Chapter 6
WIND LOADS

6.1 GENERAL

6.1.1 Scope. Buildings and other structures, including the Main
Wind-Force Resisting System (MWFRS) and all components and
cladding thereof, shall be designed and constructed to resist wind
loads as specified herein.

6.1.2 Allowed Procedures. The design wind loads for buildings
and other structures, including the MWFRS and component and
cladding elements thereof, shall be determined using one of the
following procedures: (1) Method 1—Simplified Procedure as
specified in Section 6.4 for buildings meeting the requirements
specified therein; (2) Method 2—Analytical Procedure as speci-
fied in Section 6.5 for buildings meeting the requirements speci-
fied therein; (3) Method 3—Wind Tunnel Procedure as specified
in Section 6.6.

6.1.3 Wind Pressures Acting on Opposite Faces of Each
Building Surface. In the calculation of design wind loads for
the MWFRS and for components and cladding for buildings, the
algebraic sum of the pressures acting on opposite faces of each
building surface shall be taken into account.

6.1.4 Minimum Design Wind Loading. The design wind load,
determined by any one of the procedures specified in Sec-
tion 6.1.2, shall be not less than specified in this section.

6.1.4.1 Main Wind-Force Resisting System. The wind load to
be used in the design of the MWFRS for an enclosed or partially
enclosed building or other structure shall not be less than 10 1b/ft?
(0.48 kN/m?) multiplied by the area of the building or structure
projected onto a vertical plane normal to the assumed wind direc-
tion. The design wind force for open buildings and other struc-
tures shall be not less than 10 1b/ft> (0.48 kN/m?) multiplied by the
area Ay.

6.1.4.2 Components and Cladding. The design wind pressure
for components and cladding of buildings shall not be less than
a net pressure of 10 1b/ft> (0.48 kN/m?) acting in either direction
normal to the surface.

6.2 DEFINITIONS

The following definitions apply only to the provisions of
Chapter 6:

APPROVED: Acceptable to the authority having jurisdiction.

BASIC WIND SPEED, V: Three-second gust speed at 33 ft
(10 m) above the ground in Exposure C (see Section 6.5.6.3) as
determined in accordance with Section 6.5.4.

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

BUILDING ENVELOPE: Cladding, roofing, exterior walls,
glazing, door assemblies, window assemblies, skylight assem-
blies, and other components enclosing the building.
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BUILDING AND OTHER STRUCTURE, FLEXIBLE:
Slender buildings and other structures that have a fundamental
natural frequency less than 1 Hz.

BUILDING, LOW-RISE: Enclosed or partially enclosed
buildings that comply with the following conditions:

1. Mean roof height 4 less than or equal to 60 ft (18 m).

2. Mean roof height 4 does not exceed least horizontal dimen-
sion.

BUILDING, OPEN: A building having each wall at least
80 percent open. This condition is expressed for each wall by
the equation A, > 0.8A, where

A, = total area of openings in a wall that receives positive
external pressure, in ft> (m?)
A, = the gross area of that wall in which A, is identified, in
ft2 (m?)
BUILDING, PARTIALLY ENCLOSED: A building that
complies with both of the following conditions:

1. The total area of openings in a wall that receives positive
external pressure exceeds the sum of the areas of openings
in the balance of the building envelope (walls and roof) by
more than 10 percent.

2. The total area of openings in a wall that receives positive
external pressure exceeds 4 ft2 (0.37 m2) or 1 percent of the
area of that wall, whichever is smaller, and the percentage
of openings in the balance of the building envelope does not
exceed 20 percent.

These conditions are expressed by the following equations:
1. A, > 1.10A,;
2. A, > 4sqft (0.37 m?) or >0.01A,, whichever is smaller,
and A()i/Agi <0.20
where
A,, A, are as defined for Open Building
A,; = the sum of the areas of openings in the building en-
velope (walls and roof) not including A,, in ft* (m?)

A, = the sum of the gross surface areas of the building en-
velope (walls and roof) not including A, in ft> (m?)

BUILDING OR OTHER STRUCTURE, REGULAR-
SHAPED: A building or other structure having no unusual geo-
metrical irregularity in spatial form.

BUILDING OR OTHER STRUCTURES, RIGID: A build-
ing or other structure whose fundamental frequency is greater
than or equal to 1 Hz.

BUILDING, SIMPLE DIAPHRAGM: A building in which
both windward and leeward wind loads are transmitted through
floor and roof diaphragms to the same vertical MWEFRS (e.g., no
structural separations).

COMPONENTS AND CLADDING: Elements of the build-
ing envelope that do not qualify as part of the MWFRS.
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DESIGN FORCE, F: Equivalent static force to be used in
the determination of wind loads for open buildings and other
structures.

DESIGN PRESSURE, p: Equivalent static pressure to be used
in the determination of wind loads for buildings.

EAVE HEIGHT, h: The distance from the ground surface
adjacent to the building to the roof eave line at a particular wall.
If the height of the eave varies along the wall, the average height
shall be used.

EFFECTIVE WIND AREA, A: The area used to determine
GC . For component and cladding elements, the effective wind
area in Figs. 6-11 through 6-17 and Fig. 6-19 is the span length
multiplied by an effective width that need not be less than one-
third the span length. For cladding fasteners, the effective wind
area shall not be greater than the area that is tributary to an indi-
vidual fastener.

ESCARPMENT: Also known as scarp, with respect to topo-
graphic effects in Section 6.5.7, a cliff or steep slope generally
separating two levels or gently sloping areas (see Fig. 6-4).

FREE ROOF: Roof with a configuration generally conform-
ing to those shown in Figs. 6-18A through 6-18D (monoslope,
pitched, or troughed) in an open building with no enclosing walls
underneath the roof surface.

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

GLAZING, IMPACT RESISTANT: Glazing that has been
shown by testing in accordance with ASTM E1886 and ASTM
E1996 or other approved test methods to withstand the impact of
wind-borne missiles likely to be generated in wind-borne debris
regions during design winds.

HILL: With respect to topographic effects in Section 6.5.7,
a land surface characterized by strong relief in any horizontal
direction (see Fig. 6-4).

HURRICANE PRONE REGIONS: Areas vulnerable to hur-
ricanes; in the United States and its territories defined as

1. The U.S. Atlantic Ocean and Gulf of Mexico coasts where
the basic wind speed is greater than 90 mi/h, and

2. Hawaii, Puerto Rico, Guam, Virgin Islands, and American
Samoa.

IMPACT RESISTANT COVERING: A covering designed
to protect glazing, which has been shown by testing in accor-
dance with ASTM E1886 and ASTM E1996 or other approved
test methods to withstand the impact of wind-borne debris mis-
siles likely to be generated in wind-borne debris regions during
design winds.

IMPORTANCE FACTOR, I: A factor that accounts for the
degree of hazard to human life and damage to property.

MAIN WIND-FORCE RESISTING SYSTEM (MWFRS):
An assemblage of structural elements assigned to provide sup-
port and stability for the overall structure. The system generally
receives wind loading from more than one surface.

MEAN ROOF HEIGHT, h: The average of the roof eave
height and the height to the highest point on the roof surface,
except that, for roof angles of less than or equal to 10°, the mean
roof height shall be the roof heave height.

OPENINGS: Apertures or holes in the building envelope that
allow air to flow through the building envelope and that are
designed as “open” during design winds as defined by these
provisions.
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RECOGNIZED LITERATURE: Published research findings
and technical papers that are approved.

RIDGE: With respect to topographic effects in Section 6.5.7
an elongated crest of a hill characterized by strong relief in two
directions (see Fig. 6-4).

WIND-BORNE DEBRIS REGIONS: Areas within hurricane
prone regions located:

1. Within 1 mile of the coastal mean high water line where the
basic wind speed is equal to or greater than 110 mi/h and in
Hawaii, or

2. In areas where the basic wind speed is equal to or greater
than 120 mi/h.

6.3 SYMBOLS AND NOTATION
The following symbols and notation apply only to the provisions
of Chapter 6:

A = effective wind area, in ft* (m?)

Ay = area of open buildings and other structures either nor-
mal to the wind direction or projected on a plane nor-
mal to the wind direction, in ft* (m?)

A, = the gross area of that wall in which A, is identified,
in ft> (m?)

Ag; =the sum of the gross surface areas of the build-
ing envelope (walls and roof) not including Ag, in
ft> (m?)

A, = total area of openings in a wall that receives positive
external pressure, in ft” (m?)

A,; = the sum of the areas of openings in the building enve-
lope (walls and roof) not including A,, in ft* (m?)

A, =total area of openings in the building envelope in
ft2 (m?)
Ay = gross area of the solid freestanding wall or solid sign,
in ft* (m?)
a = width of pressure coefficient zone, in ft (m)

B = horizontal dimension of building measured normal to
wind direction, in ft (m)

b =mean hourly wind speed factor in Eq. 6-14 from
Table 6-2

b = 3-s gust speed factor from Table 6-2

C y = force coefficient to be used in determination of wind
loads for other structures

Cn = net pressure coefficient to be used in determination of
wind loads for open buildings

C, = external pressure coefficient to be used in determina-
tion of wind loads for buildings

¢ = turbulence intensity factor in Eq. 6-5 from Table
6-2
D = diameter of a circular structure or member, in ft (m)
D’ = depth of protruding elements such as ribs and spoilers,
in ft (m)
F = design wind force for other structures, in 1b (N)
G = gust effect factor

G s = gust effect factor for MWFRSs of flexible buildings
and other structures

GC ), = combined net pressure coefficient for a parapet

GC, = product of external pressure coefficient and gust-
effect factor to be used in determination of wind loads
for buildings
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= product of the equivalent external pressure coef-
ficient and gust-effect factor to be used in deter-
mination of wind loads for MWFRS of low-rise
buildings

= product of internal pressure coefficient and gust-
effect factor to be used in determination of wind
loads for buildings

= peak factor for background response in Egs. 6-4
and 6-8

= peak factor for resonant response in Eq. 6-8

, = peak factor for wind response in Eqgs. 6-4 and

6-8
= height of hill or escarpment in Fig. 6-4, in ft (m)

= mean roof height of a building or height of other
structure, except that eave height shall be used
for roof angle 6 of less than or equal to 10°, in
ft (m)

= roof eave height at a particular wall, or the aver-
age height if the eave varies along the wall

= importance factor

= intensity of turbulence from Eq. 6-5

= multipliers in Fig. 6-4 to obtain K,

= wind directionality factor in Table 6-4

= velocity pressure exposure coefficient evaluated
at height z =h

= velocity pressure exposure coefficient evaluated
at height z

= topographic factor as defined in Section 6.5.7

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

= distance upwind of crest of hill or escarpment
in Fig. 6-4 to where the difference in ground

elevation is half the height of hill or escarpment,
in ft (m)

: = integral length scale of turbulence, in ft (m)

= horizontal dimension of return corner for a solid
freestanding wall or solid sign from Fig. 6-20,
in ft (m)

= integral length scale factor from Table 6-2, ft (m)

= reduced frequency from Eq. 6-12

= building natural frequency, Hz

= design pressure to be used in determination of
wind loads for buildings, in 1b/ft?> (N/m?)

= wind pressure acting on leeward face in Fig. 6-9,
in 1b/ft*> (N/m?)

= net design wind pressure from Eq. 6-2, in 1b/ft?
(N/m?)

= net design wind pressure for Exposure B at 1 =
30 ftand / = 1.0 from Fig. 6-3, in 1b/ft? (N/m?)

= combined net pressure on a parapet from
Eq. 6-20, in Ib/ft> (N/m?)

= net design wind pressure from Eq. 6-1, in 1b/ft?
(N/m?)

= simplified design wind pressure for Exposure B
at h =30 ftand / = 1.0 from Fig. 6-2, in 1b/ft2
(N/m?)

= wind pressure acting on windward face in
Fig. 6-9, in Ib/ft> (N/m?)

= background response factor from Eq. 6-6
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= velocity pressure, in Ib/ft> (N/m?)

= velocity pressure evaluated at height z = &, in
Ib/ft> (N/m?)

= velocity pressure for internal pressure determi-
nation, in Ib/ft* (N/m?)

= velocity pressure at top of parapet, in Ib/ft>
(N/m?)

= velocity pressure evaluated at height z above
ground, in Ib/ft> (N/m?)

= resonant response factor from Eq. 6-10

= values from Eq. 6-13

= reduction factor from Eq. 6-16

= value from Eq. 6-11

= vertical dimension of the solid freestanding wall
or solid sign from Fig. 6-20, in ft (m)

= rise-to-span ratio for arched roofs

= basic wind speed obtained from Fig. 6-1, in mi/h
(m/s). The basic wind speed corresponds to a
3-s gust speed at 33 ft (10 m) above ground in
exposure Category C

= unpartitioned internal volume ft* (m?)

V: = mean hourly wind speed at height z, ft/s (m/s)

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

= distance to center of pressure from windward
edge in Fig. 6-18, in ft (m)

= distance upwind or downwind of crest in
Fig. 6-4, in ft (m)

= height above ground level, in ft (m)

= equivalent height of structure, in ft (m)

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

= exposure constant from Table 6-2

= 3-s gust-speed power law exponent from Table
6-2

= reciprocal of o from Table 6-2

= mean hourly wind-speed power law exponent
in Eq. 6-14 from Table 6-2

= damping ratio, percent critical for buildings or
other structures

= ratio of solid area to gross area for solid free-
standing wall, solid sign, open sign, face of a
trussed tower, or lattice structure

= adjustment factor for building height and expo-
sure from Figs. 6-2 and 6-3

= integral length scale power law exponent in
Eq. 6-7 from Table 6-2

= value used in Eq. 6-13 (see Section 6.5.8.2)

= angle of plane of roof from horizontal, in de-
grees

= height-to-width ratio for solid sign

6.4 METHOD 1—SIMPLIFIED PROCEDURE

6.4.1 Scope. Abuilding whose design wind loads are determined

in accordance

with this section shall meet all the conditions of
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6.4.1.1 or 6.4.1.2. If a building qualifies only under 6.4.1.2 for
design of its components and cladding, then its MWEFRS shall be
designed by Method 2 or Method 3.

6.4.1.1 Main Wind-Force Resisting Systems. For the design of
MWEFRSs the building must meet all of the following conditions:

1. The building is a simple diaphragm building as defined in
Section 6.2.

2. The building is a low-rise building as defined in Section 6.2.

3. The building is enclosed as defined in Section 6.2 and con-
forms to the wind-borne debris provisions of Section 6.5.9.3.

4. The building is a regular-shaped building or structure as
defined in Section 6.2.

5. The building is not classified as a flexible building as defined
in Section 6.2.

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

7. The building has an approximately symmetrical cross-
section in each direction with either a flat roof or a gable or
hip roof with 6 < 45°.

8. The building is exempted from torsional load cases as in-
dicated in Note 5 of Fig. 6-10, or the torsional load cases
defined in Note 5 do not control the design of any of the
MWEFRSs of the building.

6.4.1.2 Components and Cladding. For the design of compo-
nents and cladding the building must meet all the following
conditions:

1. The mean roof height # must be less than or equal to 60 ft
(h <60 ft).

2. The building is enclosed as defined in Section 6.2 and con-
forms to the wind-borne debris provisions of Section 6.5.9.3.

3. The building is a regular-shaped building or structure as
defined in Section 6.2.

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

5. The building has either a flat roof, a gable roof with 8 < 45°,
or a hip roof with 6 < 27°.

6.4.2 Design Procedure.

1. The basic wind speed V shall be determined in accordance
with Section 6.5.4. The wind shall be assumed to come from
any horizontal direction.

2. An importance factor I shall be determined in accordance
with Section 6.5.5.

3. An exposure category shall be determined in accordance
with Section 6.5.6.

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

6.4.2.1 Main Wind-Force Resisting System. Simplified design
wind pressures, py, for the MWFRSs of low-rise simple dia-
phragm buildings represent the net pressures (sum of internal and
external) to be applied to the horizontal and vertical projections
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of building surfaces as shown in Fig. 6-2. For the horizontal pres-
sures (zones A, B, C, D), p;, is the combination of the windward
and leeward net pressures. p, shall be determined by the following
equation:

Ds = AK 1 Ips3o (6-1)
where

A = adjustment factor for building height and exposure
from Fig. 6-2

K., = topographic factor as defined in Section 6.5.7 evaluated
at mean roof height, /

I = importance factor as defined in Section 6.2

ps3o = simplified design wind pressure for Exposure B, at
h =30 ft, and for / = 1.0, from Fig. 6-2

6.4.2.1.1 Minimum Pressures. The load effects of the design
wind pressures from Section 6.4.2.1 shall not be less than the
minimum load case from Section 6.1.4.1 assuming the pressures,
ps, for zones A, B, C, and D all equal to +10 psf, while assuming
zones E, F, G, and H all equal to O psf.

6.4.2.2 Components and Cladding. Net design wind pressures,
Pnet» for the components and cladding of buildings designed using
Method 1 represent the net pressures (sum of internal and external)
to be applied normal to each building surface as shown in Fig. 6-3.
Pner shall be determined by the following equation:

Pnet = )\Kzt]pnet30 (6'2)
where

A = adjustment factor for building height and exposure from
Fig. 6-3
K., = topographic factor as defined in Section 6.5.7 evaluated
at mean roof height, &
I = importance factor as defined in Section 6.2
Prer3o = net design wind pressure for exposure B, at & = 30 ft,
and for / = 1.0, from Fig. 6-3

6.4.2.2.1 Minimum Pressures. The positive design wind
pressures, pp., from Section 6.4.2.2 shall not be less than
+10 psf, and the negative design wind pressures, p,., from
Section 6.4.2.2 shall not be less than —10 psf.

6.4.3 Air Permeable Cladding. Design wind loads determined
from Fig. 6.3 shall be used for all air permeable cladding unless
approved test data or the recognized literature demonstrate lower
loads for the type of air permeable cladding being considered.

6.5 METHOD 2—ANALYTICAL PROCEDURE

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

1. The building or other structure is a regular-shaped building
or structure as defined in Section 6.2.

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

6.5.2 Limitations. The provisions of Section 6.5 take into con-
sideration the load magnification effect caused by gusts in reso-
nance with along-wind vibrations of flexible buildings or other
structures. Buildings or other structures not meeting the require-
ments of Section 6.5.1, or having unusual shapes or response
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characteristics, shall be designed using recognized literature
documenting such wind load effects or shall use the wind tunnel
procedure specified in Section 6.6.

6.5.2.1 Shielding. There shall be no reductions in velocity pres-
sure due to apparent shielding afforded by buildings and other
structures or terrain features.

6.5.2.2 Air Permeable Cladding. Design wind loads deter-
mined from Section 6.5 shall be used for air permeable cladding
unless approved test data or recognized literature demonstrate
lower loads for the type of air permeable cladding being
considered.

6.5.3 Design Procedure.

1. The basic wind speed V and wind directionality factor K,
shall be determined in accordance with Section 6.5.4.

2. An importance factor I shall be determined in accordance
with Section 6.5.5.

3. An exposure category or exposure categories and velocity
pressure exposure coefficient K, or K, as applicable, shall
be determined for each wind direction in accordance with
Section 6.5.6.

4. A topographic factor K., shall be determined in accor-
dance with Section 6.5.7.

5. A gust effect factor G or Gy, as applicable, shall be deter-
mined in accordance with Section 6.5.8.

6. An enclosure classification shall be determined in accor-
dance with Section 6.5.9.

7. Internal pressure coefficient GC ,; shall be determined in
accordance with Section 6.5.11.1.

8. External pressure coefficients C, or GC ¢, or force coeffi-
cients Cy, as applicable, shall be determined in accordance
with Section 6.5.11.2 or 6.5.11.3, respectively.

9. Velocity pressure g, or qy, as applicable, shall be deter-
mined in accordance with Section 6.5.10.

10. Design wind load p or F shall be determined in accor-
dance with Sections 6.5.12, 6.5.13, 6.5.14, and 6.5.15, as
applicable.

6.5.4 Basic Wind Speed. The basic wind speed, V, used in
the determination of design wind loads on buildings and other
structures shall be as given in Fig. 6-1 except as provided in
Sections 6.5.4.1 and 6.5.4.2. The wind shall be assumed to come
from any horizontal direction.

6.5.4.1 Special Wind Regions. The basic wind speed shall be in-
creased where records or experience indicate that the wind speeds
are higher than those reflected in Fig. 6-1. Mountainous terrain,
gorges, and special regions shown in Fig. 6-1 shall be examined for
unusual wind conditions. The authority having jurisdiction shall,
if necessary, adjust the values given in Fig. 6-1 to account for
higher local wind speeds. Such adjustment shall be based on me-
teorological information and an estimate of the basic wind speed
obtained in accordance with the provisions of Section 6.5.4.2.

6.5.4.2 Estimation of Basic Wind Speeds from Regional
Climatic Data. In areas outside hurricane-prone regions, re-
gional climatic data shall only be used in lieu of the basic
wind speeds given in Fig. 6-1 when (1) approved extreme-value
statistical-analysis procedures have been employed in reducing
the data; and (2) the length of record, sampling error, averaging
time, anemometer height, data quality, and terrain exposure of
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the anemometer have been taken into account. Reduction in basic
wind speed below that of Fig. 6-1 shall be permitted.

In hurricane-prone regions, wind speeds derived from simula-
tion techniques shall only be used in lieu of the basic wind speeds
given in Fig. 6-1 when (1) approved simulation and extreme value
statistical analysis procedures are used (the use of regional wind
speed data obtained from anemometers is not permitted to define
the hurricane wind-speed risk along the Gulf and Atlantic coasts,
the Caribbean, or Hawaii) and (2) the design wind speeds result-
ing from the study shall not be less than the resulting 500-year
return period wind speed divided by v/1.5.

In areas outside hurricane-prone regions, when the basic wind
speed is estimated from regional climatic data, the basic wind
speed shall be not less than the wind speed associated with an
annual probability of 0.02 (50-year mean recurrence interval),
and the estimate shall be adjusted for equivalence to a 3-s gust
wind speed at 33 ft (10 m) above ground in exposure Category
C. The data analysis shall be performed in accordance with this
chapter.

6.5.4.3 Limitation. Tornadoes have not been considered in de-
veloping the basic wind-speed distributions.

6.5.4.4 Wind Directionality Factor. The wind directionality
factor, K4, shall be determined from Table 6-4. This factor shall
only be applied when used in conjunction with load combinations
specified in Sections 2.3 and 2.4.

6.5.5 Importance Factor. Animportance factor, /, for the build-
ing or other structure shall be determined from Table 6-1 based
on building and structure categories listed in Table 1-1.

6.5.6 Exposure. For each wind direction considered, the upwind
exposure category shall be based on ground surface roughness
that is determined from natural topography, vegetation, and con-
structed facilities.

6.5.6.1 Wind Directions and Sectors. For each selected wind
direction at which the wind loads are to be evaluated, the expo-
sure of the building or structure shall be determined for the two
upwind sectors extending 45° either side of the selected wind di-
rection. The exposures in these two sectors shall be determined
in accordance with Sections 6.5.6.2 and 6.5.6.3 and the exposure
resulting in the highest wind loads shall be used to represent the
winds from that direction.

6.5.6.2 Surface Roughness Categories. A ground surface
roughness within each 45° sector shall be determined for a dis-
tance upwind of the site as defined in Section 6.5.6.3 from the
categories defined in the following text, for the purpose of assign-
ing an exposure category as defined in Section 6.5.6.3.

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

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

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

6.5.6.3 Exposure Categories

Exposure B: Exposure B shall apply where the ground surface
roughness condition, as defined by Surface Roughness B, prevails
in the upwind direction for a distance of at least 2,600 ft (792 m)
or 20 times the height of the building, whichever is greater.
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EXCEPTION: For buildings whose mean roof height is less than or

equal to 30 ft, the upwind distance may be reduced to 1,500 ft (457 m).

Exposure C: Exposure C shall apply for all cases where Expo-
sures B or D do not apply.

Exposure D: Exposure D shall apply where the ground surface
roughness, as defined by Surface Roughness D, prevails in the
upwind direction for a distance greater than 5,000 ft (1,524 m)
or 20 times the building height, whichever is greater. Exposure
Dshall extend into downwind areas of Surface Roughness B or
C for a distance of 600 ft (200 m) or 20 times the height of the
building, whichever is greater.

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

EXCEPTION: An intermediate exposure between the preceding cate-

gories is permitted in a transition zone provided that it is determined by a
rational analysis method defined in the recognized literature.

6.5.6.4 Exposure Category for Main Wind-Force Resisting
System.

6.5.6.4.1 Buildings and Other Structures. For each wind
direction considered, wind loads for the design of the MWFRS de-
termined from Fig. 6-6 shall be based on the exposure categories
defined in Section 6.5.6.3.

6.5.6.4.2 Low-Rise Buildings. Wind loads for the design of
the MWFRSs for low-rise buildings shall be determined using a
velocity pressure ¢, based on the exposure resulting in the high-
est wind loads for any wind direction at the site where external
pressure coefficients GC ¢ given in Fig. 6-10 are used.

6.5.6.5 Exposure Category for Components and Cladding.
Components and cladding design pressures for all buildings and
other structures shall be based on the exposure resulting in the
highest wind loads for any direction at the site.

6.5.6.6 Velocity Pressure Exposure Coefficient. Based on the
exposure category determined in Section 6.5.6.3, a velocity pres-
sure exposure coefficient K, or K, as applicable, shall be de-
termined from Table 6-3. For a site located in a transition zone
between exposure categories, that is, near to a change in ground
surface roughness, intermediate values of K, or K, between
those shown in Table 6-3, are permitted, provided that they are de-
termined by a rational analysis method defined in the recognized
literature.

6.5.7 Topographic Effects.

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

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

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

3. The structure is located as shown in Fig. 6-4 in the upper
one-half of a hill or ridge or near the crest of an escarpment.
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4. H/IL, = 0.2.

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

6.5.7.2 Topographic Factor. The wind speed-up effect shall be
included in the calculation of design wind loads by using the
factor K ,;:

K. = (1+ K K,K3)’ (6-3)
where K|, K>, and K3 are given in Fig. 6-4.

If site conditions and locations of structures do not meet all the
conditions specified in Section 6.5.7.1 then K., = 1.0.

6.5.8 Gust Effect Factor.

6.5.8.1 Rigid Structures. For rigid structures as defined in Sec-
tion 6.2, the gust-effect factor shall be taken as 0.85 or calculated
by the formula:

(6-4)

G =0.925 <—(1 ha ”ngfQ))

1+ 1.7g,I:

1/6
g=c<§> (6-5)

z

107 /6
InSI: I:=c¢ <T)

z

where [; = the intensity of turbulence at height Z where z =
the equivalent height of the structure defined as 0.6/, but not
less than z;, for all building heights /. zy,;, and ¢ are listed for
each exposure in Table 6-2; g and g, shall be taken as 3.4. The
background response Q is given by

1
0= (6-6)

B h 0.63
1+40.63 <LL)

where B, h are defined in Section 6.3; and L: = the integral length
scale of turbulence at the equivalent height given by

L:=¢ AN 6-7
—o(d) o

_\ &
InSL L.=¢ <i>
10

in which £ and € are constants listed in Table 6-2.

6.5.8.2 Flexible or Dynamically Sensitive Structures. For flex-
ible or dynamically sensitive structures as defined in Section 6.2,
the gust-effect factor shall be calculated by

1+ 171 /g3, 0% + ¢R R?

Gy =0.925 6-8
f 1+ 1.7g, I (6-8)
go and g, shall be taken as 3.4 and g is given by
0.577
=+/21In(3,600n) + ————— 6-9
SR 0 (3.600m) + = 00 (6-9)
R, the resonant response factor, is given by
1
R= \/ER,IR;,RB(O.SS + 0.47R;) (6-10)
7.47N,
= 6-11
"7 (14 10.3N,)5/3 61D
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M= (6-12)
11 o

Ri=———0—¢"" forn>0 (6-13a)
no 2n?

Ry=1 forn=0 (6-13b)

where the subscript £ in Eq. 6-13 shall be taken as %, B, and L,
respectively, where £, B, and L are defined in Section 6.3.
n; = building natural frequency
R, = Ry, setting n = 4.6n,h/V:
R, = Rp setting n = 4.6n,EB/V:
R, = Ry setting n = 15.4n,L/V:
B = damping ratio, percent of critical

V: = mean hourly wind speed (ft/s) at height Z determined
from Eq. 6-14.

(3 (3

_ _/z\¢
ISt V.=b(=) v
nen <10>

where b and @ are constants listed in Table 6-2 and V is the basic
wind speed in mi/h.

(6-14)

6.5.8.3 Rational Analysis. In lieu of the procedure defined in
Sections 6.5.8.1 and 6.5.8.2, determination of the gust-effect fac-
tor by any rational analysis defined in the recognized literature is
permitted.

6.5.8.4 Limitations. Where combined gust-effect factors and
pressure coefficients (GC,, GC,;, and GC ) are given in fig-
ures and tables, the gust-effect factor shall not be determined
separately.

6.5.9 Enclosure Classifications.

6.5.9.1 General. For the purpose of determining internal pres-
sure coefficients, all buildings shall be classified as enclosed, par-
tially enclosed, or open as defined in Section 6.2.

6.5.9.2 Openings. A determination shall be made of the amount
of openings in the building envelope to determine the enclosure
classification as defined in Section 6.5.9.1.

6.5.9.3 Wind-Borne Debris. Glazing in buildings located in
wind-borne debris regions shall be protected with an impact-
resistant covering or be impact-resistant glazing according to
the requirements specified in ASTM E1886 and ASTM E1996
or other approved test methods and performance criteria. The
levels of impact resistance shall be a function of Missile Levels
and Wind Zones specified in ASTM E1886 and ASTM E1996.

EXCEPTIONS:

1. Glazing in Category II, III, or IV buildings located over 60 ft (18.3 m)
above the ground and over 30 ft (9.2 m) above aggregate surface roofs
located within 1,500 ft (458 m) of the building shall be permitted to be
unprotected.

2. Glazing in Category I buildings shall be permitted to be unprotected.

6.5.9.4 Multiple Classifications. If a building by definition
complies with both the “open” and “partially enclosed” defini-
tions, it shall be classified as an “open” building. A building that
does not comply with either the “open” or “partially enclosed”
definitions shall be classified as an “enclosed” building.
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6.5.10 Velocity Pressure. Velocity pressure, g,, evaluated at
height z shall be calculated by the following equation:

g- = 0.00256K.K., K,V (Ib/ft?)
[In SI: ¢. = 0.613K.K., K,V (N/m?); V in m/s]

where K, is the wind directionality factor defined in Section
6.5.4.4, K, is the velocity pressure exposure coefficient defined
in Section 6.5.6.6, K ,; is the topographic factor defined in Section
6.5.7.2, and g, is the velocity pressure calculated using Eq. 6-15
at mean roof height 4.

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

(6-15)

6.5.11 Pressure and Force Coefficients.

6.5.11.1 Internal Pressure Coefficient. Internal pressure coeffi-
cients, GC);, shall be determined from Fig. 6-5 based on building
enclosure classifications determined from Section 6.5.9.

6.5.11.1.1 Reduction Factor for Large Volume Buildings,
R;. For a partially enclosed building containing a single, unparti-
tioned large volume, the internal pressure coefficient, GC);, shall
be multiplied by the following reduction factor, R;:

R, =10 or

Ri=05|1+ ——=| <10

Vi
1 oo ——
22,8004,

(6-16)

where

A, = total area of openings in the building envelope (walls and
roof, in ft?)
Vi = unpartitioned internal volume, in ft3

6.5.11.2 External Pressure Coefficients.

6.5.11.2.1 Main Wind-Force Resisting Systems. External
pressure coefficients for MWFRSs C, are given in Figs. 6-6,
6-7, and 6-8. Combined gust effect factor and external pressure
coefficients, GC ), are given in Fig. 6-10 for low-rise buildings.
The pressure coefficient values and gust effect factor in Fig. 6-10
shall not be separated.

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

6.5.11.3 Force Coefficients. Force coefficients C ; are given in
Figs. 6-20 through 6-23.

6.5.11.4 Roof Overhangs.

6.5.11.4.1 Main Wind-Force Resisting System. Roof over-
hangs shall be designed for a positive pressure on the bottom
surface of windward roof overhangs corresponding to C, = 0.8
in combination with the pressures determined from using Figs. 6-6
and 6-10.

6.5.11.4.2 Components and Cladding. For all buildings, roof
overhangs shall be designed for pressures determined from pres-
sure coefficients given in Figs. 6-11B,C,D.

6.5.11.5 Parapets.

6.5.11.5.1 Main Wind-Force Resisting System. The pres-
sure coefficients for the effect of parapets on the MWFRS loads
are given in Section 6.5.12.2.4
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6.5.11.5.2 Components and Cladding. The pressure coeffi-
cients for the design of parapet component and cladding elements
are taken from the wall and roof pressure coefficients as specified
in Section 6.5.12.4.4.

6.5.12 Design Wind Loads on Enclosed and Partially
Enclosed Buildings.

6.5.12.1 General.

6.5.12.1.1 Sign Convention. Positive pressure acts toward the
surface and negative pressure acts away from the surface.

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

6.5.12.1.3 Tributary Areas Greater than 700 ft> (65 m?).
Component and cladding elements with tributary areas greater
than 700 ft> (65 m?) shall be permitted to be designed using the
provisions for MWFRSs.

6.5.12.2 Main Wind-Force Resisting Systems.

6.5.12.2.1 Rigid Buildings of All Heights. Design wind pres-
sures for the MWEFRS of buildings of all heights shall be deter-
mined by the following equation:

p =qGC, — q;(GC ;) (Ib/ft*) (N/m?) (6-17)

where

q = q. for windward walls evaluated at height z above the
ground

q = q), for leeward walls, side walls, and roofs, evaluated
at height &

q; = qp for windward walls, side walls, leeward walls, and
roofs of enclosed buildings and for negative internal
pressure evaluation in partially enclosed buildings

q; = q. for positive internal pressure evaluation in partially
enclosed buildings where height z is defined as the level
of the highest opening in the building that could affect
the positive internal pressure. For buildings sited in
wind-borne debris regions, glazing that is not impact
resistant or protected with an impact resistant cover-
ing, shall be treated as an opening in accordance with
Section 6.5.9.3. For positive internal pressure evalua-
tion, ¢; may conservatively be evaluated at height %
(gi = qn)

G = gust effect factor from Section 6.5.8

C, = external pressure coefficient from Fig. 6-6 or 6-8
(GC,;) = internal pressure coefficient from Fig. 6-5

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

6.5.12.2.2 Low-Rise Building. Alternatively, design wind
pressures for the MWFRS of low-rise buildings shall be deter-
mined by the following equation:

p = qil(GCp) — (GC )] (b/ft) (N/m?) (6-18)

where

qn = velocity pressure evaluated at mean roof height / using
exposure defined in Section 6.5.6.3
(GC)py) = external pressure coefficient from Fig. 6-10
(GC,;) = internal pressure coefficient from Fig. 6-5
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6.5.12.2.3 Flexible Buildings. Design wind pressures for the
MWERS of flexible buildings shall be determined from the fol-
lowing equation:

P = 4G ;Cp — qi(GC ) (Ib/fE*) (N/m*) (6-19)
where ¢, g;, C}, and (GC ;) are as defined in Section 6.5.12.2.1
and G y = gust effect factor is defined as in Section 6.5.8.2.

6.5.12.2.4 Parapets. The design wind pressure for the effect
of parapets on MWFRSs of rigid, low-rise, or flexible buildings
with flat, gable, or hip roofs shall be determined by the following
equation:

Pp = qpGCpy (b/ft%) (6-20)

where

pp = combined net pressure on the parapet due to the combi-
nation of the net pressures from the front and back para-
pet surfaces. Plus (and minus) signs signify net pressure
acting toward (and away from) the front (exterior) side
of the parapet
qp = velocity pressure evaluated at the top of the parapet
GC,, = combined net pressure coefficient
= +1.5 for windward parapet
= —1.0 for leeward parapet

6.5.12.3 Design Wind Load Cases. The MWFRS of buildings
of all heights, 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 the wind load cases as defined in Fig. 6-9. The eccentricity e
for rigid structures shall be measured from the geometric center
of the building face and shall be considered for each principal
axis (ex, ey). The eccentricity e for flexible structures shall be
determined from the following equation and shall be considered
for each principal axis (ex, ey):

_eg+1.71;/(390¢p)? + (grReg)?

1+ 1.717\/(80 Q)* + (gr R)?

(6-21)

where

ep = eccentricity e as determined for rigid structures in Fig. 6-9

er = distance between the elastic shear center and center of mass
of each floor

17, 80, O, gr, R shall be as defined in Section 6.5.8

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

EXCEPTION: One-story buildings with % less than or equal to 30 ft,

buildings two stories or less framed with light-frame construction, and

buildings two stories or less designed with flexible diaphragms need only
be designed for Load Case 1 and Load Case 3 in Fig. 6-9.

6.5.12.4 Components and Cladding.

6.5.12.4.1 Low-Rise Buildings and Buildings with k <
60 ft (18.3m). Design wind pressures on component and cladding
elements of low-rise buildings and buildings with & < 60 ft
(18.3 m) shall be determined from the following equation:

P =aqil(GC),) — (GC )] (b/ft’) (N/m?) (6-22)

where

qn = velocity pressure evaluated at mean roof height 4 using
exposure defined in Section 6.5.6.3
(GCp) =external pressure coefficients given in Figs. 6-11
through 6-16
(GC ;) = internal pressure coefficient given in Fig. 6-5
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6.5.12.4.2 Buildings with 2 > 60 ft (18.3 m). Design wind
pressures on components and cladding for all buildings with 4 >
60 ft (18.3 m) shall be determined from the following equation:

p =q(GC,) — ¢;(GC ) (Ib/ft*) (N/m?) (6-23)
where

q = q. for windward walls calculated at height z above the
ground
q = q; for leeward walls, side walls, and roofs, evaluated
at height /1
q; = gy for windward walls, side walls, leeward walls, and
roofs of enclosed buildings and for negative internal
pressure evaluation in partially enclosed buildings
q; = q for positive internal pressure evaluation in partially
enclosed buildings where height z is defined as the level
of the highest opening in the building that could affect
the positive internal pressure. For buildings sited in
wind-borne debris regions, glazing that is not impact
resistant or protected with an impact-resistant cover-
ing, shall be treated as an opening in accordance with
Section 6.5.9.3. For positive internal pressure evalua-
tion, ¢; may conservatively be evaluated at height &
(gi = qn)
(GC,) = external pressure coefficient from Fig. 6-17
(GC)p;) = internal pressure coefficient given in Fig. 6-5.

¢ and ¢; shall be evaluated using exposure defined in Section
6.5.6.3.

6.5.12.4.3 Alternative Design Wind Pressures for Compo-
nents and Cladding in Buildings with 60 ft (18.3 m) < h <
90 ft (27.4 m). Alternative to the requirements of Section
6.5.12.4.2, the design of components and cladding for buildings
with a mean roof height greater than 60 ft (18.3 m) and less than
90 ft (27.4 m) values from Figs. 6-11 through 6-17 shall be used
only if the height to width ratio is one or less (except as permitted
by Note 6 of Fig. 6-17) and Eq. 6-22 is used.

6.5.12.4.4 Parapets. The design wind pressure on the compo-
nents and cladding elements of parapets shall be designed by the
following equation:

pP= Qp(GCp - GCpi)

where

(6-24)

qp = velocity pressure evaluated at the top of the parapet
GC, = external pressure coefficient from Figs. 6-11 through
6-17
GC; = internal pressure coefficient from Fig. 6-5, based on the
porosity of the parapet envelope

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

6.5.13 Design Wind Loads on Open Buildings with
Monoslope, Pitched, or Troughed Roofs.

6.5.13.1 General.
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6.5.13.1.1 Sign Convention. Plus and minus signs signify
pressure acting toward and away from the top surface of the roof,
respectively.

6.5.13.1.2 Critical Load Condition. Net pressure coeffi-
cients C include contributions from top and bottom surfaces.
All load cases shown for each roof angle shall be investigated.

6.5.13.2 Main Wind-Force Resisting Systems. The net design
pressure for the MWFRSs of monoslope, pitched, or troughed
roofs shall be determined by the following equation:

p=aqiGCy (6-25)

where

qn = velocity pressure evaluated at mean roof height / using the
exposure as defined in Section 6.5.6.3 that results in the
highest wind loads for any wind direction at the site
G = gust effect factor from Section 6.5.8
Cy =net pressure coefficient determined from Figs. 6-18A
through 6-18D

For free roofs with an angle of plane of roof from horizontal
0 less than or equal to 5° and containing fascia panels, the fascia
panel shall be considered an inverted parapet. The contribution
of loads on the fascia to the MWFRS loads shall be determined
using Section 6.5.12.2.4 with g, equal to g,.

6.5.13.3 Component and Cladding Elements. The net design
wind pressure for component and cladding elements of mono-
slope, pitched, and troughed roofs shall be determined by the
following equation:

p=aqGCy (6-26)

where

qn = velocity pressure evaluated at mean roof height / using the
exposure as defined in Section 6.5.6.3 that results in the
highest wind loads for any wind direction at the site
G = gust-effect factor from Section 6.5.8
Cy =net pressure coefficient determined from Figs. 6-19A
through 6-19C

6.5.14 Design Wind Loads on Solid Freestanding Walls and
Solid Signs. The design wind force for solid freestanding walls
and solid signs shall be determined by the following formula:

F =g,GCyA; (Ib) (N) (6-27)
where

qn = the velocity pressure evaluated at height / (defined in
Fig. 6-20) using exposure defined in Section 6.5.6.4.1
G = gust-effect factor from Section 6.5.8
C s = net force coefficient from Fig. 6-20
A, = the gross area of the solid freestanding wall or solid sign,
in ft* (m?)
6.5.15 Design Wind Loads on Other Structures. The design

wind force for other structures shall be determined by the follow-
ing equation:

F =qzGC Ay (Ib) (N) (6-28)

where

q. = velocity pressure evaluated at height z of the centroid of
area Ay using exposure defined in Section 6.5.6.3
G = gust-effect factor from Section 6.5.8
C s = force coefficients from Figs. 6-21 through 6-23
A = projected area normal to the wind except where C f is spec-
ified for the actual surface area, ft> (m?)
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6.5.15.1 Rooftop Structures and Equipment for Buildings
with £ < 60 ft (18.3 m). The force on rooftop structures and
equipment with A ¢ less than (0.1B%) located on buildings with
h < 60 ft (18.3 m) shall be determined from Eq. 6-28, increased
by a factor of 1.9. The factor shall be permitted to be reduced
linearly from 1.9 to 1.0 as the value of Ay is increased from
(0.1Bh) to (Bh).

6.6 METHOD 3—WIND TUNNEL PROCEDURE

6.6.1 Scope. Wind tunnel tests shall be used where required by
Section 6.5.2. Wind tunnel testing shall be permitted in lieu of
Methods 1 and 2 for any building or structure.

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

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

2. The relevant macro- (integral) length and micro-length
scales of the longitudinal component of atmospheric tur-
bulence are modeled to approximately the same scale as
that used to model the building or structure.

3. The modeled building or other structure and surrounding
structures and topography are geometrically similar to their
full-scale counterparts, except that, for low-rise buildings
meeting the requirements of Section 6.5.1, tests shall be
permitted for the modeled building in a single exposure site
as defined in Section 6.5.6.3.

4. The projected area of the modeled building or other structure
and surroundings is less than 8 percent of the test section
cross-sectional area unless correction is made for blockage.

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

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

6.6.3 Dynamic Response. Tests for the purpose of determining
the dynamic response of a building or other structure shall be in
accordance with Section 6.6.2. The structural model and associ-
ated analysis shall account for mass distribution, stiffness, and
damping.

6.6.4 Limitations.

6.6.4.1 Limitations on Wind Speeds. Variation of basic wind
speeds with direction shall not be permitted unless the analysis
for wind speeds conforms to the requirements of Section 6.5.4.2.

6.6.5 Wind-Borne Debris. Glazing in buildings in wind-borne
debris regions shall be protected in accordance with Section
6.5.9.3.

6.7 CONSENSUS STANDARDS AND OTHER
REFERENCED DOCUMENTS

This section lists the consensus standards and other documents
which are adopted by reference within this chapter:

ASTM

ASTM International

100 Barr Harbor Drive

West Conshohocken, PA 19428-2959

ASTM E1886

Section 6.5.9.3

Standard Test Method for Performance of Exterior
Windows, Curtain Walls, Doors and Storm
Shutters Impacted by Missile(s) and Exposed to
Cyclic Pressure Differentials, 2002.

ASTM E1996

Section 6.5.9.3

Standard Specification for Performance of Exterior
Windows, Curtain Walls, Doors and Storm
Shutters Impacted by Windborne Debris in
Hurricanes, 2003.
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Notes:

1. Values are nominal design 3-second gust wind speeds in miles per hour (m/s)
at 33 ft (10 m) above ground for Exposure C category.

2. Linear interpolation between wind contours is permitted.

3. Islands and coastal areas outside the last contour shall use the last wind speed
contour of the coastal area.

4. Mountainous terrain, gorges, ocean promontories, and special wind regions
shall be examined for unusual wind conditions.

FIGURE 6-1 continued
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Main Wind Force Resisting System — Method 1 h <60 ft.
Figure 6-2 Design Wind Pressures
— I Walls & Roofs
Enclosed Buildings
q

(C)

Reference
Corner

\
\/_ Lave
Hewht'

Transverse corcies,
‘ c //
P c //,
é K - v
Z v
Reference
— orner
6 i
Longitudinal

1. Pressures shown are applied to the horizontal and vertical projections, for exposure B, at h=30 ft (9.1m), I=1.0, and K, = 1.0. Adjust to
other conditions using Equation 6-1.

The load patterns shown shall be applied to each corner of the building in turn as the reference corner. (See Figure 6-10)

For the design of the longitudinal MWERS use 6 = 0°, and locate the zone E/F, G/H boundary at the mid-length of the building.

Load cases 1 and 2 must be checked for 25° < 6 <45°. Load case 2 at 25° is provided only for interpolation between 25° to 30°.

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

For roof slopes other than those shown, linear interpolation is permitted.

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

The zone pressures represent the following:

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

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

9. Where zone E or G falls on a roof overhang on the windward side of the building, use Eoy and Goy for the pressure on the horizontal
projection of the overhang. Overhangs on the leeward and side edges shall have the basic zone pressure applied.

10. Notation:
a:

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

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

Angle of plane of roof from horizontal, in degrees.

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 1 h <60 ft.
> " > >
Figure 6-2 (c.on't d) | Design Wind Pressures Walls & Roofs
Enclosed Buildings
Simplified Desigh Wind Pressure, ps3o (Psf) (Exposure B at h = 30 ft., K = 1.0, with = 1.0)
° Zones
Basic Wind Roof § Horizontal Pressures Vertical Pressures Overhangs
Speed Angle S
(mph) (degrees) 3 A B C D E F G H EOH GoH
0to5° 1 11.5 -5.9 7.6 -3.5 -13.8 -7.8 -9.6 -6.1 -19.3 -15.1
10° 1 12.9 -5.4 8.6 -3.1 -13.8 -8.4 -9.6 -6.5 -19.3 -15.1
15° 1 14.4 -4.8 9.6 -2.7 -13.8 -9.0 -9.6 -6.9 -19.3 -15.1
85 20° 1 15.9 -4.2 10.6 -2.3 -13.8 -9.6 -9.6 -7.3 -19.3 -15.1
25° 1 14.4 2.3 10.4 2.4 -6.4 -8.7 -4.6 -7.0 -11.9 -10.1
2l e e B -2.4 -4.7 -0.7 3.0 | s | e
30 to 45 1 12.9 8.8 10.2 7.0 1.0 -7.8 0.3 -6.7 -4.5 -5.2
2 12.9 8.8 10.2 7.0 5.0 -3.9 43 -2.8 -4.5 5.2
oto5 | 1] 128 -6.7 8.5 40 | 154 | 88 | 107 | -68 | 216 | -169
10° 1 14.5 -6.0 9.6 -3.5 -15.4 -9.4 -10.7 -7.2 -21.6 -16.9
15° 1] 161 -5.4 10.7 30 | -154 | 101 | 107 77 | 216 | -169
90 20° 1] 178 -4.7 11.9 26 | -154 | 107 | 107 -8.1 216 | -169
25° 1] 161 26 1.7 27 7.2 9.8 5.2 78 | 133 | 114
Y] (e [ L pp— 27 -5.3 0.7 YR [ p—
30t045 | 1] 144 9.9 115 7.9 1.1 -8.8 04 75 -5.1 -5.8
2 14.4 9.9 11.5 7.9 5.6 -4.3 48 -3.1 5.1 -5.8
oto5 | 1] 1509 -8.2 10.5 49 | 191 | -108 | -133 84 | 267 | -209
10° 1] 179 7.4 11.9 43 | 191 | 116 | 133 89 | 267 | 209
15° 1] 199 6.6 13.3 38 | 191 | 124 | 133 95 | 267 | -209
20° 1] 220 5.8 14.6 32 | 191 | 133 | 133 | 101 | -267 | -20.9
100 25° 1] 199 3.2 14.4 33 88 | -120 -6.4 97 | 165 | -140
2 o | e | e | e 3.4 -6.6 -0.9 42 | e | e
30t045 | 1| 17.8 12.2 14.2 9.8 1.4 -10.8 05 9.3 6.3 7.2
2 17.8 12.2 14.2 9.8 6.9 -5.3 5.9 -3.8 -6.3 -7.2
0to 5° 1 17.5 -9.0 11.6 -5.4 -21.1 -11.9 -14.7 -9.3 -29.4 -23.0
10° 1 19.7 -8.2 13.1 -4.7 -21.1 -12.8 -14.7 -9.8 -29.4 -23.0
15° 1 21.9 -7.3 14.7 -4.2 2141 -13.7 -14.7 -10.5 -29.4 -23.0
20° 1 24.3 -8.4 16.1 -35 -21.1 -14.7 -14.7 -114 -29.4 -23.0
1 05 25° 1 21.9 35 15.9 35 -9.7 -13.2 -7.1 -10.7 -18.2 -15.4
21 = | e | e | e -3.7 -7.3 -1.0 46 | - | -
30 to 45 1 19.6 13.5 15.7 10.8 15 -11.9 0.6 -10.3 -6.9 -7.9
2 19.6 13.5 15.7 10.8 7.6 -5.8 6.5 -4.2 -6.9 -7.9
oto5 | 1] 192 | -100 | 127 59 | 231 | 131 | 160 | -101 | -323 | -25.3
10° 1] 216 -9.0 14.4 52 | 231 | 141 | 160 | -108 | -323 | -25.3
15° 1] 244 -8.0 16.0 46 | 231 | 151 | 160 | 115 | -323 | -253
110 20° 1] 266 7.0 17.7 39 | 231 | 160 | 160 | -122 | -323 | -253
25° 1 241 3.9 17.4 4.0 -10.7 -14.6 -7.7 -11.7 -19.9 -17.0
Y e (e [ p— -4.1 7.9 1.1 R I
30t045 | 1| 216 14.8 17.2 11.8 1.7 -13.1 06 113 7.6 8.7
2 21.6 14.8 17.2 11.8 8.3 -6.5 7.2 -4.6 -7.6 -8.7
oto5 | 1] 228 | 119 | 151 70 | 274 | 156 | 191 | 121 | -384 | -30.1
10° 1] 258 | -107 | 174 62 | 274 | 168 | 191 | -129 | -384 | -30.1
15° 1 28.7 -9.5 19.1 -5.4 -27.4 -17.9 -19.1 -13.7 -38.4 -30.1
120 20° 1 31.6 -8.3 21.1 -4.6 -27.4 -1941 -19.1 -14.5 -38.4 -30.1
25° 1 28.6 4.6 20.7 4.7 -12.7 -17.3 -9.2 -13.9 -23.7 -20.2
2l et e et s -4.8 -9.4 -1.3 6.0 | -eeees | e
30to 45 1 25.7 17.6 20.4 14.0 2.0 -15.6 0.7 -13.4 -9.0 -10.3
2 25.7 17.6 20.4 14.0 9.9 -7.7 8.6 -55 -9.0 -10.3
Unit Conversions—1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m*
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Main Wind Force Resisting System — Method 1 h <60 ft.
- " - >
Figure 6-2 (c.on.t d) | Design Wind Pressures Walls & Roofs
Enclosed Buildings
Simplified Desigh Wind Pressure, psso (psf) (Exposure B at h = 30 ft., Ky = 1.0, with | = 1.0)
% Zones
Basic Wind Roof S Horizontal Pressures Vertical Pressures Overhangs
Speed Angle g
(mph) (degrees) |3 A B c D E F G H EOH GoH
0to5° 1] 247 -12.9 16.4 7.6 -29.7 -16.9 | -20.7 -13.1 -41.7 -32.7
10° 1] 28.0 -11.6 18.6 6.7 -29.7 -182 | -20.7 140 | 417 -32.7
15° 1] 31.1 -10.3 20.7 5.9 -29.7 -19.4 | -207 149 | 417 -32.7
125 20° 1] 343 9.0 22.9 5.0 -29.7 20.7 | -20.7 157 | 417 -32.7
25° 1] 310 5.0 225 5.1 -13.8 -188 | -10.0 -15.1 -25.7 21.9
Pl e e e 5.2 -10.2 1.4 65 | — | -—-
30t045 | 1] 27.9 19.1 22.1 15.2 22 -16.9 0.8 -145 9.8 -11.2
2| 279 19.1 22.1 15.2 10.7 -8.4 9.3 6.0 9.8 -11.2
0to 5° 1] 26.8 -13.9 17.8 8.2 -32.2 -183 | -224 142 | -451 -35.3
10° 1] 302 -12.5 20.1 7.3 -32.2 -19.7 | -224 -15.1 -45.1 -35.3
15° 1] 337 -11.2 22.4 -6.4 -32.2 21.0 | -224 -16.1 -45.1 -35.3
130 20° 1] 37.1 9.8 24.7 -5.4 -32.2 224 | -224 -17.0 | -451 -35.3
25° 1] 336 5.4 24.3 55 -14.9 204 | -10.8 164 | -278 -23.7
Pl el Bl Tl 5.7 -11.1 1.5 AT I B
30t045 | 1] 30.1 20.6 24.0 16.5 23 -18.3 0.8 -157 | -106 -12.1
2| 301 20.6 24.0 16.5 11.6 9.0 10.0 6.4 -10.6 -12.1
0to 5° 1] 31.1 -16.1 20.6 9.6 -37.3 212 | -26.0 -164 | -523 -40.9
10° 1] 35.1 -145 23.3 -85 -37.3 228 | -26.0 -175 | -523 -40.9
15° 1] 39.0 -12.9 26.0 7.4 -37.3 244 | -26.0 -186 | -52.3 -40.9
140 20° 1] 43.0 -11.4 28.7 6.3 -37.3 26.0 | -26.0 -19.7 | 523 -40.9
25° 1] 39.0 6.3 28.2 6.4 -17.3 236 | -125 190 | -323 275
R e [ [ pp— 6.6 -12.8 1.8 82 | o | e
30t045 | 1] 35.0 23.9 27.8 19.1 27 21.2 0.9 -182 | -123 -14.0
24l 350 23.9 27.8 19.1 13.4 -10.5 11.7 75 -12.3 -14.0
0to5° 1] 334 -17.3 22 1 -10.3 | -40.0 227 | -27.9 176 | -56.1 -43.9
10° 1] 377 -15.6 25.0 9.1 -40.0 245 | -27.9 -188 | -56.1 -43.9
15° 1] 418 -13.8 27.9 7.9 -40.0 262 | -27.9 20.0 | -56.1 -43.9
145 20° 1] 46.1 -12.2 30.8 6.8 -40.0 279 | -27.9 -21.1 -56.1 -43.9
25° 1] 418 6.8 30.3 6.9 -18.6 253 | -134 204 | -346 -29.5
Cal I P - 71 -13.7 1.9 88 | - | -
30t045 | 1] 375 25.6 29.8 20.5 2.9 -22.7 1.0 195 | -132 -15.0
2 357 25.6 29.8 20.5 14.4 -11.3 12.6 -8.0 -13.2 -15.0
0to 5° 1] 357 -18.5 23.7 -11.0 | -42.9 244 | -298 -189 | -60.0 -47.0
10° 1] 402 -16.7 26.8 9.7 -42.9 262 | -29.8 -20.1 -60.0 -47.0
15° 1] 448 -14.9 29.8 -8.5 -42.9 28.0 | -29.8 214 | -60.0 -47.0
150 20° 1] 49.4 -13.0 32.9 7.2 -42.9 298 | -29.8 226 | -60.0 -47.0
25° 1] 448 7.2 32.4 7.4 -19.9 27.1 -14.4 218 | -370 -31.6
e e [ [ pp— 75 147 2.1 94 | o | e
30t045 | 1] 40.1 27.4 31.9 22.0 3.1 24.4 1.0 209 | -1441 -16.1
24| 401 27.4 31.9 22.0 15.4 -12.0 13.4 -8.6 -14.1 -16.1
0 to 5° 1] 458 -23.8 30.4 -14.1 -55.1 -31.3 | -383 242 | -7741 -60.4
10° 1] 517 21.4 34.4 125 | -551 336 | -383 258 | -7741 -60.4
15° 1] 576 -19.1 38.3 -10.9 | -551 -36.0 | -383 275 | -7741 -60.4
170 20° 1] 634 -16.7 42.3 9.3 -55.1 -38.3 | -383 -29.1 -77.1 -60.4
25° 1] 575 9.3 41.6 9.5 25.6 348 | -185 280 | -476 -40.5
P el Bl T M 9.7 -18.9 2.6 424 | e | e
30t045 | 1] 515 35.2 41.0 28.2 4.0 -31.3 1.3 269 | -181 -20.7
24l 515 35.2 41.0 28.2 19.8 -15.4 17.2 -11.0 | -1841 -20.7
Unit Conversions—1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m 2

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 1

h <60 ft.

Figure 6-2 (cont’d) I

Design Wind Pressures

Enclosed Buildings

Walls & Roofs

Adjustment Factor
for Building Height and Exposure, A

Mean roof Exposure
height (ft) B C D
15 1.00 1.21 1.47
20 1.00 1.29 1.55
25 1.00 1.35 1.61
30 1.00 1.40 1.66
35 1.05 1.45 1.70
40 1.09 1.49 1.74
45 1.12 1.53 1.78
S0 1.16 1.56 1.81
55 1.19 1.59 1.84
60 1.22 1.62 1.87

ASCE 7-05



Components and Cladding — Method 1 h <60 ft.

Figure 6-3 Design Wind Pressures
—r Walls & Roofs
Enclosed Buildings I

Flat Roof Hip Roof (7°< 6 < 27°)

Gable Roof (6 <7°) Gable Roof (7°< 6 < 45°)
|:| Interior Zones End Zones . Corner Zones
Roofs - Zone 1/Walls - Zone 4 Roofs - Zone 2/Walls - Zone 5 Roofs - Zone 3

Notes:
1. Pressures shown are applied normal to the surface, for exposure B, at h = 30 ft (9.1m), I = 1.0, and K, = 1.0. Adjust to other
conditions using Equation 6-2.
2. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
For hip roofs with 8 < 25°, Zone 3 shall be treated as Zone 2.

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

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

dimension or 3 ft (0.9 m).
h: Mean roof height, in feet (meters), except that eave height shall be used for roof angles <10°.
6: Angle of plane of roof from horizontal, in degrees.

Minimum Design Loads for Buildings and Other Structures



Components and Cladding — Method 1 h <60 ft.
. , . .
Figure 6-3 (c‘on.t d) Net Design Wind Pressures Walls & Roofs
Enclosed Buildings
Net Design Wind Pressure, petso (PST) (Exposure B at h = 30 ft. with | = 1.0 and Kz = 1.0)
Zone| “feove Basic Wind Speed V (mph)
(sf) 85 90 100 105 110 120
1 10 53 | -13.0] 59 1461 73 -18.0 | 8.1 -19.8 8.9 218 | 10.5 | -25.9
1 20 5.0 -12.7 5.6 -14.2 6.9 -17.5 7.6 -19.3 8.3 -21.2 9.9 -25.2
® 1 50 4.5 -12.2 5.1 -13.7 6.3 -16.9 6.9 -18.7 7.6 -20.5 9.0 -24.4
3 1 100 42 | -11.9]1 4.7 -13.3 5.8 -16.5] 6.4 <1821 7.0 -19.9 1 8.3 -23.7
:,6)’ 2 10 53 -21.8 5.9 -24.4 73 -30.2 8.1 -33.3 8.9 -36.5 10.5 | -43.5
: 2 20 50 | -19.5 5.6 -21.81 6.9 -27.01 7.6 -29.71 83 -32.61 9.9 -38.8
8 2 50 4.5 | -16.4]1 5.1 1841 63 2271 69 -25.1 7.6 2751 9.0 -32.7
% 2 100 4.2 | -14.1 4.7 -15.81 5.8 -19.5] 6.4 -21.51 7.0 -23.6 | 8.3 -28.1
g 3 10 53 | -32.8] 59 36,81 73 4541 8.1 -50.1 8.9 -550 | 10.5 | -65.4
3 20 5.0 -27.2 5.6 -30.5 6.9 -37.6 7.6 -41.5 83 -45.5 9.9 -54.2
3 50 4.5 | -197]1 5.1 =221 6.3 -27.3 6.9 -30.1 7.6 -33.1 9.0 -39.3
3 100 4.2 -14.1 4.7 -15.8 5.8 -19.5 6.4 -21.5 7.0 -23.6 83 -28.1
1 10 75 [-11.9] 84 | -133 | 104 [-165] 114 [-182] 125 | -199 ] 149 | -23.7
1 20 6.8 | -11.6) 77 | -13.0] 94 |-160] 104 |-176 | 11.4 | -194 | 13.6 | -23.0
@ 1 50 60 |-11.1] 67 |-125]| 82 |-154] 91 |-170] 100 |-186 ] 11.9 | -22.2
g 1 100 53 [-108] 59 | -121| 73 |-149] 81 |-165] 89 |-181] 105 |-21.5
2 2 10 75 | 207 84 | -232 )| 104 [-287] 114|316 | 125 | -347 | 149 | -41.3
55 2 20 68 [-190] 77 | 214 94 | 264 104 | 2901 | 11.4 | 319 ] 13.6 | -38.0
<! 2 50 60 |-169] 6.7 | -18.9| 82 [ 233] 91 |-257 | 10.0|-282] 11.9 |-33.6
" 2 100 53 |-152] 59 | -170] 73 [ 210] 81 | -232| 89 | -255] 105 |-303
8 3 10 75 [-306| 84 | -343 | 104 |-424] 114 |-467] 125 |-513] 149 | -61.0
e 3 20 6.8 |-286| 7.7 | -32.1| 94 [ -3906| 104 |-437 | 11.4 | -479 | 13.6 | -57.1
3 50 6.0 |-260| 67 | 29.1| 82 [-360] 9.1 |-397| 100 |-435] 1.9 | -51.8
3 100 53 | -240] 59 2691 73 -33.2 8.1 -36.6 1 8.9 -402 | 10.5 | -47.9
1 10 11.9 | -13.0 13.3 | -146 | 16.5 | -18.0 ] 182 | -198 19.9 | -21.8 | 23.7 | -25.9
1 20 11.6 | -12.3 13.0 | -13.8 16.0 | -17.1 17.6 | -188 19.4 | -207 | 23.0 | -24.6
2 1 50 11.1 | -115 12.5 | -12.8 154 | -15.9] 17.0 | -175 18.6 | -192 | 22.2 | -22.8
% 1 100 10.8 | -10.8 12.1 | -12.1 14.9 | -14.9] 165 | -165 18.1 | -18.1 21.5 | -21.5
3 2 10 11.9 | =152 ] 13.3 | -17.0 | 16,5 | -21.0 | 182 | -232 19.9 | -255 ] 23.7 | -30.3
u“‘c: 2 20 1.6 | -14.5 13.0 | -16.3 16.0 | -20.1 17.6 | -222 19.4 | -243 | 23.0 | -29.0
~ 2 50 1.1 | -13.7 12,5 | -153 154 1 -18.9] 17.0 | -20.8 18.6 | -229 | 22.2 | -27.2
‘7\. 2 100 10.8 | -13.0 12.1 | -146 | 14.9 | -18.0] 16.5 | -19.8 18.1 | -21.8 | 21.5 | -25.9
§ 3 10 11.9 | -15.2 13.3 | -170 | 16.5 | -21.0 | 182 | -232 19.9 | -255 | 23.7 | -30.3
o« 3 20 11.6 | -145 13.0 | -16.3 16.0 | -20.1 17.6 | -222 19.4 | -243 ] 23.0 | -29.0
3 50 1.1 ] -137 12.5 | -153 154 | -18.9] 17.0 | -208 18.6 | -229 | 22.2 | -27.2
3 100 10.8 | -13.0 121 | -146 | 149 | -18.0] 16.5 | -198 18.1 | -21.8 | 21.5 | -25.9
4 10 13.0 | -141 | 146 | -158 [ 18.0 | -195] 198 | -215 | 21.8 | -236 | 25.9 | -28.1
4 20 124 | -135 | 139 |-151 | 17.2 | -18.7] 189 | -206 | 20.8 | -226 | 24.7 | -26.9
4 50 e |-127] 130 -143 ] 161 |-17.6] 178 | -194 | 19.5 | -213 | 23.2 | -25.4
4 100 1| -122 ] 124 | -136 ] 153 | -16.8] 169 | -185 | 185 | -204 | 22.0 | -24.2
= 4 500 97 | -108 109 |-121 ] 134 |-1a9] 148 |-165] 162 | -181 | 19.3 | -21.5
; 5 10 13.0 | -174 14.6 | -19.5 18.0 | -24.1 19.8 | -266 | 21.8 | -29.1 25.9 | -34.7
5 20 12.4 | -162 13.9 | -182 17.2 | -22.5] 189 | -248 | 20.8 | -272 | 24.7 | -32.4
5 50 11.6 | -14.7 13.0 | -165 16.1 | -20.3 ) 17.8 | -224 | 19.5 | -246 | 23.2 | -29.3
5 100 11.1 | -13.5 12.4 | -15.1 153 | -18.7) 169 | -206 | 185 | -22.6 | 22.0 | -26.9
5 500 9.7 -10.8 10.9 | -12.1 13.4 | -14.9] 148 | -165 16.2 | -18.1 19.3 | -21.5
Unit Conversions — 1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m?
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Components and Cladding — Method 1 h <60 ft.

" y " .
Figure 6-3 (c.on.t d) Net Design Wind Pressures Walls & Roofs
Enclosed Buildings
Net Desigh Wind Pressure, pnetso (PSf) (Exposure B at h = 30 ft. with | = 1.0 and Ky = 1.0)
Zone| S Basic Wind Speed V (mph)
(sh) 125 130 140 145 150 170
1 10 114 | -28.1 | 124 | -30.4 | 143 | -353 | 154 | -378 | 16.5 | -40.5 | 21.1 | -52.0
1 20 107 | 274 | 116 | -296 | 134 | -344 | 144 | -369 | 154 | -39.4 | 19.8 | -50.7
1 50 98 |-26.4 | 106 | -28.6 | 123 | -33.2 | 13.1 | -35.6 | 14.1 | -38.1 | 18.1 | -48.9
§ 1 100 9.1 257 | 98 |-278 | 114 | -323 | 122 | -346 | 13.0 | -37.0 | 16.7 | -47.6
;i’) 2 10 114 | -472 | 124 | -51.0 | 143 | -59.2 | 154 | -63.5 | 16,5 | -679 | 21.1 | -87.2
': 2 20 10.7 | 421 | 116 | -456 | 134 | -529 | 144 | -56.7 | 154 | -60.7 | 19.8 | -78.0
L) 2 50 98 |-355| 10.6 | -38.4 | 123 | -445| 131 | -478 | 141 | -51.1 | 18.1 | -65.7
?_ 2 100 9.1 -30.5| 98 |-33.0 [ 114 |-382 ]| 122 | -41.0 | 13.0 | -43.9 | 16.7 | -56.4
8 3 10 114 | -71.0 | 124 | -76.8 | 143 | -89.0 | 154 | -955 | 16.5 |-102.2| 21.1 |-131.3
& 3 20 10.7 | -585 | 116 | -63.6 | 13.4 | -73.8 | 144 | -79.1 | 154 | -84.7 | 19.8 |-108.7
3 50 9.8 | 427 | 106 | -46.2 | 123 | -535 | 13.1 | -57.4 | 141 | -61.5 | 18.1 | -78.9
3 100 9.1 -30.5| 98 |-33.0 [ 114 |-382 | 122 | -41.0 | 13.0 | -43.9 | 16.7 | -56.4
1 10 16.2 | -25.7 | 175 | -278 | 20.3 | -323 | 21.8 | -34.6 | 23.3 | -37.0 | 30.0 | -47.6
1 20 148 | -25.0 | 16.0 | -27.0 | 185 | -31.4 | 199 | -33.7 | 21.3 | -36.0 | 27.3 | -46.3
8 1 50 129 | 241 | 139 | -26.0 | 16.1 | -30.2 | 173 | -324 | 185 | -34.6 | 23.8 | -445
95” 1 100 114 | -23.2 | 124 | -25.2 | 143 | -29.3 | 154 | -31.4 | 16,5 | -33.6 | 21.1 | -43.2
% 2 10 16.2 | -448 | 175 | -484 | 203 | -56.2 | 21.8 | -60.3 | 23.3 | -64.5 | 30.0 | -82.8
N 2 20 148 | 412 | 16.0 | -446 | 185 | -51.7 | 199 | -55.4 | 21.3 | -59.3 | 27.3 | -76.2
i) 2 50 129 | -36.5 | 139 | -394 | 16.1 | -457 | 173 | -49.1 | 185 | -52.5 | 23.8 | -67.4
7 2 100 114 | -329 | 124 | -356 | 143 | -41.2 | 154 | -442 | 165 | -473 | 21.1 | -60.8
S 3 10 16.2 | -66.2 | 175 | -71.6 | 20.3 | -83.1 | 21.8 | -89.1 | 23.3 | -95.4 | 30.0 |-122.5
,_Sc’ 3 20 148 | -619 | 16.0 | -67.0 | 185 | -77.7 | 199 | -83.3 | 21.3 | -89.2 | 27.3 [-1145
3 50 129 | -56.2 | 139 | -60.8 | 16.1 | -70.5 | 173 | -75.7 | 185 | -81.0 | 23.8 |-104.0
3 100 114 | -519 | 124 | -56.2 | 143 | -65.1 | 154 | -699 | 16.5 | -748 | 21.1 | -96.0
1 10 25.7 | -28.1 | 27.8 | -30.4 | 32.3 | -35.3 | 34.6 | -37.8 | 37.0 | -40.5 | 47.6 | -52.0
1 20 25.0 | -26.7 | 27.0 | -28.9 | 31.4 | -33.5 | 33.7 | -35.9 | 36.0 | -384 | 46.3 | -49.3
@ 1 50 241 | -248 | 26.0 | -26.8 | 30.2 | -31.1 | 324 | -33.3 | 34.6 | -35.7 | 445 | -45.8
% 1 100 233 | -233 | 252 | -25.2 | 29.3 | -29.3 | 314 | -31.4 | 33.6 | -33.6 | 43.2 | -43.2
S 2 10 25.7 | -329 | 27.8 | -35.6 | 32.3 | -41.2 | 34.6 | -442 | 37.0 | -47.3 | 47.6 | -60.8
u‘j 2 20 25.0 | -314 | 27.0 | -34.0 | 314 | -39.4 | 33.7 | -42.3 | 36.0 | -45.3 | 46.3 | -58.1
~ 2 50 241 | -295 | 26.0 | -32.0 | 30.2 | -37.1 | 32.4 | -39.8 | 34.6 | -425 | 445 | -54.6
c: 2 100 232 | -28.1 | 25.2 | -30.4 | 29.3 | -35.3 | 314 | -37.8 | 33.6 | -40.5 | 43.2 | -52.0
§ 3 10 257 | -329 | 278 | -35.6 | 323 | 412 | 346 | 442 | 37.0 | -47.3 | 476 | -60.8
o 3 20 25.0 | -31.4 | 27.0 | -34.0 | 31.4 | -394 | 33.7 | -423 | 36.0 | -45.3 | 46.3 | -58.1
3 50 241 | -295 1 26.0 | -32.0 | 30.2 | -37.1 | 324 | -39.8 | 34.6 | -425 | 445 | -54.6
3 100 23.3 | -28.1 | 25.2 | -30.4 | 29.3 | -35.3 | 314 | -37.8 | 33.6 | -40.5 | 43.2 | -52.0
4 10 28.1 | -30.5 | 304 | -33.0 | 35.3 | -38.2 | 37.8 | -41.0 | 40.5 | -439 | 52.0 | -56.4
4 20 26.8 | -29.2 | 29.0 | -31.6 | 33.7 | -36.7 | 36.1 | -39.3 | 38.7 | -42.1 | 49.6 | -54.1
4 50 252 | -275 | 272 | -29.8 | 31.6 | -34.6 | 339 | -37.1 | 36.2 | -39.7 | 46.6 | -51.0
4 100 239 | -26.3 | 25.9 | -28.4 | 30.0 | -33.0 | 322 | -35.4 | 344 | -37.8 | 442 | -48.6
% 4 500 21.0 | -23.3 | 22.7 | -25.2 | 26.3 | -29.3 | 28.2 | -31.4 | 30.2 | -33.6 | 38.8 | -43.2
= 5 10 28.1 | -376 | 304 | -40.7 | 353 | -47.2 | 37.8 | -50.6 | 40.5 | -54.2 | 52.0 | -69.6
5 20 26.8 | -35.1 | 29.0 | -38.0 | 33.7 | -44.0 | 36.1 | -47.2 | 38.7 | -50.5 | 49.6 | -64.9
5 50 252 | -31.8 | 272 | -343 | 31.6 | -39.8 | 33.9 | -42.7 | 36.2 | -45.7 | 46.6 | -58.7
5 100 239 | -29.2 | 259 | -31.6 | 30.0 | -36.7 | 322 | -39.3 | 344 | -421 | 44.2 | -541
5 500 21.0 | -232 | 22.7 | -25.2 | 26.3 | -29.3 | 28.2 | -31.1 | 30.2 | -33.6 | 38.8 | -43.2
Unit Conversions — 1.0 ft = 0.3048 m; 1.0 psf = 0.0479 kN/m’
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Components and Cladding — Method 1 h < 60 ft.

Figure 6-3 (cont’d) Net Design Wind Pressures

Walls & Roofs

Enclosed Buildings

Roof Overhang Net Desigh Wind Pressure , ppet3o (pSf)

(Exposure B at h = 30 ft. with | = 1.0)
Effective Basic Wind Speed V (mph)

Wind Area

Zone (sf) 90 100 110 120 130 140 150 170

10 -21.0| 269 | -31.4 | -37.3 | -43.8 | -50.8 | -58.3 | -74.9
20 -20.6 | -256.5 | -30.8 | -36.7 | -43.0 | 499 | -57.3 | -73.6
50 -20.1 | -249 | -30.1 | -35.8 | -42.0 | -48.7 | -559 | -71.8
100 -19.8 | -24.4 | -29.5 | -35.1 | -41.2 | -47.8 | -54.9 | -70.5
10 -346 | 427 | -516 | 615 | -72.1 | -83.7 | -96.0 | -123.4
20 271 | -335| 405 | -483 | -56.6 | -65.7 | -75.4 | -96.8
50 -173 | 214 | -259 | -30.8 | -36.1 | 419 | -48.1 | -61.8
100 -10.0 | -122 | -148 | -17.6 | -20.6 | -23.9 | -27.4 | -35.2
10 -272 | -335 | -406 | -483 | -56.7 | -65.7 | -75.5 | -96.9
20 -27.2 | -335 | -40.6 | -483 | -56.7 | -65.7 | -75.5 | -96.9
50 -27.2 | -335 | -40.6 | -48.3 | -56.7 | -65.7 | -75.5 | -96.9
100 -27.2 | -335 | -406 | -483 | -56.7 | -65.7 | -75.5 | -96.9
10 -45.7 | -56.4 | -68.3 | -81.2 | -95.3 [ -110.6| -126.9] -163.0
20 -41.2 | -50.9 | -61.6 | -73.3 | -86.0 | -99.8 [ -114.5] -1471
50 -356.3 | 436 | -52.8 | -62.8 | -73.7 | -85.5 [ -98.1 | -126.1
100 -30.9 | -38.1 | -46.1 | -54.9 | -64.4 | -74.7 | -85.8 | -110.1
10 -24.7 | -305 | -36.9 | -439 | -51.5 | -59.8 | -68.6 | -88.1

20 -24.0 | -29.6 | -35.8 | -42.6 | -50.0 | -58.0 | -66.5 | -85.5
50 -23.0 | -28.4 | -343 | -40.8 | -479 | -55.6 | -63.8 | -82.0
100 -22.2 | -27.4 | -33.2 | -39.5 | -46.4 | -53.8 | -61.7 | -79.3
10 -24.7 | -305 | -36.9 | -439 | -51.5 | -59.8 | -68.6 | -88.1

20 -24.0 | -29.6 | -35.8 | -42.6 | -50.0 | -58.0 | -66.5 | -85.5
50 -23.0 | -28.4 | -343 | -40.8 | 479 | -55.6 | -63.8 | -82.0
100 222 | 274 | -332 | -839.5 | -46.4 | -53.8 | -61.7 | -79.3

N

Roof 0 to 7 degrees

Roof > 7 to 27 degrees
[ RIARIAN ICRI CRICRICR FANARIARIAN ICHICRI CRI CN [ARIARIARIZN [ ORI LRI N

Roof > 27 to 45 degrees

Adjustment Factor
for Building Height and Exposure, A

Mean roof Exposure
|_height (ft) B (_: D
15 1.00 1.21 1.47
20 1.00 1.29 1.55
25 1.00 1.35 1.61
30 1.00 1.40 1.66
35 1.05 1.45 1.70
40 1.09 1.49 1.74
45 1.12 1.53 1.78
50 1.16 1.56 1.81
55 1.19 1.59 1.84
60 1.22 1.62 1.87

Unit Conversions — 1.0 ft = 0.3048 m; 1.0 sf=0.0929 mz; 1.0 psf =0.0479 kN/m
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Topegraphic Factor, K, — Method 2

1. For values of H/L,,, x/Ly, and z/L;, other than those shown, linear interpolation is permitted.
2. For H/L; > 0.5, assume H/Ly = 0.5 for evaluating K; and substitute 2H for L, for evaluating K, and K.
3. Multipliers are based on the assumption that wind approaches the hill or escarpment along the direction

of maximum slope.

Figure 6-4 ]
z Vo | o |
Speed-u Speed-up
Q) x(Upwind) x (Downwind) x (Downwind)
P\ AN
X p R 2|
Lh M ’ M A
A AW A %
ESCARPMENT 2-D RIDGE OR 3-D AXISYMMETRICAL HILL
Topographic Multipliers for Exposure C

K Multiplier K, Multiplier K; Multiplier

H/L, | 2-D 2-D 3-D x/Ly 2-D All z/Ly 2-D 2-D 3-D
Ridge | Escarp. | Axisym. Escarp. | Other Ridge | Escarp. | Axisym.
Hill Cases Hill
0.20 0.29 0.17 0.21 0.00 1.00 1.00 0.00 1.00 1.00 1.00
0.25 0.36 0.21 0.26 0.50 0.88 0.67 0.10 0.74 0.78 0.67
0.30 0.43 0.26 0.32 1.00 0.75 0.33 0.20 0.55 0.61 0.45
0.35 0.51 0.30 0.37 1.50 0.63 0.00 0.30 0.41 0.47 0.30
0.40 0.58 0.34 0.42 2.00 0.50 0.00 0.40 0.30 0.37 0.20
0.45 0.65 0.38 0.47 2.50 0.38 0.00 0.50 0.22 0.29 0.14
0.50 0.72 0.43 0.53 3.00 0.25 0.00 0.60 0.17 0.22 0.09
3.50 0.13 0.00 0.70 0.12 0.17 0.06
4.00 0.00 0.00 0.80 0.09 0.14 0.04
0.90 0.07 0.11 0.03
1.00 0.05 0.08 0.02
1.50 0.01 0.02 0.00
2.00 0.00 0.00 0.00
Notes:

4. Notation:
H:Height of hill or escarpment relative to the upwind terrain, in feet (meters).
Ly Distance upwind of crest to where the difference in ground elevation is half the height of
hill or escarpment, in feet (meters).
K Factor to account for shape of topographic feature and maximum speed-up effect.
Ks: Factor to account for reduction in speed-up with distance upwind or downwind of crest.
Ks;: Factor to account for reduction in speed-up with height above local terrain.
X: Distance (upwind or downwind) from the crest to the building site, in feet (meters).
z: Height above local ground level, in feet (meters).
JIK Horizontal attenuation factor.
¥ Height attenuation factor.

Minimum Design Loads for Buildings and Other Structures
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Topographic Factor, K,; — Method 2

Figure 6-4 (cont’d) |

Equations:

K, =(1+K; K; K3)?

K determined from table below

o oa L
MLy
K3 = C-YZ/Lh
Parameters for Speed-Up Over Hills and Escarpments
Ky/(H/Ly)
Hill Shape Exposure Y Upwind Downwind
B C D of Crest of Crest

2-dimensional ridges

(or valleys with negative 130 | 145 | 155 3 1.5 L5

Hin K /(H/Ly)
2-dimensional escarpments 0.75 0.85 0.95 2.5 1.5 4
3-dimensional axisym. hill 0.95 1.05 1.15 4 1.5 1.5
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Main Wind Force Res. Sys. / Comp and Clad. — Method 2

All Heights

Figure 6-5

Internal Pressure Coefficient, GC,;

Enclosed, Partially Enclosed, and Open Buildings

Walls & Roofs

Enclosure Classification GC
Open Buildings 0.00
Partially Enclosed Buildings +0.55
-0.55
Enclosed Buildings +0.18
-0.18
Notes:
1. Plus and minus signs signify pressures acting toward and away
from the internal surfaces, respectively.
2. Values of GC,; shall be used with q, or gy, as specified in 6.5.12.
3. Two cases shall be considered to determine the critical load

requirements for the appropriate condition:

(i) apositive value of GCy; applied to all internal surfaces
(ii) anegative value of GC,; applied to all internal surfaces

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 2 All Heights

Figure 6-6 External Pressure Coefficients, C,

Walls & Roofs

Enclosed, Partially Enclosed Buildings

4, GCP -
WIND
B q,6C
q,GC #9Cp b
L P le— —
PLAN ELEVATION
GABLE, HIP ROOF
GC
246C, 55Cp 1h%%p
o I T e
WIND B 4,6C, 1,6€, 146C,
1,6¢, e | |
446C, : :
e (I — -~ ]
PLAN ELEVATION ELEVATION
MONOSLOPE ROOF (NOTE 4)
0466, 146, 146C,
WIND 6c ® [ 6c
q q
o r 746Cp P "
1% h
thCp 5
| I - | L -]
PLAN ELEVATION

MANSARD ROOF (NOTE 8)

ASCE 7-05




Main Wind Force Resisting System — Method 2 All Heights

Figure 6-6 (con’t) I External Pressure Coefficients, C,,

Walls & Roofs

Enclosed, Partially Enclosed Buildings

Wall Pressure Coefficients, C,,
Surface L/B Cp Use With
Windward Wall All values 0.8 qe
0-1 -0.5
Leeward Wall 2 -0.3 qn
>4 -0.2
Side Wall All values -0.7 an
Roof Pressure Coefficients, C,, for use with q,
Windward Leeward
Wind Angle, O (degrees
Direction Angle, O (degrees) g (degrees)
h/L 10 15 20 25 30 35 45 >60# 10 15 | >20
-0.7 -0.5 -0.3 -02 | -0.2 0.0*
Normal | <0.25] -0.18 | 0.0* | 02 | 03 | 03 | 04 | 04 [0010]|03 |05 |06
to -0.9 -0.7 -0.4 -03 | -0.2 -0.2 0.0* 05 |-05 |-06
ridge for 0.5 -0.18 | -0.18 0.0* 0.2 0.2 0.3 04 [o0.01806 ) ) )
02=>10° -1.3*¥* | -1.0 -0.7 -05 | -0.3 -0.2 0.0* 07 |06 | 06
>1.0 -0.18 | -0.18 | -0.18 | 0.0* | 0.2 0.2 03 [0.0186 ) : )
Horiz distance from C *Value is provided for interpolation
Normal windward edge p purposes.
to 0toh?2 -0.9,-0.18
ridge for | <0.5 h2toh -0.9, -0.18 ] **Value can be reduced linearly with area
0<10 hto2h -0.5,-0.18 | over which it is applicable as follows
and >2h -0.3,-0.18
Parallel Area (sq ft) Reduction Factor
0 to h/2 -1.3**-0.18
to ridge | > 1.0 © ’ <100 (9.3 sq m) 1.0
for all 0 res 200 (23.2 sq m) 0.9
> h/2 0.7,-0.18  I==9560 (92.9 sq m) 0.8

Notes:

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

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

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

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

5. For flexible buildings use appropriate Gras determined by Section 6.5.8.

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

7. Notation:

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

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

h: Mean roof height in feet (meters), except that eave height shall be used for 6 < 10 degrees.
z: Height above ground, in feet (meters).

G: Gust effect factor.

g-.qn: Velocity pressure, in pounds per square foot (N/m?), evaluated at respective height.

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

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

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

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

#For roof slopes greater than 80°, use C,= 0.8

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System — Method 2 All Heights

Figure 6-7 ] External Pressure Coefficients, Cp, D d Roof:
ome 0018

Enclosed, Partially Enclosed Buildings and Structures

Wind B
A 0/% c }f .
X ho Wind, A
le N|

I D ’

A (hy /D = 0.25)
Alhy D =0)\ \

+08
\ >
06 7 A(h, /D21.0)
DEiVd
(E 402 — / // Z/ /C (hD/D=0)
& 00 «
2 4 /1]
38 ~
S o4 N / / |_-ChyD205)
= A
2 08 N A
g 08 / \\ <
& : / \i/“\ _ B (hy /D2 05)
16 N\ L N
i N~

0 0.1 0.2 03 04 05
Ratio of Rise to Diameter, fiID

External Pressure Coefficients for Domes with a Circular Base.

Notes: (Adapted from Eurocode, 1995)

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

All Heights

Figure 6-8 External Pressure Coefficients, Cy, Roof:
Enclosed, Partially Enclosed Buildings and Structures Arched Roofs
Rise-to-span Cp
Conditions ratio, r
Windward Center Leeward
quarter half quarter
0<r<02 -0.9 0.7-r -0.5
Roof on elevated structure 0.2<r<03* 1.57-0.3 -0.7-r -0.5
03<r<06 2.75r-0.7 -0.7-r -0.5
Roof springing from ground level 0<r<0.6 1.4r -0.7-r -0.5

the windward quarter.

Notes:

directed parallel to ridge.

this table multiplied by 0.87.

*When the rise-to-span ratio is 0.2 < 1 < 0.3, alternate coefficients given by ér - 2.1 shall also be used for

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

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

4. For components and cladding: (1) At roof perimeter, use the external pressure coefficients in Fig. 6-11
with @ based on spring-line slope and (2) for remaining roof areas, use external pressure coefficients of

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System—Method 2 All Heights

Figure 6-9 | Design Wind Load Cases
075Pwy
P
" t Vv ¥y
-
0.75 P pct—= 0.75Prx
Pyx Prx Pry ‘ ‘ J ‘ l
(X %
CASE 1 CASE 3
By By
0.563 P gy
osewy EEER!
> a1 4 d 2
Mr Mr ] Mr ]
0.75Pwx 0.75Prx 0.75PLY 0.563 P wx ¢ ‘ { ‘ J 0.563P 1 x
0.563Pry
MT =0.75 (wa+PL)()BXeX MT =075 (Pwy“f‘PLﬂByey MT =0.563 (wa+PL)()BXeX +0.563 (PW*"PL))B)'QY
ex==x0.15 By ey==x0.15By eX:i0.15BX ey=i0.15By
CASE 2 CASE 4

Case 1.  Full design wind pressure acting on the projected area perpendicular to each principal axis of the
structure, considered separately along each principal axis.

Case 2. Three quarters of the design wind pressure acting on the projected area perpendicular to each
principal axis of the structure in conjunction with a torsional moment as shown, considered separately
for each principal axis.

Case 3. Wind loading as defined in Case 1, but considered to act simultaneously at 75% of the specified
value.

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

Notes:

1. Design wind pressures for windward and leeward faces shall be determined in accordance with the
provisions of 6.5.12.2.1 and 6.5.12.2.3 as applicable for building of all heights.
2. Diagrams show plan views of building.
3. Notation:
Pwy, Pwy: Windward face design pressure acting in the x, y principal axis, respectively.
Prx, Pry: Leeward face design pressure acting in the x, y principal axis, respectively.
e (ey. ey) : Eccentricity for the x, y principal axis of the structure, respectively.
Mr: Torsional moment per unit height acting about a vertical axis of the building.
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Main Wind Force Resisting System — Method 2 h <60 ft.

Figure 6-10 I External Pressure Coefficients, GCy¢

Low-rise Walls & Roofs

Enclosed, Partially Enclosed Buildings

B
Reference
Corner

Corner

Reference
Corer c

Reference
Corner

Vo
)

Zone 2/3 Boundary —

Reference
Comer g

<<
-~

~% %
*“Reference
Corner

Reference
Corner o 1E

Zone 2/3 Boundary —

Reference
Corner

<<%

Longitudinal Direction

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

Figure 6-10 (cont’d) I External Pressure Coefficients, GCyy¢

Enclosed, Partially Enclosed Buildings Low-rise Walls & Roofs

Al;(g)l(::fe Building Surface
(degrees) [ 2 3 4 5 6 IE | 2E | 3E | 4E
0-5 0.40 -0.69 -0.37 -0.29 | -0.45 -0.45 0.61 -1.07 -0.53| -043
20 0.53 -0.69 -0.48 -0.43 | -0.45 -0.45 0.80 -1.07 -0.69| -0.64
30-45 0.56 0.21 -0.43 -0.37 | -0.45 -0.45 0.69 0.27 -0.53| -0.48
90 0.56 0.56 -0.37 -0.37| -0.45 -0.45 0.69 0.69 -0.48| -0.48
Notes:

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

2. For values of 0 other than those shown, linear interpolation is permitted.

3. The building must be designed for all wind directions using the 8 loading patterns shown. The load
patterns are applied to each building corner in turn as the Reference Corner.

4. Combinations of external and internal pressures (see Figure 6-5) shall be evaluated as required to
obtain the most severe loadings.

5. For the torsional load cases shown below, the pressures in zones designated with a “T” (1T, 2T, 3T,
4T) shall be 25% of the full design wind pressures (zones 1, 2, 3, 4).

Exception: One story buildings with h less than or equal to 30 ft (9.1m), buildings two stories
or less framed with light frame construction, and buildings two stories or less designed with
flexible diaphragms need not be designed for the torsional load cases.
Torsional loading shall apply to all eight basic load patterns using the figures below applied at each
reference corner.

6. Except for moment-resisting frames, the total horizontal shear shall not be less than that determined
by neglecting wind forces on roof surfaces.

7. For the design of the MWFRS providing lateral resistance in a direction parallel to a ridge line or
for flat roofs, use 6 = 0° and locate the zone 2/3 boundary at the mid-length of the building.

8. The roof pressure coefficient GC,;, when negative in Zone 2 or 2E, shall be applied in Zone 2/2E
for a distance from the edge of roof equal to 0.5 times the horizontal dimension of the building
parallel to the direction of the MWFRS being designed or 2.5 times the eave height, 4., at the
windward wall, whichever is less; the remainder of Zone 2/2E extending to the ridge line shall use
the pressure coefficient GC,y for Zone 3/3E.

9. Notation:

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

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

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

<<% "
*Reference

v
Reference ™,
Corner -~ Corner

Transverse Direction Longitudinal Direction

Torsional Load Cases
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Components and Cladding — Method 2 h <60 ft.
Figure 6-11A External Pressure Coefficients, GC,,
Enclosed, Partially Enclosed Buildings Walls
10 500
o -8
Q s
' 5
G_\ 1.4 9\ ' -1.4
=)
e 1244 S~
Q — N 14
o -10 —
= 08 038
8 06
o Q44—
)
@ 02
P =
o +0.4
e 00 407
B +0.8 \4)& 5
£ 410 —_— +.0
w42
1 10 20 50 100 200 5001000

01)

of least horizontal dimension or 3 ft (0.9 m).

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

(09 (1.9) (46) (9.3) (188) (46.5)(92.9)

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

Effective Wind Area, ft (m2 )

Notes:

1. Vertical scale denotes GC, to be used with g,

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

3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.

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

6. Notation:

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

Minimum Design Loads for Buildings and Other Structures
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Companents amd ©laddinge = Serbaad 2

i = ol i,

Ii'°|El-ll"l' 6-11B External Pressure Coefficients, GCp,
Enclosed, Partially Enclosed Bulidings Gable Roofs 8 < 7°
LI LA
0 Shah :
'“'_I__ .J'.L: £ L
1
'E"!I |i_, ::'_]3 "-!__
! PREEER e,
= 3 (1 I
-
10 100 [-%
az ! B 10 1:;: .
- 30} ¥ E - H ..
28 (- fer{ L) Overhang | | | .,
& s 'E 2B L | ! |-
g a2 a4 A\ | ] L
3 :; E T — K= l
L &0 —1 1 -
% 18 E olDam || -l I | - 1
18 T — — 1 By
BN g A4 - I . | N !
i 1 —— | i
-1.0 —— - 4] i )| T— - - A
e S K iz — & ; .
E B f—— = _! g j‘: | M
A |—— =1 1 10 30 50 100 200 5001000
"E — ; _l 1 M (1% HE RGOS HES e
P FESTET Vi m B - 43 Effective Wind Area, #t° (nf )
o 1 o = P
1 10 20 B0 100 200 BOG000
R B (1§ B (B PSS

Effective Wind Area, #t* (nf )

Motes:

I. Verticnl scale denotes Gl o be used with g,

2. Horizonial scale denotes effective wincd areq, in squire Teel (square meters),

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

4, Each component shall be designed for maximum positive and negative pressures,

517 a parapet equal 1o or higher tean 3 6 (0.9m) 15 provided arpund the perimeter of the roof with 8 = 77, the
negative values of GO in Zone 3 shall be equal to those for Zone T and positive values of GC | in Zones 2
omid 4 shall be set equal 1o those for wall fones 4 and 5 respectively n Figure 6-11A,

6. Values of (GO, for roof overhangs include pressure contrbutions from both upper and kewer surfiaces.

7. Motntion:
iz 10 percemt of least honzoninl dimension or D40, whicheyver 1= smaller, bt nol less than either 4% of

Feast horizontal dimension or 3 £t (009 m)
. Eave height shall be wsed fior 8 £ 107,

g Angle of plane of roof from horizonial, in degrees,
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Components and Cladding - Method 2
Figure 6-11C External Pressure Coefficients, GCp

h < 60 ft.

Enclosed, Partially Enclosed Buildings

Gable/Hip Roofs 7°< 0 <27°

ﬂ#"@'

-28

26

24 @)

22

00

2.0

-18

18
14 @ \

1.2

4.0 ED

0.8
.6

04

0.2

0

40.2

104 FH D243
+0.6

External Pressure Coefficient, GCp

+0.8

Notes:

AN I e

apply on each hip.

%o =

Notation:

28

20
A7

-12

+.3
+0.5

1 10 20 50 100 200 5001000
o4 (09) (19) (8) (03) (f88) (65)(E29)

Effective Wind Area, ft %(m?)

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

Horizontal scale denotes effective wind area, in square feet (square meters).
Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
Each component shall be designed for maximum positive and negative pressures.

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

For hip roofs with 7° <8 < 27°, edge/ridge strips and pressure coefficients for ridges of gabled roofs shall

External Pressure Coefficient, GCp

4.0

38 G-

-36

34

-32

-3.0

28

AN

26

24
22

20
1
)

For hip roofs with 6 < 25°, Zone 3 shall be treated as Zone 2.

10 20
09 (19)

3.7

2.5

22

50 100 200 5001000
{48) (9.3) (186) (46.5)(%29)

Effective Wind Area, ft 2(m?)

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

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

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

Minimum Design Loads for Buildings and Other Structures

57



58

Components and Cladding — Method 2 h < 60 ft.
Figure 6-11D External Pressure Coefficients GC,, o o
Enclosed, Partially Enclosed Buildings Gable Roofs 27°< 0 < 45
Sl OONCONORE
! | | |
f | | |
| | | |
] | | |
| | | | 9 _
@ © ¢ ©®
| [ i ! h
| | | |
] | | |
| | | |
| | | |
- '@I - ; 7 7~ 7]
=] 10 100
] "-j T & 10 100
€ 3 [AQ Roof 2 9% T
3 10 ] 10 5 o Overhang
% I0) 08 é:a 24
8 = § o
e w» o 18 —— 18
2 0 5 -6
® .02 9 14
a4 & a2
T 408 & 10
: - — »
L] 0L0 16, +08 8 10 20 50 100 200 5001000
5 +1.01 0 20 50 100 200 5001006“9 g (0.1) (09) (19) (46) (93) (186) (46.5)(%2.9)
. . 2
) 09 (19 (48 (83 (185 (465 (%9 wi Etfective Wind Area, ft? (nf' )
Effective Wind Area, ft* (nf’)
Notes:

Vertical scale denotes GC, to be used with gj,.

SLpw =

Notation:

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

least horizontal dimension or 3 ft (0.9 m).
h: Mean roof height, in feet (meters).

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

Horizontal scale denotes effective wind area, in square feet (square meters).
Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
Each component shall be designed for maximum positive and negative pressures.
Values of GC, for roof overhangs include pressure contributions from both upper and lower surfaces.
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Components and Cladding — Method 2 h < 60 ft.

Figure 6-12 External Pressure Coefficients, GC,, St d Roof
Enclosed, Partially Enclosed Buildings €ppe 001s
b hy 210 ft.(3m)
j’” b=1.5h,
z b<100ft.(30.5m)
—+£=0.3100.7
L h
W,
—=0.25t00.75
W ) w
¥

1=
T
- |
N

Notes:

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

2. Notation:

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

Mean roof height, in feet (meters).

hyor hyin Fig. 6-12; h=hy + hy; by 2 10 £ (3.1 m); h/h=0.3 t0 0.7.

: Building width in Fig. 6-12.

i Wior W, or W; in Flg 6-12. W= Wi+ W,or W+ Ww,+ W3, Wi/Ww=10.25100.75.

Angle of plane of roof from horizontal, in degrees.

PIITTY

Minimum Design Loads for Buildings and Other Structures
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Components and Cladding — Method 2 h <60 ft.
Figure 6-13 External Pressure Coefficients, GCp Multi Gable Roof:
Enclosed, Partially Enclosed Buildings uttispan (sabie Rools
a a,a a
aﬁ OJOMO OROBO
[ ] [
- [ b |
o ; -
@D © G © @ k
! I |
[ o [
oo | e
ELEVATION OF BUILDING I e e
(2 or More Spans)
PLAN AND ELEVATION OF
A SINGLE SPAN MODULE
20 10 100 20 10 100
28l G [ L1 1]
g oE T QLT | IO W< |,
S 24 '—@ 8 24 _@ 25
s 22 22 S 22
® 20 T~ « 20 20
G c
£ '”; 19 — 17 5 = N A7
A 16 =2 16 :
§ -14 — 14 § 14 N\
[ -1.2 O 1.2
3 10 o -10 a
@ 08 2 o
& 0 B 08
@
— 4 A 04
[] [-%
£ 02 = 02
[ 0 1< 0
5 +02 g +02
+0.4 _®_®_O — +04 ] +0.4
+0.6 ORI +0.6 +0.6
+0.8 +0.8 +0.8
1 10 20 50 100 200 5001000 +10 IOIOLIORN==_, 10
1) (09) (1.9) (46) (9.3) (186) (46.5)(%29) 2
. . 2 1 10 20 50 100 200 5001000
Effective Wind Area, ft” (nf ) o) 09 (19 (46 ©3 (188 (%6529
Effective Wind Area, ft’ (nf )
Notes:
1. Vertical scale denotes GC, to be used with g,
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. For 8<10°, values of GC, from Fig. 6-11 shall be used.
6. Notation:
a: 10 percent of least horizontal dimension of a single-span module or 0.44, whichever is
smaller, but not less than either 4 percent of least horizontal dimension of a single-span
module or 3 ft (0.9 m).
h: Mean roof height, in feet (meters), except that eave height shall be used for 6 < 10°.
W: Building module width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.
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Components and Cladding — Method 2 h < 60 ft.
Figure 6-14A External Pressure Coefficients, GC, Monoslope Roofs
Enclosed, Partially Enclosed Buildings 3°< 9 <10°
2a 2a
\ ; T J
< @S 3 10 100
3 bo-o oo o — 30
I -2.8
| i9
B I ! 0 pe 26
| I Q
| 0 24 \
I | - 29 N
- ©® @ g2 \
! : S R AN 18
| a £ [ |
T T g 18 i3
| R 2 .
. o | S e !
N oo R I R~ A
| I o 3 -10 "@ '
0
1 ! O ! ® ™ @ 08
E 06
= 04
c 02
|
20 ALL ZONES
o 02 +02
404 +03
9 +0.6
1 10 20 50 100 200 5001000
\ (0) 09) (19 (486) (03 (188) (465)(%29)
h - 2, 2
Effective Wind Area, ft” (m")
4 -
Notes:
1. Vertical scale denotes GC, to be used with g,
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. For 8 < 3°, values of GC, from Fig. 6-11B shall be used.
6. Notation:

h:
W: Building width, in feet (meters).
e.

Angle of plane of roof from horizontal, in degrees.

a: 10 percent of least horizontal dimension or 0.44, whichever is smaller, but not less than
either 4 percent of least horizontal dimension or 3 ft (0.9 m).
Eave height shall be used for 6 < 10°.

Minimum Design Loads for Buildings and Other Structures
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D PONE and addad 2 € 00

h <60 ft.

Figure 6-14B External Pressure Coefficients, GCp

Monoslope Roofs
Enclosed, Partially Enclosed Buildings 10°< 9 <£30°
2a a
. |
O N
' }
§ @ :
B ! 1 30 10 100
1 | “J
— - - - 28
' ! 28 (3) N
I | & 26 3
| 1
@ I @ :@ O 24
I 1 > N
- .22
] | =
T -1 : g 20 20
| l — '1.8
2
3 © : ! B 15 1o 16
- 1 ! =] Y
Lo oo 1L o 4 N 13
] -1.2 —— 1.2
. ©) = g 10 O T~ 11
3 0.8
g—: 06
= -04
c 02
T
..2 0
T P T +03
9 +0.4 +04
+0.6
h 1 10 20 50 100 200 5001000
09) 09) (19 (48 (83 (186 (465229
. . 2, 2
‘ Effective Wind Area, ft* (m")
4
Notes:
1. Vertical scale denotes GC, to be used with g,,.
2. Horizontal scale denotes effective wind area A4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Each component shall be designed for maximum positive and negative pressures.
5. Notation:

a. 10 percent of least horizontal dimension or 0.44, whichever is smaller, but not less than

either 4 percent of least horizontal dimension or 3 ft (0.9 m).

h:  Mean roof height, in feet (meters).
W: Building width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.

ASCE 7-05



Components and Cladding — Method 2 h <60 ft.

Figure 6-15 External Pressure Coefficients, GC
- — —L Sawtooth Roofs
Enclosed, Partially Enclosed Buildings
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External Pressure Coefficient, GCp

o &
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! 0
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+0.4

+0.6 _® ——

+0.8

+1.b (3

H2 )

+1.4

Elevation of Building
(2 or More Spans)

Effective Wind Area, ft? (mz)

Notes:

Vertical scale denotes GC, to be used with g;.

Horizontal scale denotes effective wind area 4, in square feet (square meters).

Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
Each component shall be designed for maximum positive and negative pressures.

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

Notation:

R

percent of least horizontal dimension or 3 ft (0.9 m).
h:  Mean roof height, in feet (meters), except that eave height shall be used for 6 < 10°.
W: Building width, in feet (meters).
0: Angle of plane of roof from horizontal, in degrees.

4.1

37

3.2

26

-1.6

-11

+0.4

+0.7
+08

+1.1

1 10 20 50 100 200 5001000
04) 09) (19 (45) (93) (188) (465)(229)

a: 10 percent of least hurizontal dimension or 0.4k, whichever is smaller, but not less than either 4
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Components and Cladding — Method 2 All Heights

Figure 6-16 External Pressure Coefficients, GCp
Enclosed, Partially Enclosed Buildings and Structures Domed Roofs
Wind

External Pressure Coefficients for Domes with a Circular Base

Negative Positive Positive

Pressures Pressures Pressures

0, degrees 0-90 0-60 61 -90
GC, -0.9 +0.9 +0.5

Notes:

Values denote GC, to be used with qqo+r) Where hp + f is the height at the top of the dome.
Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
Each component shall be designed for the maximum positive and negative pressures.

Values apply to 0 <hp/D <0.5,0.2<f/D<0.5.

0 = 0 degrees on dome springline, 8 = 90 degrees at dome center top point. f is measured from
springline to top.

Aol

—_—
0 { —%_th M Q
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Components and Cladding — Method 2 h > 60 ft.
Figure 6-17 External Pressure Coefficients, GCp
Enclosed, Partially Enclosed Buildings Walls & Roofs
2a 2a
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- : : 0.1 ©09) (1.9 (46) (9.3) (186) (46.5)(92.9)
. . 2, 2
: | Effective Wind Area, ft“ (m”)
I ! f
WALL ELEVATION
Notes:
1. Vertical scale denotes GC, to be used with appropriate g, or g,
2. Horizontal scale denotes effective wind area 4, in square feet (square meters).
3. Plus and minus signs signify pressures acting toward and away from the surfaces, respectively.
4. Use g, with positive values of GC, and g, with negative values of GC,.
5. Each component shall be designed for maximum positive and negative pressures.
6.

a:

h:
zZ:
o:

Coefficients are for roofs with angle 8 < 10°. For other roof angles and geometry, use GC, values

from Fig. 6-11 and attendant g, based on exposure defined in 6.5.6.

7. If a parapet equal to or higher than 3 ft (0.9m) is provided around the perimeter of the roof with § <
10°, Zone 3 shall be treated as Zone 2.

8. Notation:

10 percent of least horizontal dimension, but not less than 3 ft (0.9 m).

Mean roof height, in feet (meters), except that eave height shall be used for 8 < 10°.
height above ground, in feet (meters).
Angle of plane of roof from horizontal, in degrees.
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Main Wind Force Resisting System 0.25<h/L<1.0
Figure 6-18B | Net Pressure Coefficient, Cy Pitched Free Roofs
Open Buildings 0<45° v=0°180°
L

Wind
Diarection

=

.r. I-'|L'

h

Yy
TN Ty yyryyyyTryyrgy,

Wind Direction, g = 0°, 180°
Roof L - -
00 oad Clear Wind Flow Obstructed Wind Flow
Angle, 0 Case
CNW CNL CNW CNL
] A 1.1 -0.3 -1.6 1
7.5
B 0.2 -1.2 -0.9 -1.7
150 A 1.1 -0.4 -1.2 -1
B 0.1 -1.1 -0.6 -1.6
o A 1.1 0.1 -1.2 -1.2
22.5
B -0.1 -0.8 -0.8 -1.7
30° A 1.3 0.3 -0.7 -0.7
B -0.1 -0.9 -0.2 -1.1
37 50 A 1.3 0.6 -0.6 -0.6
' B -0.2 -0.6 -0.3 -0.9
450 A 1.1 0.9 -0.5 -0.5
B -0.3 -0.5 -0.3 -0.7
Notes:
1. Cnw and Cy denote net pressures (contributions from top and bottom surfaces) for windward and leeward half of
roof surfaces, respectively.
2. Clear wind flow denotes relatively unobstructed wind flow with blockage less than or equal to 50%. Obstructed
wind flow denotes objects below roof inhibiting wind flow (>50% blockage).
3. For values of 0 between 7.5° and 45°, linear interpolation is permitted. For values of 0 less than 7.5°, use
monoslope roof load coefficients.
4. Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively.
S. All load cases shown for each roof angle shall be investigated.
6. Notation:
L : horizontal dimension of roof, measured in the along wind direction, ft. (m)
h : mean roof height, ft. (m)
Y : direction of wind, degrees
0 : angle of plane of roof from horizontal, degrees

Minimum Design Loads for Buildings and Other Structures
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Main Wind Force Resisting System

0.25< h/L<1.0

Figure 6-18C | Net Pressure Coefficient, Cy Troughed Free Roofs
Open Buildings 0< 450, Y= 00, 180°
» L "

Wind
[Direetion

]
=
=

h

FTI 77T 7T 7T 777 ii7 I I i 7 iiTi777

Roof Load Wind Direction, ¥ = 0°, 180°
Angle Case Clear Wind Flow | Obstructed Wind Flow
6 CNw CnNL CnNw CNL
7 50 A -1.1 0.3 -1.6 -0.5
B -0.2 1.2 -0.9 -0.8
150 A -1.1 0.4 -1.2 -0.5
B 0.1 1.1 -0.6 -0.8
27 50 A -1.1 -0.1 -1.2 -0.6
B -0.1 0.8 -0.8 -0.8
300 A -1.3 -0.3 -1.4 -0.4
B -0.1 0.9 -0.2 -0.5
37 50 A -1.3 -0.6 -1.4 -0.3
B 0.2 0.6 -0.3 -0.4
450 A -1.1 -0.9 -1.2 -0.3
B 0.3 0.5 -0.3 -0.4
Notes:
1. Cyw and Cyp denote net pressures (contributions from top and bottom surfaces) for windward and leeward half of roof
surfaces, respectively.
2. Clear wind flow denotes relatively unobstructed wind flow with blockage less than or equal to 50%. Obstructed wind flow
denotes objects below roof inhibiting wind flow (>50% blockage).
3. For values of 6 between 7.5° and 45°, linear interpolation is permitted. For values of 0 less than 7.5°, use monoslope roof
load coefficients.
4. Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively.
S. All load cases shown for each roof angle shall be investigated.
6. Notation:
L : horizontal dimension of roof, measured in the along wind direction, ft. (m)

h : mean roof height, ft. (m)
Y : direction of wind, degrees
0

: angle of plane of roof from horizontal, degrees

ASCE 7-05



Main Wind Force Resisting System 025< h/L<1.0

Figure 6-18D | Net Pressure Coefficient, Cy Troughed Free Roofs

Open Buildings 0 <45°, A =0°,180°

P i . ¥
o F —— g s S g -
) - e Fir g
/OBl VAL Y. Al TS
/! / FA / P N A
F ; F 4 F F ;
Iy M VR U - T B J o r i’
/ B ol .IFIL;I_- i Pitcked -.I_:' / Troagh f.-" /
/ J o Fs g f Fa
/ # AV ARYS | g5 O o
J Jf Lmtance / /. f - Ditange / /A Distance
4 J J from ] Fi g from i Fly
:'___ ;o 54 L F o ._r' J Windward Fa & i’ TI':'T'
i — r'l- :- II-Tr.lll.l'u'- ard _.":_--"-t,- :l"-._\__ g K b, L .|" -r_.- .-__.- i W IIJJI"-:II'.;.
- .-.. " ]L*Et [ % I:IL — E RIS His H{-H"--.‘{_.-_-"--..":!.-'ﬂ L|'_|:_l|:
_."Ii_} . . . Fd P o :.' :’h .
/4 Wind Direction /4 Wind Direction /¢ Wind Direction
/ 'r' = Qe LA .r :.JU'\- rg v = ':"."1
i . Obstructed Wind
Horlzontal Roof Clear Wind Flow
Distance from Angle © Load Case Flow
Windward Edge Cn Cn
All Shapes A -0.8 -1.2
<h
0<45° B 0.8 0.5
All Shapes A -0.6 -0.9
>h,<2h
0<45" B 0.5 0.5
All Shapes A -0.3 -0.6
>2h
9<45° B 0.3 0.3
Notes:
1. Cy denotes net pressures (contributions from top and bottom surfaces).
2. Clear wind flow denotes relatively unobstructed wind flow with blockage less than or equal to 50%. Obstructed wind

flow denotes objects below roof inhibiting wind flow (>50% blockage).

3 Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively.
4. All load cases shown for each roof angle shall be investigated.
5. For monoslope roofs with theta less than 5 degrees, Cn values shown apply also for cases where gamma = 0 degrees and

0.05 less than or equal to h/L less than or equal to 0.25. See Figure 6-18A for other h/L values.
6. Notation:

L : horizontal dimension of roof, measured in the along wind direction, ft. (m)
h : mean roof height, ft. (m)

Y : direction of wind, degrees

6 : angle of plane of roof from horizontal, degrees
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Components and Cladding 0.25< h/L<1.0
Figure 6-19A I Net Pressure Coefficient, CN Monoslope Free Roofs
Open Buildings 6 < 45°
! L
a N >
a
3 T
2
1
b A
3

—aale— TTITTTTT T 777777777

+
Roof Effective Cn
Angle Wind Area Clear Wind Flow Obstructed Wind Flow
] Zone 3 Zone 2 Zone | Zone 3 Zone 2 Zone 1
<a? 2.4 =33 1.8 -1.7 1.2 -1.1 1 -3.6 0.8 -1.8 0.5 -1.2
0° >al, <4.0a2 1.8 -1.7 1.8 -1.7 1.2 -1.1 0.8 -1.8 0.8 -1.8 0.5 -1.2
> 4.02° 12 B 12 -1 1.2 11 0.5 -12 05 12 0.5 1.2
<a 3.2 4.2 2.4 2.1 1.6 -1.4 1.6 -5.1 1.2 2.6 0.8 -1.7
750 > a2, < 4.0a? 2.4 2.1 24 2.1 1.6 1.4 1.2 2.6 1.2 2.6 0.8 -1.7
> 4.0a2 1.6 -1.4 1.6 -1.4 1.6 -1.4 0.8 -1.7 0.8 -1.7 08 -1.7
<a? 3.6 -3.8 27 -2.9 1.8 -1.9 24 -42 1.8 -3.2 1.2 -2.1
15° ~a%. < 4.0a2 2.7 2.9 2.7 2.9 1.8 1.9 1.8 -3.2 1.8 -3.2 1.2 2.1
> 4.0a2 1.8 -1.9 1.8 -1.9 1.8 -1.9 1.2 -2.1 1.2 2.1 12 -2.1
<ga? 52 -5 3.9 -3.8 2.6 <25 3.2 -4.6 2.4 -3.5 1.6 =23
30° > a2 < 4.0a2 3.9 3.8 3.9 3.8 26 2.5 2.4 3.5 2.4 3.5 1.6 23
= 402 2.6 2.5 2.6 2.5 26 25 1.6 223 1.6 23 1.6 2.3
<& 5.2 4.6 3.9 3.5 2.6 23 4.2 3.8 3.2 2.9 2.1 -1.9
45° > a2, <4.0a2 3.9 3.5 3.9 3.5 26 23 3.2 -2.9 3.2 2.9 2.1 -1.9
> 4.0a% 2.6 2.3 2.6 =23 2.6 =23 2.1 -19 2.1 -1.9 2.1 -1.9
Notes:
1. Cy denotes net pressures {contributions from top and bottom surfaces).
2. Clear wind flow denotes relatively unobstructed wind flow with blockage less than or equal to 50%. Obstructed

wind flow denotes objects below roof inhibiting wind flow (>50% blockage).

For values of 6 other than those shown, linear interpolation is permitted.

Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively.

Components and cladding elements shall be designed for positive and negative pressure coefficients shown.

Notation:

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

h : mean roof height, ft. (m)

L : horizontal dimension of building, measured in along wind direction, ft. (m)

68 : angle of plane of roof from horizontal, degrees

o v W
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Components and Cladding 0.25< h/L<£1.0
Figure 6-19B I Net Pressure Coefficient, Cy Monoslope Free Roofs
Open Buildings 0 <45°
< L v . L .
I g [ M < L .
3] — 3
3
2 o) 6
2 1 h
1 1 1 |
LT 7777777777777
0 <10° 6> 10°
Roof Effective Cy
Angle Wind Area Clear Wind Flow bstructed Wind Flow
9 Zone 3 Zone 2 Zone 1 Zone3 Zone 2 Zone 1
<al 24 33 1.8 1.7 12 EN 1 3.6 08 -1.8 0.5 1.2
0 >al, < 408 18 17 18 17 12 1 08 18 08 -8 05 12
> 4.0a2 1.2 11 1.2 11 1.2 11 05 1.2 05 12 05 12
<o 22 36 17 18 ] 12 1 51 08 26 05 17
75° > a2 <4.0a2 1.7 -1.8 17 18 11 12 08 26 08 26 05 17
> 4 0a2 11 -1.2 [l -1.2 11 12 05 17 05 17 05 17
<a 22 22 1.7 17 [ 11 ] 32 08 2.4 05 1.6
15° >a2, < 4.0a% 1.7 17 1.7 17 11 BN 08 24 08 24 05 16
> 4.0a2 1.1 -1 1.1 -1.1 W] 11 05 1.6 05 1.6 0.5 16
<a 26 1.8 2 14 13 0.9 ] 24 038 18 05 12
30° > a2 < 4 0al 2 1.4 2 T4 13 0.9 08 18 08 -8 05 12
> 4.0a2 13 0.9 13 0.9 13 0.9 05 1.2 05 1.2 0.5 12
<a? 22 16 17 12 11 08 ] 24 08 -8 05 12
45° > a2, < 4.0a> 1.7 -1.2 17 -1.2 [N 0.8 08 -1.8 08 -8 05 12
> 4.0a? 1.1 08 11 08 11 08 05 12 05 12 05 12
Notes:
1. Cy, denotes net pressures (contributions from top and bottom surfaces).
2. Clear wind flow denotes relatively unobstructed wind flow with blockage less than or cqual to 50%. Obstructed wind flow
denotes objects below roof inhibiting wind flow (>50% blockage).
3. For values ol 6 other than those shown, linear interpolation is permitied.
4. Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively.
5. Components and cladding elements shall be designed for positive and negative pressure coefticients shown.
6. Notation:
a 1 10% of least horizontal dimension or 0.4h, whichever is smaller but not less than 4% of least horizontal dimension or
3 ft. (0.9 m)
h - mean roof height, ft. (m)
L : horizontal dimension of building, measured in along wind direction, ft. (m)
0 - angle of plane of roof from horizontal, degrees
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Components and Cladding 0.25< h/L<1.0
Figure 6-19C | Net Pressure Coefficient, Cy Troughed Free Roofs
Open Buildings O < 45°
P L ol P_‘_L___._)! L
| [ >
3
3
2 8] fa]
1 h
1 1
2
3 X I/ 77777777
6 <10° 0=>10°
Roof Effective Cy
Aneg]e Wind Area Clear Wind Flow Obstructed Wind Flow
Zone 3 Zone 2 Zone 1 Zone 3 Zone 2 Zone 1
< 24 33 18 L7 12 -1 1 3.6 0.8 -1.8 0.5 -2
0° >al, < 4.0a2 1.8 17 1.8 1.7 12 -1 038 -1.8 0.8 -1.8 0.5 1.2
> 4.022 12 11 12 1 12 I 05 12 05 12 05 12
<a 24 33 18 17 12 NN 1 48 08 24 0.5 16
75° > al, < 4 0a? 18 17 18 17 12 11 038 24 0.8 2.4 0.5 16
> 4.02 12 11 12 1 12 11 05 16 05 16 05 16
<a 22 22 1.7 17 11 11 1 2.4 0.8 1.8 0.5 12
15° > al, <407 1.7 17 1.7 17 1.1 11 038 -1.8 0.8 1.8 0.5 12
> 4.02% 11 11 11 11 11 11 05 12 0.5 12 05 12
<o 18 26 1.4 -2 0.9 13 1 28 0.8 2.1 0.5 T4
30° > a2, < 4.0g2 14 2 14 2 09 13 08 21 038 21 05 14
> 4.027 0.9 13 1.9 13 09 13 05 L4 0.5 1.4 0.5 14
<o 16 22 12 17 08 11 1 24 08 18 05 12
450 S22, < 400 12 17 12 17 0.8 11 08 18 0.8 18 0.5 12
> 4.0a° 0.8 11 18 11 0.8 11 05 12 0.5 12 0.5 12
Notes:
1. Cy denotes net pressures (contributions from top and bottom surfaces).
2. Clear wind flow denotes relatively unobstructed wind flow with blockage less than or equal to 50%.
Obstructed wind flow denotes objects below roof inhibiting wind flow (>50% blockage).
3. For values of 8 other than those shown, linear interpolation is permitted.
4. Plus and minus signs signify pressures acting towards and away from the top roof surface, respectively.
5. Components and cladding elements shall be designed for positive and negative pressure coefficients shown.
6. Notation:
a : 10% ofleast horizontal dimension or 0.4h, whichever is smaller but not less than 4% of least horizontal
dimension or 3 fi. (0.9 m)
h : mean roof height, ft. (m)
L : horizontal dimension of building, measured in along wind direction, ft. (m)
0 : angle of plane of roof from horizontal, degrees
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Other Structures — Method 2 All Heights

Figure 6-20 Force Coefficients, Cy Solid Freestanding Walls

& Solid Signs

|

B i s s s Balance
| | | |
| | | |

F
SOLID SIGN OR I s
FREESTANDING WALL
CASE A

WIND
F
WIND F

1
. . ! CASE C
GROUND SURFACE . I 1
ELEVATION VIEW /<_' ! | Balance | s s | s |
WIND —o28 ) ) | T |
RANGE l ‘
s/2 F CASE B I |__|
s F F WIND
h s/2 . F l 0.05h 1 F
| o h/2 -— i F
h/2 ! E
[ 1 0.2B 1 ')\ WIND
) RANGE
Sh<1 GROUND SURFACE Sh -1 Gl
CROSS-SECTION VIEW PLAN VIEWS
Ci, CASE A & CASE B
Clearance Aspect Ratio, B/s
Ratio, sth < 0.05 0.1 0.2 0.5 1 2 4 5 10 20 30 > 45
1 1.80 1.70 1.65 1.55 1.45 1.40 1.35 1.35 1.30 1.30 1.30 1.30
0.9 1.85 1.75 1.70 1.60 1.55 1.50 1.45 1.45 1.40 1.40 1.40 1.40
0.7 1.90 1.85 1.75 1.70 1.65 1.60 1.60 1.55 1.55 1.55 1.55 1.55
0.5 1.95 1.85 1.80 1.75 1.75 1.70 1.70 1.70 1.70 1.70 1.70 1.75
0.3 1.95 1.90 1.85 1.80 1.80 1.80 1.80 1.80 1.80 1.85 1.85 1.85
0.2 1.95 1.90 1.85 1.80 1.80 1.80 1.80 1.80 1.85 1.90 1.90 1.95
<0.16 1.95 1.90 1.85 1.85 1.80 1.80 1.85 1.85 1.85 1.90 1.90 1.95
Ci, CASEC
Region ) Region .
(horizontal Aspect Ratio, B/s (horizontal Aspect Ratio, B/s
distance from distance from
windward edge) 2 3 4 5 6 7 8 9 10 windward edge 13 > 45
0tos 2.25 2.60 2.90 3.10" 3.30" 3.40* 3.55* 3.65* 3.75* Otos 4.00" 4.30*
s to 2s 1.50 1.70 1.90 2.00 2.15 2.25 2.30 2.35 2.45 sto2s 2.60 2.55
2s to 3s 1.15 1.30 1.45 1.55 1.65 1.70 1.75 1.85 2sto 3s 2.00 1.95
3s to 10s 1.10 1.05 1.05 1.05 1.05 1.00 0.95 3sto4s 1.50 1.85
*Values shall be multiplied L/s | Reduction Factor PLAN VIEW OF WALL OR SIGN 4sto5s 1.35 1.85
by the following reduction [~ 0.90 g: | WITHARETURN CORNER 5sto 10s 0.90 1.10
factor v.vhen areturn 10 075 / | | ~10s 0.55 055
corner is present: = 0.60 <o | B |

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

N

Signs with openings comprising less than 30% of the gross area are1 classified as solid signs. Force coefficients for solid signs with openings
shall be permitted to be multiplied by the reduction factor (1 - (1 - €) 5)

@

To allow for both normal and oblique wind directions, the following cases shall be considered:
Fors/h < 1:
CASE A: resultant force acts normal to the face of the sign through the geometric center.
CASE B: resultant force acts normal to the face of the sign at a distance from the geometric center
toward the windward edge equal to 0.2 times the average width of the sign.
For B/s > 2, CASE C must also be considered:
CASE C: resultant forces act normal to the face of the sign through the geometric centers of each region.
For s/h = 1:
The same cases as above except that the vertical locations of the resultant forces occur at a distance above
the geometric center equal to 0.05 times the average height of the sign.

»

For CASE C where s/h > 0.8, force coefficients shall be multiplied by the reduction factor (1.8 - s/h).

o

Linear interpolation is permitted for values of s/h, B/s and L,/s other than shown.

(o2}

. Notation:
B: horizontal dimension of sign, in feet (meters);
h: height of the sign, in feet (meters);
s: vertical dimension of the sign, in feet (meters);
€: ratio of solid area to gross area;
L,: horizontal dimension of return corner, in feet (meters)
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Other Structures — Method 2

All Heights

Figure 6-21 |

Force Coefficients, C;

Chimneys, Tanks, Rooftop
Equipment, & Similar Structures

. h/D

Cross-Section Type of Surface 1 - 25
Square (wind normal to face) All 1.3 1.4 2.0
Square (wind along diagonal) All 1.0 1.1 1.5
Hexagonal or octagonal All 1.0 1.2 1.4
Moderately smooth 0.5 0.6 0.7

Round (D,/q, >2.5)
Rough (DD = 0.02) 0.7 0.8 0.9

. . 2

(Dyq; >3.3,Dinm, g, inN/m™) [ 0 oh (DD = 0.08) 0.8 1.0 0.2

Round (D,/q. £2.5)
) All 0.7 0.8 1.2

(Dy/q, £5.3,Dinm,q_in N/m?)

Notes:

1. The design wind force shall be calculated based on the area of the structure projected on a plane normal

to the wind direction. The force shall be assumed to act parallel to the wind direction.

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

Notation:

[F)

D: diameter of circular cross-section and least horizontal dimension of square, hexagonal or octagonal

cross-sections at elevation under consideration, in feet (meters);

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

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

q,: velocity pressure evaluated at height z above ground, in pounds per square foot (N/m?).
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Other Structures — Method 2 All Heights

Figure 6-22

Force Coefficients, C¢ Open Signs &

Lattice Frameworks

Rounded Members
€ Tiwsided | Dyg. <25 | DYg. >2
(Dq, <5.3) | (D4Jq, >5.3)
<0.1 2.0 1.2 0.8
0.1100.29 1.8 1.3 0.9
0.3t00.7 1.6 1.5 1.1

Notes:

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

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

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

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

q,: velocity pressure evaluated at height z above ground in pounds per
square foot (N/m?2),
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Other Structures — Method 2 All Heights

Figure 6-23 Force Coefficients, C;
Open Structures Trussed Towers
Tower Cross Section C,
Square 40e?-59e +4.0
Triangle 34€2-47¢ +34
Notes:

1.

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

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

sided members.

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

0.51 €240.57, but not > 1.0

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

1+0.75€,butnot>1.2

. Wind forces on tower appurtenances such as ladders, conduits, lights, elevators,

etc., shall be calculated using appropriate force coefficients for these elements.
Loads due to ice accretion as described in Section 11 shall be accounted for.
Notation:

€: ratio of solid area to gross area of one tower face for the segment under
consideration.
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Importance Factor, I (Wind Loads) I

Table 6-1 |
Non-Hurricane Prone Regions Hurricane Prone Regions
Category and Hurricane Prone Regions with V > 100 mph
with V = 85-100 mph
and Alaska
I 0.87 0.77
11 1.00 1.00
I 1.15 1.15
v 1.15 1.15
Note:

1. The building and structure classification categories are listed in Table 1-1.
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Terrain Exposure Constants I
Table 6-2
Exposure o z, (ft) /‘; /b\ o b c £ (ft) c Zunin (FO)*
B 7.0 1200 1/7 |1 084 | 1/40 | 045 | 0.30 320 1/3.0 30
C 9.5 900 1/9.5 1.00 | 1/6.5 | 0.65 | 0.20 500 1/5.0 15
D 11.5 700 | 1/11.5 | 1.07 | 1/9.0 | 0.80 | 0.15 650 1/8.0 7
*Zmin = Minimum height used to ensure that the equivalent height z is greater of 0.6/ ot Zp,.
For buildings with h < z.,;;,, z shall be taken as z,,.
In metric
Exposure o | zg(m) A /b\ o b c £ (m) e | Zwin (M)*
B 7.0 | 365.76 /7 0.84 | 1/40 | 045 [ 030 | 97.54 | 1/3.0 9.14
C 9.5 |[27432 | 1/9.5 1.00 | 1/6.5 | 0.65 | 0.20 | 152.4 | 1/5.0 4.57
D 11.5 | 21336 | 1/11.5 | 1.07 | 1/9.0 | 0.80 | 0.15 | 198.12 | 1/8.0 2.13
*Zmin = Minimum height used to ensure that the equivalent height z is greater of 0.6/ ot Zp,.
For buildings with h < z.,;;,, z shall be taken as z,,.
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Velocity Pressure Exposure Coefficients, K;, and K, I
Table 6-3 I
Height above Exposure (Note 1)
ground level, z B C D
ft (m) Case 1 Case2 | Cases1&2 | Casesl&?2
0-15 (0-4.6) 0.70 0.57 0.85 1.03
20 (6.1 0.70 0.62 0.90 1.08
25 (7.6) 0.70 0.66 0.94 1.12
30 9.1) 0.70 0.70 0.98 1.16
40 (12.2) 0.76 0.76 1.04 1.22
50 (15.2) 0.81 0.81 1.09 1.27
60 (18) 0.85 0.85 1.13 1.31
70 (21.3) 0.89 0.89 1.17 1.34
80 (24.4) 0.93 0.93 1.21 1.38
90 (27.4) 0.96 0.96 1.24 1.40
100 (30.5) 0.99 0.99 1.26 1.43
120 (36.6) 1.04 1.04 1.31 1.48
140 (42.7) 1.09 1.09 1.36 1.52
160 (48.8) 1.13 1.13 1.39 1.55
180 (54.9) 1.17 1.17 1.43 1.58
200 (61.0) 1.20 1.20 1.46 1.61
250 (76.2) 1.28 1.28 1.53 1.68
300 91.4) 1.35 1.35 1.59 1.73
350 (106.7) 1.41 1.41 1.64 1.78
400 (121.9) 1.47 1.47 1.69 1.82
450 (137.2) 1.52 1.52 1.73 1.86
500 (152.4) 1.56 1.56 1.77 1.89
Notes:
1. Casel: a. All components and cladding.
b. Main wind force resisting system in low-rise buildings designed using Figure 6-10.
Case 2: a. All main wind force resisting systems in buildings except those in low-rise buildings
designed using Figure 6-10.
b. All main wind force resisting systems in other structures.
2. The velocity pressure exposure coefficient K, may be determined from the following formula:
For15ft. <z<z, Forz <15 ft.
K,=2.01 (z/z)"" K,=2.01 (15/z)"*
Note: z shall not be taken less than 30 feet for Case 1 in exposure B.
3. o and z, are tabulated in Table 6-2.
4. Linear interpolation for intermediate values of height z is acceptable.
5. Exposure categories are defined in 6.5.6.
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Wind Directionality Factor, K4

Table 6-4 |
Structure Type Directionality Factor K,*
Buildings
Main Wind Force Resisting System 0.85
Components and Cladding 0.85
Arched Roofs 0.85
Chimneys, Tanks, and Similar Structures
Square
Hexagonal 0.90
Round 0.95
0.95
Solid Signs 0.85
Open Signs and Lattice Framework 0.85
Trussed Towers
Triangular, square, rectangular 0.85
All other cross sections 0.95

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

ASCE 7-05



	Tips
	Search
	Acrobat Help
	Introductory Material
	Contents
	1 General
	1.1 Scope
	1.2 Definitions
	1.3 Basic Requirements
	1.3.1 Strength.
	1.3.2 Serviceability.
	1.3.3 Self-Straining Forces.
	1.3.4 Analysis.
	1.3.5 Counteracting Structural Actions

	1.4 General Structural Integrity
	1.5 Classification of Buildings and Other Structures
	1.5.1 Nature of Occupancy
	1.5.2 Toxic, Highly Toxic, and Explosive Substances

	1.6 Additions and Alterations to Existing Structures
	1.7 Load Tests
	1.8 Consensus Standards and Other Referenced Documents

	2 Combinations of Loads
	2.1 General
	2.2 Symbols and Notation
	2.3 Combining Factored Loads Using Strength Design
	2.3.1 Applicability
	2.3.2 Basic Combinations
	2.3.3 Load Combinations Including Flood Load
	2.3.4 Load Combinations Including Atmospheric Ice Loads

	2.4 Combining Nominal Loads Using Allowable Stress Design
	2.4.1 Basic Combinations
	2.4.2 Load Combinations Including Flood Load
	2.4.3 Load Combinations Including Atmospheric Ice Loads

	2.5 Load Combinations for Extraordinary Events

	3 Dead Loads, Soil Loads, and Hydrostatic Pressure
	3.1 Dead Loads
	3.1.1 Definition
	3.1.2 Weights of Materials and Constructions
	3.1.3 Weight of Fixed Service Equipment

	3.2 Soil Loads and Hydrostatic Pressure
	3.2.1 Lateral Pressures
	3.2.2 Uplift on Floors and Foundations


	4 Live Loads
	4.1 Definitions
	4.2 Uniformly Distributed Loads
	4.2.1 Required Live Loads
	4.2.2 Provision for Partitions

	4.3 Concentrated Loads
	4.4 Loads on Handrails, Guardrail Systems, Grab Bar Systems, Vehicle Barrier Systems, and Fixed Ladders
	4.4.1 Loads on Handrails and Guardrail Systems
	4.4.2 Loads on Grab Bar Systems
	4.4.3 Loads on Vehicle Barrier Systems
	4.4.4 Loads on Fixed Ladders

	4.5 Loads Not Specified
	4.6 Partial Loading
	4.7 Impact Loads
	4.7.1 Elevators
	4.7.2 Machinery

	4.8 Reduction in Live Loads
	4.8.1 General
	4.8.2 Heavy Live Loads
	4.8.3 Passenger Car Garages
	4.8.4 Special Occupancies
	4.8.5 Limitations on One-Way Slabs

	4.9 Reduction in Roof Live Loads
	4.9.1 Flat, Pitched, and Curved Roofs
	4.9.2 Special Purpose Roofs

	4.10 Crane Loads
	4.10.1 Maximum Wheel Load
	4.10.2 Vertical Impact Force
	4.10.3 Lateral Force
	4.10.4 Longitudinal Force

	4.11 Consensus Standards and Other Referenced Documents

	5 Flood Loads
	5.1 General
	5.2 Definitions
	5.3 Design Requirements
	5.3.1 Design Loads
	5.3.2 Erosion and Scour
	5.3.3 Loads on Breakaway Walls

	5.4 Loads During Flooding
	5.4.1 Load Basis.
	5.4.2 Hydrostatic Loads
	5.4.3 Hydrodynamic Loads
	5.4.4 Wave Loads
	5.4.5 Impact Loads

	5.5 Consensus Standards and Other Referenced Documents

	6 Wind Loads
	6.1 General
	6.1.1 Scope
	6.1.2 Allowed Procedures
	6.1.3 Wind Pressures Acting on Opposite Faces of Each Building Surface
	6.1.4 Minimum Design Wind Loading

	6.2 Definitions
	6.3 Symbols and Notation
	6.4 Method 1—Simplified Procedure
	6.4.1 Scope
	6.4.2 Design Procedure
	6.4.3 Air Permeable Cladding

	6.5 Method 2—Analytical Procedure
	6.5.1 Scope
	6.5.2 Limitations
	6.5.3 Design Procedure
	6.5.4 Basic Wind Speed
	6.5.5 Importance Factor
	6.5.6 Exposure
	6.5.7 Topographic Effects
	6.5.8 Gust Effect Factor
	6.5.9 Enclosure Classifications
	6.5.10 Velocity Pressure
	6.5.11 Pressure and Force Coefficients
	6.5.12 Design Wind Loads on Enclosed and Partially Enclosed Buildings
	6.5.13 Design Wind Loads on Open Buildings with Monoslope, Pitched, or Troughed Roofs
	6.5.14 Design Wind Loads on Solid Freestanding Walls and Solid Signs
	6.5.15 Design Wind Loads on Other Structures

	6.6 Method 3—Wind Tunnel Procedure
	6.6.1 Scope
	6.6.2 Test Conditions
	6.6.3 Dynamic Response
	6.6.4 Limitations
	6.6.5 Wind-Borne Debris

	6.7 Consensus Standards and Other Referenced Documents

	7 Snow Loads
	7.1 Symbols and Notation
	7.2 Ground Snow Loads, pg
	7.3 Flat Roof Snow Loads, p f
	7.3.1 Exposure Factor, Ce.
	7.3.2 Thermal Factor, Ct .
	7.3.3 Importance Factor, I
	7.3.4 Minimum Values of p f for Low-Slope Roofs

	7.4 Sloped Roof Snow Loads, ps
	7.4.1 Warm Roof Slope Factor, Cs
	7.4.2 Cold Roof Slope Factor, Cs
	7.4.3 Roof Slope Factor for Curved Roofs
	7.4.4 Roof Slope Factor for Multiple Folded Plate, Sawtooth, and Barrel Vault Roofs
	7.4.5 Ice Dams and Icicles Along Eaves

	7.5 Partial Loading
	7.5.1 Continuous Beam Systems
	7.5.2 Other Structural Systems

	7.6 Unbalanced Roof Snow Loads
	7.6.1 Unbalanced Snow Loads for Hip and Gable Roofs
	7.6.2 Unbalanced Snow Loads for Curved Roofs
	7.6.3 Unbalanced Snow Loads for Multiple Folded Plate, Sawtooth, and Barrel Vault Roofs.
	7.6.4 Unbalanced Snow Loads for Dome Roofs

	7.7 Drifts on Lower Roofs (Aerodynamic Shade)
	7.7.1 Lower Roof of a Structure
	7.7.2 Adjacent Structures and Terrain Features

	7.8 Roof Projections
	7.9 Sliding Snow
	7.10 Rain-on-Snow Surcharge Load
	7.11 Ponding Instability
	7.12 Existing Roofs

	8 Rain Loads
	8.1 Symbols and Notation
	8.2 Roof Drainage
	8.3 Design Rain Loads
	8.4 Ponding Instability
	8.5 Controlled Drainage

	9 Reserved for Future Provisions
	10 Ice Loads—Atmospheric Icing
	10.1 General
	10.1.1 Site-Specific Studies
	10.1.2 Dynamic Loads
	10.1.3 Exclusions

	10.2 Definitions
	10.3 Symbols and Notation
	10.4 Ice Loads Due to Freezing Rain
	10.4.1 Ice Weight
	10.4.2 Nominal Ice Thickness
	10.4.3 Height Factor
	10.4.4 Importance Factors
	10.4.5 Topographic Factor
	10.4.6 Design Ice Thickness for Freezing Rain

	10.5 Wind on Ice-Covered Structures
	10.5.1 Wind on Ice-Covered Chimneys, Tanks, and Similar Structures
	10.5.2 Wind on Ice-Covered Solid Freestanding Walls and Solid Signs
	10.5.3 Wind on Ice-Covered Open Signs and Lattice Frameworks
	10.5.4 Wind on Ice-Covered Trussed Towers
	10.5.5 Wind on Ice-Covered Guys and Cables

	10.6 Partial Loading
	10.7 Design Procedure
	10.8 Consensus Standards and other Referenced Documents

	11 Seismic Design Criteria
	11.1 General
	11.1.1 Purpose
	11.1.2 Scope
	11.1.3 Applicability
	11.1.4 Alternate Materials and Methods of Construction

	11.2 Definitions
	11.3 Notation
	11.4 Seismic Ground Motion Values
	11.4.1 Mapped Acceleration Parameters
	11.4.2 Site Class
	11.4.3 Site Coefficients and Adjusted Maximum Considered Earthquake (MCE) Spectral Response Acceleration Parameters
	11.4.4 Design Spectral Acceleration Parameters
	11.4.5 Design Response Spectrum
	11.4.6 MCE Response Spectrum
	11.4.7 Site-Specific Ground Motion Procedures

	11.5 Importance Factor and Occupancy Category
	11.5.1 Importance Factor
	11.5.2 Protected Access for Occupancy Category IV

	11.6 Seismic Design Category
	11.7 Design Requirements for Seismic Design Category A
	11.7.1 Applicability of Seismic Requirements for Seismic Design Category A Structures
	11.7.2 Lateral Forces
	11.7.3 Load Path Connections
	11.7.4 Connection to Supports
	11.7.5 Anchorage of Concrete or Masonry Walls

	11.8 Geologic Hazards and Geotechnical Investigation
	11.8.1 Site Limitation for Seismic Design Categories E and F
	11.8.2 Geotechnical Investigation Report for Seismic Design Categories C through F
	11.8.3 Additional Geotechnical Investigation Report Requirements for Seismic Design Categories D through F


	12 Seismic Design Requirements for Building Structures
	12.1 Structural Design Basis
	12.1.1 Basic Requirements
	12.1.2 Member Design, Connection Design, and Deformation Limit
	12.1.3 Continuous Load Path and Interconnection
	12.1.4 Connection to Supports
	12.1.5 Foundation Design
	12.1.6 Material Design and Detailing Requirements

	12.2 Structural System Selection
	12.2.1 Selection and Limitations
	12.2.2 Combinations of Framing Systems in Different Directions
	12.2.3 Combinations of Framing Systems in the Same Direction
	12.2.4 Combination Framing Detailing Requirements
	12.2.5 System Specific Requirements

	12.3 Diaphragm Flexibility, Configuration Irregularities, and Redundancy
	12.3.1 Diaphragm Flexibility
	12.3.2 Irregular and Regular Classification
	12.3.3 Limitations and Additional Requirements for Systems with Structural Irregularities
	12.3.4 Redundancy

	12.4 Seismic Load Effects and Combinations
	12.4.1 Applicability
	12.4.2 Seismic Load Effect
	12.4.3 Seismic Load Effect Including Overstrength Factor
	12.4.4 Minimum Upward Force for Horizontal Cantilevers for Seismic Design Categories D through F

	12.5 Direction of Loading
	12.5.1 Direction of Loading Criteria
	12.5.2 Seismic Design Category B
	12.5.3 Seismic Design Category
	12.5.4 Seismic Design Categories D through F

	12.6 Analysis Procedure Selection
	12.7 Modeling Criteria
	12.7.1 Foundation Modeling
	12.7.2 Effective Seismic Weight
	12.7.3 Structural Modeling
	12.7.4 Interaction Effects

	12.8 Equivalent Lateral Force Procedure
	12.8.1 Seismic Base Shear
	12.8.2 Period Determination
	12.8.3 Vertical Distribution of Seismic Forces
	12.8.4 Horizontal Distribution of Forces
	12.8.5 Overturning
	12.8.6 Story Drift Determination
	12.8.7 P-Delta Effects

	12.9 Modal Response Spectrum Analysis
	12.9.1 Number of Modes
	12.9.2 Modal Response Parameters
	12.9.3 Combined Response Parameters
	12.9.4 Scaling Design Values of Combined Response
	12.9.5 Horizontal Shear Distribution
	12.9.6 P-Delta Effects
	12.9.7 Soil Structure Interaction Reduction

	12.10 Diaphragms, Chords, and Collectors
	12.10.1 Diaphragm Design
	12.10.2 Collector Elements

	12.11 Structural Walls and Their Anchorage
	12.11.1 Design for Out-of-Plane Forces
	12.11.2 Anchorage of Concrete or Masonry Structural Walls

	12.12 Drift and Deformation
	12.12.1 Story Drift Limit
	12.12.2 Diaphragm Deflection
	12.12.3 Building Separation
	12.12.4 Deformation Compatibility for Seismic Design Categories D through F

	12.13 Foundation Design
	12.13.1 Design Basis
	12.13.2 Materials of Construction
	12.13.3 Foundation Load-Deformation Characteristics
	12.13.4 Reduction of Foundation Overturning
	12.13.5 Requirements for Structures Assigned to Seismic Design Category C
	12.13.6 Requirements for Structures Assigned to Seismic Design Categories D through F

	12.14 Simplified Alternative Structural Design Criteria for Simple Bearing Wall or Building Frame Systems
	12.14.1 General
	12.14.2 Design Basis
	12.14.3 Seismic Load Effects and Combinations
	12.14.4 Seismic Force–Resisting System
	12.14.5 Diaphragm Flexibility
	12.14.6 Application of Loading
	12.14.7 Design and Detailing Requirements
	12.14.8 Simplified Lateral Force Analysis Procedure


	13 Seismic Design Requirements for Nonstructural Components
	13.1 General
	13.1.1 Scope
	13.1.2 Seismic Design Category
	13.1.3 Component Importance Factor
	13.1.4 Exemptions
	13.1.5 Applicability of Nonstructural Component Requirements
	13.1.6 Reference Documents
	13.1.7 Reference Documents Using Allowable Stress Design

	13.2 General Design Requirements
	13.2.1 Applicable Requirements for Architectural, Mechanical, and Electrical Components, Supports, and Attachments
	13.2.2 Special Certification Requirements for Designated Seismic Systems
	13.2.3 Consequential Damage
	13.2.4 Flexibility
	13.2.5 Testing Alternative for Seismic Capacity Determination
	13.2.6 Experience Data Alternative for Seismic Capacity Determination
	13.2.7 Construction Documents

	13.3 Seismic Demands on Nonstructural Components
	13.3.1 Seismic Design Force
	13.3.2 Seismic Relative Displacements

	13.4 Nonstructural Component Anchorage
	13.4.1 Design Forces
	13.4.2 Anchors in Concrete or Masonry
	13.4.3 Installation Conditions
	13.4.4 Multiple Attachments
	13.4.5 Power Actuated Fasteners
	13.4.6 Friction Clips

	13.5 Architectural Components
	13.5.1 General
	13.5.2 Forces and Displacements
	13.5.3 Exterior Nonstructural Wall Elements and Connections
	13.5.4 Glass
	13.5.5 Out-of-Plane Bending
	13.5.6 Suspended Ceilings
	13.5.7 Access Floors
	13.5.8 Partitions
	13.5.9 Glass in Glazed Curtain Walls, Glazed Storefronts, and Glazed Partitions

	13.6 Mechanical and Electrical Components
	13.6.1 General
	13.6.2 Component Period
	13.6.3 Mechanical Components
	13.6.4 Electrical Components
	13.6.5 Component Supports
	13.6.6 Utility and Service Lines
	13.6.7 HVAC Ductwork
	13.6.8 Piping Systems
	13.6.9 Boilers and Pressure Vessels
	13.6.10 Elevator and Escalator Design Requirements
	13.6.11 Other Mechanical and Electrical Components


	14 Material-Specific Seismic Design and Detailing Requirements
	14.1 Steel
	14.1.1 Reference Documents
	14.1.2 Seismic Design Categories B and C
	14.1.3 Seismic Design Categories D through F
	14.1.4 Cold-Formed Steel
	14.1.5 Prescriptive Framing
	14.1.7 Steel Cables
	14.1.8 Additional Detailing Requirements for Steel Piles in Seismic Design Categories D through F

	14.2 Concrete
	14.2.1 Reference Documents
	14.2.2 Modifications to ACI 318
	14.2.3 Additional Detailing Requirements for Concrete Piles

	14.3 Composite Steel and Concrete Structures
	14.3.1 Reference Documents
	14.3.2 Metal-Cased Concrete Piles

	14.4 Masonry
	14.4.1 Reference Documents
	14.4.2 R factors
	14.4.3 Classification of Shear Walls
	14.4.4 Anchorage Forces
	14.4.5 Modifications to Chapter 1 of ACI 530/ASCE 5/TMS 402
	14.4.6 Modifications to Chapter 2 of ACI 530/ASCE 5/TMS 402
	14.4.7 Modifications to Chapter 3 of ACI 530/ASCE 5/TMS 402
	14.4.8 Modifications to Chapter 6 of ACI 530/ASCE 5/ TMS 402
	14.4.9 Modifications to ACI 530.1/ASCE 6/TMS 602

	14.5 Wood
	14.5.1 Reference Documents
	14.5.2 Framing
	14.5.3 Modifications to AF&PA SDPWS


	15 Seismic Design Requirements for Nonbuilding Structures
	15.1 General
	15.1.1 Nonbuilding Structures
	15.1.2 Design
	15.1.3 Structural Analysis Procedure Selection

	15.2 Reference Documents
	15.3 Nonbuilding Structures Supported by Other Structures
	15.3.1 Less Than 25 percent Combined Weight Condition
	15.3.2 Greater Than or Equal to 25 percent Combined Weight Condition
	15.3.3 Architectural, Mechanical, and Electrical Components

	15.4 Structural Design Requirements
	15.4.1 Design Basis
	15.4.2 Rigid Nonbuilding Structures
	15.4.3 Loads
	15.4.4 Fundamental Period
	15.4.5 Drift Limitations
	15.4.6 Materials Requirements
	15.4.7 Deflection Limits and Structure Separation
	15.4.8 Site-Specific Response Spectra

	15.5 Nonbuilding Structures Similar to Buildings
	15.5.1 General
	15.5.2 Pipe Racks
	15.5.3 Steel Storage Racks
	15.5.4 Electrical Power Generating Facilities
	15.5.5 Structural Towers for Tanks and Vessels
	15.5.6 Piers and Wharves

	15.6 General Requirements for Nonbuilding Structures not Similar to Buildings
	15.6.1 Earth-Retaining Structures
	15.6.2 Stacks and Chimneys
	15.6.3 Amusement Structures
	15.6.4 Special Hydraulic Structures
	15.6.5 Secondary Containment Systems
	15.6.6 Telecommunication Towers

	15.7 Tanks and Vessels
	15.7.1 General
	15.7.2 Design Basis
	15.7.3 Strength and Ductility
	15.7.4 Flexibility of Piping Attachments
	15.7.5 Anchorage
	15.7.6 Ground-Supported Storage Tanks for Liquids
	15.7.7 Water Storage and Water Treatment Tanks and Vessels
	15.7.8 Petrochemical and Industrial Tanks and Vessels Storing Liquids
	15.7.9 Ground-Supported Storage Tanks for Granular Materials
	15.7.10 Elevated Tanks and Vessels for Liquids and Granular Materials
	15.7.11 Boilers and Pressure Vessels
	15.7.12 Liquid and Gas Spheres
	15.7.13 Refrigerated Gas Liquid Storage Tanks and Vessels
	15.7.14 Horizontal, Saddle Supported Vessels for Liquid or Vapor Storage


	16 Seismic Response History Procedures
	16.1 Linear Response History Procedure
	16.1.1 Analysis Requirements
	16.1.2 Modeling
	16.1.3 Ground Motion
	16.1.4 Response Parameters

	16.2 Nonlinear Response History Procedure
	16.2.1 Analysis Requirements
	16.2.2 Modeling
	16.2.3 Ground Motion and Other Loading
	16.2.4 Response Parameters
	16.2.5 Design Review


	17 Seismic Design Requirements for Seismically Isolated Structures
	17.1 General
	17.1.1 Variations in Material Properties
	17.1.2 Definitions
	17.1.3 Notation

	17.2 General Design Requirements
	17.2.1 Importance Factor
	17.2.2 MCE Spectral Response Acceleration Parameters, SMS and SM1
	17.2.3 Configuration
	17.2.4 Isolation System
	17.2.5 Structural System
	17.2.6 Elements of Structures and Nonstructural Components

	17.3 Ground Motion for Isolated Systems
	17.3.1 Design Spectra
	17.3.2 Ground Motion Histories

	17.4 Analysis Procedure Selection
	17.4.1 Equivalent Lateral Force Procedure
	17.4.2 Dynamic Procedures

	17.5 Equivalent Lateral Force Procedure
	17.5.1 General
	17.5.2 Deformation Characteristics of the Isolation System
	17.5.3 Minimum Lateral Displacements
	17.5.4 Minimum Lateral Forces
	17.5.5 Vertical Distribution of Force
	17.5.6 Drift Limits

	17.6 Dynamic Analysis Procedures
	17.6.1 General
	17.6.2 Modeling
	17.6.3 Description of Procedures
	17.6.4 Minimum Lateral Displacements and Forces

	17.7 Design Review
	17.8 Testing
	17.8.1 General
	17.8.2 Prototype Tests
	17.8.3 Determination of Force-Deflection Characteristics
	17.8.4 Test Specimen Adequacy
	17.8.5 Design Properties of the Isolation System


	18 Seismic Design Requirements for Structures with Damping Systems
	18.1 General
	18.1.1 Scope
	18.1.2 Definitions
	18.1.3 Notation

	18.2 General Design Requirements
	18.2.1 Seismic Design Category A
	18.2.2 System Requirements
	18.2.3 Ground Motion
	18.2.4 Procedure Selection
	18.2.5 Damping System

	18.3 Nonlinear Procedures
	18.3.1 Nonlinear Response History Procedure
	18.3.2 Nonlinear Static Procedure

	18.4 Response Spectrum Procedure
	18.4.1 Modeling
	18.4.2 Seismic Force–Resisting System
	18.4.3 Damping System

	18.5 Equivalent Lateral Force Procedure
	18.5.1 Modeling
	18.5.2 Seismic Force–Resisting System
	18.5.3 Damping System

	18.6 Damped Response Modification
	18.6.1 Damping Coefficient
	18.6.2 Effective Damping
	18.6.3 Effective Ductility Demand
	18.6.4 Maximum Effective Ductility Demand

	18.7 Seismic Load Conditions and Acceptance Criteria
	18.7.1 Nonlinear Procedures
	18.7.2 Response Spectrum and Equivalent Lateral Force Procedures

	18.8 Design Review
	18.9 Testing
	18.9.1 Prototype Tests
	18.9.2 Production Testing


	19 Soil Structure Interaction for Seismic Design
	19.1 General
	19.2 Equivalent Lateral Force Procedure
	19.2.1 Base Shear
	19.2.2 Vertical Distribution of Seismic Forces
	19.2.3 Other Effects

	19.3 Modal Analysis Procedure
	19.3.1 Modal Base Shears
	19.3.2 Other Modal Effects
	19.3.3 Design Values


	20 Site Classification Procedure for Seismic Design
	20.1 Site Classification
	20.2 Site Response Analysis for Site Class F Soil
	20.3 Site Class Definitions
	20.3.1 Site Class F
	20.3.2 Soft Clay Site Class E
	20.3.3 Site Classes C, D, and E
	20.3.4 Shear Wave Velocity for Site Class B
	20.3.5 Shear Wave Velocity for Site Class A

	20.4 Definitions of Site Class Parameters
	20.4.1 vs, Average Shear Wave Velocity
	20.4.2 N, Average Field Standard Penetration Resistance and  Nch, Average Standard Penetration Resistance for Cohesionless S
	20.4.3 su, Average Undrained Shear Strength


	21 Site-Specific Ground Motion Procedures for Seismic Design
	21.1 Site Response Analysis
	21.1.1 Base Ground Motions
	21.1.2 Site Condition Modeling
	21.1.3 Site Response Analysis and Computed Results

	21.2 Ground Motion Hazard Analysis
	21.2.1 Probabilistic MCE
	21.2.2 Deterministic MCE
	21.2.3 Site-Specific MCE

	21.3 Design Response Spectrum
	21.4 Design Acceleration Parameters

	22 Seismic Ground Motion and Long-Period Transition Maps
	23 Seismic Design Reference Documents
	23.1 Consensus Standards and Other Reference Documents

	Appendix 11A Quality Assurance Provisions
	11A.1 Quality Assurance
	11A.1.1 Scope
	11A.1.2 Quality Assurance Plan
	11A.1.3 Special Inspection and Testing

	11A.2 Testing
	11A.2.1 Reinforcing and Prestressing Steel.
	11A.2.2 Structural Concrete
	11A.2.3 Structural Masonry
	11A.2.4 Structural Steel.
	11A.2.5 Base Metal Testing
	11A.2.6 Seismic-Isolated Structures
	11A.2.7 Mechanical and Electrical Equipment

	11A.3 Structural Observations
	11A.4 Reporting and Compliance Procedures

	Appendix 11B Existing Building Provisions
	11B.1 Scope
	11B.2 Structurally Independent Additions
	11B.3 Structurally Dependent Additions
	11B.4 Alterations
	11B.5 Change of Use

	Appendix C Serviceability Considerations
	C.1 Deflection, Vibration, and Drift
	C.1.1 Vertical Deflections
	C.1.2 Drift of Walls and Frames
	C.1.3 Vibrations

	C.2 Design for Long-Term Deflection
	C.3 Camber
	C.4 Expansion and Contraction
	C.5 Durability

	Commentary
	C1 General
	C1.1 Scope
	C1.3 Basic Requirements
	C1.3.1 Strength.
	C1.3.2 Serviceability
	C1.3.3 Self-Straining Forces

	C1.4 General Structural Integrity
	C1.5 Classification of Buildings and Other Structures
	C1.5.1 Nature of Occupancy
	C1.5.2 Toxic, Highly Toxic, and Explosive Substances

	C1.7 Load Tests
	References

	C2 Combinations of Loads
	C2.2 Symbols and Notation
	C2.3 Combining Loads Using Strength Design
	C2.3.1 Applicability
	C2.3.2 Basic Combinations
	C2.3.3 Load Combinations Including Flood Load
	C2.3.4 Load Combinations Including Atmospheric Ice Loads

	C2.4 Combining Loads Using Allowable Stress Design
	C2.4.1 Basic Combinations
	C2.4.2 Load Combinations Including Flood Load
	C2.4.3 Load Combinations Including Atmospheric Ice Loads

	C2.5 Load Combinations for Extraordinary Events
	Reference

	C3 Dead Loads, Soil Loads, and Hydrostatic
	C3.1.2 Weights of Materials and Constructions
	C3.2 Soil Loads and Hydrostatic Pressure
	C3.2.1 Lateral Pressures
	C3.2.2 Uplift on Floors and Foundations

	Reference

	C4 Live Loads
	C4.2 Uniformly Distributed Loads
	C4.2.1 Required Live Loads
	C4.2.2 Provision for Partitions

	C4.3 Concentrated Loads
	C4.4 Loads on Handrails, Guardrail Systems, Grab Bar Systems, Vehicle Barrier Systems, and Fixed Ladders
	C4.4.1 Loads on Handrails and Guardrail Systems
	C4.4.2 Loads on Grab Bar Systems
	C4.4.3 Loads on Vehicle Barrier Systems
	C4.4.4 Loads on Fixed Ladders

	C4.6 Partial Loading
	C4.7 Impact Loads
	C4.8 Reduction in Live Loads
	C4.8.1 General.
	C4.8.2 Heavy Live Loads
	C4.8.3 Parking Garage Loads
	C4.8.5 Limitations on One-Way Slabs

	C4.9 Reduction in Roof Live Loads
	C4.9.1 Flat, Pitched, and Curved Roofs
	C4.9.2 Special Purpose Roofs

	C4.10 Crane Loads
	Reference

	C5 Flood Loads
	C5.1 General
	C5.2 Definitions
	C5.3 Design Requirements
	C5.3.1 Design Loads
	C5.3.2 Erosion and Scour
	C5.3.3 Loads on Breakaway Walls

	C5.4.1 Load Basis
	C5.4.2 Hydrostatic Loads
	C5.4.3 Hydrodynamic Loads
	C5.4.4 Wave Loads
	C5.4.5 Impact Loads
	References

	C6 Wind Loads
	C6.1 General
	C6.2 Definitions
	C6.3 Symbols and Notation
	C6.4 Method 1—Simplified Procedure
	C6.5 Method 2—Analytical Procedure
	C6.5.1 Scope
	C6.5.2 Limitations of Analytical Procedure
	C6.5.4 Basic Wind Speed
	C6.5.5 Importance Factor
	C6.5.6 Exposure Categories
	C6.5.7 Topographic Effects
	C6.5.8 Gust Effect Factor
	C6.5.9 Enclosure Classifications
	C6.5.10 Velocity Pressure
	C6.5.11 Pressure and Force Coefficients
	C6.5.12 Design Wind Loads on Enclosed and Partially Enclosed Buildings
	C6.5.13 Design Wind Loads on Open Buildings with Monoslope, Pitched, or Troughed Roofs

	C6.6 Method 3—Wind-Tunnel Procedure
	References

	C7 Snow Loads
	C7.0 Snow Loads
	C7.2 Ground Snow Loads, p g
	C7.3 Flat-Roof Snow Loads, p f
	C7.3.1 Exposure Factor, Ce
	C7.3.2 Thermal Factor, Ct
	C7.3.3 Importance Factor, I
	C7.3.4 Minimum Values of p f for Low Slope Roofs

	C7.4 Sloped-Roof Snow Loads, ps
	C7.4.3 Roof Slope Factor for Curved Roofs
	C7.4.4 Roof Slope Factor for Multiple Folded Plate, Sawtooth, and Barrel Vault Roofs
	C7.4.5 Ice Dams and Icicles Along Eaves

	C7.5 Unloaded Portions
	C7.6 Unbalanced Roof Snow Loads
	C7.6.1 Unbalanced Snow Loads on Hip and Gable Roofs
	C7.6.2 Unbalanced Snow Loads for Curved Roofs
	C7.6.3 Unbalanced Snow Loads for Multiple Folded Plate, Sawtooth, and Barrel Vault Roofs
	C7.6.4 Unbalanced Snow Loads for Dome Roofs

	C7.7 Drifts on Lower Roofs (Aerodynamic Shade)
	C7.8 Roof Projections
	C7.9 Sliding Snow
	C7.10 Rain-on-Snow Surcharge Load
	C7.11 Ponding Instability
	C7.12 Existing Roofs
	C7.13 Other Roofs and Sites
	References

	C8 Rain Loads
	C8.1 Symbols and Notation
	C8.2 Roof Drainage
	C8.3 Design Rain Loads
	C8.4 Ponding Instability
	C8.5 Controlled Drainage
	References

	C10 Ice Loads—Atmospheric Icing
	C10.1 General
	C10.1.1 Site-Specific Studies
	C10.1.2 Dynamic Loads
	C10.1.3 Exclusions

	C10.2 Definitions
	C10.4 Ice Loads Due to Freezing Rain
	C10.4.1 Ice Weight
	C10.4.2 Nominal Ice Thickness
	C10.4.4 Importance Factors
	C10.4.6 Design Ice Thickness for Freezing Rain

	C10.5 Wind on Ice-Covered Structures
	C10.5.5 Wind on Ice-Covered Guys and Cables

	C10.6 Partial Loading
	References

	C11 Seismic Design Criteria
	C11 General
	C11.1.1 Purpose

	C11.7 Design Requirements for Seismic Design Category A
	C11.8.2 Geotechnical Investigation Report for Seismic Design Categories C through F
	C11.8.3 Additional Geotechnical Investigation Report Requirements for Seismic Design Categories D through F


	C12 Seismic Design Requirements for Building Structures
	C12.3.4 Redundancy
	C12.4.3 Seismic Load Effect Including Overstrength Factor

	C13 Seismic Design Requirements for Nonstructural Components
	C13.0 Seismic Design Requirements for Nonstructural Components
	C13.3.2 Seismic Relative Displacements
	C13.5.9 Glass in Glazed Curtain Walls, Glazed Storefronts, and Glazed Partitions

	C13.6 Mechanical and Electrical Components

	C14 Material-Specific Seismic Design and Detailing Requirements
	C14.2 Concrete
	C14.4 Masonry

	C15 Seismic Design Requirements for Nonbuilding Structures
	C15.0 Seismic Design Requirements for Nonbuilding Structures
	C15.1.3 Structural Analysis Procedure Selection

	C15.2 Reference Documents
	C15.4.4 Fundamental Period
	C15.6.5 Secondary Containment Systems
	C15.6.6 Telecommunication Towers

	C15.7 Tanks and Vessels
	C15.7.2 Design Basis
	C15.7.6 Ground-Supported Storage Tanks for Liquids


	C19 Soil Structure Interaction for Seismic Design
	C22 Seismic Ground Motion and Long Period Transition Maps
	Chapter C Appendix C  Serviceability Considerations
	CC.1 Serviceability Considerations
	CC.1.1 Vertical Deflections
	CC.1.2 Drift of Walls and Frames
	CC.1.3 Vibrations

	CC.2 Design for Long-Term Deflection
	CC.3 Camber
	CC.4 Expansion and Contraction
	CC.5 Durability
	References
	Additional References of Interest

	Index

