 157 ft with 3t parapet

Flat roof

Framing Reinforced concrete rigid frame in both directions
Floor and roof slabs provide diaphragm action
Fundamental natural frequency is greater than 1 Hz

Cladding Mullions for glazing panels span 11 ft between floor slabs

Mullion spacing is 5 ft

Wind
_—
160 ft
L, =100 —
.l
2 | TN NN AN AYAYA
H=80ft ‘
VAYAAY: rosoft
100 ft ——

Figure G3-10  Building Characteristics for Example 4, Office Building on Escarpment. Notes: 1)L,
is measured from mid-height to top of the slope. 2) x distance is taken to the front of

the building as a conservative value,

Glazing panels are 5-ft wide X 5-ft 6 in. high (typical). Glazing does
not have to be wind-borne debris impact resistant becaunse Alaska is not in
a hurricane-prone region (see Section 6.5.9.3 of the Standard).

3.4.1 Exposure, Building Classification, and Basic Wind Speed

Exposure B, same as Ex. 3
Category II
V=120 mph, same as Ex. 3

3.42  Velocity Pressures

The velocity pressure equation is

¢,= 0.00256 K K K, VA1 psf

48 Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05



where

K. = value obtained from Table 6-3 of the Standard
K, = value determined using Figure 6-4 of the Standard
K, = 0.85 for buildings (sce Table 6-4 of the Standard)
V = 120 mmph
[ = 1.0 for Category II from Table 6-1

Determination of K
The topographic effect of escarpment applies only when the upwind terrain
is free of topographic features for a distance equal to 100 ff or 2 mi, which-
ever is smaller. For this example, it is assumed that there are no topographic
features upwind for a distance ol 8,000 fi.

For use in Figure 6-4 of the Standard,

H =801t
L, =100ft

-
Il

50 ft (distance to the front face of the building)

Since H/L, = 0.8 > 0.5, according o Note 2 in Figure 6-4 of the Stan-
dard, use H/L,=0.5and ,=2H =160 fL.
The building is on a 2-D esciupment.

For Exposure B
K,/(H/L) = 0.75, therefore K, = (0.75) (0.5) =0.38 (Figure 6-1)
For x/L, = 50f/160 fi=031; K,=1-(0.31/4) =0.92 (Figure 6-4)

—2.51’
K, =e * (values in table [or z)

K, = (1+K KK)* (Eq. 6-3)
q. = 0.00256K K,(0.85) (120)*(1.0)

Values for ¢ are shown in Table G3-13.

343  Effect of Escarpment

Velocity pressures ¢, are compared with the values of Ex. 3 in Table G3-14 (o
assess the effect of the escarpment. The increase in velocity pressures does
not directly translate into an increase in design pressures as discussed below.

For MWTRS, the external windward wall pressures will increase by the
percentages shown at various heights; however, the external leeward wall,
side wall, and roof pressures will increase by 8% since these pressures ave
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Table G3-13  Speed-up Velocity Pressures (psf}

Height (1) K /L, X, K, g, (psf)
0-15 0.57 0.05 0.88 1.71 30.5
30 0.70 0.14 0.71 1.56 34.2
50 0.81 0.25 0.54 1.41 35.8
80 0.93 0.41 0.36 1.27 37.0
120 1.04 0.63 0.21 1.15 37.5
=157 K,=1.12 0.87 0.11 108 . %19

Notes: z is taken midway between the height range because it is unconservative for K, 1o
take top height of the range. L, = 160 fi.

Table G3-14  Velocity Pressure g, (psf)

Height (ft)  Homogeneous terrain (Ex. 3)  Escarpment (Ex. 4)  Percenlage increase

0-15 17.9 80.5 71
30 921.9 34.2 56

50 254 35.8 41

80 29.1 | 7.0 27
120 32.6 37.5 15
157 (roof) 35.1 37.9 8

controlled by velocity pressure at roof height, g,. Internal pressures will
depend on assessment of openings.

For C&C, the negative (outward acting) external pressures will also
increase by only 8%.

3.5 Example 5: 2,500-ft* House with Gable/Hip Roof

Design wind pressures for a typical onestory house are to be determined.
Various views of the house are provided in Figures G3-11(a)—(d). The physi-
cal data are as shown here.

Loeation Dallas—Fort Worth, Texas
Topegraphy Homogenous

Terrain  Suburban
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Dimensions 80 ft x 40 ft (inclucding porch} fooprint
Porch is 8 ft x 48 [t
Wall eave heightis 10 1
Roof gable O = 15° roof overhang is 2 ft all around

Framing Typical timber construction
Wall studs are spaced 16 in. on center
Roof tusses spanning 32 {t are spaced 2 {t on cenler
Roof panels are 4 [t x 8 ft

a) 2 fi Overhang B
K (typical) : p

®

e
(]

|
{

&

[HCITETIRCAARTOENA TR 4 (TR

48 fi ' 32ft
80t

<) /\ d)

101t

HHIIL

32 ft [ 8 fr— 40 ft

Figure G3-11a-d  Building Characteristics for Example 5, House with Gable/Hip Roof. Note: a) View of
roof b) view of front ¢) view of Side A, and d) view of Side C
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Glazing is uniformly distributed (pressures on C&C will depend on
effective area and location; for brevity, all items are not included).

Wind speed V=90 mph

Importance factor 7=1.0

Topography factor K,=1.0

Directionality factor K, = 0.85 (for buildings)

The building is Jocated in a suburban area; according to Section
6.5.6.2 and 6.5.6.3 of the Standard, Exposure B is used.

=121 ft

15°
mean ropfheigh[ = 10 + Llfi)(%—)

Since K, is constant in the 0 to 15 fi region, from Table 6-3 of the
Standard,

K_=K,=0.70 for Case 1 {C&C)
K = K, = 0.57 for Case 2 (MWFRS)

3.5.1  Velocity Pressures
q.= 0.00256 K K, K, V* I psf (Eq. 6-15)

For MWFRS
q,= ¢, = 0.00256 (0.57) (1.0) (0.85) (9‘0)2 (1.0) = 10.0 psf

For C&C
q.= q,= 0.00256 (0.7) (1.0) (0.85) (90)* (1.0) = 12.3 psf

Gust Effect Factor
G=0.85 (Section 6.5.8.1)
(GC,,,.) =+0.18 and -0.18 (Figure 6-5)

3,5.2  Wind Pressure for MWFRS

Because of asymmetry, all four wind directions ave considered (normal to
walls). The wall surfaces are numbered 1 through 6; roof surfaces are 7
through 11; porch roof surface is 12. The external pressure cocfficients are
from Figure 6-6.
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Wind Direction A

Wall pressures

Surface 1: p=10.0 (0.85) (0.8} —10.0 (+0.18) = +6.8 + 1.8 psi (windward)
Surlace 2: p=10.0 (0.85) (-0.7) — 10.0 (£0.18) = -06.0 + 1.8 psf (sice)

Surlace 3: p=10.0 (0.85) (-0.3) - 10.0 (10.18) =-2.6 + 1.8 psf (leeward)
(for L/B=80/40=2; C,=-0.3)

Surface 4: p=-6.0 & 1.8 psl (side)
Surface b: = +6.8 + 1.8 psl (windward)

Surface 6: p=-6.0 + 1.8 psl (side)

Roof pressures

Roof €, from Figuve 6-8 of the Standard is shown in Table G3-15.

Roof pressures calculation
Surlace 7: $=10.0 (0.85) (-0.5) - 10.0 (+0.18) =—4.2 + 1.8 psf (windward)
Surface 8: for O = 0°; pressure varies along the roof

p=10.0 (0.85) (-0.9) —10.0 (+0.18) = -7.6 + 1.8 psf: 1 to 12.1 ft
p=10.0 (0.85) (-0.5) — 10.0 (+0.18) = -4.2 + 1.8 ps£; 12.1 t0 24.2 fx
p=10.0 (0.85) (-0.3) - 10.0 (£0.18) =—2.6 + 1.8 psk; 24.2 fi to endl

Surface 9: Same pressures as surface 8

Surface 10: =10.0 (0.85) (-0.5) —10.0 (+0.18) =-4.2 + 1.8 psf
(leeward)

Surface 11: #=10.0 (0.85) (-0.5) — 10.0 (x0.18) =-4.2 + 1.8 psl
(windward)

Swrface 12: Same as surface 8 without internal pressure

Table G3-15  Roof C;’ for Wind Direction A, by Surface

Suiface 7 8 9 10 11 12
C:;, =05  Hpi, distance from windward edge (ft) Sameas -0.5 05 Sameas
. swrface . . surface
0.0 lw 121 w0 24.2 1o end ] 0.5 0.0 8
12.1 24.2
-0.9 0.5 -0.3
-0.18 -0.18 -0.18°

* The values of smaller uplift pressures (lower row) on the rool can hbecome critical
when wind load is combined with roof live load or snow load; load combinations are

given in Sections 2.3 and 2.4 of the Standard. For brevity, loading tor Lhis value is nat
shown here.
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Overhang pressures

At wall surfaces 1 and 5,
#=10.0 (0.85) (0.8) = +6.8 pst

Internal pressure is of the same sign on all applicable surfaces.

Wind Direction B

Wall pressures 7
Surface 1: p=-6.0 + 1.8 psf (side)
Surface 2: p=+6.8 + 1.8 psf (windward)
Surface 3: = -6.0 £ 1.8 psf (side)

Surface 4: p=10.0 (0.85) (-0.5) —10.0 (+0.18) =—4.2 + 1.8 psf (leewafd)
(for L/B=40/80=0.5; C =-0.5) '

Surface 5: Even though technically this surface is side wall, it is likely
to sce the same pressure as surface 6

Surface 6: Same pressure as surface 4

Roof pressures
h/L=121/40=0.3,0 = 15°
Roof G, from Figure 6-6 of the Standard are tabulated in Table G3-16.

For windward, C,=-0.54 (interpolated between -0.5 and -0.7)
For leeward, €, =-0.5
For parallel to ridge

q,: —09;1t0121Ft
C,=-05121w0242 M
C,=-0.3;24.2 ft to end

Roof pressures calculation

Surface 7: Same pressures as surface 8 for Wind Direction A

Surface 8: = 10.0 (0.85) (-0.54) - 10.0 (+0.18) =-4.6 + 1.8 psf
(windward)

Surface 9: #=10.0 (0.85) (-0.5) — 10.0 (+0.18) =-4.2 + 1.8 psf (leeward)
Table G3-16 Roof Cpfor Wind Direction B, by Surface

7 8 9 10 11 12
Same as surface 8 for -0.54" -0.5 Same as surface 8 for Same as -0.3
Wind Direction A Wind Direction A surface 9

* Value is gained by interpolation
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Surface 10: Same pressures as surlace 8 for Wind Direction A
Surface 11: Saine as sirface 9 because it is sloping with respect to ridge
Surface 12: This surface is at a distance greater than 24
$=10.0 (0.85) (-0.3) =-2.6 psf; no internal pressure
Overhang pressures at wall surface 2,

#=10.0 (0.85) (0.8) = +6.8 pst

Internal pressure is of the same sign on all applicable surfaces.

Wind Direction C

Wall pressures
Surfaces I and 5: p=-2.6 + 1.8 psf (leeward)
Surfaces 2, 4, and 6: = —6.0 + 1.8 psf (side)
Surface 3: p=+6.8 + 1.8 psl (windward)

Roof pressure
Surfaces 7and 11: p=—-4.2 + 1.8 psf (leeward)

Surfaces 8 and 9: Pressures vary along the roof; same pressures as
surface 8 for Wind Direction A

Surface 10: p=—-4.2 + 1.8 psl (windward)

Surface 12: Same pressures as surface 9 without internal pressures
Overhang pressures at wall surface 3

#=10.1 (0.85) (0.8) = +6.8 psl

Internal pressure is of the same sign on all applicable surfaces.

Wind Direction D
Wall pressures
Surfaces 1 and 3: p=-06.0 + 1.8 psf (side)
Surface 2: p=-~4.2 + 1.8 pst (leeward)
Surfaces 4, 5, and 6: = +06.8 + 1.8 psf (windward)

Roof pressures

Surfaces 7, 10, and 11: Pressures vary along the roof; saine pressures as
surface 8 for Wind Direction A

Surface 8: p=-4.2 1+ 1.8 pst (leeward)
Surface 9: p=-4.2 + 1.8 pst (windward)

Surface 12: This surface will see pressures on top and bottom surfaces;
they will acld algebraically.
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For©®=0° h/L<05, C‘,, =—0.9 {Load Case 1)
»=10.0 (0.85) (-0.9) - 10.0 (0.85) (+0.8) = ~14.4 psfuplift

Overhang pressures at wall surfaces 4, 5, and 6,

£=10.0 (0.85) (0.8) = +6.8 psf

Internal pressure is of the same sign on all applicable surfaces.

3.53 Design Wind Load Cases

Section 6.5.12.3 of the Standard requires that any building whose wind
loads have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Fig. 6-9. Case 1
‘includes the loadings analyzed above. A combination of windward (P,,) and
leeward (P,) loads is applied for other Load Cases. This building has mean
roof height % of less than 30 ft; hence it comes under exception specified in
Section 6.5.12.3 of the Standard. Only Load Cases 1 and 3 shown in Figure
6-9 of the Standard have to be considered.
The following two points need to be highlighted:

1. Because of asymmetry, all four wind directions are considered when
combining wind loads according to Figure 6-9 of the Standard. For
example, when combining wind loads in Case 3, there are four
kinds of combinations of wind loads that need to be considered,
which are shown as in Figure G3-12.

2. Due to the slightness of the roof slope, the wind load acting on the
roof is negligible here. '

v

T

Figure G3-12  Combinations of Wind Loads. (Note: Arrows show the wind direction.)
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354  Design Pressures for C&C

Wall Component

Wall studs are 10-ft long and spaced 16 in. apart.

Effective area

larger of 10x1.33=13.3
or 10X 10/3 = 33.3 f* (conurols)

From Iigure 6-11A of the Standard, equations in Chapter 2 of this guide are
usecl:

(GG) = +0.91 for Zones 4 and 5
(GC,) =-1.01 for Zone 4
(GCF) =-1.22 for Zone 5

Ly

Distance “a
smaller of 0.1 (40) = 4 i {controls)
or 0.4(12.1)=4.8f

Design pressure
P=123(0.91 +0.18) = +13.4 sl (all walls)
P=123 (-1.01 - 0.18) =-14.6 pst (middle)
P=123(-1.22-0.18) =-17.2 pst (corner)

Roof Component
Distance “a"

smaller of 0.1 (40) =4 [t (controls)
or 04(121)=4.81

Roof trusses are 32 {t long and spaced 2 ftapart.

Effective area
larger of 32 2 = 64 [®
or 32x32/3 = 341 ft? (conuwols)

From Figure 6-11C of the Standard, for © = 15°,

(GCP) =10.3 for Zones 1, 2, and 3 (Note: Zone 3 covers very siall area
of truss)

(GC) =-0.8 for Zone 1

(GCP) =-2.2 for Zone 2 (inctudes overhang area)

Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05 57




Design pressures
£=12.3 (0.3 + 0.18) = +5.9 psf (all zones)
p=12.3 (-0.8 - 0.18) =-12.1 psf (Zone 3)
p=12.3 % (-2.2) =-27.1 psf (Zone 2)

Overhang pressures to be used for reaction and anchorage
p=12.3 (-2.2) = -27.1 psf (edge of roof)
p=12.3 (-2.5) = -30.8 psf (roof corners)

(MWEFRS pressures should be used for the truss connection loads
across the building span; C&C loads are used for the additional pressure
created by the presence of the overhang.)

Roof Panels
Effective area = 4 X 8 = 32 ft*. From Figure 6-11C of the Standard, for © = 15°
(Note: Zones 2 and 3 are regarded as overhang),

(GCp) =40.4 for Zones 1, 2, and 3

(GC[,) =—0.85 for Zone 1

(GC,) =-2.2 for Zone 2 (with overhang)

(GC,) = -2.2 for Zone 3 on hip roofs (with overhang)
(GC},) =—3.1 for Zone 3 on gable roofs (with overhang)

Design pressures
$=12.3 (0.4 + 0.18) = +7.1 psf (all zones)
£=12.3 % (=0.85 — 0.18) =-12.7 psf (Zones 1)
p=12.3 % (-2.2) =-27.1 psf (Zone 2)
p=12.3 x (-2.2) = -27.1 psf (Zone 3 on hip roofs)
$=12.3 % (-3.1) =-38.1 psf (Zone 3 on gable roofs)

Fasteners
Effective arca = 10 fit*

(GC) =+ 0.5 for Zones 1, 2,and 3 -

(GG) =-0.9 for Zone 1

(GC,) = ~2.2 for Zones 2 (with overhang)

(GCP) =-2.2 for Zone 3 on hip roofs (with overhang)
(GG) = -3.7 for Zone 3 on gable roofs (with overhang)
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3.6

3.6.1

Design pressures
£=12.3 (0.5 + 0.18) = +8.4 psf (all zones)
£=12.3x(-0.9--0.18) =-13.3 pst (Zones 1)
P=12.3 x (-2.2) = -27.1 psf (Zone 2)
p=12.3x (-2.2) = -27.1 pst (Zone 3 on hip roofs)
P=12.3 % (--3.7) = —45.5 psf (Lone 3 on gable roofs)

Example 6: 200-ft x 250-ft Gable Roof Commercial/
Warehouse Building Using Buildings of All Height
Provisions

In this example, design wind pressures for a large, one-story commercial/

warehouse building are determined. Figure G3-13 shows the dimensions

and framing-of the building. The building data are as shown here.

Location
Terrain

Dimensions

Framing

Cladding

Memphis, Tennessee
Flat farmland

200 £ x 250 fin plan
Eave height of 20 1
Roof slope 4:12 (18.4°)

Rigid frames span the 200-1 direction

Rigid frame bay spacing is 25 ft

Lateral bracing in the 250-ft direction is provided by a “wind truss”
spanning the 200 fu to side walls and cable/rod bracing in the planes
of the walls

Girts and purlins span between rigid frames (25-ft span)

Girt spacing is 6 [¢ 8 in.

Purlin spacing is 5 {t

Roof panel dimensions are 2 ft wide

Roof fastener spacing on purlins is 1 ft on center
Wall panel dimensions are 2 fi x 20 fi

Wall fastener spacing on girts is 1 ft on center
Openings are uniformly distributed

Exposure and Building Classification

The building is Jocatect on flatand open farmland. Idoes not fit Exposures B or
D; therefore,

Exposure Cis used (Sections 6.5.6.2 and 6.5.6.3 of the Standarc).

The buil(ling function is commercial-industrial. It is not considered an

essential facility or likely to be occupied by 300 persons at one time. Cate-
gory Il is appropriate. Table 1-1 and Table 6-1 of the Standard specify an
importance factor 7= 1.0.
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Figure G3-13

3.6.2

3.6.3

3.64

3.6.5

Bracing

Building Characteristics for Examples 6 and 7, Commercial/Warehouse Building

Basic Wind Speed

Selection of basic wind speed is addressed in Section 6.5.4 of the Standard.
Memphis, Tennessee, is not located in the special wind region, nor is there any
reason to suggest that winds at the site are unusual and require additional
attention. Therefore, the basic wind speed is V=90 mph (see Iligure 6-1 of the
Standard).

Analytical Procedure
Method 2, Analytical Procedure, is used in this example (see Section 6.5 of

" the Standard). In addition, provisions of buildings of all heights, given in

Section 6.5.12.2.1 and Figure 6-6 for MWFRS, will be used. Alternate provi-
sions of low-rise buildings are illustrated in Ex. 7 (Section 3.7 of this guide).

Wind Directionality
Wind directionality factor is given in Table 6-4 of the Standard. For MWFRS
and C&C, the factor K, = 0.85.

~ Velocity Pressures

The velocity pressures (Table G3-17) are computed using

¢.= 0.00256 KK K,V psf | (Eq. 6-15)
where ‘
K, = Value obtained from Table 6-3 of the Standard
K, = 1.0 (no topographic effect)
I = 1.0 for Category II building
K, =085
V = 90 mph
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Table G3-17 External Wall C‘D

3.6.6

Height n K, 0. (b))
0-15 0.85 15.0
Eave 20 0.90 15.8
30 0.93 17.3
h 36.7 1.02 18.0°
40 1.04 18.3
50 1.09 19.2
Ridge h3.2 1.10 19.4
* ¢,=18.0 psf.
therefore,

¢. = 0.00256K(1.0) (0.85)(90)*(1.0) = 17.6 K_psf

Values for K are the same for Cases 1 and 2 for Exposure G (sce
Table 6-3 of the Standard). Mean roof heighe A= 306.7 [t.

Design Wind Pressure

Design wind pressures for MWERS of this building can be obtained using Sec-
tion 6.5.12.2.1 of the Standard for buildings of all heights or Section 6.5.12.2.2
for low-rise buildings. Pressures determined in this example are using build-
ings ol all heighis criteria. Ex. 7 illustates use of low-rise building criteria.

h=gGC,— ¢(GC,) (Lq. 6-17)
1 d IJ Di q
where
q = ¢, for windward wall at height z above ground
g = ¢, for leeward wall, side walls, and roof
g, = q,tor enclosed buildings
G = Gusteffect factor
C, = Values obtained from Figure 6-6 of the Standard

(GC,) = Values obtained from Figure 6-5

For this example, when the wind is normal to the ridge, the windward
roof expertences both positive and negative external pressures. Combining
these external pressures with positive and negative internal pressures will
result in four loading cases when wind is norinal to the ridge.

When wind is parallel w the ridge, positive and negative internal pres-
sures result in two loading cases. The external pressure coefficients, C, for
8 =0°, apply in this case.
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Table G3-18

Gust Effect Factor

For rigid structures, G can be calculated using Eq. 6-4 (see Section 6.5.8.1 of

the Standard) or alternatively taken as 0.85. For simplicity, G = 0.85 is used
in this example.

External Wall Pressure

The pressure coefficients for the windward wall and for the side walls (see

Figure 6-6 of the Standard) are 0.8 and —0.7, respectively, for all L/B ratios.
The leeward wall pressure coefficient is a function of the I./B ratio. For

wind normal to the ridge, L/B=200/250 = 0.8; therefore, the leeward wall pres-

sure coefficient is —0.5. For flow parallel to the ridge, L/B=250/200=1.25; the

value of C, is obtained by linear interpolation. The wall pressure coeflicients are

summarized in Table G318,

External Roof Pressure for Wind Normal to Ridge

The roof pressure coefficients for the MWFRS (Table G3-19)are obtained from
Figure 6-6 of the Standard. For the roof angle of 18.4° linear interpolation is
used to establish C}, For wind normal to the ridge, /L= 36.7/200 = 0.18; hence,
only single linear interpolaton is required. Note that interpolation is only car-
ried out between values of the same sign.

Internal (GC " )

Values for (GC,;) for buildings are addressed in Section 6.5.11.1 and Figure 6-5
of the Standard. The openings are evenly distributed in the walls (enclosed

External Wall C,

Surface Wind direction L/B CjrJ
Windward wall All ' All ' (.80
Leeward wall Normal to ridge . 0.8 -0.50

Parallel to ridge 1.25 -0.45°
Side wall - an Al =070

# By linear interpolation.

Table G3-19  Roof C, (Wind Normal to Ridge)

Swface 150 1840 e
Windward roof -0.5 -0.36" ' -0.3
00 0.14" 0.2

Leeward roof 0.5 -0.57 -0.6

* By linear interpolation.
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3.6.7

building) and Meinphis, Tennessee, is not in a hwiricane-prone region. The
reduction factor of Section 6.5.11.1.1 is not applicable for enclosec buildings;
thevefore,

(GC,)=%0.18

MWEFRS Net Pressures
p=qGC,— g(GC,) (Eq. 6-17)
#=¢(0.85) C, - 18.0(+0.18)

where
q = ¢ for windward wall
q¢ = ¢, for leeward wall, sicle wall, and roof
4 = ¢, for windward walls, side walls, leeward walls, and roofs of
enclosed buildings
Typical Calculation

Windward wall, 0-15 ft, wind normal to ridge

P=15.0(0.85)(0.8) — 18.0(+0.18)
£ ="7.0 pst with (+) internal pressure
p=13.4 pstwith (-) internal pressure

The net pressures for the MWFRS are sumimarized in Table G3-20.

External Roof Pressures for Wind Parallel to Ridge

For wind parallel to the ridge, £/L = 36.7/250 = 0.147 and 0 < 10°. The val-
ues of C, for wind parallel to ridge are obtained from Figure 6-6 of the Stan-
dard and are shown in Tables G3-21 and G3-22.

Design Wind Load Cases

Section 6.5.12.3 of the Standard requires. that any building whose wind
loads have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9 of
the Standlard. Case 1 includes the loadings shown in Figures G3-14 through
G3-17. A combination of windwar (£) and leeward (P,) loads is applied
for Load Cases 2, 8, and 4 as shown in Figure 69 of the Standard. Section
6.5.12.3 of the Standard has an exception thatifa building is designed with
flexible diaphragm, only Load Cases 1 and 3 need to be considered. There
is not enough structural information given in this example to assess flexibil-
ity of roof diaphragim. Structural designer will have to make a judgment for
each building.
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Table G3-20 MWHFRS Pressures: Wind Normal to Ridge

., Net pressure psf with | :

Surface () (j)q;j) G c, (+GG,)  (-GC,)

Windwardwall  0-15 150 085 08 7.0 13.4 !

90 15.8 0.85 0.8 7.5 14.0 1

Leeward wall All 18.0 0.85 —0.5 -10.9 —4.4 |
Side walls All 18.0 . 0.85 0.7 -14.0 =15
Windward — 180 085  -0.36 87 -23
Roof’ 0.14 1.1 5.4
Leeward roof ~ — 18.0 085 057 120 5.5

Notes: g, = 18.0 psf; (GC,) =10.18; q(GC,) =*3.2 pst.
i) P P gLy, P

* Two loadings on windward roof and two internal pressures yield a total of four load-
ing cases (see Figures G3-14 and G3-15).

Table G3-21  Roof C, (Wind Parallel to Ridge)

Surface h/L Distance from windward edge C'.,.
Roof <05 0ok ~0.9,-0.18"
hto2h -0.5,-0.18’
> 2h -0.3,-0.18°

* The values of smaller uplift pressures on the reof can become critical when wind
load is combined with roof live load or snow load; load combinations are given in
Sections 2.3 and 2.4 of the Standard. For breviiy, loading for this value is not shown
in this example. ' ‘

3.6.8  Design Pressures for C&C

Eq. 6-22 from Section 6.5.12.4 of the Standard is used to obtain the design
pressures for components and cladding.

p=ql(GC) = (GC) | (Eq. 6-22)

where

g, = 18.0 psf
(GC,) = Values obtained from Figure 6-11
(GC,) = %0.18 for this building
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Table G3-22 MWFRS Pressures: Wind Parallel to Ridge

Net pressure psf with

Swfie 1) q@pf) G G (:GGJ (GG
Windward wall 0-15 15.0 0.85 038 7.0 13.4
20 15.8 0.85 0.8 7.5 14.0
30 17.3 0.85 0.8 8.5 15.0
40 18.3 0.85 0.8 9.2 15.7
‘ 53.3 19.4 0.85 0.8 100 164
Leeward wall All 18.0 0.85 -0.45 -10.1 -5.6
Side walls All 18.0 0.85 0.7 -14.0 -7.5
Roof Otoh 18.0 0.85 0.9 -17.0 -10.5
hto 24 18.0 0.85 -05 -10.9 —4.4
> 2N 18.0 0.85 -0.3 ~7.8 -1.4

Notes: g, = 18.0 psf; (GC} = 0.18; & = 36.7 fi; ¢,(GC) = ¥5.2 psf. Roof measures distance
from windward edge.

7.5 psf Internal Pressure of +3.2 psfis included >
10.9 psf
7.0 psf
Vs 7 7 L I O AR L T A SR A A
200 fr —»
2.3 psf \ . : 5.5 psf

14.0 psf | s ke Internal Pressure of -3.2 psfis included \ f
134 pst | A ps

(VA 17 1 /A A1 M/ A A 1 B Y 1/ M/ M/ M/ A

Figure G3—14  Net Design Pressures for MWFRS When Wind Is Normal to Ridge with Negative
Windward External Roof Pressure Coefficient
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Internal Pressure of +3.2 psfis included
10.9 psf

Vr 777 A7 T T T T e A LT AT L L AA

+ 200 ft >

5.5 psf

5.4 psf

Internal Pressure of -3.2 psfis included

14.0 psfy
I 4.4 psf
134 psf |
Wl 777 2 T S G i A A L L L A

—15ft

Figure G3-15  Net Design Pressures for MWFRS When Wind Is Normal to Ridge with Positive
Windward External Roof Pressure Coefficient

367ft  367H

17.0 psf
A& &k 4 109psi :
o 3 7.8 psf !
FTTTIEEFFFreeey, !
g <. PPN 5330t ;
9.2 psf | P! 301 i
espd TH Internal Pressure of +3.2 psFis included |
75psl 'opp-2on 01 ps i
70pst o 15R I

250 ft

Roofpressure  Distance from windwall edge
17.0 psf, 0-36.7
109 psf, 36.7-7341t

7.8 pf, \ >73.41t

Il . H
Vi 277 7777 77 F77 T T FhT FiRT 7 7R P7 P i

Figure G3-16  Net Design Pressures for MWERS When Wind Is Paralle! to Ridge with Positive
Internal Pressure
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3670t 367ft ,

10.5 psf
4.4 pst
4 F W 1.4 psf
( [IIAAA_LALA__AAAA;_AAA.. -
16.4 psl
P L 401t 1 5331
157 psi 101 4
15.0 pst IL B 1 Internal Pressure of -3.2 psf is included ™ 36 psl
14.0psl T %22 1
134 psf Iéb ol
7AW 7 A M M /. W7, |
25001

Roof pressure  Distance from windwall edge
10.5 psl 0-36.7 Ik
4.4 psf 36.7-734 1t

1.4 psf \ >734ft

7.5 psf Internal Pressure of -3.2 psfis included 7.5 psf

Figure G3—17  Net Design Pressures for MWFRS When Wind is Parallel to Ridge with Negative
Internal Pressure

Wall Pressures

The C&C pressure coefficients (GCI,) (Table G3-23)are a function of effec-
tive wind area. The definitions of eflective wind area for a component or
cladding panel is the span length multiplied by an effective width that need
not be less than one-third the span length; however, for a fastener it is the
area tributary Lo an individual fastener.

Girt

larger of A=25(6.67) =167 f*

or A = 25(25/3) = 208 ft* (controls)
Wall Panel

larger of A=6.67(2) =133 f*

or A =06.67(6.67/3) = 14.8 ft* (controls)
Fastener

A=6.67(1) =6.7
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Table G3-23  Wall Coefficients (GC)), by Zone

External (GC,)

Cé&rC A(fE) Zones 4 and 5 Zone 4 Zone 5
Girt 208 077 —0.87 -0.93
Panel 14.8 0.97 -1.07 -1.34
Fastener 6.7 1.00 -1.10 -1.40
Other™ £10 1.00 -1.10 -1.40
Other” =500 0.70 -0.80 ' —0.80‘

Note: Values are from Figure 6-11A of the Standard. (GCP) values are oblained using equa-
tions in Chapter 2 of this guide. Other C&C can be doors, windows, etc.

Typical calculations of design pressures for girt in Zone 4 are shown below
and wall C&C pressures are summarized in Table G3-24,

For maximum negative pressure
=18.0[(-0.87) - (30.18)]
£ =-18.9 psf with positive internal pressure (controls)

p=-12.4 psf with negative internal pressure

For maximum positive pressure
p=18.0[(0.77) - (£0.18) }
= 10.6 psf with positive internal pressure

#=17.1 psf with negative internal pressure (controls)

Roof Pressures
Effective wind areas of roof C&C (Table G3-25).

Purlin

larger of A=25(5)=125ft*

or A =25(25/3) = 208 ft*(controls)
Panel _

larger of A =5(2) =10 ft*(controls)

or A=5(5/3) =83 ft
Fastener

A=5(1)=5F"?
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Table G3-24  Net Controlling Wall Component Pressures {psf)

Controlling design pressures (psf)

Zone 4 Zone 5
CEPC Positive Negative Positive Negative
Girt 17.1 -18.9 17.1 -20.0
Panel 20.7 -22.5 20.7 -27.4
Fastener 21.2 -23.0 21.2 ~28.4
A<10 R 21.2 -23.0 21.2 7 -28.4
A 2500 15.8 -17.6 15.8 -17.6
Table G3-25 Roof Coefficients (GC), 7°<6<27°
External (GC)

Component A(P) Zones 1, 2, and 3 Zone 1 Zone 2 Zone 3
Puslin 208 0.3 -038 -1.2 2.0
Panel 10 0.5 -0.9 -1.7 -2.6
IFastener 5 0.5 -0.9 -1.7 -2.6
Other <10 0.5 -0.9 -1.7 -2.6
Other 2100 0.3 -0.8 -1.2 -2.0

‘Typical calculations of design pressuves for purlin in Zone 1 are as follows

and roof C&C pressures are summarized in Table G3-26. For maxinnim

negative pressure.

p=18.0[(=0.8) — (20.18)]

fr=-17.6 psf with positive internal pressure (controls)

P =-11.2 pst with negative internal pressure

For maximum positive pressure

$=18.0[(0.3) — (£0.18)]

P =2.1 psf with positive internal pressure

P = 8.6 psf with negative internal pressuce

# =10 psf minimum net pressure (controls) (Section 6.1.4.2 of the

Standard)
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Table G3-26  Net Controlling Roof Component Pressures (psf)

Controlling design pressures (psf)

Positive Negalive
Component Zones 1, 2, and 3 Zone 1 Zone 2 Zone 3
Purlin 10.0' -17.6 ~24.8 ~39.2
Panel 12.2 -19.4 -33.8 -50.0
Fastener 12.2 -19.4 -33.8 -50.0
A<10 2 12.2 ~19.4 -33.8 -50.0
A 2500 i©? 10.0% -17.6 -24.8 -39.9

* Minimum net pressure contrels {Section 6.1.4.2 of the Standard).

Special case of girt that transverses Zones 4 and 5

Widih of Zone 5

smaller of a=0.1(200) =20 ft
or a=0.4(36.7) = 14.7 ft (controls)

but not less than  0.04(200) =8 ft

or 3ft

Weighted average design pressure

P

_ 14.7(-20.0)+10.3(-18.9)

25

—19.6 pst

This procedllre of using a weighted average may be used for other

components and cladding.

Special Case of Strut Purlin (interior)

Strut purlins in the end bay experience combined uplift pressure as a roof
component (C&C) and axial load as part of the MWFRS.

Component Pressure

End bay purlin located in Zones 1 and 2

Width of Zone 2, a=14.7 ft

Weighted average design pressure

_ 14.7(-24.8)+10.3(~17.6) _

25

21.9 psf

(Purlin in Zones 2 and 3 will have higher pressure)
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MWTFRS Load

Figure G3-16 shows design pressure on end wall with wind parallel to ridge
with posiave internal pressure (consistent with high uplift on the purlin}.
Assuming that the end wall is supported at the bouom and at the roof line,
the effective axial load on an end bay parlin can be determined.

Combined Design Load on Interior Strut Purlin

Figure G3--18(a) shows combined design loads on an interior strut purlin.
Note that many metal building manufacturers support the op of the wall
panels with the eave strut purlin (see Figure G3-18(b)). For this case, the
eave purlin also serves as a gir, and the negative wall pressures of Zones 5
and 4 would occur for the same wind direction as the maximum negative
uplift pressures on the purlin (refer to Zones 3 and 2). Thus, in this instance,
the correct load combination would involve biaxial bending loads based on
C&C pressures combined with the MWIERS axial load.

Uplift Load (C&C)

e Eave Strut

Purlin
v\

— Axial Load {(MWFRS)

Clip Angle to
Support Wall Panels

Wall Load {C&Q)

21.9 psf {calculated above)

PTTTTTTT

> st

7977' 7% End wall reaction

at roof rafter from
Figure 3-16

Figure G3—-18 Combined Design Loads on Interior Strut Purlin. Note: a) {(bottom) combined uplift

and axial design loads and b) {top) eave strut purlin supporting roof and wall panels.
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3.7 Example 7: Building from Ex. 6 Using Low-Rise Building
~ Provisions

This example illustrates the use of the low-rise building provisions to deter-
mine design pressures for the MWERS. For this purpose, the building used
has the same dimensions as the building in Ex. 6 (Section 3.6 of this guide).
The design pressures on C&C will be the same as those for Ex. 6. The build-
ing is shown in Figure G3-13. The building data are as shown here.

Location Memphis, Tennessee
Terrain Flat farmland

Dimensions 200 ft X 250 ft in plan
Eave height of 20 ft
Roof slope 4:12 (18.4°)

Framing Rigid frame spans the 200t direction
Rigid frame bay spacing is 25 ft
Lateral bracing in the 250-ft direction is provided by a “wind
truss” spanning the 200 ft to side walls and cable/rod bracing
in the planes of the walls
Openings uniformly distributed

3.7.1  Low-Rise Building :
Section 6.2 of the Standard specifies two requirements for a building to
qualify as a low-rise building: (1) mean roof height has to be less than or
equal to 60 ft, and (2) mean roof height does not exceed least horizontal
dimension. A building with these dimensions qualifies as a lowrise building
and the alternate provisions of Section 6.5.12.2.2 may be used.

3.7.2  Exposure, Building Classification, and Basic Wind Speed
Exposure G, same as Ex. 6
Category II, same as Ex. 6
Enclosed building (openings uniformly distributed)
V=90 mph, same as Ex. 6

3.7.3  Velocity Pressure

The low-rise building provisions for MWFRS in the Standard use the velocity
pressure at mean roof height, A, for calculation of all external and internal
pressures, including the windward wall. All pressures for a given zone are
assumed to be uniformly distributed with respect to height above ground.

Mean roof héight h=36.7ft

The velocity pressures are computed using

g,= 0.00256K,K K, V*I (psf) (Eq. 6-15)
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where
g, = Velocity pressure at mean voof height, A
K, = 1.02 for Exposure C (see Table 6-3 of the Standard)

K, = 1.0 opographic factor (see Section 6.5.7.1)

1l

K, = 0.85 (see Table 6-4)
V' = 90 mph basic wind specd (see Figure 6-1)
{ = 1.0 for Category II (50-yr mean return interval)
therctore,

7, = 0.00256(1.02) (1.0)(0.85) (90)(1.0) = 18.0 psl

3.7.4  Design Pressures for the MWFRS

The equation for the determination of design wind pressures for MWFRS
for low-rise buildings is given in Section 6.5.12.2.2 of the Standard.

P=ql(GC) —(GC)] (Eq. 6-18)
where

. = The velocity pressure at mean roof height associated with
Lxposure C
(GCH) = The external pressure coefficients from Figure 6-10 of the
Standard

(GG,) = Theinternal pressure coeflicient from Figure 6-5 of the Standard

‘The building must be designed for all wind directions using the eight load-
ing patterns shown in Figure 6-10 of the Standard. For each of these patterns,
both positive and negative internal presswres must be considered, resulting in a
total of 16 separate loading conditions. However, if the building is symmetrical,
the number of separate loading conditions will be reduced to eight (o direc-
tons of MWTERS being designed for normal load and torsional load cases—a total
of four load cases, one windward corner, and oo internal pressures). The load
patterns are appliect to each building corner in tun as the reference corner.

External Pressure Coefficients

The roof and wall external pressure coefficients (GG pare functions of the
roof slope, 6 (see Tables G3-27 and G3-28).

Table G3--27  Transverse Direction {6 = 18.4%), GC,, by Building Surface

1 2 3 4 3 6 iE 2L 3E 41K

052 -069 -047 -042 -045 -045 078 -1.07 -067 -0.62

GG, calculated by linear interpolation.
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Table G3-28  Longitudinal Direction (6 = 0°), GC , by Building Surface

1 2 3 4 5 6 1E 2E JE IE

040 -069 -037 -0.29 -045 -045 061 -1.07 -053 -043

Width of end zene surface

smaller of 2a=2(0.1)(200) =40 ft

or 2(0.4)(36.7) = 29.4 ft (controls)
but not less thann  2(0.04) (200) = 16 ft

or 2(3) =06Ht

Internal Pressure Coefficients

Openings are assumed to be evenly distributed in the walls, and since Mem-

phis, Tennessce, is not located in a hurricane-prone region, the building
. qualifies as an enclosed building (see Section 6.2 of the Standard). The

internal pressure coeflicients are given from Figure 6-5 as (GC,) = £0.18.

3.7.5 Design Wind Pressures

Design wind pressures in the transverse and longitudinal directions are
shown in Tables G3-29 and G3-30.

Calculation for Surface 1
$=18.0 [0.562 — {£0.18)] = +6.1 or +12.6

Table G3-29 Design Wind Pressures, Transverse Direction

Building Design pressure (psf)
swiface (GC,) (+GG,) (-GG,)
1 .52 6.1 ' 12.6
2 -0.69 _15.6 92
3 _0.47 117 59
1 042 - -10.8 43
5 045 113 4.9
6 —0.45 113 49
1E —0.78 10.8 17.3
9E -1.07 9225 -16.0
3E —0.67 _15.3 -88
4E 0.62 _144 7.9

74  Wind Loads; Guide to the Wind Load Provisions of ASCE 7-05

‘—_—'$ :




Table G3-30 Design Wind Pressures, Longitudinal Direction

3.7.6

Design pressive (psf)

Building '
surface (GCy) (+GC,) {(-GC,)
1 0.40 4.0 10.5
2 -0.69 -15.6 -9.2
3 -0.37 -9.9 -3.4
4 -0.29 -8.5 2.0
5 —0.45 -11.3 ~4.9
6 —(.45 -11.3 -4.9
1E 0.61 7.7 14.2
2E -1.07 —22.5 -16.0
3L -0.53 -12.8 -6.3
4E -0.43 -11.0 -4.5

Application of Pressures on Building Surfaces 2 and 3

Note 8 of Figure 6-10 of the Standard states that when the roof pressure coeffi-
cient, GC.:r , is negative in Zone 2, it shall be applied in Zone 2 tor a distance from
the edge of the roof equal to 0.5 times the horizontal dimension of the building
measured parallel to the direction of the MWFERS being designed or 2.54, which-
ever is less. The remainder of Zone 2 that extends to the ridge line shall use the
pressure coeflicient GG, lor Zone 3. Thus, the distance from the eclge of the

roof is the smaller of

0.5(200) =100 ft for transverse direction
0;'5(250) =125 fi for longitudinal direction
or (2.5)(36.7) = 92 L for both directions (controls)

Therefore, Zone 3 applies over a distance of 105 — 92 = 13 [t in what is
normally considered to be Zone 2 (adjacent to ridge line)for transverse
direction and 125 — 92 =33 fi for longitudinal direction.

Loading Cases

Because the building is syimmmetrical, the four loading cases provide all the
required combinatons provided the design is accomplished by applying
loads for cach of the four corners. The load combinatons illustrated in
Figures G3-19 through G3-22 are to be used to design the rigid frames, the
“wind truss” spanning across the building in the 200-ft direction, and the
rod/cable bracing in the planes of the walls (see Figure G3-13 in Section 3.6
of this guide).
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10.8 psf
Reference corﬂ |’/ 20.4 ft

Figure G3-19  Design Pressures for Transverse Direction with Positive Internal Pressure. Note: The

pressures are assumed to be uniformly distributed over each of the surfaces shown.

5.2 psf . 4.9 psf
rZ N

12.6 psf

4.9 psf <l
’/ 17.3 psf

Reference m"til 2044t

Figure G3-20  Design Pressures for Transverse Direction with Nega tive Internal Pressure, Note: The
pressures are assumed to be uniformly distributed over each of the surfaces shown.

. 99psl

7.7 DSf\J Reference corner
294 ft

Figure G3-21  Design Pressures for Longitudinal Direction with Positive Internal Pressure. Note:
The pressures are assumed to be uniformly distributed over each of the surfaces
shown.

76 Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05




4

Figure G3-22

3.7.7

Table G3-31

3.4 psf /2-0 psf

10.5 psf x‘

ey
14.2 psf\l Ijiference corner
- 294h0

Design Pressures for Longitudinal Direction with Negative Internal Pressure. Note:
The pressures are assumed to be uniformly distributed over each of the surfaces
shown.

Torsional Load Cases
Since the mean roof height, £ = 36.7 ft, is greater than 30 ft and if the roof
diaphragm is assuined to be rigid, torsional load cases need to be considered
(sec exception in Note 5 in Figure 6-10 of the Standard if building is
designed with flexible diaphragm). Pressures in “T” zones are 25% of the
full design pressures; the “T” zones are shown in Figure 6-10 of the Standard.
Other surfaces will have the full design pressures. The “T” zone pressures
with positive and negative internal pressures for wansverse and longitndinal
directions are shown in Tables G3-31 and G3-32, respectively.

Figures G3-19 through G3-26 show design pressure cases for one ref-
erence corner; these cases are to be considered for each corner.

Design Wind Pressures for C&C

The design pressures for C&C are the same as shown for Ex. 6 (Section 3.6
of this guide).

Design Wind Pressure for Zone “T,” Transverse Direction

Design pressures (psf)
Building surface - (+GC) (-GG
IT 15 3.2
2T -3.9 : -2.3
aT -2.9 , -1.3
4T -2.7 -1.1
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Table G3-32  Design Wind Pressure for Zone "7,” Longitudinal Direction

Design pressures (psf)
Building surface - (+GCy) (-GC.)
1T 1.0 ' 2.6
2T -39 -2.3 i
T -2.5 0.9 !
4T 2.1 -0.5
29 psf el |

N

1.5 psf !

10.8 psf

Reference cornir-‘ I‘/ 294 [t

Figure G3-23  Torsional Load Case for Transverse Direction with Positive Internal Pressure. Notes:

' The pressures are assumed to be uniformly distributed over each of the surfaces
shown. Roof pressures of 22,5, 15.6, and 3.9 psf apply up to 92 ft; the remaining 13 ft
up to the ridge line will have pressure of 15.3, 11.7, and 2.9 psf.

3.2 psf

Reference corner ~ 17.3psf
€ '/| |‘,29.4 ft

Figure G3-24 Torsional Load Case for Transverse Direction with Negative Internal Pressure. Notes:
The pressures are assumed to be uniformly distributed over each of the surfaces
shown. Roof pressures of 16.0 9.2, and 2.3 psf apply up to 92 ft; the remaining 13 ft
up to theridge line will have pressure of 8.8, 5.2, and 1.3 psk.
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1.0 psf

7.7 ﬂ Reference corner
2941t

Figure G3-25 Torsional Load Case for Longitudinal Direction with Positive Internal Pressure. Note:
The pressures are assumed to be uniformly distributed over each of the surfaces
shown.

G

2.6 psf

10.5 psf ’
Reference corner

14.2 psi‘
294 ft

Figure G3-26 Torsional Load Case for Longitudinal Direction with Negative Internal Pressure.
Note: The pressures are assumed to.be uniformly distributed over each of the
surfaces shown.
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3.8 Example 8: 40-ft x 80-ft Commercial Building with
Monoslope Roof with Overhang

In this example, design pressures for a typical retail store in a strip-mall are !

determined. The building’s dimensions are shown in Figure G3-27. The
building data are as shown here.

Location Boston, Massachusetts, within 1 mi of the coastal mean high
watermark

Topography Homogeneous :

Terrain Suburban

Dimensions 40 ft x 80 frin plan
Monoslope roof with slope of 14° and overhang of 7 ft in plan
Wall heights ave 15 ftin front and 25 ft in rear

Framing ‘Walls of GMU on all sides supported at top and bottom; stee]
framing in front (80-ft width) to support window glass and
doors. Roof joists span 41.2 frwith 7.2-ft overhang spaced at 5 ft
on center :

Cladding Glass and door sizes vary; glazing is debris-impact-resistant and
occupies 50% of front wall (80 ft in width)
Roof panels are 2 ft wide and 20 ft long

3.8.1  Building Classification, Enclosure Classification, and Exposure Category

The building is not an essential facility, nor is it likely to be occupied by
more than 300 persons at any one time. Use Category II (see Table 1-1 of
the Standard). Importance Factor I=1.00 (see. Table 6-1 of the Standard).

The building is sited in a suburban area and satisfies the criteria for
Exposure B (see Section 6.5.6 of the Standard).

_______________________________ .
7Ht

80ft

Figure G3-27  Building Characteristics for Example 8, Commercial Building with Monosiope Roof
and Overhang
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3.8.2

383

The building is sited in a wind-horne debris vegion. It has glazing (that
must be impact resistant} occupying 50% of a wall that receives positive
pressure. The building should be classified as enclosed (see Sections 6.5.9.3
and 6.2 of the Standard). The Standard does not require that the building
be classified as enclosed if it is located in a wind-borne debris region, just
that the openings are required to be protected with impaciresistant glazing
or are protected. The wind-borne debris region is defined in Section 6.2,

The building does not meet the requirements ol Method 1, Simplified
Procedure (Section 6.4 of the Standard), because the roof is neither flat
nor gabled. Therefore, Method 2, Analytical Procedure, is used (see Sec-
tion 6.5.3 of the Standard). The roof is not gabled; hence, the low-rise
building provisions may not be used.

The values in Figure 6-10 were obtained from wind tunnel stndies of
rigid, gable-framed buildings. Their use for a monoslope roof requires con-
silerable judgment. The design examples presented in Ex. 7 (Section 8.7 of
this guide) illustrate use of the pressure coefficients of Figure 6-10, and the
Cominentary in the Standard gives the background for (GC,) values.

Basic Wind Speed

'The wind speed contour of 110 mph traverses over Boston, Massachusctts
(Figure 6-1c of the Standard); use a basic wind speed of 110 mph.

Velocity Pressures

The velocity pressures (Table G3-383) are ealculated using the following equa-
tion (see Section 6.5.10 of the Standard):

= 0.00256K KK, VI (psf)
0.00256K,(1.0) (0.85) (110)%(1.0)
26.33K, (psf) (Eq. 6-15)

3

Table G3-33  Velocity Pressures, g,, g, and g, (psf)

MWEFRS C&C
Height (ft) Exposwie B, Exposure B, . )
Case 2 4 4 Case 1 Gy
0-15 0.57 . 15.01
k=20 0.62 16.32° 0.70 18.43
25 0.66 1738

* g= 16.32 psf for MWFRS,
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where

K. = Value obtained from Table 6-3 of the Standard

K, = 1.0 homogeneous terrain i
I = 1.0 for Category II building (see Table 6-1) !
K, = 0.85, sce Table 64

4l

The provisions of the Standard require the use of the external pres-
sure coefficients, Cﬂ, from Figure 6-6; hence, the exposure coelficients, K,
are based on Exposure B, Case 2, for MWFIRS and Exposure B, Case 1, for
C&C (see Table 6-3).

3.8.4  Design Pressures for MWFRS
The equation for rigid buildings of all heights is given in Section 6.5.12.2 of

the Standard.
p= qGCP~ q..(GCI”.) (LEq. 6-17)
where

q = ¢, for windward wall

q, = ¢, for windward and leeward walls, side walls and roof
G = Value determined from Section 6.5.8 of the Standard
C, = Value obtained from Figure 6-6 of the Standard

i
(GC,) = Value obtained from Figure 6-5 of the Standard

i

For positive internal pressure evaluation, the Standard permiis ¢, to be
conservatively evaluated at height & (g,= ¢,).

Gust Effect Factor

The gust effect factor for non-flexible (rigid) buildings is given in Section
6.5.8 of the Standard as G = 0.85. The size of the building would not permit
areduction in G based on Eq. 6-4 of the Standard.

Wall External Pressure Coefficients

The coefficients for the windward and side walls in Table G3-34 are given
in Figure 6-6 of the Standard as C, = +0.8 and 0.7, respectively. The values :
for the leeward wall depend on L/B; they are different for the two direc- |
tions: (1} wind parallel to roof slope (normal to ridge), and (2) wind nor-
mal to roof slope (parallel to ridge).

Roof External Pressure Coefficients

Since the building has a monoslope roof, the roof surface for wind directed
parallel to the slope (normal to ridge) may be a windward or a leeward surface.

|
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Table G3-34  Wall Pressure Coefficients (C,)

Surface Wind divection L/B C,
Leeward wall | 1o voof slope 0.5 0.5
Leeward wall 1L o roof slope 20 ~0.3
Windward wall — — 0.8
Side walls — — —0.7

The value of B/L = 0.5 in this case, and the proper coeflictents are obtained
from linear interpolation for 8 = 14° (see Table G3-35).

When wind is normal to the roof slope {pavallel to ridge), angle @ = 0
and k/L=0.25,

For the overhang, Section 6.5.11.4.1 of the Standayd requires C,=08 for
wind directed normal to 15-ft wall. The Standard does not address the leeward
overhang for the case of wind directed toward 25-ft wall and perpendicular to
roof slope (parallel to ridge). A Cp =—0.5 could bhe used (coefficient for lee-
ward wall), but the coeflicient has been consecvatively taken as 0.

The building is sitedt in a hurricane-prone region less than 1 mi from the
coastal mean high-water level. The basic wind speed is 110 mmph and the glazing
must be designed to resist wind-borne debris impact (or some other method of
protecting the glazing is installed, such as shutters). Thus, as noted earlier, the
building is classified as enclosed, for this example. The internal pressure coeffi-
cients, from Figure 6-5 of the Standard, are as follows ( GG,) =+0.18.

Typical Calculations of Design Pressures for MWFRS
For cases with wind parallel to stope with 15-ft windward wall (Table G3-36).

Pressure on Leeward Wall

i) = thC[J_ qﬁ(ich)
= 16.3(0.85) (-0.5) — (16.3) (+0.18) =~9.9 pstwith positive internal
pressure
and =16.5(0.85) (-0.5) - (16.3)(-0.18) =—4.0 psfwith negative internal
pressure

Pressure on Overhang Top Surface
= q,6C,=106.3(0.85) (-0.74) = -10.3 psf

Pressure on Overhang Bottom Surface (same as windward wall external pressure)
P =4,GC,= 15.0(0.85)(0.8) = 10.2 psf

Note that ¢, was evaluated for z = 15 fi for bottom surface of overhang as G,
coeflicient is based on induced pressures at top of wall.
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Table G3-35 Roof Pressure Coefficients (C,)

385

3.8.6

Wind direction h/L a° G,
|| to roof slope 0.5 14 -0.74,-0.18 as windward slope
|| to roof slope | 0.5 14 -0.50 as leeward slope
1 to roof stope 0.25 0

distance from windward edge

0-80 ft' -0.18'
0-20 £t ' - =090
20-40 ft -0.50
40-80 ft -0.30

* Distance from the windward edge of the roof.

1 The values of smaller uplift pressures on the roof can become critical when wind load
is combined with roof live load or snow load; load combinations are given in Sections
2.3 and 2.4 of the Standard. For brevity, loading for this value is not shown here.

Figures G3-28 and G3-29 illustrate the external, internal, and combined
pressure for wind directed normal to the 15-ft wall. Figures G3-30 and G3-31
illustrate combined pressure for wind directed normal to the 254t wall and
perpendicular to slopé (parallel to ridge line), respectively (Table G3-37).

Design Wind Load Cases

Section 6.5.12.3 of the Standard requires that any building whose wind
loads have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9 of
the Standard. Case 1 includes the loadings shown in Figures G3-28 through
G3-31. The exception in Section 6.5.12.3 of the Standard indicates that a
combination of windward (£,) and leeward (P,) loads is applied for Load
Cases 3 only since mean roof height % of the building is less than 30 ft.

Design Pressures for C&C

The design pressure equation for C&C for building with mean roof height
I = 60 ft is given in Section 6.5.12.4.1 of the Standard.

where

q, = Velocity pressure at mean roof height associated with
Exposure B, Case 1 (g, = 18.43 psf, previously determined)

(GCI,) = External pressure coefficients from Figures 6-114, 6-11C, and
6-14B of the Standard :
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Table G3-36 Design Pressures for MWFRS: Wind Parallel to Roof Slope, normal to ridge line

) Design priessure
Wind Z q, Gust  External (psf)

direction Surface {ft) { p.s'-j) gffect C;
(+GC},;) (_Gq.i)

Windward Windward  0-15 15.01 0.85 0.80 7.3 1%.2
wall (15 ft) wall
Leeward 0-25 16.52 0.85 —0.50 99 -39
wall
Sicle wall All 16.32 0.85 =0.70 -12.6 -6.8
Raoofl — 16.32 0.85 —0.74 -13.2 -7.3
Overhang — 16.32 0.85 —0.74 -10.3t -10.3!
wop
Overhang — 15.01 0.85 0.80 10.2 10.2'
bottom ‘
Windward Windward  0-15 15.01 0.85 0.80 7.3 13.2
wall {25 fF) wall
1520 16.32 0.85 0.80 8.2 14.0
20-25 17.48 0.85 0.80 89 14.8
Leeward All 16.32 0.85 -0.50 -49.9 -3.9
wall
Side wall All 16.52 0.85 —0.70 -12.6 6.8
Roof — 16.532 0.85 -0.50 —£.9 —-4.0
Overhang — 16.92 0.85 -0.50 -6.9 -6.9
top
Overhang — — — 0.0 0.0'
bottom

* LExternal pressure calculations include G = 0.85,

T Overhang pressures are not alfected by internal pressures. The Standard does not
address bottom surface pressures for leeward overhang. It could be argued that Ice-
warcl wall pressure coefficients can be applied, but note that neglecting the bottom
overhang pressuves would be conservative in this application.

(GC,) = +0.18 and —0.18, previously determined from Figure 6-5 of the

gl

Standar

Wall Design Pressures

Wall external pressure coefficients are presented in Table G3-38. Since the
CMU walls are supported at the top and bottom, the effective wind area will
depend on the span length.
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a) 10.3 psf
>
6.9 psf
. —
m» 10.2 psf External Pressures
10.2 psf >

40 ft

b)

Positive Internal Pressure
qp{+GC;) = +3.0 psf

40 ft
c) : 13.2 psf
10.3 psf
Wind 102 psf Positive Internal Pressure » 9.9 psf
— > (+GC,)

|

40 ft

Figure G3-28 Design Pressures for MWFRS for Wind Parallel to Roof Slope, Normal to 15-ft Wall,
and Positive Internal Pressure. Note: a} external pressures, b) positive internal
pressure, and ¢} combined external and positive internal pressure.

Effective wind area
For span of 15 ft, A = 15(15/3) = 75 ft’
For span of 20 ft, A = 20(20/3) = 133 ft*
For span of 25 ft, A = 25(25/3) = 208 ft?
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a)

Wind

b)

Wind

c)

6.9 psf
10.2 psf

v b1

External Pressure

[y

40 ft

Negative Internal Pressure
Guf-6Cy) = -3.0 pst

et

40 ft

3.9 psf
Negative Internal Pressure
(-GG,

rtt1

b A

40 fr

Figure G3-29  Design Pressures for MWFRS for Wind Parallel to Roof Slope, Normal to 15-ft Wall,
and Negative Internal Pressure. Note: a) external pressures, b) negative internal
pressure, and ¢} combined external and negative internal pressure.

Width of Zone 5 (Figure 6-11A)
smaller of a=0.1(40) = 4 ft (controls)

or

a=0.4(20) =8 ft

but not less than a=0.4(40) = 1.6 fc

or

a=3ft
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2.9 psf
89 psf 6.9 psf
. —— 20t
8.2 psf
»| —— 15f¢ -
Wind
i——-} 7.3 psf > Positive Internal Pressure 0.9 psf
|, {(+GCpp -7 ps
40 ft g
14.8 psf
M |— 20ft
14.0 psf
» —— 15 ft
Wind

A4

Negative Internal Pressure
(-GC,)

-———> 13.2 psf

|| 3.9 psf

40 ft

Figure G3-30 Combined Design Pressures for MWFRS for Wind Parallel to Roof Stope, Normal to

25-ft Wall

Design pressures are the critical combinations when the algebraic sum of
the external and internal pressures is a maximum.

Typical Calculations for Design Pressures for 15-ft Wall, Zone 4

Wall design pressures are presented in Table G3-39.

? =l(GC) ~ (£GC,)]
= 18.43[(0.85) ~ (~0.18)] = 19.0 psf
and = 18.43[(-0.95) — (0.18)] = —20.8 psf

The CMU walls are designed for pressures determined for Zones 4 and
b wsing appropriate tributary areas.

The design pressures for doors and glazing can be assessed by using
appropriate pressure coefficients associated with their effective wind areas.

Roof Design Pressures

Roof external pressure coefficients are presented in Table G3-40; roof
design pressures are presented in Table G3—41.
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15.4 psf

9.9 psf
Wpﬂ 7.1 psf
89psf [ [~
8.2 psf [0t 5 DRt —*
[ 1511 7.1 psf
Wind 7.3 psf Positive Internal Pressure
(+ch,')
l— »
80 ft
9.5 psf
s 4.0 psf 1.2 psf
14.8 psf > t —
| 75h [
20ft p0f 400
14.0 psf — 15 1.2 psf
Wind 13.2 psf > Negative Internal Pressure

(-GC,)

»

80 ft

Figure G3-31  Combined Design Pressures for MWERS for Wind Perpendicular to Roof Slope,

Parallel to

Ridge Line

Table G3-37  Design Pressures for MWFRS: Wind Normal to Roof Slope, parallel to ridge line

z or distance 4. Design pressure (pf) —
Surface " (s Gust effect, G C, +HGC, ) (GC,)
Windward wall 0-15 15.01 0.85 038 7.3 13.2
15-20 16.32 0.85 0.8 8.2 14.0
20-25 17.38 _0.85 08 8.9 14.8
Leeward wall All 16.32 0.85 -0.3 -7.1 1.2
Side wall All 16.32 0.85 0.7 -12.6 " -6.8
Roof™ 0-20 16.32 0.85 0.9 -15.4 -9.5
2040 16.32 0.85 0.5 4.9 —4.0
40-80 16,32 0.85 -0.3 -7.1 1.2
* External pressure caleulations include G = 0.85.
t Internal pressure is associated with ¢, = 16.32 psf.
i Distance along roof is from leading windward edge.
*

Pressure on overhang is only external pressure (conuwibution on underside is conservatively neglected).
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Table G3-38 Wall External Pressure Coefficients (GC) by Zone

A(P) Zones 4 and 5 (+GC,) Zone 4 (~GC,) Zone 5 (-GC,)
75 0.85 -0.95 -1.09
133 0.80 -0.90 -1.00
208 7 0.77 -0.87 ~0.93
Table G3-39 Wall Design Pressures (psf) by Zone
Wall height (ft) Zones 4 and 5 ~ Zoned  Zone S
Positive  Negative Negative
15 19.0 -20.8 —23.4
20 18.1 -19.9 -21.7
25 17.5 -19.4 -20.4
Note: g, = 18.43 psf.
Table G3-40  Roof External Pressure Coefficients (GC), 6 = 14°, by Zone
Component A ([F) Zones 1, 2, and 3 Zone 1 Zone 2 Zone 3
(+GC,) (-GG,) (-GC,) (-GG}
From Figure 6-14B of the Standard
Joist panel 566 0.3 | -1.1 -1.2 -2.0
10 0.4 -1.3 -1.6 -2.9
From Figure 6-11C of the Standard
Joist panel 566 0.3 -0.8 -2.2" -2.5
10 0.5 -0.9 -2.2' -3.7
* Values are from overhang chart in Figure 6-11C of the Standard
Table G3-41  Roof Design Pressures (psf) by Zone
Component Zones 1, 2, and 3' Zone 1 Zone 2 Zone 3
Positive Negative Negative Negative
Joist 10.0 —23.6 -25.4 -40.2
Joist overhang 10.0 -14.7 -40.6 -46.1
Panel 10.7 -27.3 -32.8 -56.8
Panel in overhang - 100 -19.9 - —43.9 ~-71.5

Note: ¢, = 18.43 pst.

* Zones for overhang are in accordance with Figure 6-11C of the Standard.

1 Section 6.1.4.2 of the Standard requires a minimum of 10 psf,
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Effective wind area

Roof joist
A = (41.2)(5) =206 f*
or A = (41.2)(41.2/3) = 566 [* (controls)
Roof panel

A = (5)(2) =10 fi* (conurols)
or A = (5)(5/3) = 8.3 Ii*

Had the effective wind area ol the roof joist heen greater than 700 e,
its external pressure coefficients (GC,) would still have been determined on
the basis of compouents and cladding. The statement in Section 6.5.12.1.3
of the Standard, in which provisibns for MWIRS may be used for a major
component, is valid only when the wibutary area is greater than 700 fi®. The
tributary arca for the roof joist is 242 f1*.

Section 6.5.11.4.2 of the Standard requires that pressure coefficients
for components and cladding of roof overhangs be obtained from Figure 6-
11C. Note that the zones for roof overhangs in Figure 6-11C are different
from the zones for a monoslope roof in Figure 6-148.

Width of zone distance a

simaller of a=0.1(40) = 4 [t (controls)
or a=04(20) =811

but not less than «¢=0.4(40) = 1.6 [t

or =3 ft

The widths and lengths of Zones 2 and 3 for a inonoslope roof are
shown in Figure 6-148 of the Standard (they vary from a to 4a); for over-
hangs, widths and lengths are shown in Figuwre 6-11C.

Similar to the determination of design pressures for walls, the critical
design pressures for roofs are the algebraic sum of the external and internal
pressures, The design pressures for overhang areas are based on pressure
coefficients obtained from Iigure 6-11C of the Standard.

Typical Calculations for Joist Pressures

Zone 2

P = QJ.[(GC,,) - (iGC}u‘)]
=18.43[(0.3) ~ (-0.18)] = 8.8 psf
and =18.43[(~1.2) ~ (0.18)] = -25.4 psf

Zones for the monostope roof and for overhang are shown in
Figure G3-32. The panels are designed for the pressures indicated.
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Figure G3-32

Wind for Loadlng 3

a0t
Loading 1
g ~—|- 161t r— ¢ Hi 160 [—
-—_-_'-_-’ Zone3 I - J_
for roof 4/ / éc:rrlgoz' 8t
i _ .|t %
I | ——joist 2 7
joist 1 ——— | 2one2—
L forroof [
|~ Zone2 Zone 1 (4 Mt wide} | 32t
Zone 2 I for roof for rooof |
for overhang [4 ftwide) |
Zone 3 | |
for overhang R~ ——
ffixafy TR R 7R
e Zone 2 _f o Zone 1 |
Wind for for overhang for overirang
Loading 2 {4 ft wide) (3 Nt wide)
Wind lor Loading 4
Loading on Jolst 1 Loading on Joist 2
40.2 psf 254 psf
23.6 psf
254 psf 40,6 psf 14.7 psi
Loading 1 Loading 3
Bﬁ.l 7 i
3£_I I nr_| LR L 2rn—
254psf 46.1 psf 23.6psf 06psf
Loading 2 Loading 4 M
7 ft
4_40h_.l HL m i

Design Pressures for Typical Joists and Pressure Zones for Roof Components and

Cladding

Roof joist design pressures need careful interpretation. The high pres-

sures in corner or eave areas do not occur simultaneously at both ends. Two
loading cases: wind joadings 1, 2 for joist 1 and wind loadings 3, 4 for joist 2,
are shown in Figure G3-32 based on the following zones:

¢ Joist 1, loading 1: Zones 2 and 3 for roof and Zone 2 for overhang
¢ Joist 1, loading 2: Zone 2 for roof and Zones 2 and 3 for overhang
* Joist 2, loading 3: Zones 1 and 2 for roof and Zone 1 for overhang
* Joist 2, loading 4: Zone 1 for roof and Zones 1 and 2 for overhang

For simplicity, only one zone
Figure G3-32,
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3.9

Example 9: U-Shaped Apartment Building

here.

Location Birmingham, Alabama
Topography Homogeneous
Tervain Suburban

Dimensions 170 ft X 240 ft overall in plan
Roof eave height of 30 fu
Hip roof with 5 on 12 pitch

Framing Typical imber consiruction

'This example demonstrates calculation of wind loads for a Ushaped apart-
ment building, shown in Figure G3-33. Data for the building are as shown

Wall studs are spaced at 16 in. on center, 10 ft tall

Roof trusses are spaced at 24 in. on center, spanning 70 ft

bewween interior or exterior bearing walls

Floor slab and roof sheathing provide diaphragm action

Cladding Location is owtside a wind-borne debris region, so no glazing

protection is required. Window units are % fi x 4 ft

70ft

3+
(=]
3 ® ©
&
(=)
<]
& 12
2 s
S o -1 M
0
e
o)

J0ft 1001t

70 ft

240 ft
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3.9.1

3.9.2

3.9.3

3.94

3.95

The building is non-symmetrical, and therefore is ineligible for clesign
by Method 1, Simplified Procedure, of ASCE 7-05. Method 2, Analytical Pro-
cedure is used. The building is less than 60 ft tall, so it is possible to use low-
rise provisions of Section 6.5.12.2.2. However, because U-, 15, and L-shapeq
buildings are not specifically covered, the adaptation of the low-rise “pseudo
pressure” coefficients to buildings outside the scope of the research is not
recommended. Therefore, use the “all heights method” of Section 6.5.12.2 1
of the Standard.

~ Exposure

The building is located in a suburban area; according to Section 6.5.6.3 of
the Standard, Exposure B is used.

Building Classification

The building function is residendal. It is not considered an essential facility,
nor is it likely to be occupied by 300 persons in a single area at one time.

* Therefore, building Category 1T is appropriate (see Table 1-1 of the Standard).

Enclosure

‘The building is designed to be enclosed. It is not located within a wind-

borne debris region, so glazing protection is not required.

Basic Wind Speed

Selection of the basic wind speed is addressed in Section 6.5.4 of the Stan-
dard. Birmingham, Alabama, is located justinsicde the 90-mph contour; there-
fore, the basic wind speed V=90 mph (see Figure 6-1b of the Standard}).

Velocity Pressures

The velocity pressures are computed hsing
q.= 0.00256K K, K, V*I psf (Eq. 6-15)

where

K, = Value obtained from Table 6-3 of the Standard: Case 1 for
C&C and Case 2 for MWFRS

1.0 for homogeneous topography
0.85 for buildings (sée Table 6-4 of the Standaid)

Il

K:J
Ky

90 mph

I = 1.0 for Category II classification (see Table 6-1 of the
Standard)

therefore,

g; = 0.00256K,(1.0) (0.85) (90)%(1.0) = 17.63K_ psf.
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Values for K and the resulting velocity pressures are given in Table G3-42.
‘The mean roof height is the average of the eave and the peak.

h=30+(14.6/2) =373 1t

At the mean roof heighit, b= 87.3 fi; the velocity pressure is ¢,=13.2 psf.

External Pressure Coefficients

The values for the external presswre coellicients for the various surfaces
{Tables G3-43 through G3-46) are obtained from Figure 6-6 of the Standard
for each of the surfaces in Figure G3-34. The determination of certain pressure
coefficients is based on aspect ratios. Even though this U-shaped building will be
broken info pieces for the application of pressures, the overall dimensions have
greater influence on the MWERS pressure coeflicienis than the dimensions of
the individual pieces. Therelore, the overall dimensions L and Bare usecl.

When the wind is normal to wall W2, the wind blows over the “A” wing,
crosses the courtyard in the middle of the U, and strikes the “C” wing.
Although some reduction in the pressures on the “C” wing inay occur due to
the shielding offered by “A”, it is impossible to predict without a wind tunnel
study. Therefore, the pressures on the “C” wing are taken as the same as on
the A" wing. There would also be reductions in presswres on the “C" wing if
the “A” wing was taller but, again, the amount of the reduction is not possible
to predict without a wind tunnel study. If the wind impacis the “A” wing at an
angle such that the wind would blow directly into the courtyard, then the “C”
wing could still be impacted by the full force of the wind; therefore for this
example, the judgment has been made that when the wind is normal o wall
W2, wall W6 1s also a windward wall (and likewise if the wind is normal to wall
W4 where wall W8 is also impacted).

For wind normal to surface W2 or W4
L/B=240/170=1.41
h/L=37.3/240 = 0.16
0=22.6" for Va 5-in-12 slope

For wind normal to surface W3 or W1-W7-W5
L/B=170/240 = 0.71
h/L=3%73/170=0.22
8 = 22.6° for a 5-in-12 slope

The windward wall C, is always 0.8, the side walls ave -0.7, and the lee-
ward wall varies with the aspect ratio L/8.

The roof C, for wind normal to a ridge varies with roof angle and
aspect ratio, A/L. h/L < 0.25 For all wind directions. The roof angle 0 is
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Table G3-42 g, Velocity Pressures

MWEFRS C&PC
Height (ft) ‘
KZ ql (pﬂ) Kl qfl (p‘sj)
0-15 - 0.57 10.1 0.70 12.3
20 0.62 10.9 0.70 12.3
30 0.70 12.3 0.70 12.3

Mean roof ht = 37.3 0.75 13.2 0.75 13.2

Table G3-43  External Pressure Coefficients (C) for Wind Normal to Wall W2

Swiface L/B

Swiface type designation Surface Case or h/L G,
Walls W2, Woé Windward All +0.80
W4, W8 Leeward 141 -0.42
W1, W3, W5, W7 Side All -0.70
Roofs (L toridge) Al, C2 Windward Negative 0.16 -0.25
Positive 0.16 +0.25
A2, C1 Leeward 0.16 -0.60
Roofs (I to ridge) A3, C3 Side Owh 0.16  -0.90°
' hto 2k 016  -0.50°
B1, B2 Side Otk 0.16 -0.90°
hito 24 0.16 -0.50
>2h 0.16 -0.30"

* The values of smaller uplift pressures (G, =—0.18) on the roof can become critical
when wind load is combined with roof live load or snow load; load combinations are
given in Sections 2.3 and 2.4 of the Standard. For brevity, loading for this value is not
shown here, ‘

always 22.6°, so interpolate between 20° and 25°. The G, for wind parallel to
a ridge varies with /L. and with distance from the leading edge of the roof.

3.9.6  Design Wind Pressures for the MWFRS

The design pressures for this building are obtained by the equation
p=4qGC,- ¢(GC,) (Eq. 6-17)
where

q, for windward wall at height z above ground

=]
Il

g, = 13.2 psf for leeward wall, side walls, and roof

2
I
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Table G3-44

Table G3-45

External Pressure Coefficients (C,) for Wind Normal to Wall W4

Surface L/Bor
Suifuce type designation Surface Case h/L C,,

Walls W4, W8 Windward All +0.80
w6, w2 Leewared 1.41 —-0.42

WI, W3, W5, W7 Side All -0.70

Roofs (Lo riclge} C1, A2 -Windward  Negative  0.16 —0.25
Positive 0.16 +0.25

C2, Al Leeward 0.16 - -0.60

Roofs (Il to ridge) A3, 3 Side Ot h 0.16 —0.90
o 2h 0.16 —-0.50

B1,B2 Side Oto h 0.16 -0.90

ho 24 0.16 —-0.50

> 20 0.16 —0.30

External Pressure Coefficients {C,) for Wind Normal to Wall W3

Swrface L/Bor
Suiface iype designation Surface Case h/L C,

Walls W3 Windward All +0.80
W1, W7, Wi Leeward 0.71 —.50

W2, W4, W6, W8 Side - Al 070

Roofs (L to ridge) Bl Wincward Negative  0.22 -0.25
Positive 0.22 +0.25

A3, B2, C3 Leeward 022  -0.60

Roofs (Il to ridge) Al, A2,C1,C2 Side Qwhkh 0.22 . -0.90
hw?2h 0.22 —0.50

>2h 0.22 -0.30

¢; = ¢,=13.2 psffor all surfaces since the building is enclosed

0.85, the gust effect factor for rigid buildings and structures

O oo
o

= External pressure coefficient for each surface as shown in
Tables G3—43 through G3-46

(GG,) = £0.18, the internal pressure coefficient for enclosed buildings

For windward walls
= 4.6C,- 4,(GC,) = ¢(0.85)C,~ 13.2(+0.18) = 0.85¢.C, + 2.4
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Table G3-46  External Pressure Coefficients (CP) for Wind Normal to Wall W1-W7-Ws

Surface L/B or
Surface type designation Surface Case R/L G,

Walls W1, W7, Wh Windward All +0.80
w3 Leeward 0.71 —0.50

W2, W4, W6, W8 Side All —0.70

Roofs (L to ridge) A3, B, C3 Windward Negative 022 -0.25
Positive 0.22 +0.25

Bl Leeward . 022 -0.60

Roofs (Il to ridge) Al, A2,C1,C2 Side Oto ke 0.22 —0.90
hto2h 022  -0.50

>2h 0.22 —0.30

Figure G3-34  Surface Designations

For all other surfaces

p= 4,GC,~ 4,(GG,) =13.2(0.85) G, ~ 13.2(+0.18) = 11.2C, + 2.4

3.9.7 Design Wind Load Cases

Section 6.5.12.3 of the Standard requires that any building whose wind loads
have been determined under the provisions of Sections 6.5.12.2.1 and
. 6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9. Case 1
includes the loadings determined in this example and shown in Tables G347
through G3-50. A combination of windward (P,) and leeward (P,) loads are

applied for Load Cases 2, 3, and 4 as shown in Figure G3-35.
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3.9.8

For Load Case 2, there are two loading conditions shown; both of
them have to be checked independently. The eccentricities are calculated
as follows:

E =015 B.=0.15 (170) = 25.5 fi, and
E=0.15 B = 0.15 (240) = 56 ft

Design Pressures for C&C

Design pressure for C&C is obtained by the following equation.
= q{GC) - (GC)] - (Eq. 6-22)
where

¢, = 13.2 psffor Case 1

(GC) = External pressure coellicient (see Figure 6-11 of the Standard)
(GC,”) = 30.18, the internal pressure coefficient for enclosed buiidings

Wall Design Pressures

The pressure coefficients (GC) are a function of effective wind area
(Table G3-51). The definition of effective wind area for a C&C panel is the
span length multiplied by an eflective width that need not be less than one-
third the span length (see Section 6.2 of the Standard). The effective wind
areas, A, for wall components are as follows.

Window Unit

A=3(4) = 12 f* (controls)

Wall Stud

larger of A=10(1.33) = 13.3 f*

or A=10(10/3) = 33.3 f* (controls)
Width of Corner Zane 5

smaller of a=010701=17ft

or a=0.1(240) =24 fi

or a=0.4(37.3) = 14.9 It (controls)

but not less than the sinaller of

a=0.04(170) = 6.8 It
or a=0.04(240) = 9.6 ft
and not less than a=3 [t
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Table G3-47 External Pressures for Wind Normal to Wall W2
Swrface type def:gﬁffon z(i;; )x (pi]} G p;gﬁ: (a,ffs_/) izz:;ﬁres&ufiggj )

Walls W2, W6 0to15 10.1  +0.80 +6.9 +4.5 +9.3
' 20 109 +0.80 +7.4 +5.0 +9.8
30 123 +0.80 +8.4 +6.0 +10.8
W4, W8 0 to 30 13.2  -0.42 4.7 ~7.1 2.3
_ W1, W3, W5, W7 0 to 30 132 -0.70 -7.9 ~10.3 5.5
Roofs Al, C2 132 -0.25 2.8 -5.2 -0.4
(L to ridge) 132 +0.25 +2.8 +0.4 5.2
A2, Cl 13.2  -0.60 -6.7 -9.1 4.3
Roofs A3,C3 0 to 37.3 132  -0.90 ~10.1 -125 -7.7
(Il to vidge) 3731070 132  —0.50 5.6 8.0 8.2
Bl & B2 0 to 37.3 132 -0.90 -10.1 -12.5 -7.7
37210746 132 -0.50 -5.6 -8.0 -3.9
74610240 132 -0.30 -3.4 -5.8 -1.0

Note: ¢, = 13.2 psf; G = 0.85. '

Table G3-48 External Pressures for Wind Normal to Wall W4
A . Lo
Walls W4, W8 0to 15 10.1  +0.80 +6.9 +4.5 +9.3
20 109  +0.80 +7.4 +5.0 +9.8
30 123 +0.80 +8.4 +6.0 +108
W6, W2 0 to 30 132  -0.492 4.7 ~7.1 -2.3
W1, W3, W5, W7 0to 30 132 -0.70 7.9 -10.3 -5.5
Roofs Cl, A2 - 132 -0.25 -2.8 -5.2 ~0.4
(L to ridge) 132 +0.95 +2.8 404 +5.2
C2, Al 132 —0.60 -6.7 -9.1 ~4.3
Roofs A3, C3 0o 37.3 13.2  -0.90 -10.1 -12.5 -7.7
(1'to ridge) 3731070 132  —0.50 5.6 ~8.0 3.2
Bl, B2 00373 = 132 -0.90 -10.1 -125 -7.7
37210746 132 -0.50 5.6 -8.0 -39
74610240 132  -0.30 ~3.4 -5.8 ~1.0
Note: ¢, = 13.2 psf; G= 0.85.
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Table G3-49 External Pressures for Wind Normal to Wall W3

Surface type d S-_wﬁ 1;3 ‘ z(ft) 'q G, _ .E‘\,[w. m'd wign pressuses (1)
esignation (psf) prresswe (psf) (+GG,) (-GC,.)
Walls w3 Otw 15 10.1 +0.80 +6.9 +4.5 +9.3
20 10.9 +0.80 +7.4 +5.0 +9.8
30 12.3 +0.80 +8.4 +6.0 +10.3
WI1, W7, Wb 0 to 30 132 050 5.6 -8.0 -32
W2, W4, W6, W8 0o 30 132 -0.70 -7.9 -10.3 -5.b
Roofs B1 13.2 -0.25 2.3 5.2 -0.4
(L to ridge)
13.2 +0.25 +2.8 +0.4 +5.2
A3, B2, C3 132 -0.60 6.7 -9.1 —4.3
Roofs Al, A2, C1,C2 00373 13.2  -0.90 -10.1 -12.5 7.7
(I to ridge)
3730746 132 050 -hb -3.0 -3.2
74610170 132  -0.30 —&.4 -5.8 -1.0
Note: g, = 18.2 psf; G=0.85.
Table G3-50 External Pressures for Wind Normal to Wall W1-W7-W5
. AT Design friessures (s,
Surface type I S?uﬁ‘:? z (ft) _ 1 " _ _FA[?{ "(.d / #9)
designation {(psf) pressure (psf) (+GC,,) (-GC,.)
Walls W1, W7, W5 Oto 15 10.1 +0.80 +6.9 +4.5 +9.3
20 10.9 +(3.80 +7.4 +5.0 +9.8
30 12.3 +0.80 +8.4 +6.0 +10.8
W3 0o 30 13.2 -0.50 5.6 -8.0 -3.2
W2, W4, W6, W8 0 to 30 13.2 ~-0.70 ~7.9 -10.3 -5.5
Roofs A3, B2,C3 13.2 -0.25 -2.8 5.2 0.4
(L to ridge)
15.2 +0.25 +2.8 +0.4 +5.2
Bl 132  -0.60 -6.7 -9.1 -4.3
Roofs Al, A2, C1, C2 0t 37.3 13.2 -0.90 -i0.1 -12.5 -7.7
(Il to ridge) . .
3730746 132 -0.50 -5.6 -8.0 -3.2
746t0 170 132  -0.30 -3.4 -5.8 -1.0

Note: ¢, = 13.2 psF;, G=10.85.
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Figure G3-35

Table G3-51

Table G3-52

Py
Pryy P, LY .
Ly
Casel
B, =240 ft
0.75P,,
- FIRENY
& M 1
ol =y i
w| [ T || {
af |- L -11 =
0.75P,,, o7se, LI LA
0.75P,,
Case 2

My = 0.75(Pyy + Pyd X 170 X (2255 ft)
e, =*255ft

My =0.T75(P,, + Py,) x 240 x (36 ft)
e,=+36ft

0.75P,,,

Q§ - ol 3
wy [ =11
M~ L ™
o o
il H
075P,,
Case 3
B,=2401t
0.563P,,,
G — ] M |
= n.g" DM *"0.5
3| 81 B
Bl ol | 1o
|l i
0.563P,
Case 4

M= 0.563(Pm, + PLX) x 170 x (£25.5 ft)
+0.563(P,,,, + Pyy) x 240 x (+36 f1)
e, =255 ft,e, =36 ft

Design Wind Load Cases for Wind Normal to Walls W2 and W3

Wall (GCP) for Ex. 9, by Zone

Zones 4 and 5 Zone 4 Zone 5
Component A (f2) (+GC,) (-GG,) (-GG,)
‘Window 12 +0.99 -1.09 -1.37
‘Wall Stud 33.3 +0.91 -1.01 -1.22
Controlling Design Pressures for Wall Components (psf), by Zone
. Zone 4 Zone 3
Componmt' Positive Negative Positive Negalive
Window unit +15.4 -16.8 +15.4 -20.5
Mullion +14.4 -15.7 +14.4 -18.5
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Figure G3-36

Typical Design Pressure Calculations
Conwrolling  design pressures for wall components are presented in
Table G3--52.

Controlling negative design pressure for window unitin Zone 4 of walls

=13.2[(-1.09) - (£0.18)]
=-16.8 psf (positive internal pressure controls)

Conu'olliug positive design pressure for window unit in Zone 4 of walls

=13.2({+0.99) - (£0.18)]
= 15.4 psf (negative internal pressure controls)

The design pressures are the algebraic sum of external and internal
pressures. Controlling negative pressure is obtained witle positive internal
pressure, and conwolling positive pressure is obtained with negative
internal pressure.

The edge zones for the walls are arranged at extcrior corners, as shown
in Figure G3-36.

Roof Design Pressures

The C&C roof pressure coeflicients are given in Figure 6-11C of the Standaid
and presented in Tables G3-53 and G3-54. The pressure coeflictents are a
function of the effective wind area. The definition of effective wind area for a
component or cladding panel is the span length multiplied by an effective

Component and Cladding Wall Pressure Zones
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Table G3-53  Roof External Pressure Coefficients (GC,), by Zone

Posilive Negative
Lones 1, 2 Zone 1 Zone 2
A (fe?) GG, GC}' -GC,
1633 +0.3 -0.80 -1.2
Table G3-54  Roof Design Pressures (psf), by Zone
Zones 1, 2 Zone 1 Zone 2
Component -
Posilive Negative Negative
Roof rafter +6.3 -12.9 -18.2

3.10

width that need not be less than one-third.the span length (see Section 6.2 of
the Standard). The effective wind areas, A, for the roof trusses are as follows.

Roof Truss Top Chord
larger of A=70(2.0) =140 ft*
or A=70(70/3) = 1633 ft* (controls)

Note 7 of Figure 6-11C of the Standard says that for hip roofs with 8 < 25°,
Zone 3 may be treated as Zone 2.

The design pressures are the algebraic sum of external and internal
pressures. Gontrolling negative pressure is obtained with positive inter-
nal pressure, and controlling positive pressure is obtained with negative
internal pressure. o

The edge zones for the hip roof are arranged as shown in Figure G3-37.

Example 10: 50-ft x 20-ft Billboard Sign on Poles
(Flexible) 60 ft Above Ground

In this example, design wind-forces for a tall billboard solid sign are deter-
mined. The example illustrates two items: (1) determination of G, for a flexi-
ble structure, and (2) use of force coefficient from Figure 6-20 for solid signs
and Tigure 6-21 for other structures. The dimensions of the billboard sign
are shown in Figure G3-38. The billboard sign data are as shown below.

Location” Interstate highway in Iowa

Terrain Flat and open terrain
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Dimensions 50-ft X 20-ft sign mounted on o 16-in.~liameter steel pipe supports;
bottom of the sign is 60 [t above ground

Structural Tall flexible struciure; estimated fundamental frequency is 0.7 Hz
Characleristics and critical damping ratio is 0.01
{The natural frequency of a structure can be calculated in differ-
ent ways. It has been predetermined for this example.)

Figure G3-37 Component and Cladding Roof Pressure Zones

Don‘t Drink
. 20t
and Drive
—=t 101t 30t 2+ 10t —
60t

NN A NN RN N TN NNV
Figure G3-38  Characteristics for Example 10, Billboard Sign
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3.10.1  Exposure and Building Classification

The sign is located in an open area. It does not fit Exposures B or D; there-
fore, Exposure Cis used (see Sections 6.5.6.2 and 6.5.6.3 of the Standard).

Failure of the sign represents low hazard to human life since it is
located away from the highway and is notin a populated area. The structure
can be classified as Category I (see Table 1-1).

3.10.2  Basic Wind Speed

The wind speed map (Figure 6-1 of the Standard) has only one value of
wind speed in the middle of the conntry. Exact location of the sign in Iowa
is not important. The basic wind speed V=90 mph.

3.10.3  Velocity Pressures

The velocity pressures are computed using
q.=0.00256 K K,K,V* I psf A (Eq. 6-15)
where
V = 90 mph
I = 0.87 for Category I (see Table 6-1 of the Standard)
K, = 1.0 because of flat terrain
K, = 0.85 for solid sign (see Table 6-4 of the Standard)

K, = Values from Table 6-3 of the Standard for z of 30, 60, and 80 ft.

More divisions of z are not justified because loads on pipe
supports are small compared to the ones on the sign.

Values for K and the resulting velocity pressures are given in Table G3-55.

3.104  Design Force for the Structure
The design force for the Solid Sign (Section 6.5.14) is given by

F=q,GGA, (Eq. 6-27)
The design force for the support poles (Section 6.5.15) is given by

F=q, GGA, | (Eq. 6-28)
where 7

¢, = Value as determined previously

¢, = Value determined at the top of the sign (see Figure 6-20)
Gust effect factor to be calculated by Eq. 6-8 because f< 1 Hz.
Gross area of solid sign; 50 x 20 = 1,000 ft?

]

G

A,

A, = Area projected normal to wind; 1.33 ft/ft of support height

C, = Force coeflicient values from Figures 6-20 and 6-21 of the
Standard ' :
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Table G3-55  Velacity Pressures (psf)

Height (ft) K, q. (psf)
30 0.98 15.0
60 1.1% 17.5
80 1.21 18.6
Gust Effect Factor

The gust effect factoris determined as

1+1.712;/ 207+ g i
G =0.925 802 * i

1+1.7g, 1

(Eq. 6-8)

where

I, = alue from Eq. 6-5 of the Standard
8y & = Value taken as 3.4 (sce Section 6.5.8.2 of the Standard)
g, = Value from Eq. 6-9 of the Standard

Q = Value determined from Lq. 6-6 of the Siandard

R = Value determined from Eq. 6-1 of the Standard
I, = Equivalent height of the structure, itis used to determine
nominal value of 7 ; for buildings, the recommended value is
0.6%, but for the sign, it is the middle of the billboard area or
70 fu
¢, l, € = Value given in Table 6-2 of the Standard
: I ) '
33 Y% 53 /6
I =c [T] =0.2 (i‘i) =0.176 (Lq. 6-5)
z 70
—\E A ‘
70V .
15=z(" :500( ) =581 fi (Eq. 6-7)
33 33
2 1 _—
Q= e (Lq. 6-6)
1+0.63 | 22
| L:
1
= =0.858
- ST
140,63 | 29420
581

Note: In Eq. 6-6, Band A are the dimensions of the sign.
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_ _(zV (88 70V65 (88
. = B — — | =0. —_ — | = . E . D-
V. =b [ J V(GO) 0.65 _[33] (90)(60] 96.3 (Eq. 6-14)

Note: Vis the basic (3-s gust) wind speed in mph.

_mly _ (0.7)(581)
7 96.3

Fi

N, =4.22 (Eq. 6-19)

Note: n, is the fundamental frequency of the structure.

747N .

R, = _I_V = 0.0564 (Eq. 6-11)

(1+10.3N, Y3
For R,

o kbmb _ (4601 @E0) _, o
V. 96.3

R, :l_i(l ™) =0.3043 (Eq. 6-13a)

Com o 2n? :

Note: kis taken as 80 ft because resonance response depends on full height.
For R, (assuming B =50 ft),

_46mB _ (4.6)(0.7)(50)
N T T 063

=1.672 (Eq. 6-13b)

z

1 1
Ry=———5(1-¢)=0.4255
n 27

For R, (assuming depth I.= 2 ft),

154l (154)(0.7)(2)
Ly

z

=0.2239 (Eq. 6-13c)

11
RL=;—%-2—(1-3 1) = 0.8661

0.577 -
= /2In(3,6007 ) + —el (Eq. 6-9)
gr = y21In(5,600m,) J2In(3,6007,) 1

grn =41
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!
R? = § BBl (0.53+0.47R,)

0.
R? =0.684

14177, [e20% + gL R?
GI:O.QQJ $0Q” +ei

1+1.7g 1

1+1.7(3.4) (0.176)

; [ 14+1.7(0.176)/(3.47(0.858) + (4.1)7 (0.684)J

Force Coefficient (C,) for Supports

The supports are round. From Figure 6-21 of the Stanclard,

D q, = 1.33415.0 =5.2 > 2.5 and
h/D=60/1.33 =45

Tor moderately smooth surface,

=07

Design Force on Supports
Force, F= q.GCA,

For one pole

0to 30 i F=15.0(1.093)(0.7)(1.33) = 15.3 plf
30 to 60 ft F=17.3(1.093)(0.7)(1.33) = 17.7 pif

For two poles

0o 30 ft I'=30.6 pIf
30 to 60 ft =354 plf

For a 1-ft horizontal strip of the sign
F=18.6(1.093) (1.2)(50) = 1,220 plf

The force on the sign follows three cases (see Figure G3-39).

Force Coefficients for Solid Sign

B/s = 50/20=25 (Aspect ratio in Figure 6-20)
s/h = 20/80 = 0.25 (Clearance ratio in Figure 6-20)

= %(0.0564) (0.3043) (0.4255)[ 058+ (0.47) (0.8661)

(Eq. 6-10)

(LEq. 6-8)
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CaseA

T
|
|
™ __Line of
] 80Tt ! Force
1220 plf i [l I
__H |
— 60 ft — 25 ft 251t A
b ]
CaseB
35.4 pif T
|
|
" _Lineof
4 30k IL Force
I I
AT CoseC =
) [ ]

*combined for two supports AI T I
19,5171b h3,0111b 12,4401b

>
10t
30ft-

451t

Figure G3--39  Design Forces for the Billboard Sign

1.8 for Case A and Case B (interpolation in Figure 6-20)

2.4 (0 to 20 1t); 1.6 (20 to 40 ft); 0.6 (40 to 50 ft) for Case C
(linear interpolation)

O 0
1l

Design force on sign (see Figure 6-20 for Cases)
Case A: F=18.6 (1.093) (1.8) (1000) = 36,594 Ibs (or 1830 plf of sign
height)
- Case B: Eccentricity e= 0.2 (50) = 10 ft
Force of 36,5694 Ibs acts at 10 ft from the center of the sign
Case C: F=18.6 (1.093) (2.4) (400) = 19,517 lbs acts at 10 ft from an
edge of sign
F=18.6 (1.093) (1.6) (400) =13,011 lbs acts at 30 ft from the
edge of sign

F=18.6 (1.093) (0.6) (200) = 2,440 lbs acts at 45 ft from the
edge of sign

Note: Total force for Cases A and C are comparable; 36,594 vs 34,968 lbs.
Eccentricity for Case B is higher than that of Case C. Case C loading may
be critical for the design of sign structure.
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3.10.5

3.10.6

3.11

3119

Limitation

In certain circumstances lor circular members, acvoss-wine response due to
vortex shedding can be critical. The Standard does not provide a procedure
to assess across-wind response, but suggesis obtaining gnidance from recog-
nized literature (see Section 6.5.2 of the Standard).

Force on Components and Cladding
Eq. 6-25 of the Standard is

F=g.GCA,

The values of ¢, are the same as MWFERS, except the value of G =0.85. The
design forces can be determined using appropriate Cyand 4, for each com-
ponent or cladding panel.

Example 11: Domed Roof Building

Figure G340 illustrates the domed roof building nsed for a church in this
example, Building data are as shown here.

Location Baton Rouge, Louisiana
Topography Homogeneous
Terrain Open

Dimensions 100 fi diameter in plan
Eave height ol 20 ft
Dome roof height of 50 1t

Framing Steel framed dome roof
Metal deck roofing

Cladding Location is outside a wind-borne debris region, so no glazing protec-
tion is required

Domed roofs are owside the scope of Method 1, Simplified Procedure,
of ASCE 7-05. Method 2, Analytical Procedure, is used. The building is less
than 60 feet tall, so it is possible to use low-rise provisions of Section

5.12.2.2. However, because dome-shaped rools are not specifically covered,
the adaptation of the low-rise “pseudo pressure” coefficients to buildings are
outside the scope of the research and is not recommencded. Therefore, the
“all heights method” of Section 6.5.12.2.1 of the Standard is usec.

Exposure

The building is located in an open terrain area; according to Section 6.5.6.3
of the Standard, Exposure C is used.

. i
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Figure G3-40

3.11.2

3.11.3

3114

3.11.5

30ft

20ft

100 ft

Characteristics for Example 11, Domed Roof Building

Building Classification

The building is a church, so it will have more than 300 people congregating

in one area. Therefore, building Category III is appropriate (see Table 1-1
of the Standard).

Enclosure

The building is designed to be enclosed. It is not located within a wind-
borne debris region, so glazing protection is not required.

Basic Wind Speed

Selection of the basic wind speed is addressed in Section 6.5.4 of the Stan-
dard. Baton Rouge, Louisiana, is located halfivay between the 100-mph and

110-mph contours; therefore, the basic wind speed V=105 mph (see Figure
6-1b of the Standards).

Velocity Pressures

The velocity pressures are computec using

g.= 0.00256K K, K, V*I pst (Eq. 6-15)
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Table G3-56

where

K. = Value obtained from Table 6-3 of the Standard: For Exposure
C, values for Cases 1 and % are the same

K, = 1.0 for homogeneous topography

K, = 0.95 for round tanks and similar structures (see Table 6-4 of
the Standard)

= 105 mph
1 = 1.15 for Category I1I classification (see Table 6-1 of the
Standard)
therefore,
¢. = 0.00256K (1.0)(0.95)(105)*(1.15) =30.8 K. psf

Values for K, and the resulting velocity pressures are given in Table G3-56,
Wall pressures will be evaluated at mid-height = 20 ft/2=10 ft /15 ft; use ¢
at 15 ft.

Design Wind Pressures for the MWFRS
Wall Pressures

The walls of a round building are not specifically covered by the Standard.
The values for the force coefficients for round tanks and chiimneys from
Figure 6-19 is used to determine the effect of the wall pressures on the
MWTRS. The values of the force coefficients for round tanks vary with the
aspect ratio of height to diameter and with the surface roughness,

The value of g, varies from 26.2 psfat the ground to 27.7 psf at the eave line.
Therefore, the ratio D\/q_z varies from 1004/26.2 =512 to IOOW =527
both of which are much greater than 2.5; therefore, the first set of values for
G for round tanks in Figure 6-21 of the Standard is used. Any projections on
the exterior skin of the builcding are assumed to be less than 2 ft; therefore,
D'/D would be less than 2 ft/100 fi = 0.02, so the building is considered,

q, Velocity Pressures
MWFRS C&C
Height (ft)
K, q.(bsf) K, 7. {psf)
0-15 0.85 262 0.85 26.2
Eave height = 20 0.90 97.7 090 97.7
Top of dome = 50 1.09 35.6 1.09 33.6
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moderately smooth. The height of the entire structure (% = 50 ft) is used
for the aspect ratio, since the wind has to travel over the dome. Therefore,
h/D =50 ft/100 ft = 0.5, which is less than 1, resulting in C[: 0.5.

The force on the walls represents the total drag of the wind on the
walls of the building, both windward and leeward. Since it is not the typical
pressures applied normal to the wall surfaces, ignore internal pressures, as
they.cancel out in the net drag calculation.

Total drag force on walls = '= ¢ GCA, (Eq. 6-25)

where

¢. = qatthe centroid of A;—centroid of A/1s at wall mid-height =
20 ft/2 =10 ft

g = 26.2 psf (at 10 fi)
G = 0.85, the gust effect factor for rigid structures
C =05
A, = 100 e x 20 ft = 2,000 sf
therefore,

= 26.2(0.85) (0.5) (2,000) = 22,270 Ib

Domed Roof Pressures

The roof pressure coefficients for a domed roof (Table G3-57) are taken
from Figure 6-7 of the Standard. The height from the ground to the spring
line of the dome, /, = 20 ft. The height of the dome itself from the spring
line to the top of the dome, f= 30 ft. Determine G for a rise to diameter ratio,
J7D=30/100 = 0.30; and a base height to diameter ratio, &,/D=20/100 = 0.20.
Interpolation from Figure 6-7 of the Standard is required.

Two load cases are required for the MWFIRS loads on domes: Cases A
and B. Case A is based on linear interpolation of Cp values from point A to B
and from point B to C (see Figure G3—40 for the locations of points A, B,
and C). Case B uses the pressure coefficient at A for the entire front area of
the dome up to an angle 6 = 25°, then interpolates the values for the rest of
the dome as in Case A.

Table G3-57 Domed Roof G, (at /D= 0.30)

Point on dome hy/D=0 - hy/D=0.20 hy/D = 0.25 hy/D=0.50

A +0.5 -0.04 -0.18 —
B ~0.78 -0.97 — -1.96
C 0 -0.20 — ~0.50
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Table G3-58

Table G3-59

Case A

For design purposes, interpolate the pressure coelficients at points at 10-ft
intervals along the dome. Values of pressure coefficients C, are shown in
Table G3-58.

Case B

Determine the point on the front of the dome at which 6 = 25°. The point is
36.2 ft from the center of the dome, therefore 13.8 ft from point A. The pres-
sure coefficient at A shall be used for the section from A to an arc 13.8 ft
from A. The remainder of the cdome pressures are based on linear interpola-
tion between the 25” point and pomnt B; and then from point B 1o C. Values
of pressure cocflicients ¢, are shown in Table G3-59.

Internal Pressure Coefficient for Domed Roof

The building is not in a wind-borne debris region, so glazing protection is
not required. The building is assuined to be an enclosed building,.

The net pressure on any surface is the difference in the external and
internal pressures on the opposites sides of that surface.

#=4¢GC,— ¢(GC) : (Eq. 6-17)
For enclosed buildings

GC,;=x0.18 - (Figure 6-5)
¢;1s taken as g, = 33.6 psf
Design internal pressure

g(GC,) = 33.6 (+0.18) = 6.1 psf

Interpolated Domed Roof C (Case A}

Segment Starl point +10ft +20 ft +30 fi +40 fi . End point

AtoB —0.04 —0.23 -0.41 -0.60 . -0.78 -0.97
BioC -0.97 —0.82 —0.66 -0.51 —0.35 -0.20

Interpolated Domed Roof C {(Case 8)

Segment  Startpoint  +10ft  +13.8ft +20ft +30ft +40fi  End point

AwD —0.04 -0.04 -0.20 -046 -0.71 —0.797
BwC —0.97 -0.32 -0.66 051 -0.35 -0.20
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Design Wind Pressures for Domed Roof
The design pressures for this building (Figure G3—41) are obtained by the

equation
p=4GC, - ¢(CC) (Eq. 6-17)
where
4 = Qunp = 33.6 psf-
G = 0.85, the gust effect factor for rigid buildings and structures
C, = External pressure coefficient
g, = g, for all surfaces since the building is enclosed
GC,, = #0.18, the internal pressure coefficient for enclosed buildings
therefore

#=33.6(0.85) C,— 33.6(+0.18) = 28.6C, *6.1.

Values of design pressures for MWTFRS are shown in Table G3-60.

3.11.6  Design Wind Load Cases

Section 6.5.12.3 of the Standard requires that any building whose wind loads
have been determined under the provisions of Sections 6.5.12.2.1 and
6.5.12.2.3 shall be designed for wind load cases as defined in Figure 6-9. How-
ever, since the building is round, the cases as shown do not apply. There is a
possibility of non-symmetrical action by the wind, causing some torsion. Load
Case 2, with the reduced calculated horizontal load and moment using eccen-
tricity of 15 ft, could be applied to the cylindrical wall portion of the building.

3.11.7  Design Pressures for C&C
Design pressure for components and cladding (Figure G3-42) is obtained by

=@l (GC) - (GG, (Eq. 6-22)
223 2T 235 203 2T 235
-17.2 189 132 P =18.9
-11.7 B —14.6 -5.7 B 146
' -1.1
66 -10.0 oy -10.0
“114A e >-57 -1 |25 XN -s57
| } |
13.2[  36.21Mt
i ft
CaseA ‘ CaseB

Figure G3-41  MWFRS External Pressures. Note: Internal pressure of £6,1 psf to be added.
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Table G3-60  Domed Roof Design Pressures for MWFRS (psf)

Design prresswes (psf)

Surface of Location. External
Domed Rosf (0 C, pressure (psf) (+GC,.) (-GC,.)
Case A PointA-0 ft ~(.04 -1.1 -7.2 5.0

10 -0.23 6.6 -12.7 0.5
20 -0.41 ~11.7 -17.8 -5.6
30 -0.60 -17.2 -23.3 -11.1
40 -0.78 —22.3 -28.4 -16.2

Point B - 50 fi —0.97 ~27.7 -33.8 ~21.6
60 —0.82 ~25.5 —20.6 -17.4
70 —-0.66 -18.9 -25.0 -12.8
30 -0.51 -14.6 -20.7 -8.5
90 —0.35 -10.0 =-16.1 -3.9

Point C - 100 ki -0.20 -5.7 -11.8 0.4

Case B Point A—-0 ft —0.04 -1.1 -7.2 5.0

0=25% 158N —0.04 -1.1 -7.2 5.0
20 -0.20 5.7 -11.8 0.4
30 -0.46 -13%.2 -19.3 -7.1
40 -0.71 -20.3 —26.4 ~14.2

Point B - 50 f{t -0.97 -27.7 -35.8 -21.6
60 -0.82 -23.5 —29.6 -17.4
70 —{).66 —-18.9 -25.0 -12.8
30 -0.51 -14.6 -20.7 -8.5
90 -0.35 -10.0 -16.1 -39

Poine C-100 -0.20 5.7 -11.8 0.4
+229 psf 302l
+36.3 psf
60
34.0' 16.0'_!
Paositive Pressure Negative Pressure

Figure G3-42  Component Design Pressures
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Table G3-61

where .
B = Guoy = 33.6 pst for all domed roofs calculated at height #y+f
F; = fuoy = 33.6 psf for positive and negative internal pressure

(GC)

External pressure coefficient (see I'igure 6-16 of the Standard)

(GC,) = +0.18 for internal pressure coefficient (see Figure 65 of the
Standard)

Wall Design Pressures

The Standard does not address component and cladding wall loads for
round buildings. The designer might consider segmenting these walls into
small widths and using the roof coefficients for the walls. The designer
could also use the Figures 6-11A or 6-17 (depending on h), and apply the
coellicients for wall zone 4. These values will come close to the domed roof
coefficients of + 0.9.

Domed Roof Design Pressures

The G&C domed roof pressure cocfficients (Table G3-61) are from Figure
6-16 of the Standard. This figure is valid only for domes of certain geomei-
ric parameters. The base height to diameter ratio, h,/D = 20/100 = 0.20,
which is in the range of 0 to 0.5 for Figure 6-16. The rise to diameter ratio,
f/D = 30/100 = 0.30 which is in the range of 0.2 to 0.5 for Figure 6-16.
Therefore, it is valid to use Figure 6-16 for this dome.

The design pressures are the algebraic sum of external and internal
pressures. Positive internal pressure provides controlling negative pressures,
and negative internal pressure provides the controlling positive pressure.
These design pressures act across the roof surface (interior to exterior).

P= '[GCp_ q( qu.i)
Pp=33.6GC,— 33.6(£0.18) = 33.666},i 6.1

Design pressures are summarized in Table G3-62.

These pressures are for the front halt of the dome. The back half
would experience only the negative value of —36.3 psf. However, since all
wind directions must be taken into account, and since each element would
at some point be considered to be in the front half of the dome, each ele-
ment must be designed for both positive and negative values.

Roof External Pressure Coefficient (GC)

Zone Positive Negative
0° to 60° +0.9 -0.9
60° to 90° +0.5 -0.9

Note: Coelticients are from Figure 616 of the Standard.
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Table G3-62 Roof Design Pressures (psf)

Zone Positive Negative
0” to 60° +36.3 -36.9
60° to 90° +22.9 -36.3

3.12 Example 12: Unusually Shaped Building

This example demonstrates calculation of wind loads for an unusually shaped
building, as shown in Figure G3-43, Building data are as shown here.

Location San Irancisco, Caliloria
Topography Homogeneous
Terrain Suburban

Dimenstons  100-ft X 100-ft overall in plan with a 70-ft X 70-ft wedge cut off
Flat roof with eave height of 15 ft

Traming Steel joist, heam, column roof Framing with X-bracing.

Cladding Location is outside a wind-borne debris region, so no glazing prolec-
tion is required.

Noun-symnetrical buildings ave outside the scope of Method 1, Simpli-
fied Procedure, of ASCE 7-05. Therefore, Method 2, Analytical Procecture, is
used. The building is less than 60 (t wll, so it is possible to use low-rise provi-
sions of Section 6.5.12.2.2. However, because unusually shaped buildings are
not specifically covered, the adaptation of the low-rise “pseudo pressure”
coeflicients to buildings outside the scope of ti€ research is not recom-
mended. Therefore, the “all heights method” of Section 6.5.12.2.1 is used.

3.121 Exposure

The building is located in a subwban terrain area; according to Section
6.5.6.3 of the Standarct, LExposure B is used.

3.12.2  Building Classification

The building is an office building. It is not consicdered an essential facility, nor
is it likely to be occupied by 300 persons in a single area at one time. There-
fore, building Category I1 is appropriate (see Table 1-1 of the Standard).

3.12.3 Enclosure

The building is designed to be enclosed. It is not located within a wind-
borne debris region, so glazing protection is not required.
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Figure G3-43  Building Characteristics for Example 12, Unusually Shaped Building

3.12.4  Basic Wind Speed

Selection of the basic wind speed is addressed in Section. 6.5.4 of the Stan-
dard. San Francisco, California, is located in the 851nph zone; therefore,
the basic wind speed V=85 mph (see Figure 6-1 of the Standard).

3.12.5  Velocity Pressures

The velocity pressures are computed using
q,= 0.00256K K, K, V*I psf (Eq. 6-15)
where

K_ = Value obtained from Table 6-3: Case 1 for C&C and Case 2 for
MWFRS

'K, = 1.0 for homogeneous topography
K, = 0.85 for buildings (see Table 6-4 of the Standard)
V = 85 mph
I = 1.0 for Category 1l classification (see Table 6-1 of the Standard)
therefore,

¢, =0.00256 K (1.0) (0.85) (85)*(1.0) = 15.72K, psf

The mean roof height for a flat roof is the eave height &= 15 ft. Values for K and
the resulting velocity pressures for MWIRS and C&C are shown in Table G3-63.

External Pressure Coefficients

The values for the external pressure coefficients for the various surfaces are
obtained from Figure 6-6 of the Standard for each of the surfaces of the
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Table G3-63 g, Velocity Pressure

3.12.6

MWFRS C&C
Height (ft) K, 0. (1) K. 0. (psf)
0-156 0.57 Q.0 0.70 11.0
Eave heighe =15 0.57 9.0 0.70 11.0

building shown in Figure G3-43. The detenmination of certain pressure coefl-
ficients is based on aspect ratios. The overall dimensions for L and B are used.,

L/B=100/100 = 1.00
h/L=15/100=0.15
8=0°

The windward wall (.} is always 0.8, the side walls are always —0.7, and the
leeward wall is —0.5 based on an aspect rato L/B=1.0.

The roof G, comes from the “wind parallel to a ridge” portion of Fig-
ure 6-6 of the Srandard. For these flat roofs, q varies with A/L and with cis-
tance from the leading edge of the roof. For h/L = 0.15 < 0.5, sz -0.9, -0.5,
or —0.3, depending on the distance from the leading edge. Figure 6-6 also
includes the -0.18 case for all roofs; however, this case causes critical load-
ing when combined with ansient loads such as snow load or live load. For
brevity, the case is not shown.

External pressure coefficients are summarized in Tables G3-64
through G3-67.

Design Wind Pressures for the MWFRS
The design pressures for this building are obtained by the equation
= 49GC,- ¢(GC) (Eq. 6-17)

where

q = ¢.=9.0 psf for windward wall at height z = 15 ft and below

q = ¢,= 9.0 psf [or leeward wall, side walls, and roof

4 = 4,=9.0 pst for all swrfaces since the building is enclosed

G = 0.85, the gust effect factor for rigid buildings and structures

C, = External pressure coefficient for each surface, as shown in
Figure G3-43

(GC,) = +0.18, the internal pressure coeflicient for enclosed buildings
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Table G3-64 External Pressure Coefficients (CP) for Wind'Normal to Wall W1

Surface type Surface Surface Distance from L/Bor G,
designation windward edge h/L

Walls wi Windward ‘ All +0.80
W3, w4 Leeward 1.0 -0.50
W2, W5 Side All -0.70
Roof Qh 015 -0.90°
kio 2k 015 -0.50
>2h . 015  -0.30°

* The values of smaller uplift pressures (G, =-0.18) on the roof can become critical

when wind load is combined with roof live load or snow load; load combinations are
given in Sections 2.3 and 2.4 of the Standard. For brevity, loading for this value is not

shown here.

Table G3-65 External Pressure Coefficients (C,) for Wind Normal to Wall W5

Surface type Surface Surface Distance from L/Bor G
designation windward edge R/L
Walls w5 Windward All +0.80
| W2, W3 Leeward 1.0 —.50
W1, W4 Side All -0.70
Roof Otoh 015 -090
hio 24 015  -0.50
>2h 015  -0.30
Table G3-66  External Pressure Coefficients (C)) for Wind Normal to Wall w4
Surface type Swuiface Surface Distance from L/Bor G,
designation  windward edge h/L
Walls W4, W3 Windward All +0.80
Wi ‘ Leeward 1.0 —0.50
W2, W5 Side All -0.70
Roof Oto & 015 -090
ko 2k , 1015 -0.50
>2h 0.15  -0.30
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Table G3-67

3.12.7

External Pressure Coefficients {CP) for Wind Normal to Wall W2

Surface type Surface Suifuce Distarce from L/Bw C,
designation windward edge /L

Walls W2, w3 Windward All +0.80
W5 Leeward 1.0 -0.50
W1, w4 Sicle ' All -0.70
Roof Owh 0.15 -0.90
h 1o 2h 0.15 -0.50
> 2h 015 0.0

For windward walls

= 4.GC, - 4,(GC,) = 9.0(0.85) C,~9.0(+0.18) = 7.7C, £ 1.6

For all other surfaces

= 4.GC,— 4,(GG,) =9.0(0.85) C,~ 9.0(0.18) = 7.7C, + 1.6

Design pressures are summarized in Tables G3-68 througli G3-71. The exter-
nal roof pressures and their prescribed zones are shown in Figure G3-44.

Minimum Design Wind Pressures

Section 6.1.4.1 of the Standard requires that the MWFERS be designed for
not less than 10 psf applied to the projection of the building in each orthog-
onal direction on a vertical plane. This is checked as a separate load case.
The application of this load is shown in Figure G3-45.

Design Wind Load Cases

Section 6.5.12.3 of the Standlard vequires that any Iniilding whose wind loads
have been deterinined under the provisions of Sections 6.5.12.2.1 and 6.5.12.2.3
shall be designed for wind loadl cases as defined in Figure 6-9. There are several
exceptions noted that require only the use of Load Case 1, the full orthogonal
wind case, and Load Case 3, the diagonal wind case approximated by applying
75% of the loads to adjacent faces simultancously. The exceptions are building
types that are not sensitive to torsional wind effects, which are created by Load
Cases 2 and 4. One of these exceptions is for onestory buildings less than 30 ft
in height, so this example meets that exception and is required only to meet
Load Cases 1 and 3. Load Case 1 is calculated above and shown applied in each
orthogonal direction in Figure G3-46. Load Case 3 is the diagonal wind load
case, applied in each of four directions as shown in Figure G3-47.
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Table G3-68 Design Pressures for Wind Normal to Wall W1
Surface zorx q External Design pressiures (psf)
Suwrface type  designation (D] (psh) G, pressure (psf) (+GC,.) (-GC,)
Walls Wil Oto1b 9.0 +0.80 +6.2 +4.6 +7.8
W3, w4 Oto 15 9.0 —0.50 -3.9 -h.5 -23
W2, W5 015 9.0 -0.70 -4 -7.0 -3.8
Roof Oto 15 9.0 -0.90 -6.9 -8.5 -5.3
151030 90  -0.50 -3.9 55 - 23
30 to 100 9.0 ~0.30 2.3 -39 0.7
Note: ¢, = 9.0 psf; G= 0.85.
Table G3-69 Design Pressures for Wind Normal to Wall W5
w6 e iy 6]
Walls Wh ) Oto 15 9.0 +0.30 +6.2 +4.6 +7.8
W2, W3 0t 15 9.0 —0.50 -3.9 -b.b -2.3
W1, w4 Owlb 9.0 -0.70 -5.4 -7.0 -3.8
Roof Oto 15 9.0 -0.90 -6.9 -8.5 55.3
15 to 30 9.0 -0.50 -3.9 -h.5 23
30to 100. 9.0 -0.30 2.3 -3.9 -0.7
Note: g, = 9.0 psf; G= 0.85. - '
Table G3--70 Design Pressures for Wind Normal to Wall W4
R S S o R
Walls W4, W3 0wl5 90  +0.80 +6.2 +4.6 +7.8
w1 0w lb 9.0 —0.50 -3.9 5.5 -2.3
W2, W5 0w 15 9.0 -0.70 .54 ‘ 1.0 -3.8
Roof 0w 15 9.0 —0.90 -6.9 -85 -b.3
15 to 30 9.0 -0.50 -39 -5.5 -2.3
30 to 100 9.0 -0.30 -2.3 -3.9 0.7
Note: g,= 9.0 psf; G=0.85,
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Table G3-71 Design Pressures for Wind Normal to Wall w2

Swface pe Surface zorx ¢ c External Design pressures (psf}
esignation (DN (7)) f pressure(psf} (+GC,) (-GC,)

Walls W2, W3 0to 15 9.0  +0.80 +6.2 116 +7.8
w5 0015 9.0  -0.50 -3.9 5.5 -2.3

W1, W4 0t 15 9.0  -0.70 5.4 -7.0 -3.8

Roof Dio 15 9.0 -0.90 -6.9 -85 -5.3
15 to 30 9.0 050 -3.9 -5.5 - 2.3

30t0 100 90  -0.30 2.3 -39 ~0.7

Note: ¢,= 9.0 psf; G=0.85.

Figure G3-44  External Roof Pressure Zones for MWFRS
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Figure G3-46  Application of Load Case 1 from Each Orthogonal Direction
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Table G3-71 Design Pressures for Wind Normal to Wall W2

Surface type Surface zorx g ¢ E.qm:-fmz Design pressures (psf)
designation m ) ' fressure(psf) (+GC,,) (-GC,.)

Walls w2, W3 010 15 9.0 1080 16.2 +4.6 +7.8
w5 01015 9.0  -0.50 -3.9 -5.5 -2.3

W1, W4 0t 15 9.0 —0.70 5.4 -7.0 -3.8

Roofl 0to 15 9.0 -0.90 -6.9 -8.5 -5.3
15 to 30 9.0  —0.50 -3.9 55 - 2.3

3010100 90  —0.30 2.3 -4.9 0.7

Note: g,= 9.0 psf; G=0.85.

5.9

Figure G3-44  External Roof Pressure Zones for MWFRS
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Figure G3-47  Application of Load Case 3 from Each Diagonal Direction

3.12.8

Design Pressures for C&C

Design pressure for components and cladding is obrained by
P=al(GC) ~(GC,)] (Eq. 6-22)

where

1l

¢, = 11.0 psffor Case 1

(GC) = External pressine coefficient {see Figures 6-11A and 6-11B of
the Standard)

$0.18, the internal pressure coefficient for enclosed buildings

(GC,)

Wall Design Pressures

The pressure coeflicients (GC,) are a funcion of effective wind area. Since
specific components of the walls are not identified, design pressures are given
for various effective wind areas in Table G3-72. These values have been
reduced by 10% as allowed by Note 5 in Figure 6-11A for roof angle © < 10°.

Width edge zone
smaller of a=0.1(100) =10 &t
or a=0.4(15) = 6.0 ft (controls)
but not less than a= 0.04(100) = 4.0 fi
or a=3ft
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Table G3-72 Wall-(GCp) for Ex.12, by Zone

R Zones 4 and 5 Zone 4 Zone 5

A () (+GC,) (-GG,) (~GC,)
<10 +3.90 | -0.99 -1.26
50 +0.79 -0.88 -1.04
100 +0.74 -0.83 -0.95
>500 ' +0.63 -0.72 ~0.72

Note: GG, values have been reduced by 10% since © < 10°.

The design pressures are the algebraic sum of external and internal pres-
sures. Controlling negative pressure is obtained with positive internal pres-
sure, and controlling positive pressure is obtained with negative internal
pressure. The controlling design pressures are given in Table G3-73. The
edge zones for the walls are arranged at exterior corners, as shown in
Figure G3-48.

Roof Design Pressures

The pressure coefficients (GC) are a function of effective wind area. Since
specific components of the roof are not identified, design pressures are given
for various effective wind arcas in Table G3-74. The design pressures

- (Table G3-75) are the algebraic sum of external and internal pressures. Con-
trolling negative pressure is obtained with positive internal pressure, and
controlling positive pressure is obtained with negative internal pressure. The
edge zones for the roof are arranged as shown in Figure G3-49.

Table G3-73  Controlling Design Pressures for Wall Components {psf), by Zone

Zone 4 Zone 5
Area
Positive Negative Positive Negalive
<10 +11.9 -12.9 ‘ +11.9 -15.9
50 +10.7 -11.6 +10.7 -13.4
100 +10.1 -11L.1 +10.1 -12.4
> 500 489" 9.9° +8.9° 9.9°

* Section 6.1.4.2 of the Standard requires that C&C pressures be not less than + 10 psf
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[ 1zoneq Zone 5 a
Figure G3-48  Wall Pressure Zones for Components and Cladding
Table-G3-74  Roof External Pressure Coefficients, by Zone
Zones I, 2, 3 Zone | Zone 2 Zone 3
A (f£) (GC) (GC) -GC) (-GC,)
Positrve Negative Negative Negative
10 +0.30 -1.00 -1.80 -2.80
50 +0.23 -0.93 -1.31 -1.61
100 +0.20 -0.90 -1.1¢ -1.10
Table G3-75  Roof Design Pressures (psf), by Zone
Zones I, 2, 3 Zone [ Zone 2 Zone 3
Area (GC,) (GC) (-GC,) (-GC,)
Positive Negative Negative Negative
10 +h.53’ ©~13.0 ~21.8 -32.8
50 +4.5" -12.2 -16.4 -19.7
100 +4.2° ~-11.9 -14.1 -14.1

* Section 6.1,4.2 of the Standard requires that C&C pressures be not less than +10 psf.
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3.13

3.13.1

3.13.2

3.13.3

{ JZonen Zone 2 W Zone 3

Figure G3-49  Roof Pressure Zones for Components and Cladding

Example 13: 30-ft X 60-ft Open Building with Gable Roof

In this example, design wind pressures for a typical, open-storage building
are determined. Figure G3-50 shows the dimensions and framing of the
open buildings. The building data are as follows:

Location 'Tulsa, Oklahoma
Topography Homogenous
Terrain  Suburban, wooded

Dimensions 30 ft X 60 {ft in plan
Roof eave height is 10 ft
Roof gable © = 15°

Framing Typical metal construction
Roof russes spanning 30 ft are spaced 4 ft on center
Roof panels are 2 ft x 8 ft

Storage Clear flow; blockage less than 50%

Building Classification

The building is a minor storage building. It is not considered an essential
Facility and represents a low hazard to human life in the event of failure.
Building Category I is appropriate; see Table 1-1 of the Standard.

Exposure

The building is located in a suburban area; according to Section 6.5.6.2 and
6.5.6.3 of the Standard, Exposure B is used.

Basic Wind Speed

Selection of basic wind speed is addressed in Figure 6-1 of Section 6.5.4 of
the Standard. Therefore, the basic wind speed is V=90 mph.
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Figure G3-50  Building Characteristics for Example 13, Open Building with Gable Roof

3.13.4

3.13.5

Velocity Pressures

The velocity pressures are computed using
.= 0.00256K K, K, V* [ pst (Eq. 6-15)

where

K, = 0.70 from Table 6-3 of the Standard for Case 1 (C&C) and
0.57 from Table 6-3 of the Standard for Case 2; for 0 to 15 ft,
there is only one value: K = K,

K, = 1.0 for homogeneous topography (see Section 6.5.7 of the
Standard)

i

K, = 0.85 for buildings (sce Table 6-4 of the Standard)

V = 90 mph (sce Figure 6-1a of the Standard)
I = 0.87 for Category I building (see Table 6-1 of the Standare)
k= mean roof height = 10 + [(15) (tan15°) /2] = 12.0 fi.

For Case 1 ({C&C)
g, = 0.00256 (0.7} (1.0) (0.85) (90)* (0.87) =10.7 psf

For Case 2 {(MWFRS)
7, = 0.00256 (0.57) (1.0) (0.85) (90)* (0.87) =8.8 psf

Design Wind Pressure for MWFRS

The equation for open buil(lings is given in Section 6.5.13.2 of the Standard.

p=q,GC, (Eq. 6-25)
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where
q, = Velocity pressure evaluated at mean roof height A
G = Gust effect factor
C, = Net pressure coeflicient value obtained from Figure 6-18B
and Iigure 6-18D.
Gust Effect Factor

The gust effect factor for nonflexible (rigid) buildings is given in Section
6.5.8 of the Standard as G= (.85, :

Roof Net Pressure Coefficients

The roof net pressure coefficients (C,) are presented in Table G3-76. Because
the building is open and has a pilched roof, there are two wind directions to be
considered: wind direction parallel to the slope (normal to ridge}, = 0" or
180%, and wind normal to the roof slope (parallel to ridge), y=90" For y= 0" or
180" the net pressure coefficients are obtained from Figure 6-18B. For y= 90"
the net pressure coefficients are obtained from Figure 6-18D.

Clear wind flow is assumedl; blockage less than 50%.

Wind Pressure for MWFRS
Calculated wind pressures for MWIRS are summarized in Table G3-77.

P=q,G6GCy=8.8x0.85x (
Figures G3-51 and G3-52 illustrate the design pressures for Case A and

Case B for wind directions y= 0° or 180° and y= 90°, respectively.

‘Minimum Design Wind Loadings

Section 6.1.4.1 of the Standard requires that the design wind load for MWEFRS
of open buildings shall not be less than 10 psf (net horizontal) multiplied by
area projected on a plane normal to the wind direction. Depending on the

Table G3-76  Roof Net Pressure Coefficients (C,) for Two Cases

Wind direction 8°  Distance from Case A Case B
Windward Edge
Normal to ridge 15 . 1.1 {(Cpd 0.1 (Cpp)
¥=0° or 180°; Figure 6-18B) 0.4 (C,) -L1(C)
Parallel to ridge 0 0-12 ft -0.8 0.8
(Y = 90°; Figure 6-18D)
12-24 ke -0.6 0.5
24-60 ft -0.3 0.3
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Table G3-77  Design wind pressures for MWFRS (psf}

3.13.6

Wind Divection, y Distace from Cuse A Case B
Windward Edge
Normal to ridge (y=0° or 180°) Windward 8.9 0.7
Leeward -3.0 3.2
Parallel to ridge (y=90°) 0-12 it 6.0 6.0
12-24 11 —4.5 3.7
24-60 [t -2.2 2.2

Note: Positive number mieans ioward 1he surface; negative monbers mean away from the surface.

projected area of the roof and supporung strucuire, this minimum loading
could govern and should be checked. Load Case A satisfies this minrimum
requirement,

Design Pressures for Roof Trusses and Roof Panels

The design pressure equation for C&GC for open buildings with pitched
roofs is given in Section 6.5.13.3 of the Standard.

p= 4,66, (Eq. 6-26)
where
4, = Velocity pressure evaluated at mean roof height k
G = Gusteffect factor vatue determined from Section 6.5.8 of the
Standard
Cy = Net pressure coefficient value obtained from Figure 6-19B.

Roof Design Pressures

Roof net design coefficients for components and cladding are presented in
Table G3-78, from Figure 6-195 in the Standard.

Width of Zone 2 and Zone 3
Smaller of e=04(12) =48
or a=0.1(80) = 3 ft (controls)
but not less than a = 0.04(30) = 1.2 it
or a=3t
a'=9sq L

Effective wind area

Roof panel A=dx2=8 sq [t (conirols)

or A=4x(4/3)=53sq fr
Roof truss A=4x30=120sq fr
or A =30 x(30/3) = 300 sq ft (controls)
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Wind (y = )

Case A I

Wind(y =)
—

Case B ! lon

Figure G3-51  Design Pressures for MWFRS for Wind Directiony = 0°or 180°. Note: a} Case Aand b)
Case B.

Wind Pressure for Trusses and Roof Panels

Calculated wind pressures for trusses and roof panels are summarized in
Table G3-79.

P=q,GCy=10.7x0.85x G,

Zones for the pitched roof of this open building are shown in

* Figure G3-53. The panels and trusses are designed for the pressures indicated.

For trusses, two loading combinations need to be considered. The

two loading cases are shown in Figure G3-54. Loading case 1 is for wind

directions 1 and 2 while loading case 2 is for wind direction 2. The loadings

shown for trusses are used for the design of truss and individual members.

For anchorage of the truss to frame support members may use MWFRS
loading. '
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Figure G3-52  Design Pressures for MWFRS for Wind Direction y= 90°. Note: a) Case A and b) Case
B. The pressures are normal to roof surface

Table G3-78 Roof Net Pressure Coefficients (CN) for Components, 8 = 15°, by Zone

Component  Effective Wind Zone 3 Zone 2 Zone I
Hrea (sq fi)
Panel 8(Ld) 2.2 2.2 1.7 -1.7 1.1 -1.1
Tiuss 300 (> 4a?) 1.1 -1.1 1.1 -1.1 1.1 -1.1

Note: Coefficients are from Figure 6-198 of the Standard.

Table G3-79  Roof Component Design Pressure (psf), by Zone

Component Zone 3 Zone 2 Zone 1
Panel 20 =20 15.5 -15.5 10 -10
Truss 10 -10 10 -10¢ 10 -10

Note: Positive number means toward the surface; negative numbers mean away from
the surface.
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Figure G3-53  Pressure Zones for Panels and Trusses

10 psf

10 psf

10 psf 10 psf

Loading Case 2 (Wind Direction 2)

Loading Case | (Wind Direction 1&2}

Figure G3-54 Loading Cases for Roof Trusses

136 Wind Loads: Guide to the Wind Load Provisions of ASCE 7-05




i

Il

RN

-
~

4.1

= S
P
-

. Frequently Asked

‘Questions

- Over the last several years, the authors have fielded hundreds of questions
and inquiries firom users of the ASCE 7 wind load provisions. The pPurpose
of this chapter s o clarify provisions of the Standard abont which questions
frequently and repealedly avise. The questions are assemblec by subject
Tnatter of wind load calculations to make it easier to find them,

Wind Speed
1. it possible to obtain larger scale maps of basic wind speeds (see

Is
Figures 6-1,6-1A, 6-1B, and 6-1C) so that the locations of the wind
speed contours can be determined with greater accuracy?

No. The wind speed contours in the hurricane—prone region of the
United States are based on hurricane wind speeds from Mon te Carlo
simulations and on estimates of the rate at which hurricane wind
speeds attenuate to 90 mph following landfall. Because the wind
speed contours of these figures represcnt a consensus of the ASCE 7
Wind Load Task Commiuee, increasing the map scale would do
nothing to improve their accuracy. Some jurisdictions cstablish a spe-
cific basic wind speed for a jurisclictional area; itis advisable to check
with authorities of that area.
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2. IBC (2006) Figure 1609 gives the 3-s wind speed at the project
location. However, according to the Notes, Figure 1609 is for
Exposure C. If the project location is Exposure B, what is the proper
wind speed to use?

Basic wind speed in IBC Figure 1609 or ASCE 7-05 is defined as 3-s
gust wind speed at 33 ft above ground for Exposure Category C,
which is the standard measurement. The velocity pressure exposure
coefficient, K, adjusts the wind speed for exposure and height above
ground. However, for simplicity the coefficient is applied in the pres-

_ sure equation, thus adjusting pressure rather than wind speed. Use
of X adjusts the pressures from Exposure C to Exposure B.

3. If the design wind loads are to be determined for a building that is
located in a special wind region (shaded areas) in Figures 6-1, 6-1A,
6-1B, and 6-1C, what basic wind speed should be used?

‘The purpose of the special wind regions in these figures is to alert
the designer to the fact that there are regions in which wind speed
anomalies are known to exist. Wind speeds in these regions may be
substantially higher than the speeds indicated on the map, and the
use of regional climatic data and consultations with a wind engineer
or meteorologist are advised.

4, How do | design for a Category 3 hurricane?

The Sa}fﬁr/ Simpson Hurricane Scale classifies hurricanes based on
intensity and damage potential using five categories (1 through 5,
with 5 being the most intense). Table C6-2 in the Commentary of the
standard gives an approximate relationship between wind speed in
ASCE 7 and the Saffir-Simpson hurricane scale. The SaffirSimpson
scale has a range of wind speeds. A decision will have to be made on
which specific basic wind speed over land to be used.

4,2 Load Factor

5. When can | use the one-third stress increase specified in some
material standards?

When using the loads or load combinations specified in ASCE 7-05,
no increase in allowable stress is permitted except when the increase
is justified by the rate of duration of load (such as duration factors
used in wood design). Instead, load combination #6 in Section 2.4.1
of ASCE 7-05 adjusts for the case when wind load and another tran-
sient load are combined. This load combination applies a 0.75 factor
to the transient loads ONLY (not to the dead load). The 0.75 factor
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applied to the transient loads accounts for the fact that itis extremely
ualikely that two inaximum events will happen al the same tme.

Why can the wind directionality factor (K,) only be used with the
load combinations specified in Sections 2.3 and 2.4 of ASCE 7-05?

In the swrength design load combinations provided in previous edi-
tions of ASCE 7 (ASCE 7-95 and earlier}, the 1.3 factor for wind
included a “wind directionality factor” of 0.85. In ASCE 798, the
loading combinations used 1.6 instead of 1.3 (approximately equals
1.6 X 0.85), and the directionality factor is inclucled in the equation
for velocity pressure. Separating the directionality {actor from the
load combinations allows the designer to use specific directionality
factors for each structure and allows the factor to be revised more
readily when new research becomes available.

4.3  Terrain Exposure

7.

What exposure category should | use for the main wind force-
resisting systems (MWFRS) if the terrain around my site is Exposure B,
but there is a large parking lot directly next to one of the elevations?

Section 6.5.6 of ASCE 7-05 provides general definitions of Exposures B,
C, and D; however, the designer inust refer to the Commentaq" fora
detailed explanation for each exposure. The exposnre depends on the
size of the parking lo, its size relative to the building, and the number
and type of obstructions in the area. Section C6.5.6 of the Commentary
includes a formula (Lq. C6-3) thac will help the designer determine if
the terrain roughness is sufficient to be categorized as Exposure B,
Note that, for Exposure B, the fereh distance is 2,600 ft or 20 dines the
structure’s height, whichever is greater. Also note that the Conunentary
provides suggestions for determining the “upwind fetch surface area.”

Yor clearings such as parking lots, wide roads, roac intersections,
underdeveloped lots, and tree clearings, the Commentary provides a
radonal procedure and an exam ple to interpolate between Exposure
B and C; the designer is encouraged to use this procedure. The pro-
cedure is illustrated in YVigures C6-8 and C6-9. The determination of
exposure category is basedt on the extent and the distance from the
project location of “open patches” where the exposure could be con-
sidered to be less rough than Exposure B.

Under what conditions is it necessary to consider speed-up due to
topographic effects when calculating wind loads?

Section 6.5.7 of the Standard re uires the calculation of the topo-
q P
graphic factor, K, for buildings and other structures sited on the
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upper half of isolated hills or escarpments located in Exposures B, G,
or D) where the upwind terrain is free of such topographic features for
a distance of atleast 100 H or 2 i, whichever is smaller, as measured
from the crest of the topographic feature. K, need not be calculated
when the height, H, is less than 15 ft in Exposures D and G, or less
than 60 ft in Exposure B. In adclition, K need not be calculated when
H/L,is less than 0.2. Hand L,are defined in Figure 6-4. The value of
K is never less than 1.0.

4.4 MWFRS and C&C

9. Do | consider a tilt-up wall system to be components and cladding
(C&C) or main wind force-resisting systems (MWFRS) or both?

Both. Depending on the direction of the wind, a tiltup wall system
must resist either MWFERS forces or C&C forces. In the C&C sce-
nario, the elements receive the wind pressure directly and transfer
the forces to the MWIRS in the other direction. When a tilt-up wall
acts as a shear wall, it is resisting forces of MWFRS. Because the wind
is not expected to blow from both directions at the same time, the
MWFRS forces and C&G forces are analyzed independently from
each other in two different load cases. This is also true of masonry
~and reinforced-concrete walls.

10.  When is a gable truss in a house part of the MWFRS? Should it also
be designed as.a C&C? What about individual members of a truss?

Roof trusses are considered to be components since they receive load
directly from the cladding. However, since a gable truss receives wind
loads from more than one surface, which is part of the definition for
MWFRS, ari argument can be made that the total load on the truss is
more accurately defined by the MWFRS loads. A common approach

is to design the members and internal connections of the gable truss
for C&C loads, while using the MWFRS loads for the anchorage and

reactions of the truss with wall or frame. When designing shear walls

or cross-bracing, roof loads can be considered as MWIRS.

In the case where the tributary area on any member exceeds 700 2, Sec-
tion 6.5.12.1.3 permits the member to be considered an MWFERS for
determination of wind load. However, for a gable truss as MWEFRS under
this provision, the top chord members of the truss would have to follow
rules of C&C if they receive load directly from the roof sheathing.
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4.5 GQGust Effect Factor

11.

A tower has a fundamental frequency of 2 Hz, but has a height-to-
width ratio of 6. Should the tower be treated as a flexible structure
to determine the gust effect factor?

No. Definiton of a flexible building given in Section 6.2 states that fun-
damental (first mode) natural frequency less than 1 Hz would make it
flexible for the gust effect factor. The energy in the turbulence spectrum
is small for frequencies above 1 Hz, Hence, a tower with fundainental
frequency of 2 Hz is not likely 1o be dynamically excited by wind. The
commentary of the Standard has a good discussion on response of
buildings and structures in turbulent wind in Section C6.5.8.

4.6 Pressure Coefficient

12.

13.

In the design of main wind force-resisting systems (MWFRS), the
provisions of Figure 6-6 apply to enclosed or partially enclosed
buildings of all heights. The provisions of Figure 6-10 apply to
enclosed or partially enclosed buildings with mean roof height less
than or equal to 60 ft. Does this mean that either figure may be
used for the design of a low-rise MWFRS?

Iigure 6-6 may be used for buildings of any height, whereas Figure 6-10
applies only to low-rise buildings. Section 6.2 defines low-rise buildings
to comply with mean roof height £< 60 ft and % not to exceed least hor-
izontal dimensions. Pressure coefficients for low-rise buildings given in
Figure 6-10 represent “pseudo” loading conditions enveloping internal
structural reactions of total uplift, 1otal horizontal shear, bending
uoment, etc, (see Secton C6.5.11). Thus, they are not real wind-
induced loads. These loads work adequately for buildings of the shapes
shown in Figure 6-10; they are not applicable to other shapes such as
the Ushaped building in Examnple 9 or the odd-shaped building of
Example 12,

What pressure coefficients should be used to reflect contributions
for the underside (bottom) of the roof overhangs and balconies?

Sections 6.5.11.4.1 and 6.5.11.4.2 specify pressure coefficients to be
used for roof overhangs to determine loads for MWEFRS and C&C,
respectively. No specific guidance is given for balconies, but use of
the loading criteria for roof ovérhangs should be adequate.

Other loading condlitions at the overhang, such as the pressures on
the upper roof surface, must be considered to obtain the total loads
for connections between the roof and the wall.
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14.  If the mean roof height, h, is greater than 60 ft with a roof geometry
that is other than flat roof, what pressure coefficients are to be used
for roof C&C design loads?

Section 6.5.12.4.3 permits use of pressure coefficients of Figures 6-11
through 6-16 provided the mean roof height <90 ft, the height-to-
width ratio is 1 or less, and Eq. 6-22 is used.

Note 6 of Figure 6-17 permits use of coefficients of Figure 6-11 when
the roof angle 0 > 10°.

15.  Flat roof trusses are 30 ft long and are spaced on 4-ft centers. What
effective wind area should be used to determine the design
pressures for the trusses?

Roof trusses are classified as C&C since they receive wind load directly
from the cladding (roof sheathing). In this case, the effective wind
area is the span length multiplied by an effective width that need not
be less than one-third the span length or (30) (30/3) = 300 ft*. This is
the area on which the selection of GCPshould be based. Note, how-
ever, that the resulting wind pressure acts on the tributary arca of
each truss, which is (30)(4) = 120 ft%.

16.  Roof trusses have a clear span of 70 ft and are spaced 8 ft on center.
What effective wind area should be used to determine the design
pressures for the trusses?

According to the definition of Effective Wind Area in Section 6.2 the
effective wind area is (70)(70/3) = 1,633 f. The tributary area of the
truss is (70)(8) = 560 ft%, which is less than the 700-f(* area required by
Section 6.5.12.1.3 to qualify for design of the truss using the rules for
MWTFRS. The truss is to be designed using the rules for C&C, and the
wind pressure corresponding to an effective wind area of 1,633 ft” is
to be applied to the tributary arca of 560 fi”.

17.  Metal decking consisting of panels 20 ft long and 2 ft wide is
supported on purlins spaced 5 ft apart. Will the effective wind area
be 40 ft* for the determination of pressure coefficients?

Although the length of a decking panel is 20 ft, the basic span is 5 ft.
According to the definition of effective wind area, this area is the
span length multiplied by an effective width that need not be less
than one-third the span length. This gives 2 minimum effective wind
area of (5) (5/3) = 8.3 ft®. However, the actual width of a panel is 2 ft,
making the effective wind area equal to the tributary area of a single
panel, or (5}(2) = 10 ft*. Therefore, GCPwould be determined on the
basis of 10 fi* of effective wind area, and the corresponding wind
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18.

19.

20.

21.

load would be applied to a tributary area ol 10 £i*. Note that GC,is
coustant for effective wind areas less than 10 ft®.

A masonry wall is 12 ftin height and 80 ft long. It is supported at
the top and at the bottom. What effective wind area should be used
in determining the design pressure for the wall?

For a given applicaiion, the magnitude of the pressure coefficient,

GG,

conservative approach would be to consider an effective wind area

increases with decreasing effective wind area. T herefore, a very

with a span of 12 frand a width of 1 ft, and design the wall element as
C&C. However, the detinition of effective wind area states that this
area is the span length multiplied by an effective width that need not
be less than one-third the span length. Accordingly, the effective
wind area would be (12} (12/3) = 48 .

If the pressure or force coefficients for various roof shapes (e.g., a
canopy) are not given in ASCE 7-05 , how can the appropriate wind
forces be determined for these shapes?

With the exception of pressure or force coefficients for certain shapes,
parameters suchas V I, K, K, and Gare given in ASCE 7-05. Tt is pos-
sible to use pressure or force coefficients from the published literature
(see Section 1.4 of this guide) provided these coefficients are used
with care. Mean pressure or force coefficients from other sources can
be used to determine wind loacls for MWTRS. However, it should be
recognized that these coefficients might have been obtained in wind
tunnels that have smooth, uniform fows as opposed to more proper
turbulent boundary-layer flows. Pressure coefficients for componernts
and cladding obtained from the literature should be adjusted to the 3-s
gust speed, which is the basic wind speed adopted by ASCE 7-05,

Can the pressure/force coefficients given in ASCE 7-05 be used with
the provisions of ASCE 7-88, 7-93, 7-95, 7-98, or 7-02?

No. ASCE 7-88 (and 7-93) used the fastest-mile wind speed as the basic

wind speed. With the adoption of the $s gust speed starting with ASCE
795, the values of certain Parameters used in the determination of wind
forces have been changed accordingly. The provisions of ASCE 7-88 and
7-05 should not be interchanged. Coefficients in ASCE 7-95, 7-98, 7-02,

and 7-05 are consistent; they are related to 3 gust speed.

What is the difference between a partially enclosed and an
enclosed building, and how are they determined?

The definition of these two enclosure categories is in Section 6.2, There
is a specific definition for both partally enclosed and open buildings; an
enclosed building is one that cloes not comply with the requirements for
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cither open or partially enclosed; “enclosed” is a default designation,
‘The determination of a partially enclosed condition is a function of the
area of a windward wall dominant opening compared to the area of
openings in the remainder of the building envelope.

Itis possible to have a building be classified as an enclosed building

- even when there are large openings in two or more walls and when it

does not fit the definition of a partially enclosed building.

The significance in the determination of wind pressure is that partially
enclosed buildings have an internal pressure coefficient GC,=+0.55and
euclosed buildings have a GG, =+0.18. '

4.7 Force Coefficiént

22.

23.

What constitutes an open building? if a process plant has a three-
story frame with no walls but with a lot of equipment inside the
framing, is this an open building?

An open building is a structure in which each wall is at least 80%
open (see Section 6.2). Yes, this three-story frame would be classified
as an open building, or as “other” structure, In calculating the wind
torce, & appropriate values of C; and A;would have to be assigned to
the frame and to the equipment inside.

A trussed tower of 10- X 10-ft? cross section consists of structural
angles forming basic tower panels 10 ft high. The solid area of the
face of one tower panel projected on a plane of that face is 22 ft2.
What force coefficient, C,, should be used to calculate the wind
force? What would the force coefficient be for the same tower
fabricated of rounded members and having the same projected
solid area? What area should be used to obtain the wind force per
foot of tower height acting (1) normal to a tower face, and (2) along
a tower diagonal?

‘The gross area of one panel face is (10} (10) = 100 ft%, and the solidity
ratio is € = 22/100 = 0.22. For a tower of square cross section, the
force coefficient from Figure 6-23 is as follows:

C= (4)(0.22)?— (5.9)(0.22) + 4.0 = 2.90

For rounded members, the force coefficient may be reduced by the
factor

(0.51)(0.22)*+ 0.57 = 0.59

Thus, the force coefficient for the same tower constructed of
rounded members with the same projected area would be

144 Wind Loads: Guide to the Wind Load Provisfons of ASCE 7-05

LS




C= (0.59)(2.90) = 1.71

The area, Aj, used wo calculate the wind force per foot of tower
height is 22/10 = 2.2 ft® for all wind directions.

24, In calculating the wind forces acting on a trussed tower of square
cross section (see Figure 6-23 ), should the force coefficient, C, be
applied to both the front and the back (windward and leeward)
faces of the tower?

No. The calculated wind forces are the total forces acting on the
tower. The force coefficiénts given in Figure 6-23 include the contri-
butions of both front and back faces of the tower, as well as the
shielding effect of the [ront face on the back face.

4.8 Miscellaneous

25. Section 6,1.4.1 provides for a minimum wind pressure of 10 Ib/ft?
multiplied by the area of the building or structure projected onto a
vertical plane normal to the assumed wind direction of MWFRS.
Does this provision apply to low-rise buildings?

Yes, it should. There was some confusion in ASCE 7-98 provisions for
low-rise buildings where it was difficult to interpret application of
loads on building frames nsing the two cases of loads at each corner.
In ASCE 7-05, application of loads on low-rise buildings is clarified
with illustrative sketches, and only one table of pressure coefficients
is provided (See Figure 6-10 of the standard). In addition, Note 6 is
added to account for minimun total horizontal sheay, although this
provision does not guarantee minimumn 10 psfon tie projected area
of the building.

26.  Equation 6-15 for velocity pressure uses the subscript z while other
equations use subscripts z and h. When is z used and when is h
used?

Equation 6-15 is the general formula for the velocity pressure, g, at any
height, z above ground. There are many situations in the Standard
where a specific value of zis called for, naunely the height (or mean roof
height} ofa building or other sructure. Whenever the subscript £ is
called for, itis understood that z becomes % in the appropriate equations.

27.  Section 6.2 of the Standard provides definitions of glazing, impact
resistant; impact-resistant covering; and wind-borne debris
regions. To be impact resistant, the Standard specifies that the
glazing of the building envelope must be shown by an approved
test method to withstand the impact of wind-borne missiles likely
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to be generated during design winds. Where does one find
information on appropriate test methods?

Section 6.5.9.3 of the standard refers to two standards, ASTM 21886
and ASTM FE1996. References for these standards are given in Sec-
tion 6.7 of the 7-05 standard. The two standards specify test methods
and performance standards.

28,  The Standard does not provide for across-wind excitation caused
by vortex shedding. How can one determine when vortex shedding
might become a problem?

Vortex shedding is almost always present with bluff-shaped cylindrical
bodies. Vortex shedding can become a problem when the frequency
of shedding is close to or equal to the frequency of the first or second
transverse frequency of the structure. The intensity of excitation
increases with aspect ratio (height-to-width or length-to-breadth} and
decreases with increasing structural damping. Structures with low
damping and with aspect ratios of eight or more may be prone to
damaging vortex excitation. If across-wind or torsional excitation
appears to be a possibility, expert advice should be obtained.

29.  Ifhigh winds are accompanied by rain, will the presence of
raindrops increase the mean density of the air to the point where
the wind loads are affected?

No. Although raindrops will increase the mean density of the air, the
increase is small and may be neglected. For example, if the average
rate of rainfall is 5 in./h, the average density of raindrops will
increase the mean air density by less than 1%.

30. What wind loads do | use during construction?

ASCE 7 does not address wind loads during construction. Construc-
tion loads are specifically addressed in the standard ASCE/SEI 37-02,
Design Loads on Structures during Construction (ASCE 2002).

31.  Isitpossible to determine the wind loads for the design of interior
walls?

The Standard does not address the wind loads to be used in the
design of interior walls or partitions. A conservative approach would
be to apply the internal pressure coefficients GG, =10.18 for
enclosed buildings and GC,; = £0.55 for partially enclosed buildings.
Post-disaster surveys have revealed the failure of interior walls when
the building envelope has been breached.
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across-wind response 111, 146
air mean density 146
Analytical Procedure 9-12
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masomry unit walls 2330
commercial with monoslope
roof 8192
commercial/wareliouse 60—77
non-symmetrical 119-130
office 35—46
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components and cladding 9
design wind load 9-12
domed roof building 111~118
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for flexible building (G) 10
for rigid building (G) 10
internal pressure coefficient for
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main wind force-resisting system 9
velocity pressure {g) 8
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It/D. See domed roof building
h/L. See roof pressure coefficient
(C)
L/B. Seeleeward wall pressute
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basic wind speed (V) 25
Exposure Category 8
velocity pressure (q) 8
billboard sign 104-111
building types
apartment 93-104
commercial 23-34, 59-77, 80-02
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with gable roof 130134
partially enclosed 143—144
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G

C&C. See components and cladding
cornmercial building
with concrete masonty unit walls
23-34
Analytical Procedure 23-30
Simplified Procedure 31-34

with monoslope roof 80—92
commercial /warehouse building
59-77
all height provisions 59~71
low-rise building provisions 72-77
wall component pressures 68—71
components and cladding
Analytical Procedure 9
buildings
open 133—-134
round 118

design force 111
design wind load
closed building 11-12
low-rise building 11
open building 12
effective wind area 42, 67, 91, 99,
103, 127 ‘
external pressure coefficient for
closed building (GG)) 10, 13
gable truss 140
internal pressure coefficient for
closed building (GC ) 10
main wind force-r: esnstmg system 7,
140
parapet load 46
pressure coefficient 143
roof overhang 91
roof pressure coeflicient () 46,
103, 142
roof truss 142
Simplified Procedure 9
til-up wall system 140
tributary area 140
construction loads 146
controlling design pressure 46, 103,
104, 118, 128

D

design force 106—111
design wind load
buildings
closed 10—12
flexible 11
low-rise 11
open 12
evaluation methods 7
other structures 12
See also Analytical Procedure
See also design wind pressure
See also Simplified Procedure
design wind pressure
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controlling 46, 103, 104, 118

effective wind area 142 -

minimum 123, 132

overhang 91

roof 91

joist 92

trusses 134

See afso design wind load
directional coefficients 4-5, 8, 159
domed roof building 111-118

roof pressure 114-115

wall pressure 113—114

wind load case 116

E
effective wind area 28, 42, 67, 91, 99,
142143
components and cladding 103, 127
external pressure coefficient f01
closed building (GG)) 143
fastener 67
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escarpment effects 49-50
Exposure Category 139—~140
basic wind speed (V) 8
clearings 139
topographic factor (X,) 139—140
exposure velocity pressure “coefficient
(K) 8, 138
external pressure cocefficient (C) 10
monoslope roof 82—83
U-shaped building 95
See also leeward wall pressure
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See also roof pressure coefficient
{C)
external pressure coefficient for closed
bulldmg (GC}.) 10
effective wind area 42, 67, 91, 99,
143
equations 13
external pressure coefficient for closed
low-rise building (GC,) 10

F .

fastener. See wall component pressures
force coefficient (C) 144—145
fundamental frequency 107-109, 141

G

gable truss 140
girt. Seewall component pressures
gust effect factor
for flexible building (G) 4, 10, 11
fundamental frequency 141
for rigid building (G) 10, 26, 37,
62, 132
fundamental frequency
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H

hip roof 104
house with gable/hip roof 50-59

I

impact resistance 145—146
importance factor (f)
design wind load 9
Simplified Procedwre 9
velocity pressure (¢) 8
interior walls 146
internal pressure (¢} 10-11
internal pressure coefficient for closed
building (GC ) 10, 26, 144
interior walls 146
internal pressure evaluraion 82
monoslope roof 82
partially enclosed building 144

L

L/Bratio. Seeleeward wall pressure
cocfficient (C)
Ieeward wall pressure coefticient ( G)
38, 62, 82, 95
load combinations 138—159
allowable stress 138
tiusses 134
wind directionality factor (K)) 150
load [actor. Sezload combinations

M

main wind force-resisting system
Analytical Procedure 9
asymmelrical structwre 52—56
buildings
open 131-133
round 113
components and cladding 7, 140
definition 7
design force 106—109
design wind load
closed building 10-11
flexible building 11
low-rise building 11, 73-74
open building 12
domed roof building 113, 114116
Exposure Category 139
exte(;'nal pressure coefticient (C,)
1
for closed low-rise building
(GG 10
gable truss 140
gust effect facror
for flexible building (G) 10
for rigid building (G) 10
internal pressure coefficient for
closed building (GC) 10

low-rise v. all heights provisions 141

minhnum design wind pressure
123, 132, 145

net pressure coefficient for open
building(C,; 10

parapet load 41

pressure coefficient 141, 143

roof pressure coefficient (C) 27

roof pressure coelficient for closed
low-rise building (GC,) 75

Simplified Procedure 2,79

tilt-up wall system 140

tributary area 91, 140

minimum design wind pressure 123,
132, 145

N

net pressure 115-116
net pressure coefficient for open
building (C,) 10

O

office building 35-46

on escarpment 47—50
open building

with gable roof 130—134

P

panel. See wall component pressures
parapet load
components and cladding 46
main wind force-resisting system 41
positive internal pressure evaluation 82
pressure coefficient 141144
balcony 141
camponenis and cladding 143
main wind force-resisting system
141, 143
overhang 141
reduction 29, 127
roof 149
shape 143

See also exposure velocity pressure
coefficient (K))

See also external pressure
coelficient (C)

See also external pressure
coeflicient for closed building
(GG,)

See also external pressure
coelticient for closed low-rise
building (GC)

See alsointernal pressure coefficient
tor closed building (GC,)

See also voaf pressure coefficient
(C)

See alsoroof pressure coeflicient for
closed low-rise building (GC,)

pressure coeflicient reduction 29, for
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R serviceability states 4
shape limitations 4-5

roof overhang 91, 141 . .
sign convention 10

roof pressure coefficient (G)

components and cladchng 46, 103,
142

critical loading 39, 121

effective wind area 46

load combinations 39, 121

main wind force-resisting system 27

monoslope roof 82—83

roof slope 27

Simplified Procedure 33

wind normal to ridge 95

wind parallel to ridge 83, 96, 121

roof pressure cocfficient for closed low-

rise bunldmg (GG,
main wind force, -resisting system 75

Simplified Procedure 8—9

commercial building
with concrete masonry unit

walls 3134

components and cladding 9
design roof pressure 33

design wind load 9

domed roof building 111
importance factor (1) 9

main wind force-resisting system @
multiplying factor (A) 9
non-symmetrical building 94, 119
requirements 32, 81

roof slope 81

topographic effects 3

torsional loading 2

use 2, 3

Standard

across-wind response 111, 146

basic wind speed (V) 25

changes and additions 2—3

directional coefficients 4—5

effective wind area 28

flexible building 11, 141

gust effect factor for rigid building
(G) 26, 62

gust effect factors 10

hip roof 104

impact resistance 14b—146

internal pressure coefficient for
closed building (GC,) 62

limitations 3-5

low-rise building 11, 72

v. all heights provisions 94, 119

main wind force-resisting system 7,
123, 132

minimum design wind pressure
123, 132, 145

parapet load 41

pressure coefficient reduction 29

roof pressure coeflicient for closed
low-rise building (GG,) 75
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Simplified Procedure 9, 32
technical literature 5
tributary area 140
velocity pressure (g) 4
wind load case 42, 56, 63, 84, 98,
116
strut purlin. See wall component
pressures

T

terrain exposure.See Exposure
Category

tilt-up wall system 140
topographic factor (K} 8, 139-140
torsional load case. See wind load case
tibutary avea 91, 140, 142-143
truss

gable 140

load combinations 134

roof 142

U
unusually shaped building 119~130

v

velocity pressure (¢)
{;ucal Procedure 8
basnc wind speed (V) 8
comment 145
equation 8
escarpment effects 4950
Exposure Category 4
exposuare velocity pressure
coeflicient (K ) 8
importance factor (H8
low-rise building provisions 72—73
g.v. g, 145
reference wind speed 4
topographic factor (K,) 8
wind directionality factor (K, 8
vortex shedding 4, 146

W

wall component pressures 68—71
wind directionality factor (X)) 8, 139
wind load case
all height provisions 63
asymmetrical structure 56
buildings
low-rise 75—77
round 116
diaphragm flexibility 63
exceptions 123
requirements 42, 56, 63, 84, 98,
116
torsional load 77



torsional wind effects 123 wind speed 3, 137-138
wind load provisions 7-13 accuracy 137

Analytical Procedure 9-12
design procedure 8—12
equations for graphs 1%
format 7-8

Simplified Procedure 89
velocity pressuve (g) 8
Wind Tunnel Procedure 12
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exposwre velocity pressure

coeflicient (K) 138
hurricane winds 138
project location 138
special wind regions 3, 138
tornado winds 3

Wind Tunnel Procedure 12
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Wind Loads: Guide to the Use of the Wind Load Provisions of ASCE 7-05
focuses on the wind load provisions as they affect the planning, design,
and construction of buildings for residential and commercial purposes.
This revised and updated quide provides users with an overview of

the provisions and a detailed explanation of recommended design
procedures, Users of this guide will benefit from the 13 worked examples
and more than 30 frequently asked questions, grouped by topic. Wind
Loads also addresses new provisions introduced in ASCE 7-05. This book
is an essential reference for practicing structural engineers who design
buildings and structures, as it offers the most authoritative and in-depth
interpretation of the wind loads section of ASCE Standard 7-05.
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