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CHAPTER 7
SNOW LOADS

7.1 DEFINITIONS AND SYMBOLS

7.1.1 Definitions

DRIFT: The accumulation of wind-driven snow that results in
a local surcharge load on the roof structure at locations such as a
parapet or roof step.

FLAT ROOF SNOW LOAD: Uniform load for flat roofs.

FREEZER BUILDINGS: Buildings in which the inside
temperature is kept at or below freezing. Buildings with an air
space between the roof insulation layer above and a ceiling of the
freezer area below are not considered freezer buildings.

GROUND SNOW LOAD: The site-specific weight of the
accumulated snow at the ground level used to develop roof snow
loads on the structure. It generally has a 50-year mean recurrence
interval.

MINIMUM SNOW LOAD: Snow load on low sloped roofs,
including the roof snow load immediately after a single snow
storm without wind.

PONDING: Refer to definitions in Chapter 8, Rain Loads

PONDING INSTABILITY: Refer to definitions in Chapter 8,
Rain Loads.

R-VALUE: A measure of the resistance to heat flow through a
roof component or assembly per unit area.

SLIPPERY SURFACE: Membranes with a smooth surface,
e.g., glass, metal, or rubber. Membranes with an embedded aggre-
gate or mineral granule surface are not considered a slippery surface.

SLOPED ROOF SNOW LOAD: Uniform load on horizontal
projection of a sloped roof, also known as the balanced load.

VENTILATED ROOF: Roof that allows exterior air to
naturally circulate between the roof surface above and the
insulation layer below. The exterior air commonly flows from
the eave to the ridge.

7.1.2 Symbols

exposure factor as determined from Table 7.3-1.
slope factor as determined from Fig. 7.4-1.
thermal factor as determined from Table 7.3-2.
vertical separation distance in feet (m) between the
edge of a higher roof including any parapet and the
edge of a lower adjacent roof excluding any parapet.
h;, = height of balanced snow load determined by divid-
ing p, by v, in ft (m).
h.= clear height from top of balanced snow load to
(1) closest point on adjacent upper roof, (2) top of
parapet, or (3) top of a projection on the roof, in ft (m).
h, = height of snow drift, in ft (m).
hgy or hy = heights of snow drifts, in ft (m), where two inter-
secting snow drifts can form.
h, = height of obstruction above the surface of the roof,
in ft (m).
I, = importance factor as prescribed in Section 7.3.3.
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length of the roof upwind of the drift, in ft (m).
maximum intensity of drift surcharge load, in 1b/ft>
(kN /m?).
Py = snow load on flat roofs (“flat”= roof slope < 5°), in
Ib/ft> (kN/m?).
pe = ground snow load as determined from Fig. 7.2-1 and
Table 7.2-1; or a site-specific analysis, in 1b/ft?
(kN/m?).
Pm = minimum snow load for low-slope roofs, in 1b/ft>
(kN/m?).
p, = sloped roof (balanced) snow load, in Ib/ft?> (kN /m?).
s = horizontal separation distance in ft (m) between the
edges of two adjacent buildings.
= roof slope run for a rise of one.
w = width of snow drift, in ft (m).
w; or wy, = widths of snow drifts, in ft (m), where two inter-
secting snow drifts can form.
W = horizontal distance from eave to ridge, in ft (m).
y= snow density, in 1b/ft* (kN/m?), as determined
from Eq. (7.7-1).

0 = roof slope on the leeward side, in degrees.
7.2 GROUND SNOW LOADS, p,

Ground snow loads, p,, to be used in the determination of design
snow loads for roofs shall be as set forth in Fig. 7.2-1 for the
contiguous United States and Table 7.2-1 for Alaska. Site-
specific case studies shall be made to determine ground snow
loads in areas designated CS in Fig. 7.2-1 (see also Tables 7.2-2
through 7.2-8). Ground snow loads for sites at elevations above
the limits indicated in Fig. 7.2-1 and for all sites within the CS
areas shall be approved by the Authority Having Jurisdiction.
Ground snow load determination for such sites shall be based on
an extreme value statistical analysis of data available in the
vicinity of the site using a value with a 2% annual probability of
being exceeded (50-year mean recurrence interval).

Snow loads are zero for Hawaii, except in mountainous
regions as determined by the Authority Having Jurisdiction.

The importance factor times the ground snow load, /,p,, shall be
used as the balanced snow load for snow accumulation surfaces,
such as decks, balconies, and other near-ground level surfaces or
roofs of subterranean spaces, whose height above the ground
surface is less than the depth of the ground snow, A, (h, =p, /7).

7.3 FLAT ROOF SNOW LOADS, p;

The flat roof snow load, py, shall be calculated in Ib/ ft?> (kN/m?)
using the following formula:

Py =0.7C,C/dp, (7.3-1)
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establish ground snow loads. Extreme local variations 2z
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To convert Ib/sq ft to kN/m?, multiply by 0.0479.

To convert feet to meters, multiply by 0.3048.
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Note: See Table 7.2-2 for Colorado; see Table 7.2-3 for Idaho; see Table 7.2-4 for Montana; see Table 7.2-5 for Washington; see Table 7.2-6 for New Mexico; see
Table 7.2-7 for Oregon; see Table 7.2-8 for New Hampshire.

FIGURE 7.2-1 Ground Snow Loads, p,, for the United States (Ib/ft?)

7.3.1 Exposure Factor, C,. The value for C, shall be 7.3.3 Importance Factor, I;. The value for I, shall be determined

determined from Table 7.3-1. from Table 1.5-2 based on the Risk Category from Table 1.5-1.
7.3.2 Thermal Factor, C,. The value for C, shall be determined 7.3.4 Minimum Snow Load for Low-Slope Roofs, p,,. A
from Table 7.3-2. minimum roof snow load, p,,, shall only apply to monoslope,
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FIGURE 7.2-1 (Continued)
hip, and gable roofs with slopes less than 15° and to Where p, exceeds 20 Ib/ft? (0.96 kN/m?):
curved roofs where the vertical angle from the eaves to the )
crown is less than 10°. The minimum roof snow load Pm=20(I;) (20 Ib/ft* times Importance Factor)
for low-slope roofs shall be obtained using the following
formula: Pm=0.96(I,) (0.96 kN /m? times Importance Factor)

: 2 2 .
Where pg is 20 Ib/ft" (0.96 kN/m?) or less: This minimum roof snow load is a separate uniform load case.

It need not be used in determining or in combination with drift,

P =1spg (Importance Factor times p 8 ) sliding, unbalanced, or partial loads.
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Table 7.2-1 Ground Snow Loads, p,, for Alaskan Locations

Pg Pg Pg
Location Ib/ft? kN/m? Location Ib/ft? kN/m? Location Ib/ft? kN/m?
Adak 30 1.4 Galena 60 29 Petersburg 150 7.2
Anchorage 50 24 Gulkana 70 34 St. Paul 40 1.9
Angoon 70 3.4 Homer 40 1.9 Seward 50 2.4
Barrow 25 1.2 Juneau 60 2.9 Shemya 25 1.2
Barter 35 1.7 Kenai 70 34 Sitka 50 24
Bethel 40 1.9 Kodiak 30 1.4 Talkeetna 120 5.8
Big Delta 50 24 Kotzebue 60 2.9 Unalakleet 50 24
Cold Bay 25 1.2 McGrath 70 34 Valdez 160 7.7
Cordova 100 4.8 Nenana 80 3.8 Whittier 300 14.4
Fairbanks 60 2.9 Nome 70 34 Wrangell 60 2.9
Fort Yukon 60 29 Palmer 50 2.4 Yakutat 150 72

7.4 SLOPED ROOF SNOW LOADS, p;

Snow loads acting on a sloping surface shall be assumed to act on
the horizontal projection of that surface. The sloped roof
(balanced) snow load, py, shall be obtained by multiplying the
flat roof snow load, py, by the roof slope factor, C;:

Ps=Cypy (7.4-1)

Values of C; for warm roofs, cold roofs, curved roofs, and
multiple roofs are determined from Sections 7.4.1 through 7.4.4.
The thermal factor, C,, from Table 7.3-2 determines if a roof is
“cold” or “warm.” “Slippery surface” values shall be used only
where the roof’s surface is unobstructed and sufficient space is
available below the eaves to accept all the sliding snow. A roof shall
be considered unobstructed if no objects exist on it that prevent
snow on it from sliding. Roof areas with snow retention devices
shall not be considered unobstructed. Slippery surfaces shall include
metal, slate, glass, and bituminous, rubber, and plastic membranes
with a smooth surface. Membranes with an embedded aggregate or
mineral granule surface shall not be considered smooth. Asphalt
shingles, wood shingles, and shakes shall not be considered slippery.

7.4.1 Warm Roof Slope Factor, C;. For warm roofs (C, < 1.0
as determined from Table 7.3-2) with an unobstructed slippery
surface that allows snow to slide off the eaves, the roof slope
factor C shall be determined using the dashed line in Fig. 7.4-1a,
provided that for nonventilated warm roofs, their thermal
resistance  (R-value) equals or exceeds 30 ft>hr°F/Btu
(5.3°Cm?/W) and for warm ventilated roofs, their R-value
equals or exceeds 20 ft?> hr°F/Btu (3.5°C m?/W). Exterior air
shall be able to circulate freely under a ventilated roof from its
eaves to its ridge. For warm roofs that do not meet the
aforementioned conditions, the solid line in Fig. 7.4-1a shall
be used to determine the roof slope factor C;.

7.4.2 Cold Roof Slope Factor, C;. Cold roofs are those with a
C, > 1.0 as determined from Table 7.3-2. For cold roofs with
C,=1.1 and an unobstructed slippery surface that allows snow to
slide off the eaves, the roof slope factor C, shall be determined
using the dashed line in Fig. 7.4-1b. For all other cold roofs with
C,=1.1, the solid line in Fig. 7.4-1b shall be used to determine
the roof slope factor Cy. For cold roofs with C, = 1.2 or larger and
an unobstructed slippery surface that allows snow to slide off the
eaves, the roof slope factor C; shall be determined using the
dashed line on Fig. 7.4-1c. For all other cold roofs with C,=1.2
or larger, the solid line in Fig. 7.4-1c shall be used to determine
the roof slope factor C,.
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7.4.3 Roof Slope Factor for Curved Roofs. Portions of curved
roofs that have a slope exceeding 70° shall be considered free of
snow load (i.e., C, =0). Balanced loads shall be determined from
the balanced load diagrams in Fig. 7.4-2 with C; determined from
the appropriate curve in Fig. 7.4-1.

7.4.4 Roof Slope Factor for Multiple Folded Plate, Sawtooth,
and Barrel Vault Roofs. Multiple folded plate, sawtooth, or
barrel vault roofs shall have a C; = 1.0, with no reduction in snow
load because of slope (i.€., ps=py).

7.4.5 Ice Dams and Icicles along Eaves. Two types of warm
roofs that drain water over their eaves shall be capable of sus-
taining a uniformly distributed load of 2p; on all overhanging
portions: those that are unventilated and have an R-value less
than 30 ft> hr°F/Btu (5.3°C m?/W) and those that are ventilated
and have an R-value less than 20 ft> hr°F/Btu (3.5°C m?/W).
The load on the overhang shall be based upon the flat roof snow
load for the heated portion of the roof upslope of the exterior
wall. No other loads except dead loads shall be present on the
roof when this uniformly distributed load is applied.

7.4.6 Sloped Roof Snow Loads for Air-Supported
Structures. Roof snow loading for air-supported structures
with vinyl coated exterior fabric shall be as shown in Fig. 7.4-3.

7.5 PARTIAL LOADING

The effect of having selected spans loaded with the balanced
snow load and remaining spans loaded with half the balanced
snow load shall be investigated as follows:

7.5.1 Continuous Beam Systems. Continuous beam systems
shall be investigated for the effects of the three loadings shown in
Fig. 7.5-1:

Case 1: Full balanced snow load on either exterior span and
half the balanced snow load on all other spans.

Case 2: Half the balanced snow load on either exterior span
and full balanced snow load on all other spans.

Case 3: All possible combinations of full balanced snow load
on any two adjacent spans and half the balanced snow load
on all other spans. For this case, there will be (n—1) possible
combinations where n equals the number of spans in the
continuous beam system.

If a cantilever is present in any of the above cases, it shall be
considered to be a span.
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Table 7.2-2 Ground Snow Loads for Selected Locations in

Table 7.2-3 Ground Snow Loads for Selected Locations in

Colorado Idaho
Ground Snow Ground Snow Elevation

City/Town County Load (Ib/ft2) Elevation (ft) City/Town County Load (Ib/ft?) (ft)
East of I-25 and under 30 <4.,500 American Falls Power 24 4,406
4,500 ft Ammon Bonneville 24 4,718
Alamosa Alamosa 25 7,540 Blackfoot Bingham 28 4,498
Aspen Pitkin 75 7.890 Dogus Basin Lodge o 7 ol

oise a X
12;1;(32 ek g;;;l):hoe ‘7‘(5) ;’ggg Brundage Mtn. Lodge Valley 207 6,038
> Buhl Twin Falls 28 3,769
Boulder Boulder 40 5,330 Burley Cassia 19 4,159
Breckenridge Summit 80 9,600 Caldwell Canyon 18 2,376
Brighton Adams 35 4,980 Chubbuck Bannock 31 4,467
Buena Vista Chaftfee 35 7,960 Coeur d’Alene Kootenai 43 2,189
Cafion City Fremont 35 5,350 Eagle Ada 18 2,566
Castle Rock Douglas 45 6,220 Emmett Gem 15 2,363
Central City Gilpin 85 8,510 Fruitland - Payette 18 2,226
Colorado Springs El Paso 45 6,010 Garden City il 15 2,673
Copper Mountain Summit 80 9,700 Gooding Gooding 27 3571
Grangeville Idaho 18 3,400
Cortez Montezuma 30 6,190 . .

. Hailey Blaine 82 5,323
Craig M?ffat 30 6,200 Hayden Kootenai 62 2,287
Creede Mineral 65 8,800 Heyburn Minidoka 19 4,146
Cripple Creek Teller 70 9,490 Homedale Owyhee 16 2,231
Delta Delta 25 4,960 Idaho Falls Bonneville 23 4,725
Denver Denver 35 5,280 Jerome Jerome 12 3,764
Durango La Plata 55 6,530 Ketchum Blaine 92 5,846
Eagle Eagle 45 6,600 Kimberly Twin Falls 14 3,924
Estes Park Larimer 65 7,250 Kunf‘ Ada 14 2,693
Fairplay Park 55 9.950 Lewiston Nez Perce 10 994
Fort Collins Larimer 35 5,000 McCall Valley 157 2,012
Georgetown Clear Creek 60 8,520 Meridian Ada 16 2,605

. ’ Middleton Canyon 18 2,400

Glenwood Springs Garfield 40 5,760 Montpelier Bear Lake 45 5.986
Golden Jefferson 40 5,670 Moscow Latah 38 2,580
Granby Grand 55 7,980 Mountain Home Elmore 15 2,563
Grand Junction Mesa 25 4,590 Nampa Canyon 15 2,517
Greeley Weld 30 4,680 Orofino Clearwater 19 1,017
Gunnison Gunnison 45 7,700 Payette Payette 17 2,148
Keystone Summit 70 9,170 Pocatello Bannock 31 4,463
Leadville Lake 75 10’ 160 Post Falls Kootenai 72 2, 183
Longmont Boulder 35 4,980 Preston F rankhnv 79 4715
Meeker Rio Blanco 40 6,240 Rathdrum Koot.enal 87 2211
Rexburg Madison 50 4,863

Montrose Montfose 25 5,810 Rigby Jefferson 32 4851
Mount Crested Butte Gunnison 155 9,900 Rupert Minidoka 18 4,154
Pagosa Springs Archuleta 75 7,130 St. Anthony Fremont 37 4,963
Paonia Delta 35 5,680 Salmon Lemhi 15 3,943
Pueblo Pueblo 30 4,690 Sandpoint Bonner 56 2,101
Rifle Garfield 40 5,350 Schweitzer Basin Lodge Bonner 243 4,175
Salida Chaffee 45 7,080 Shelley Bingham 35 4,629
Snowmass Village Pitkin 90 8,210 Silver Mt. Lodge Shoshone 173 5,040
Steamboat Springs Routt 85 6,730 ggda Springs iiiiribou Zg ; ’Zg?

. . ar a R

i:{ll‘;f; ]Sjs’ ﬁi’i Zé 2’(7)28 Sun Valley Mt. Baldy Blaine 197 9,000

. ’ Twin Falls Twin Falls 15 3,734
Vail , Eagle 9 8,190 Weiser Washington 17 2,129
Vail Mountain Eagle 175 1 0,300 Wendell Gooding 20 3,433
Winter Park Grand 100 9,050

Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to
meters, multiply by 0.3048.

1. Statutory requirements of the Authority Having Jurisdiction are not
included in this state ground snow load table.

2. For locations where there is substantial change in altitude over the
jurisdiction, the load applies at and below the cited elevation, with a
tolerance of 100 ft (30 m).

3. For other locations in Colorado, see Colorado Design Snow Loads
2016, Structural Engineers Association of Colorado, http:/seacolor-
ado.org, for ground snow loads.

Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to
meters, multiply by 0.3048.

1. Statutory requirements of the Authority Having Jurisdiction are not
included in this state ground snow load table.

2. For locations where there is substantial change in altitude over the
jurisdiction, the load applies at and below the cited elevation, with a
tolerance of 100 ft (30 m).

3. For other locations in Idaho, see Al Hatailah, Godfrey, Nielsen and
Sack (2015). “Ground Snow Loads for Idaho,” Dept. of Civil Engi-
neering, Univ. of Idaho, Moscow, ID, http://www.lib.uidaho.edu/
digital/idahosnow/ for ground snow load values.
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Table 7.2-4 Ground Snow Loads for Selected Locations in

Table 7.2-5 Ground Snow Loads for Selected Locations in

Montana Washington
Ground Snow Ground Snow
City/Town County Load (Ib/ft2) Elevation (ft) City/Town County Load (Ib/ft?) Elevation (ft)
Anaconda Deer Lodge 47 5,676 Arlington Snohomish 17 120
Baker Fallon 46 2,966 Auburn King 20 85
Belgrade Gallatin 33 4,446 Bainbridge Island Kitsap 15 100
Big Mt. Resort Flathead 9% 4,464 Bellevue King 20 100
Big Timber Sweet Grass 37 4,200 Bellingham Watcom 15 100
Billings Yellowstone 29 3242 Bonney Lake Pierce 18 40
Boulder Jefferson 74 4,948 Bothell K}ng 20 90
. Bremerton Kitsap 15 100
Bozeman Gallatin 40 4,823 . R
. Burien King 16 325
Butte Silver Bow 36 5,824 . .
Chinook Blai 61 2418 Covington King 20 85
1n0o ame ’ Crystal Mt. Pierce 438 4,380
Choteau Teton 19 3,799 Des Moines King 18 370
Colstrip Rosebud 18 3,232 Edmonds Snohomish 20 350
Columbia Falls Flathead 71 3,015 Ellensburg Kittitas 34 1’540
Columbus Stillwater 41 3,599 Everett Snohomish 15 110
Conrad Pondera 16 3,520 Federal Way King 20 85
Cut Bank Glacier 17 3,793 Issaqua_h ang 20 100
Deer Lodge Powell 27 4,593 Kenmore King 20 90
Dillon Beaverhead 23 5,125 Kennewick Benton 15 400
East Helena Lewis and Clark 28 3,904 Kent King 20 50
Forsyth Rosebud 20 2,510 Kirkland King 20 180
Fort Benton Chouteau 29 2,713 Lacey Thurston 15 200
Glasgow Valley 24 2,146 Lake Stevens Spohomish 15 250
Glendive Dawson 16 2,067 Lakewood Pierce 15 235
Great Falls Cascade 32 3,399 Longview Cowlitz . 18 21
Hamilton Ravalli 43 3,619 Lynnwood Snohomish 22 435
Hardin Big Hom 15 2,904 Maple Valley King 23 440
. Marysville Snohomish 16 20
Havre Hill 49 2,500 .
. Mercer Island King 16 320
Helena Lewis and Clark 27 4,013
Kalispell Flathead 56 2990 Mt. Baker ‘Whatcom 588 4,200
alispe athea ; Mt. Spokane Spokane 151 5,800
Laur.el Yellowstone 36 3,356 Mt. Vernon Skagit 15 180
Lewis HgtS. Fergus 50 3,914 Oak Harbor Island 17 120
L?be Lincoln 76 2,198 Olympia Thurston 15 130
Livingston Park 33 4,544 Pasco Franklin 15 383
Malta Phillips 30 2,284 Pullman Whitman 30 2,400
Manhattan Gallatin 21 4,242 Puyallup Pierce 18 40
Miles City Custer 25 2,362 Redmond King 20 120
Missoula Missoula 34 3,245 Renton King 20 15
Plentywood Sheridan 73 2,080 Richland Benton 15 359
Polson Lake 63 2,999 Sammamish King 28 520
Red Lodge Carbon 109 5,610 SeaTac King 22 440
Ronan Lake 50 3,077 Seattle King 20 350
Roundup Musselshell 21 3,209 Shoreline ) K%ng 22 450
Shelby Toole 28 3,301 Snoqualmie Pass Kittitas 433 3,000
Sidney Richland 27 1,969 Spokane Spokane 39 2,000
Stevensville Ravalli 48 3,399 Spokane Valley Spokane 39 2,000
Stevens Pass Chelan 400 4,060
Thompson Falls Sanders 51 2,507 .
. Tacoma Pierce 21 380
Three Forks Gallatin 22 4,085 Tukwila King 16 325
Townsend Broad.vvater 11 3,868 Univ. Place Pierce 20 400
W. .Ye}lowstone Gallatin 122 6,713 Vancouver Clark 20 150
Whitefish Flathead 67 2,999 Walla Walla Walla Walla 18 1,000
Wolf Point Roosevelt 24 2,057 Wenatchee Chelan 22 780
Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to Whi.te Pass Yak?ma 244 4,720
Yakima Yakima 19 1,066

meters, multiply by 0.3048.

1.
2.
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Statutory requirements of the Authority Having Jurisdiction are not
included in this state ground snow load table.

For locations where there is substantial change in altitude over the
jurisdiction, the load applies at and below the cited elevation, with a
tolerance of 100 ft (30 m).

For other locations in Montana, see Theisen, G. P., M. J. Keller, J. E.
Stephens, F. F. Videon, and J. P. Schilke. (2004). “Snow Loads for
Structural Design in Montana,” Dept. of Civil Engineering, Bozeman,
MT, http://www.coe.montana.edu/snowload/ for ground snow load
values.

Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to
meters, multiply by 0.3048.

1.
2.

Statutory requirements of the Authority Having Jurisdiction are not
included in this state ground snow load table.

For locations where there is substantial change in altitude over the
jurisdiction, the load applies at and below the cited elevation, with a
tolerance of 100 ft (30 m).

. For other locations in Washington, see Structural Engineers Associa-

tion of Washington (1995). “Snow Load Analysis for Washington,”
Seattle, WA, www.seaw.org, for ground snow load values.
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Table 7.2-6 Ground Snow Loads for Selected Locations in

Table 7.2-7 Ground Snow Loads for Selected Locations in

New Mexico Oregon
Ground Snow Elevation Ground Snow Elevation
City/Town County Load (Ib/ft?) (ft) City/Town County Load (Ib/ft?) (ft)
Alamogordo Otero 4 4,300 Antelope Wasco 17 2,840
Albuquerque Bernalillo 18 5,000 Ashland Jackson 13 1,990
Artesia Eddy 10 3,400 Astoria Clatsop 11 10
Aztec San Juan 10 5,600 Baker City Baker 17 3,450
Bloomfield San Juan 9 5,500 Bandon Coos 0 20
Carlsbad Eddy 10 3,100 Bend Deschutes 20 3,660
Clovis Curry 10 4,300 Black Butte Deschutes 19 970
Corre‘l]es Sandoval 9 5,000 Bonneville Dam Hood River 44 60
Deming Ll:ma . 8 4,300 Brookings Curry 1 50
Espar'lola Rio Arriba 10 5,600 Burns Harney 20 4,140
I;arlrlmngton i/é[mKJ'uzlm : 2 2’;88 Corvallis Benton 14 230
atlup chaniey ’ Crater Lake Klamath 461 6,470

Grants Cibola 16 6,450

Crescent Lake Klamath 154 4,760
Hobbs Lea 10 3,600

Dallas Polk 20 290
Jemez Sandoval 18 6,200 Detroi Mari 78 1730
Las Cruces Dona Ana 9 3,900 ?tmlt d Lak lanonh 0 4’160
Las Vegas San Miguel 2 6.400 Diamond Lake Klamat ! ;
Los Alamos Los Alamos 30 7,300 Enterprise Wallowa 26 3,280
Los Lunas Valencia 6 4,900 Eugene Lane ) 12 360
Portales Roosevelt 9 4,000 Fore.st Grove Washington 17 180
Red Rock Grant 4 6,800 Fossil Wheeler 21 2,650
Roswell Chaves 14 3,600 Government Camp Clackamas 321 3,980
Ruidoso Lincoln 25 6,700 Grants Pass Josephine 6 920
Santa Fe Santa Fe 15 7,000 Heppner Morrow 17 1,880
Shiprock San Juan 9 4,900 Hood River Hood River 43 500
Socorro Socorro 13 4,600 John Day Baker 8 500
Zuni McKinley 14 6,300 Joseph Wallowa 16 4,020

Kl th Fall Kl th 23 4,100
Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to amath Falls a.ma
meters, multiply by 0.3048. La Gr@de Union 15 2,750

1. Statutory requirements of the Authority Having Jurisdiction are not Lakeview Lake 47 4,780
included in this state ground snow load table. Madras Jefferson 17 2,440

2. Foy lchtions where there_ is substantial changt; in altitud_e over the Medford Jackson 4 1,460
jurisdiction, the load applies at and below the cited elevation, with a Mitchell Wheeler 46 3.980
tolerance of 100 ft (30 m). .

3. For other locations in New Mexico, see Maji, A. K. (1999). “Ground Newport Lincoln 2 140
Snow Load Database for New Mexico,” Dept. of Civil Engineering, North Bend Coos 2 10
Universiyof New Mexico, Albuurgue, N hpiwswcseanm ot/ Onaio Nl s

o palore > Parkdale Hood River 79 1,720

Pendleton Umatilla 30 1,040

Partial load provisions need not be applied to structural Portland Multnomah 11 30

members that span perpendicular to the ridgeline in gable roofs Prineville Crook 15 2,840

with slopes between %2 on 12 (2.38°) and 7 on 12 (30.3°). Redmond Deschutes 16 3,060

. Roseburg Douglas 7 420

7.5.2 Other Structural Systems. Areas sustaining only half the Salem Marion 9 200

balanced snow load shql] be chosen so as to produce the greatest Santiam Pass Linn 481 4750

effects on members being analyzed. Seaside Clatsop 3 10

Sisters Deschutes 30 3,180

7.6 UNBALANCED ROOF SNOW LOADS e DAl Vo - o
routdale ultnom:.

Balanced and unbalanced loads shall be analyzed separately. Vale Malheur 17 2,240

Winds from all directions shall be accounted for when establish- Vernonia Columbia 35 840

ing unbalanced loads. Zig Zag Clackamas 70 1,440

7.6.1 Unbalanced Snow Loads for Hip and Gable Roofs. For
hip and gable roofs with a slope exceeding 7 on 12 (30.2°) or with a
slope less than %2 on 12 (2.38°), unbalanced snow loads are not
required to be applied. Roofs with an eave to ridge distance, W, of
20 ft (6.1 m) or less that have simply supported prismatic members
spanning from ridge to eave shall be designed to resist an
unbalanced uniform snow load on the leeward side equal to Ip,.
For these roofs, the windward side shall be unloaded. For all other
gable roofs, the unbalanced load shall consist of 0.3p, on the

Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to
meters, multiply by 0.3048.

1. Statutory requirements of the Authority Having Jurisdiction are not
included in this state ground snow load table.

2. For locations where there is substantial change in altitude over the
jurisdiction, the load applies at and below the cited elevation, with a
tolerance of 100 ft (30 m).

3. For other locations in Oregon, see “Snow Load Analysis for Oregon,”
4th Ed., November 2013, Structural Engineers Association of Oregon
and the PRISM Climate Group of Oregon State University, http:/
snowload.seao.org/lookup.html, for ground snow load values.
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Table 7.2-8 Ground Snow Loads for Selected Locations in
New Hampshire

Ground Snow Elevation Ground Snow Elevation

Town County Load (Ib/ft?) (ft.) Town County Load (Ib/ft?) (ft.)

Ambherst Hillsborough 70 600 Keene Cheshire 70 900
Atkinson Rockingham 55 400 Laconia Belknap 80 900
Barrington Strafford 70 500 Lebanon Grafton 80 1,200
Bedford Hillsborough 70 700 Litchfield Hillsborough 60 250
Belmont Belknap 80 900 Londonderry Rockingham 65 500
Berlin Coos 100 1,600 Manchester Hillsborough 70 500
Bow Merrimack 75 800 Merrimack Hillsborough 60 400
Claremont Sullivan 85 1,100 Milford Hillsborough 70 600
Concord Merrimack 70 600 Nashua Hillsborough 60 400
Conway Carroll 95 900 Newmarket Rockingham 50 200
Derry Rockingham 65 600 Newport Sullivan 85 1,200
Dover Strafford 60 200 Pelham Hillsborough 55 400
Durham Strafford 55 150 Pembroke Merrimack 70 700
Epping Rockingham 55 300 Plaistow Rockingham 55 300
Exeter Rockingham 50 200 Plymouth Grafton 75 900
Farmington Strafford 85 800 Portsmouth Rockingham 50 100
Franklin Merrimack 75 700 Raymond Rockingham 60 500
Gilford Belknap 90 1,200 Rochester Strafford 70 500
Goffstown Hillsborough 75 800 Salem Rockingham 55 300
Hampstead Rockingham 55 300 Seabrook Rockingham 50 100
Hampton Rockingham 50 150 Somersworth Strafford 60 250
Hanover Grafton 75 1,300 Stratham Rockingham 50 150
Hollis Hillsborough 60 500 Swanzey Cheshire 65 800
Hooksett Merrimack 70 600 Weare Hillsborough 80 900
Hudson Hillsborough 60 400 Windham Rockingham 60 400

Note: To convert Ib/ft> to kN/m?, multiply by 0.0479. To convert feet to meters, multiply by 0.3048.

1. Statutory requirements of the Authority Having Jurisdiction are not included in this state ground snow load table.

2. These loads only apply at the elevation listed. For lower elevations, the ground snow load shall be decreased by 2.1 Ib/ft* for every 100 ft of elevation difference
(0.32 kN/m? for every 100 m of elevation difference). For higher elevation up to an elevation of 2,500 ft, the ground snow load shall be increased at the same rate.
Ground snow loads calculated for a site-specific elevation different than that listed in the table should be rounded to the nearest 5 Ib/ft* (0.25 kN/m?)

3. For other locations in New Hampshire, see Tobiasson, W., Buska, J., Greatorex, A., Tirey, J., Fisher, J., and Johnson, S., (2002). “Ground snow loads for New
Hampshire.” U.S. Army Corps of Engineers, Engineering Research and Development Center (ERDC), Cold Regions Research and Engineering Laboratory
(CRREL) Technical Report ERDL/CRREL TR-02-6. Hanover, NH, http://www.senh.org/public-links or http:/www.erdc.usace.army.mil/Locations/ColdRe-
gionsResearchandEngineeringlaboratory/Publications.aspx, for ground snow load values.

Table 7.3-1 Exposure Factor, C,

Exposure of Roof*

Fully Partially
Surface Roughness Category Exposed Exposed Sheltered
B (see Section 26.7) 0.9 1.0 1.2
C (see Section 26.7) 0.9 1.0 1.1
D (see Section 26.7) 0.8 0.9 1.0
Above the tree line in windswept 0.7 0.8 NA
mountainous areas
In Alaska, in areas where trees do not 0.7 0.8 NA
exist within a 2-mi (3-km) radius of
the site

The terrain category and roof exposure condition chosen shall be representa-
tive of the anticipated conditions during the life of the structure. An exposure
factor shall be determined for each roof of a structure.

Definitions: Partially Exposed: All roofs except as indicated in the following
text. Fully Exposed: Roofs exposed on all sides with no shelter” afforded by
terrain, higher structures, or trees. Roofs that contain several large pieces of
mechanical equipment, parapets that extend above the height of the balanced
snow load (/;,), or other obstructions are not in this category. Sheltered: Roofs
located tight in among conifers that qualify as obstructions.

Obstructions within a distance of 10k, provide “shelter,” where 4, is the
height of the obstruction above the roof level. If the only obstructions are a
few deciduous trees that are leafless in winter, the “fully exposed” category
shall be used. Note that these are heights above the roof. Heights used to
establish the Exposure Category in Section 26.7 are heights above the ground.
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windward side, p, on the leeward side plus a rectangular surcharge
with magnitude h,y/+/S and horizontal extent from the ridge
Shd\/§/3 where h, is the drift height from Fig. 7.6-1 with [,
equal to the eave to ridge distance for the windward portion of
the roof, W. For W less than 20 ft (6.1 m), use W=1[, = 20 ft
(6.1 m) in Fig. 7.6-1. Balanced and unbalanced loading diagrams
are presented in Fig. 7.6-2.

Table 7.3-2 Thermal Factor, C;

Thermal Condition® C:
All structures except as indicated below 1.0
Structures kept just above freezing and others with cold, 1.1

ventilated roofs in which the thermal resistance (R-value)
between the ventilated space and the heated space exceeds
25°F X h x {t? /Btu (4.4 K x m?> /W)

Unheated and open air structures 1.2
Freezer building 1.3
Continuously heated greenhouses® with a roof having a 0.85

thermal resistance (R-value) less than 2.0°F X h x ft* /Btu
(0.4 K x m>/W)

“These conditions shall be representative of the anticipated conditions during
winters for the life of the structure.

Greenhouses with a constantly maintained interior temperature of 50°F
(10°C) or more at any point 3 ft (0.9 m) above the floor level during winters
and having either a maintenance attendant on duty at all times or a tempera-
ture alarm system to provide warning in the event of a heating failure.
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FIGURE 7.4-1 Graphs for Determining Roof Slope Factor, Cg, for Warm and Cold Roofs (See Table 7.3-2 for C; Definitions)

7.6.2 Unbalanced Snow Loads for Curved Roofs. Portions of
curved roofs that have a slope exceeding 70° shall be considered
free of snow load. If the slope of a straight line from the eaves (or
the 70° point, if present) to the crown is less than 10° or greater
than 60°, unbalanced snow loads shall not be taken into account.

Unbalanced loads shall be determined according to the loading
diagrams in Fig. 7.4-2. In all cases, the windward side shall be
considered free of snow. If the ground or another roof abuts a Case
II or Case III (see Fig. 7.4-2) curved roof at or within 3 ft (0.9 m) of
its eaves, the snow load shall not be decreased between the 30°
point and the eaves but shall remain constant at the 30° point value.
This distribution is shown as a dashed line in Fig. 7.4-2.

7.6.3 Unbalanced Snow Loads for Multiple Folded Plate,
Sawtooth, and Barrel Vault Roofs. Unbalanced loads shall be
applied to folded plate, sawtooth, and barrel-vaulted multiple
roofs with a slope exceeding 3/8 in. on 12 (1.79°). According to
Section 7.4.4, C;=1.0 for such roofs, and the balanced snow
load equals p;. The unbalanced snow load shall increase from
one-half the balanced load at the ridge or crown (i.e., 0.5pf) to
two times the balanced load given in Section 7.4.4 divided by C,
at the valley (i.e., 2p;/C,). Balanced and unbalanced loading
diagrams for a sawtooth roof are presented in Fig. 7.6-3.
However, the snow surface above the valley shall not be at an
elevation higher than the snow above the ridge. Snow depths
shall be determined by dividing the snow load by the density of
that snow from Eq. (7.7-1), which is in Section 7.7.1.

7.6.4 Unbalanced Snow Loads for Dome Roofs. Unbalanced
snow loads shall be applied to domes and similar rounded
structures. Snow loads, determined in the same manner as for
curved roofs in Section 7.6.2, shall be applied to the downwind
90° sector in plan view. At both edges of this sector, the load
shall decrease linearly to zero over sectors of 22.5° each. There
shall be no snow load on the remaining 225° upwind sector.

7.7 DRIFTS ON LOWER ROOFS (AERODYNAMIC
SHADE)

Roofs shall be designed to sustain localized loads from
snowdrifts that form in the wind shadow of (1) higher

portions of the same structure and (2) adjacent structures
and terrain features.

7.7.1 Lower Roof of a Structure. Snow that forms drifts comes
from a higher roof or, with the wind from the opposite direction,
from the roof on which the drift is located. These two kinds of drifts
(“leeward” and “windward,” respectively) are shown in Fig. 7.7-1.
The geometry of the surcharge load due to snow drifting shall be
approximated by a triangle, as shown in Fig. 7.7-2. Drift loads shall
be superimposed on the balanced snow load. If A./h, is less than
0.2, drift loads are not required to be applied.

For leeward drifts, the drift height s; shall be determined
directly from Fig. 7.6-1 using the length of the upper roof and the
Snow Importance Factor from Table 1.5-2. However, the drift
height need not be taken as larger than 60% of the length of the
lower level roof. For windward drifts, the drift height shall be
determined by substituting the length of the lower roof for /, in
Fig. 7.6-1 and using three-quarters of A, as determined from
Fig. 7.6-1 as the drift height. The larger of these two heights shall
be used in design. If this height is equal to or less than 4., the drift
width, w, shall equal 4%, and the drift height shall equal 4. If this
height exceeds 4., the drift width, w, shall equal 4h§ /h. and the
drift height shall equal &.. However, the drift width, w, shall not
be greater than 8. If the drift width, w, exceeds the width of the
lower roof, the drift shall taper linearly to zero at the far end of the
lower level roof. The maximum intensity of the drift surcharge
load, p,;, equals h;y where snow density, y, is defined in
Eq. (7.7-1):

v =0.13p,+14 but not more than 30 Ib/ft3 (7.7-1)

y=0.426p,+2.2, but not more than 4.7 kN/m*  (7.7-1.si)

This density shall also be used to determine A, by dividing p;
by v (in SI: also multiply by 102 to get the depth in m).

7.7.2 Adjacent Structures. If the horizontal separation
distance between adjacent structures, s, is less than 20 ft (6.1 m)
and less than six times the vertical separation distance (s < 6 h),
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Case 1 - Slope at eaves < 30°

Balanced Load

Portion of roof where
Cs = 1.0 from Figure 7-2
(may include entire roof)
1 |
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2pCs'/ Co
Wind # 05p
Unbalanced Load 0
f f 1
Eaves Crown Eaves
Portion of roof where
C, = 1.0 from Figure 7-2
Case 2 - Slope at eaves 30° to 70° i i
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Point Point
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* Use the slope at the eaves to determine C, here,
** Use 30° slope to determine C, here.
# Alternate distribution if another roof abuts.

FIGURE 7.4-2 Balanced and Unbalanced Loads for Curved Roofs
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¥

|
g 30
Point

FIGURE 7.4-3 Sloped Roof Snow Load for Air-Supported
Structures
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then the requirements for the leeward drift of Section 7.7.1 shall
be used to determine the drift load on the lower structure. The
height of the snow drift shall be the smaller of 4,, based upon
the length of the adjacent higher structure, and (64 — s)/6. The
horizontal extent of the drift shall be the smaller of 6A; or
(6h — ).

For windward drifts, the requirements of Section 7.7.1 shall be
used. The resulting drift is permitted to be truncated.

7.7.3 Intersecting Drifts at Low Roofs. At reentrant corners
and parapet wall corners, the provisions in Section 7.7.1 shall be
used to determine the individual snow drift geometry. Where the
two snowdrifts intersect, the larger snowdrift shall govern, as
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FIGURE 7.5-1 Partial Loading Diagrams for Continuous Beams
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L 1f /,> 600 ft, use equation

ha/(1s)°%, Drift Height (ft)

20

If I, < 20 ft, see Note.

0 20 40 60 80 100
Pg, Ground Snow Load (Ib/ft?)

\7;_ =(0.4331, fp, +10)-1.5

Notes: If /, < 20 ft, use I, =20 ft, except hy for this small fetch case need not be
taken greater than /(/spgl,/4y) where [, is the actual fetch distance, not the
minimum fetch of 20 ft.

To convert Ib/ft? to kN/m?, multiply by 0.0479. To convert feet to meters, multiply
by 0.3048.

FIGURE 7.6-1 Graph and Equation for Determining Drift Height, hy

shown in Fig. 7.7-3. Intersecting snowdrift loads shall be
considered to occur concurrently, except that the two drift
loads need not be superimposed.

For leeward intersecting snowdrifts at reentrant corners, the
length of the upper roof applicable for each snowdrift shall be

Balanced l l l l l l l llps

Unbalanced L—I—I—I—l .
W <20 ft with 1% pg

roof rafter system

§h.i Vs
3 |

l |

l 1147//\/§
1 1 ] 3
Note: Unbalanced loads need not be considered

for 0> 30.2° (7 on 12) or for 6 < 2.38° (1/2 on 12).

0.3 ps v

Unbalanced
Other A2 ] v v ¥

FIGURE 7.6-2 Balanced and Unbalanced Snow Loads for Hip and
Gable Roofs

used with [, parallel to w; for the first drift and /, parallel to w,
for the second drift. For windward snowdrifts, the lengths of the
lower roof shall be used for [,.

7.8 ROOF PROJECTIONS AND PARAPETS

The method in Section 7.7.1 shall be used to calculate drift
loads on all sides of roof projections and at parapet walls.
The height of such drifts shall be taken as three-quarters the
drift height from Fig. 7.6-1 (i.e., 0.75h,). For parapet walls,
1, shall be taken equal to the length of the roof upwind of
the wall. For roof projections, [, shall be taken equal to the
greater of the length of the roof upwind or downwind of the
projection.

EXCEPTION: Drift loads shall not be required where the side
of the roof projection is less than 15 ft (4.6 m) or the clear
distance between the height of the balanced snow load, #;, and
the bottom of the projection (including horizontal supports) is at
least 2 ft (0.61 m).

7.9 SLIDING SNOW

The load caused by snow sliding off a sloped roof onto a lower
roof shall be determined for slippery upper roofs with slopes
greater than % on 12, and for other (i.e., nonslippery) upper roofs
with slopes greater than 2 on 12. The total sliding load per unit
length of eave shall be 0.4p;W, where W is the horizontal
distance from the eave to ridge for the sloped upper roof. The
sliding load shall be distributed uniformly on the lower roof over
a distance of 15 ft (4.6 m) from the upper roof eave. If the width
of the lower roof is less than 15 ft (4.6 m), the sliding load shall
be reduced proportionally.

The sliding snow load shall not be further reduced unless a
portion of the snow on the upper roof is blocked from sliding
onto the lower roof by snow already on the lower roof.

For separated structures, sliding loads shall be considered
when i/s > 1 and s < 15 ft (s < 4.6 m). The horizontal extent
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FIGURE 7.6-3 Balanced and Unbalanced Snow Loads for a Sawtooth Roof
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FIGURE 7.7-2 Configuration of Snowdrifts on Lower Roofs

of the sliding load on the lower roof shall be 15 — s with s in feet
(4.6 — s with s in meters), and the load per unit length shall be
0.4p,W(15 —5)/15 with s in feet (0.4p,W (4.6 — s5) /4.6 with 5 in
meters).

Sliding loads shall be superimposed on the balanced snow load
and need not be used in combination with drift, unbalanced,
partial, or rain-on-snow loads.

7.10 RAIN-ON-SNOW SURCHARGE LOAD

For locations where p, is 20 1b/ ft? (0.96 kN/m?) or less, but not
zero, all roofs with slopes (in degrees) less than W /50 with W in
ft (in SI. W/15.2 with W in m) shall include a 5 Ib/ft®
(0.24 kN/m?) rain-on-snow surcharge load. This additional load
applies only to the sloped roof (balanced) load case and need not
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be used in combination with drift, sliding, unbalanced, minimum,
or partial loads.

7.11 PONDING INSTABILITY

Susceptible bays shall be designed to preclude ponding instabili-
ty. Roof deflections caused by full snow loads shall be evaluated
when determining the likelihood of ponding instability (see
Section 8.4).

7.12 EXISTING ROOFS

Existing roofs shall be evaluated for increased snow loads
caused by additions or alterations. Owners or agents for owners
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Uniform Snow Loads on Upper Roof not Shown

FIGURE 7.7-3 Configuration of Intersecting Snowdrifts

WIND DIRECTION
LEFT TORIGHT

at Lower Roof

of an existing lower roof shall be advised of the potential
for increased snow loads where a higher roof is constructed
within 20 ft (6.1 m). See footnote to Table 7.3-1 and
Section 7.7.2.

7.13 SNOW ON OPEN-FRAME EQUIPMENT
STRUCTURES

Open-frame equipment structures shall be designed for snow
loads in accordance with Sections 7.13.1 through 7.13.4. The
thermal factor, C, = 1.2, shall be used in determination of snow
loads for unheated open-frame equipment structures.

7.13.1 Snow at Top Level. Flat roof snow loads (p;) and drift
loads shall be applied at the top level of the structure where there
is flooring or elements that can retain snow. Open frame
members with a width of more than 8 in. (200 mm) shall be
considered snow retaining surfaces. The top level shall be
designed for snowdrifts in accordance with Sections 7.7 and
7.9 where there are wind walls or equivalent obstructions.

7.13.2 Snow at Levels below the Top Level. At all levels with
flooring (grating, checkered plate, etc.) located below a level with
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FIGURE 7.13-1 Open-Frame Equipment Structures

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 63



Downloaded from ascelibrary.org by Mayank Mardia on 02/03/26. Copyright ASCE. For personal use only; all rights reserved.

N e’

Note: D, pipe diameter +2x insulation thickness (as applicable); Py, flat roof
snow load; 6, assumed angle of repose = 70°

FIGURE 7.13-2a Snow Load on Individual Pipes and Cable Trays
with Diameter or Width Less Than or Equal to 0.73p;/y
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Note: D, pipe diameter +2x insulation thickness (as applicable); P;, flat roof
snow load; 6, assumed angle of repose = 70°

FIGURE 7.13-2b Snow Load on Individual Pipes and Cable Trays
with Diameter or Width Greater Than 0.73p;/y
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flooring, the flat roof snow load shall be applied over a portion of
that flooring level near any open edge in accordance with
Fig. 7.13-1. The flat roof snow load shall extend from the
upwind edge of the flooring a horizontal distance equal to the
vertical difference in elevation between the level in question and
the next floor above.

7.13.3 Snow Loads on Pipes and Cable Trays. Individual
pipes and cable trays with a diameter (pipe) or width
(tray) less than or equal to 0.73p;/y shall be designed for a
triangular snow load in accordance with Fig. 7.13-2a. Individual
pipes and cable trays with a diameter (pipe) or width (tray)
greater than 0.73p;/y shall be designed for a trapezoidal
snow load in accordance with Fig. 7.13-2b. Snow loads on
pipes are not required to be considered if the wintertime
external surface temperature of the pipe is greater than 45°F
(7.2°C).

Where the spacing between multiple adjacent pipes or cable
trays at the same elevations is less than the height of the flat roof
snow load (py/y), an additional uniform cornice load of p; shall
be applied in the spaces between the pipes or cable trays, as
shown in Fig. 7.13-3. For S, > h, the additional cornice loads
need not be applied.

7.13.4 Snow Loads on Equipment and Equipment
Platforms. Snow loads on the structure shall include snow
accumulation on equipment and equipment platforms that can
retain snow. Snow accumulation need not be considered on
equipment with a wintertime external surface temperature
greater than 45°F (7.2°C).

7.14 CONSENSUS STANDARDS AND OTHER
REFERENCED DOCUMENTS

No consensus standards and other documents that shall
be considered part of this standard are referenced in this
chapter.

Sp>h CABLE TRAY

FIGURE 7.13-3 Snow Load on Multiple Cable Trays/Pipes at Same Elevation

64

STANDARD ASCE/SEI 7-16



	ASCE STANDARDS

	Tips for Using This Standard

	BRIEF CONTENTS

	CONTENTS

	ACKNOWLEDGMENTS

	Chapter 1: GENERAL

	1.1 Scope
	1.2 Definitions and Symbols
	1.2.1 Definitions.
	1.2.2 Symbols.

	1.3 Basic Requirements
	1.3.1 Strength and Stiffness.
	1.3.1.1 Strength Procedures.
	1.3.1.2 Allowable Stress Procedures.
	1.3.1.3 Performance-Based Procedures.

	1.3.2 Serviceability.
	1.3.3 Functionality.
	1.3.4 Self-Straining Forces and Effects.
	1.3.5 Analysis.
	1.3.6 Counteracting Structural Actions.
	1.3.7 Fire Resistance.

	1.4 General Structural Integrity
	1.4.1 Load Path Connections.
	1.4.2 Lateral Forces.
	1.4.3 Connection to Supports.
	1.4.4 Anchorage of Structural Walls.
	1.4.5 Extraordinary Loads and Events.

	1.5 Classification of Buildings and other Structures
	1.5.1 Risk Categorization.
	1.5.2 Multiple Risk Categories.
	1.5.3 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

	Chapter 2: COMBINATIONS OF LOADS

	2.1 General
	2.2 Symbols
	2.3 Load Combinations for Strength Design
	2.3.1 Basic Combinations.
	2.3.2 Load Combinations Including Flood Load.
	2.3.3 Load Combinations Including Atmospheric Ice Loads.
	2.3.4 Load Combinations Including Self-Straining Forces and Effects.
	2.3.5 Load Combinations for Nonspecified Loads.
	2.3.6 Basic Combinations with Seismic Load Effects.

	2.4 Load Combinations for 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.
	2.4.4 Load Combinations Including Self-Straining Forces and Effects.
	2.4.5 Basic Combinations with Seismic Load Effects.

	2.5 Load Combinations for Extraordinary Events
	2.5.1 Applicability.
	2.5.2 Load Combinations.
	2.5.2.1 Capacity.
	2.5.2.2 Residual Capacity.

	2.5.3 Stability Requirements.

	2.6 Load Combinations for General Structural Integrity Loads
	2.6.1 Strength Design Notional Load Combinations.
	2.6.2 Allowable Stress Design Notional Load Combinations.

	2.7 Consensus Standards and Other Referenced Documents

	Chapter 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.
	3.1.4 Vegetative and Landscaped Roofs.
	3.1.5 Solar Panels.

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

	3.3 Consensus Standards and Other Referenced Documents


	Chapter 4: LIVE LOADS

	4.1 Definitions
	4.2 Loads Not Specified
	4.3 Uniformly Distributed Live Loads
	4.3.1 Required Live Loads.
	4.3.2 Provision for Partitions.
	4.3.3 Partial Loading.

	4.4 Concentrated Live Loads
	4.5 Loads on Handrail, Guardrail, Grab Bar, and Vehicle Barrier Systems, and on Fixed Ladders
	4.5.1 Handrail and Guardrail Systems.
	4.5.1.1 Uniform Load.
	4.5.1.2 Guardrail System Component Loads.

	4.5.2 Grab Bar Systems.
	4.5.3 Vehicle Barrier Systems.
	4.5.4 Fixed Ladders.

	4.6 Impact Loads
	4.6.1 General.
	4.6.2 Elevators.
	4.6.3 Machinery.
	4.6.4 Elements Supporting Hoists for Façade Access and Building Maintenance Equipment.
	4.6.5 Fall Arrest and Lifeline Anchorages.

	4.7 Reduction in Uniform Live Loads
	4.7.1 General.
	4.7.2 Reduction in Uniform Live Loads.
	4.7.3 Heavy Live Loads.
	4.7.4 Passenger Vehicle Garages.
	4.7.5 Assembly Uses.
	4.7.6 Limitations on One-Way Slabs.

	4.8 Reduction in Roof Live Loads
	4.8.1 General.
	4.8.2 Ordinary Roofs, Awnings, and Canopies.
	4.8.3 Occupiable Roofs.

	4.9 Crane Loads
	4.9.1 General.
	4.9.2 Maximum Wheel Load.
	4.9.3 Vertical Impact Force.
	4.9.4 Lateral Force.
	4.9.5 Longitudinal Force.

	4.10 Garage Loads
	4.10.1 Passenger Vehicle Garages.
	4.10.2 Truck and Bus Garages.

	4.11 Helipad Loads
	4.11.1 General.
	4.11.2 Concentrated Helicopter Loads.

	4.12 Uninhabitable Attics
	4.12.1 Uninhabitable Attics without Storage.
	4.12.2 Uninhabitable Attics with Storage.

	4.13 Library Stack Rooms
	4.14 Seating for Assembly Uses
	4.15 Sidewalks, Vehicular Driveways, and Yards Subject to Trucking
	4.15.1 Uniform Loads.
	4.15.2 Concentrated Loads.

	4.16 Stair Treads
	4.17 Solar Panel Loads
	4.17.1 Roof Loads at Solar Panels.
	4.17.2 Load Combination.
	4.17.3 Open-Grid Roof Structures Supporting Solar Panels.

	4.18 Consensus Standards and Other Referenced Documents

	Chapter 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.
	5.4.4.1 Breaking Wave Loads on Vertical Pilings and Columns.
	5.4.4.2 Breaking Wave Loads on Vertical Walls.
	5.4.4.3 Breaking Wave Loads on Nonvertical Walls.
	5.4.4.4 Breaking Wave Loads from Obliquely Incident Waves.

	5.4.5 Impact Loads.

	5.5 Consensus Standards and Other Affiliated Criteria

	Chapter 6: TSUNAMI LOADS AND EFFECTS

	6.1 General Requirements
	6.1.1 Scope.

	6.2 Definitions
	6.3 Symbols and Notation
	6.4 Tsunami Risk Categories
	6.5 Analysis of Design Inundation Depth and Flow Velocity
	6.5.1 Tsunami Risk Category II and III Buildings and Other Structures.
	6.5.1.1. Runup Evaluation for Areas Where No Map Values Are Given.

	6.5.2 Tsunami Risk Category IV Buildings and Other Structures.
	6.5.3 Sea Level Change.

	6.6 Inundation Depths and Flow Velocities Based on Runup
	6.6.1 Maximum Inundation Depth and Flow Velocities Based on Runup.
	6.6.2 Energy Grade Line Analysis of Maximum Inundation Depths and Flow Velocities.
	6.6.3 Terrain Roughness.
	6.6.4 Tsunami Bores.
	6.6.5 Amplified Flow Velocities.

	6.7 Inundation Depths and Flow Velocities Based on Site-Specific Probabilistic Tsunami Hazard Analysis
	6.7.1 Tsunami Waveform.
	6.7.2 Tsunamigenic Sources.
	6.7.3 Earthquake Rupture Unit Source Tsunami Functions for Offshore Tsunami Amplitude.
	6.7.4 Treatment of Modeling and Natural Uncertainties.
	6.7.5 Offshore Tsunami Amplitude.
	6.7.5.1 Offshore Tsunami Amplitude for Distant Seismic Sources.
	6.7.5.2 Direct Computation of Probabilistic Inundation and Runup.

	6.7.6 Procedures for Determining Tsunami Inundation and Runup.
	6.7.6.1 Representative Design Inundation Parameters.
	6.7.6.2 Seismic Subsidence before Tsunami Arrival.
	6.7.6.3 Model Macroroughness Parameter.
	6.7.6.4 Nonlinear Modeling of Inundation.
	6.7.6.5 Model Spatial Resolution.
	6.7.6.6 Built Environment.
	6.7.6.7 Inundation Model Validation
	6.7.6.7.1 Historical or Paleotsunami Inundation Data.
	6.7.6.7.2 Model Validation by Benchmark Tests.
	6.7.6.7.3 Tsunami Bore Formation or Soliton Fission.

	6.7.6.8 Determining Site-Specific Inundation Flow Parameters.
	6.7.6.9 Tsunami Design Parameters for Flow over Land.


	6.8 Structural Design Procedures for Tsunami Effects
	6.8.1 Performance of Tsunami Risk Category II and III Buildings and Other Structures.
	6.8.2 Performance of Tsunami Risk Category III Critical Facilities and Tsunami Risk Category IV Buildings and Other Structures.
	6.8.3 Structural Performance Evaluation.
	6.8.3.1 Load Cases.
	6.8.3.2 Tsunami Importance Factors.
	6.8.3.3 Load Combinations.
	6.8.3.4 Lateral-Force-Resisting System Acceptance Criteria.
	6.8.3.5 Structural Component Acceptance Criteria.
	6.8.3.5.1 Acceptability Criteria by Component Design Strength.
	6.8.3.5.2 Alternative Performance-Based Criteria
	6.8.3.5.3 Alternative Acceptability by Progressive Collapse Avoidance.


	6.8.4 Minimum Fluid Density for Tsunami Loads.
	6.8.5 Flow Velocity Amplification.
	6.8.5.1 Upstream Obstructing Structures.
	6.8.5.2 Flow Velocity Amplification by Physical or Numerical Modeling.

	6.8.6 Directionality of Flow
	6.8.6.1 Flow Direction.
	6.8.6.2 Site-Specific Directionality.

	6.8.7 Minimum Closure Ratio for Load Determination.
	6.8.8 Minimum Number of Tsunami Flow Cycles.
	6.8.9 Seismic Effects on the Foundations Preceding Local Subduction Zone Maximum Considered Tsunami.
	6.8.10 Physical Modeling of Tsunami Flow, Loads, and Effects.

	6.9 Hydrostatic Loads
	6.9.1 Buoyancy.
	6.9.2 Unbalanced Lateral Hydrostatic Force.
	6.9.3 Residual Water Surcharge Load on Floors and Walls.
	6.9.4 Hydrostatic Surcharge Pressure on Foundation.

	6.10 Hydrodynamic Loads
	6.10.1 Simplified Equivalent Uniform Lateral Static Pressure.
	6.10.2 Detailed Hydrodynamic Lateral Forces
	6.10.2.1 Overall Drag Force on Buildings and Other Structures.
	6.10.2.2 Drag Force on Components.
	6.10.2.3 Tsunami Loads on Vertical Structural Components, Fw.
	6.10.2.4 Hydrodynamic Load on Perforated Walls, Fpw.
	6.10.2.5 Walls Angled to the Flow.

	6.10.3 Hydrodynamic Pressures Associated with Slabs
	6.10.3.1 Flow Stagnation Pressure.
	6.10.3.2 Hydrodynamic Surge Uplift at Horizontal Slabs.
	6.10.3.2.1 Slabs Submerged during Tsunami Inflow.
	6.10.3.2.2 Slabs over Sloping Grade.

	6.10.3.3 Tsunami Bore Flow Entrapped in Structural Wall-Slab Recesses.
	6.10.3.3.1 Pressure Load in Structural Wall-Slab Recesses.
	6.10.3.3.2 Reduction of Load with Inundation Depth.
	6.10.3.3.3 Reduction of Load for Wall Openings.
	6.10.3.3.4 Reduction in Load for Slab Openings.
	6.10.3.3.5 Reduction in Load for Tsunami Breakaway Wall.



	6.11 Debris Impact Loads
	6.11.1 Alternative Simplified Debris Impact Static Load.
	6.11.2 Wood Logs and Poles.
	6.11.3 Impact by Vehicles.
	6.11.4 Impact by Submerged Tumbling Boulder and Concrete Debris.
	6.11.5 Site Hazard Assessment for Shipping Containers, Ships, and Barges.
	6.11.6 Shipping Containers.
	6.11.7 Extraordinary Debris Impacts.
	6.11.8 Alternative Methods of Response Analysis.

	6.12 Foundation Design
	6.12.1 Resistance Factors for Foundation Stability Analyses.
	6.12.2 Load and Effect Characterization.
	6.12.2.1 Uplift and Underseepage Forces.
	6.12.2.2 Loss of Strength.
	6.12.2.3 General Erosion.
	6.12.2.4 Scour.
	6.12.2.4.1 Sustained Flow Scour.
	6.12.2.4.2 Plunging Scour.

	6.12.2.5 Horizontal Soil Loads.
	6.12.2.6 Displacements.

	6.12.3 Alternative Foundation Performance-Based Design Criteria.
	6.12.4 Foundation Countermeasures.
	6.12.4.1 Fill.
	6.12.4.2 Protective Slab on Grade.
	6.12.4.3 Geotextiles and Reinforced Earth Systems.
	6.12.4.4 Facing Systems.
	6.12.4.5 Ground Improvement.


	6.13 Structural Countermeasures for Tsunami Loading
	6.13.1 Open Structures.
	6.13.2 Tsunami Barriers.
	6.13.2.1 Information on Existing Buildings and Other Structures to Be Protected.
	6.13.2.2 Site Layout.


	6.14 Tsunami Vertical Evacuation Refuge Structures
	6.14.1 Minimum Inundation Elevation and Depth.
	6.14.2 Refuge Live Load.
	6.14.3 Laydown Impacts.
	6.14.4 Information on Construction Documents.
	6.14.5 Peer Review.

	6.15 Designated Nonstructural Components and Systems
	6.15.1 Performance Requirements.

	6.16 Nonbuilding Tsunami Risk Category Iii and Iv Structures
	6.16.1 Requirements for Tsunami Risk Category III Nonbuilding Structures.
	6.16.2 Requirements for Tsunami Risk Category IV Nonbuilding Structures.

	6.17 Consensus Standards and Other Referenced Documents

	Chapter 7: SNOW LOADS

	7.1 Definitions and Symbols
	7.1.1 Definitions
	7.1.2 Symbols

	7.2 Ground Snow Loads, pg
	7.3 Flat Roof Snow Loads, pf
	7.3.1 Exposure Factor, Ce.
	7.3.2 Thermal Factor, Ct.
	7.3.3 Importance Factor, Is.
	7.3.4 Minimum Snow Load for Low-Slope Roofs, pm.

	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.
	7.4.6 Sloped Roof Snow Loads for Air-Supported Structures.

	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.
	7.7.3 Intersecting Drifts at Low Roofs.

	7.8 Roof Projections and Parapets
	7.9 Sliding Snow
	7.10 Rain-On-Snow Surcharge Load
	7.11 Ponding Instability
	7.12 Existing Roofs
	7.13 Snow on Open-Frame Equipment Structures
	7.13.1 Snow at Top Level.
	7.13.2 Snow at Levels below the Top Level.
	7.13.3 Snow Loads on Pipes and Cable Trays.
	7.13.4 Snow Loads on Equipment and Equipment Platforms.

	7.14 Consensus Standards and other Referenced Documents

	Chapter 8: RAIN LOADS

	8.1 Definitions and Symbols
	8.1.1 Definitions
	8.1.2 Symbols

	8.2 Roof Drainage
	8.3 Design Rain Loads
	8.4 Ponding Instability and Ponding Load
	8.5 Controlled Drainage
	8.6 Consensus Standards and Other Referenced Documents


	Chapter 9: RESERVED FOR FUTURE PROVISIONS

	Chapter 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
	10.4 Ice Loads Caused by 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 Design Temperatures for Freezing Rain
	10.7 Partial Loading
	10.8 Design Procedure
	10.9 Consensus Standards and Other Referenced Documents

	Chapter 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.
	11.1.5 Quality Assurance.

	11.2 Definitions
	11.3 Symbols
	11.4 Seismic Ground Motion Values
	11.4.1 Near-Fault Sites.
	11.4.2 Mapped Acceleration Parameters.
	11.4.3 Site Class.
	11.4.4 Site Coefficients and Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration Parameters.
	11.4.5 Design Spectral Acceleration Parameters.
	11.4.6 Design Response Spectrum.
	11.4.7 Risk-Targeted Maximum Considered Earthquake (MCER) Response Spectrum.
	11.4.8 Site-Specific Ground Motion Procedures.

	11.5 Importance Factor and Risk Category
	11.5.1 Importance Factor.
	11.5.2 Protected Access for Risk Category IV.

	11.6 Seismic Design Category
	11.7 Design Requirements for Seismic Design Category A
	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 Requirements for Seismic Design Categories C through F.
	11.8.3 Additional Geotechnical Investigation Report Requirements for Seismic Design Categories D through F.

	11.9 Vertical Ground Motions For Seismic Design
	11.9.1 General.
	11.9.2 MCER Vertical Response Spectrum.
	11.9.3 Design Vertical Response Spectrum.

	11.10 Consensus Standards and Other Referenced Documents

	Chapter 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
	12.2.1.1 Alternative Structural Systems
	12.2.1.2 Elements of Seismic Force-Resisting Systems

	12.2.2 Combinations of Framing Systems in Different Directions
	12.2.3 Combinations of Framing Systems in the Same Direction
	12.2.3.1 R, Cd, and &Omega;0 Values for Vertical Combinations
	12.2.3.2 Two-Stage Analysis Procedure
	12.2.3.3 R, Cd, and &Omega;0 Values for Horizontal Combinations

	12.2.4 Combination Framing Detailing Requirements
	12.2.5 System-Specific Requirements
	12.2.5.1 Dual System
	12.2.5.2 Cantilever Column Systems
	12.2.5.3 Inverted Pendulum-Type Structures
	12.2.5.4 Increased Structural Height Limit for Steel Eccentrically Braced Frames, Steel Special Concentrically Braced Frames, Steel Buckling-Restrained Braced Frames, Steel Special Plate Shear Walls, and Special Reinforced Concrete Shear Walls
	12.2.5.5 Special Moment Frames in Structures Assigned to Seismic Design Categories D through F
	12.2.5.6 Steel Ordinary Moment Frames
	12.2.5.6.1 Seismic Design Category D or E
	12.2.5.6.2 Seismic Design Category F.

	12.2.5.7 Steel Intermediate Moment Frames
	12.2.5.7.1 Seismic Design Category D
	12.2.5.7.2 Seismic Design Category E
	12.2.5.7.3 Seismic Design Category F

	12.2.5.8 Shear Wall-Frame Interactive Systems


	12.3 Diaphragm Flexibility, Configuration Irregularities, and Redundancy
	12.3.1 Diaphragm Flexibility
	12.3.1.1 Flexible Diaphragm Condition
	12.3.1.2 Rigid Diaphragm Condition
	12.3.1.3 Calculated Flexible Diaphragm Condition

	12.3.2 Irregular and Regular Classification
	12.3.2.1 Horizontal Irregularity
	12.3.2.2 Vertical Irregularity

	12.3.3 Limitations and Additional Requirements for Systems with Structural Irregularities
	12.3.3.1 Prohibited Horizontal and Vertical Irregularities for Seismic Design Categories D through F
	12.3.3.2 Extreme Weak Stories
	12.3.3.3 Elements Supporting Discontinuous Walls or Frames
	12.3.3.4 Increase in Forces Caused by Irregularities for Seismic Design Categories D through F

	12.3.4 Redundancy
	12.3.4.1 Conditions Where Value of &rho; is 1.0
	12.3.4.2 Redundancy Factor, &rho;, for Seismic Design Categories D through F


	12.4 Seismic Load Effects and Combinations
	12.4.1 Applicability
	12.4.2 Seismic Load Effect
	12.4.2.1 Horizontal Seismic Load Effect
	12.4.2.2 Vertical Seismic Load Effect

	12.4.3 Seismic Load Effects Including Overstrength
	12.4.3.1 Horizontal Seismic Load Effect Including Overstrength
	12.4.3.2 Capacity-Limited Horizontal Seismic Load Effect

	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 C
	12.5.3.1 Structures with Nonparallel System Irregularities

	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 (ELF) Procedure
	12.8.1 Seismic Base Shear
	12.8.1.1 Calculation of Seismic Response Coefficient
	12.8.1.2 Soil-Structure Interaction Reduction
	12.8.1.3 Maximum SDS Value in Determination of Cs and Ev

	12.8.2 Period Determination
	12.8.2.1 Approximate Fundamental Period

	12.8.3 Vertical Distribution of Seismic Forces
	12.8.4 Horizontal Distribution of Forces
	12.8.4.1 Inherent Torsion
	12.8.4.2 Accidental Torsion
	12.8.4.3 Amplification of Accidental Torsional Moment

	12.8.5 Overturning
	12.8.6 Story Drift Determination
	12.8.6.1 Minimum Base Shear for Computing Drift
	12.8.6.2 Period for Computing Drift

	12.8.7 P-Delta Effects

	12.9 Linear Dynamic Analysis
	12.9.1 Modal Response Spectrum Analysis
	12.9.1.1 Number of Modes
	12.9.1.2 Modal Response Parameters
	12.9.1.3 Combined Response Parameters
	12.9.1.4 Scaling Design Values of Combined Response
	12.9.1.4.1 Scaling of Forces.
	12.9.1.4.2 Scaling of Drifts.

	12.9.1.5 Horizontal Shear Distribution
	12.9.1.6 P-Delta Effects
	12.9.1.7 Soil-Structure Interaction Reduction
	12.9.1.8 Structural Modeling

	12.9.2 Linear Response History Analysis
	12.9.2.1 General Requirements
	12.9.2.2 General Modeling Requirements
	12.9.2.2.1 P-Delta Effects.
	12.9.2.2.2 Accidental Torsion.
	12.9.2.2.3 Foundation Modeling.
	12.9.2.2.4 Number of Modes to Include in Modal Response History Analysis.
	12.9.2.2.5 Damping.

	12.9.2.3 Ground Motion Selection and Modification
	12.9.2.3.1 Procedure for Spectrum Matching.

	12.9.2.4 Application of Ground Acceleration Histories
	12.9.2.5 Modification of Response for Design
	12.9.2.5.1 Determination of Maximum Elastic and Inelastic Base Shear.
	12.9.2.5.2 Determination of Base Shear Scale Factor.
	12.9.2.5.3 Determination of Combined Force Response.
	12.9.2.5.4 Determination of Combined Displacement Response.

	12.9.2.6 Enveloping of Force Response Quantities
	12.9.2.7 Enveloping of Displacement Response Quantities


	12.10 Diaphragms, Chords, and Collectors
	12.10.1 Diaphragm Design
	12.10.1.1 Diaphragm Design Forces

	12.10.2 Collector Elements
	12.10.2.1 Collector Elements Requiring Load Combinations Including Overstrength for Seismic Design Categories C through F

	12.10.3 Alternative Design Provisions for Diaphragms, Including Chords and Collectors
	12.10.3.1 Design
	12.10.3.2 Seismic Design Forces for Diaphragms, Including Chords and Collectors
	12.10.3.2.1 Design Acceleration Coefficients Cp0, Cpi, and Cpn.

	12.10.3.3 Transfer Forces in Diaphragms
	12.10.3.4 Collectors-Seismic Design Categories C through F
	12.10.3.5 Diaphragm Design Force Reduction Factor


	12.11 Structural Walls and Their Anchorage
	12.11.1 Design for Out-of-Plane Forces
	12.11.2 Anchorage of Structural Walls and Transfer of Design Forces into Diaphragms or Other Supporting Structural Elements
	12.11.2.1 Wall Anchorage Forces
	12.11.2.2 Additional Requirements for Anchorage of Concrete or Masonry Structural Walls to Diaphragms in Structures Assigned to Seismic Design Categories C through F
	12.11.2.2.1 Transfer of Anchorage Forces into Diaphragm.
	12.11.2.2.2 Steel Elements of Structural Wall Anchorage System.
	12.11.2.2.3 Wood Diaphragms.
	12.11.2.2.4 Metal Deck Diaphragms.
	12.11.2.2.5 Embedded Straps.
	12.11.2.2.6 Eccentrically Loaded Anchorage System.
	12.11.2.2.7 Walls with Pilasters.



	12.12 Drift and Deformation
	12.12.1 Story Drift Limit
	12.12.1.1 Moment Frames in Structures Assigned to Seismic Design Categories D through F

	12.12.2 Diaphragm Deflection
	12.12.3 Structural Separation
	12.12.4 Members Spanning between Structures
	12.12.5 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 Strength Design for Foundation Geotechnical Capacity
	12.13.5.1 Nominal Strength
	12.13.5.1.1 Soil Strength Parameters.

	12.13.5.2 Resistance Factors
	12.13.5.3 Acceptance Criteria

	12.13.6 Allowable Stress Design for Foundation Geotechnical Capacity
	12.13.7 Requirements for Structures Assigned to Seismic Design Category C
	12.13.7.1 Pole-Type Structures
	12.13.7.2 Foundation Ties
	12.13.7.3 Pile Anchorage Requirements

	12.13.8 Requirements for Structures Assigned to Seismic Design Categories D through F
	12.13.8.1 Pole-Type Structures
	12.13.8.2 Foundation Ties
	12.13.8.3 General Pile Design Requirement
	12.13.8.4 Batter Piles
	12.13.8.5 Pile Anchorage Requirements
	12.13.8.6 Splices of Pile Segments
	12.13.8.7 Pile-Soil Interaction
	12.13.8.8 Pile Group Effects

	12.13.9 Requirements for Foundations on Liquefiable Sites
	12.13.9.1 Foundation Design
	12.13.9.2 Shallow Foundations
	12.13.9.2.1 Shallow Foundation Design

	12.13.9.3 Deep Foundations
	12.13.9.3.1 Downdrag
	12.13.9.3.2 Lateral Resistance
	12.13.9.3.3 Concrete Deep Foundation Detailing
	12.13.9.3.4 Lateral Spreading
	12.13.9.3.5 Foundation Ties



	12.14 Simplified Alternative Structural Design Criteria for Simple Bearing Wall or Building Frame Systems
	12.14.1 General
	12.14.1.1 Simplified Design Procedure
	12.14.1.2 Reference Documents
	12.14.1.3 Definitions
	12.14.1.4 Notation

	12.14.2 Design Basis
	12.14.3 Seismic Load Effects
	12.14.3.1 Seismic Load Effect
	12.14.3.1.1 Horizontal Seismic Load Effect
	12.14.3.1.2 Vertical Seismic Load Effect

	12.14.3.2 Seismic Load Effect Including Overstrength
	12.14.3.2.1 Horizontal Seismic Load Effect with a 2.5&ensp;Overstrength
	12.14.3.2.2 Capacity-Limited Horizontal Seismic Load Effect
	12.14.3.2.3 Load Combinations Including Overstrength.


	12.14.4 Seismic Force-Resisting System
	12.14.4.1 Selection and Limitations
	12.14.4.2 Combinations of Framing Systems
	12.14.4.2.1 Horizontal Combinations
	12.14.4.2.2 Vertical Combinations
	12.14.4.2.3 Combination Framing Detailing Requirements


	12.14.5 Diaphragm Flexibility
	12.14.6 Application of Loading
	12.14.7 Design and Detailing Requirements
	12.14.7.1 Connections
	12.14.7.2 Openings or Reentrant Building Corners
	12.14.7.3 Collector Elements
	12.14.7.4 Diaphragms
	12.14.7.5 Anchorage of Structural Walls
	12.14.7.5.1 Transfer of Anchorage Forces into Diaphragms
	12.14.7.5.2 Wood Diaphragms
	12.14.7.5.3 Metal Deck Diaphragms
	12.14.7.5.4 Embedded Straps

	12.14.7.6 Bearing Walls and Shear Walls
	12.14.7.7 Anchorage of Nonstructural Systems

	12.14.8 Simplified Lateral Force Analysis Procedure
	12.14.8.1 Seismic Base Shear
	12.14.8.2 Vertical Distribution
	12.14.8.3 Horizontal Shear Distribution
	12.14.8.3.1 Flexible Diaphragm Structures
	12.14.8.3.2 Structures with Diaphragms That Are Not Flexible

	12.14.8.4 Overturning
	12.14.8.5 Drift Limits and Building Separation


	12.15 Consensus Standards and Other Referenced Documents

	Chapter 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 Premanufactured Modular Mechanical and Electrical Systems.
	13.1.6 Application of Nonstructural Component Requirements to Nonbuilding Structures.
	13.1.7 Reference Documents.
	13.1.8 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.
	13.2.3.1 Clearances between Equipment, Distribution Systems, Supports, and Sprinkler System Drops and Sprigs.

	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
	13.3.1.1 Horizontal Force.
	13.3.1.2 Vertical Force.
	13.3.1.3 Nonseismic Loads.
	13.3.1.4 Dynamic Analysis.
	13.3.1.4.1 Floor Response Spectra.
	13.3.1.4.2 Alternate Floor Response Spectra.


	13.3.2 Seismic Relative Displacements.
	13.3.2.1 Displacements within Structures.
	13.3.2.2 Displacements between Structures.

	13.3.3 Component Period.

	13.4 Nonstructural Component Anchorage
	13.4.1 Design Force in the Attachment.
	13.4.2 Anchors in Concrete or Masonry
	13.4.2.1 Anchors in Concrete.
	13.4.2.2 Anchors in Masonry.
	13.4.2.3 Post-Installed Anchors in Concrete and 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.
	13.5.6.1 Seismic Forces.
	13.5.6.2 Industry Standard Construction for Acoustical Tile or Lay-In Panel Ceilings.
	13.5.6.2.1 Seismic Design Category C.
	13.5.6.2.2 Seismic Design Categories D through F.

	13.5.6.3 Integral Construction.

	13.5.7 Access Floors
	13.5.7.1 General.
	13.5.7.2 Special Access Floors.

	13.5.8 Partitions
	13.5.8.1 General.
	13.5.8.2 Glass.

	13.5.9 Glass in Glazed Curtain Walls, Glazed Storefronts, and Glazed Partitions
	13.5.9.1 General.
	13.5.9.2 Seismic Drift Limits for Glass Components.

	13.5.10 Egress Stairs and Ramps.

	13.6 Mechanical and Electrical Components
	13.6.1 General.
	13.6.2 Mechanical Components.
	13.6.2.1 HVACR Equipment.

	13.6.3 Electrical Components.
	13.6.4 Component Supports.
	13.6.4.1 Design Basis.
	13.6.4.2 Design for Relative Displacement.
	13.6.4.3 Support Attachment to Component.
	13.6.4.4 Material Detailing Requirements.
	13.6.4.5 Additional Requirements.

	13.6.5 Distribution Systems: Conduit, Cable Tray, and Raceways.
	13.6.6 Distribution Systems: Duct Systems.
	13.6.7 Distribution Systems: Piping and Tubing Systems.
	13.6.7.1 ASME Pressure Piping Systems.
	13.6.7.2 Fire Protection Sprinkler Piping Systems.
	13.6.7.3 Exceptions.

	13.6.8 Distribution Systems: Trapezes with a Combination of Systems.
	13.6.9 Utility and Service Lines.
	13.6.10 Boilers and Pressure Vessels.
	13.6.11 Elevator and Escalator Design Requirements.
	13.6.11.1 Escalators, Elevators, and Hoistway Structural Systems.
	13.6.11.2 Elevator Equipment and Controller Supports and Attachments.
	13.6.11.3 Seismic Controls for Elevators.
	13.6.11.4 Retainer Plates.

	13.6.12 Rooftop Solar Panels.
	13.6.13 Other Mechanical and Electrical Components.

	13.7 Consensus Standards and Other Referenced Documents

	Chapter 14: MATERIAL-SPECIFIC SEISMIC DESIGN AND DETAILING REQUIREMENTS

	14.0 Scope
	14.1 Steel
	14.1.1 Reference Documents.
	14.1.2 Structural Steel
	14.1.2.1 General.
	14.1.2.2 Seismic Requirements for Structural Steel Structures.
	14.1.2.2.1 Seismic Design Categories B and C.
	14.1.2.2.2 Seismic Design Categories D through F.


	14.1.3 Cold-Formed Steel
	14.1.3.1 General.
	14.1.3.2 Seismic Requirements for Cold-Formed Steel Structures.

	14.1.4 Cold-Formed Steel Light-Frame Construction
	14.1.4.1 General.
	14.1.4.2 Seismic Requirements for Cold-Formed Steel Light-Frame Construction.
	14.1.4.2.1 Seismic Design Categories B and C.
	14.1.4.2.2 Seismic Design Categories D through F.

	14.1.4.3 Prescriptive Cold-Formed Steel Light-Frame Construction.

	14.1.5 Cold-Formed Steel Deck Diaphragms.
	14.1.6 Open Web Steel Joists and Joist Girders.
	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.
	14.2.2.1 Definitions.
	14.2.2.2 ACI 318, Section 10.7.6.
	14.2.2.3 Scope.
	14.2.2.4 Intermediate Precast Structural Walls.
	14.2.2.5 Special Precast Structural Walls.
	14.2.2.6 Foundations.
	14.2.2.7 Detailed Plain Concrete Shear Walls.

	14.2.3 Additional Detailing Requirements for Concrete Piles.
	14.2.3.1 Concrete Pile Requirements for Seismic Design Category C.
	14.2.3.1.1 Anchorage of Piles.
	14.2.3.1.2 Reinforcement for Uncased Concrete Piles (SDC C).
	14.2.3.1.3 Reinforcement for Metal-Cased Concrete Piles (SDC C).
	14.2.3.1.4 Reinforcement for Concrete-Filled Pipe Piles (SDC C).
	14.2.3.1.5 Reinforcement for Precast Nonprestressed Piles (SDC C).
	14.2.3.1.6 Reinforcement for Precast Prestressed Piles (SDC C).

	14.2.3.2 Concrete Pile Requirements for Seismic Design Categories D through F.
	14.2.3.2.1 Site Class E or F Soil.
	14.2.3.2.2 Nonapplicable ACI 318 Sections for Grade Beam and Piles.
	14.2.3.2.3 Reinforcement for Uncased Concrete Piles (SDC D through F).
	14.2.3.2.4 Reinforcement for Metal-Cased Concrete Piles (SDC D through F).
	14.2.3.2.5 Reinforcement for Precast Nonprestressed Piles (SDC D through F).
	14.2.3.2.6 Reinforcement for Precast Prestressed Piles (SDC D through F).


	14.2.4 Additional Design and Detailing Requirements for Precast Concrete Diaphragms.
	14.2.4.1 Diaphragm Seismic Demand Levels.
	14.2.4.1.1 Diaphragm Span.
	14.2.4.1.2 Diaphragm Aspect Ratio.
	14.2.4.1.3 Diaphragm Shear Amplification Factor.

	14.2.4.2 Diaphragm Design Options.
	14.2.4.2.1 Elastic Design Option.
	14.2.4.2.2 Basic Design Option.
	14.2.4.2.3 Reduced Design Option.

	14.2.4.3 Diaphragm Connector or Joint Reinforcement Deformability.
	14.2.4.3.1 Low Deformability Element (LDE).
	14.2.4.3.2 Moderate Deformability Element (MDE).
	14.2.4.3.3 High Deformability Element (HDE).
	14.2.4.3.4 Connector/Joint Reinforcement Classification.
	14.2.4.3.5 Deformed Bar Reinforcement.
	14.2.4.3.6 Special Inspection.

	14.2.4.4 Precast Concrete Diaphragm Connector and Joint Reinforcement Qualification Procedure.
	14.2.4.4.1 Test Modules.
	14.2.4.4.2 Number of Tests.
	14.2.4.4.3 Test Configuration.
	14.2.4.4.4 Instrumentation.
	14.2.4.4.5 Loading Protocols.
	14.2.4.4.6 Measurement Indices, Test Observations, and Acquisition of Data.
	14.2.4.4.7 Response Properties.
	14.2.4.4.8 Test Report.



	14.3 Composite Steel and Concrete Structures
	14.3.1 Reference Documents.
	14.3.2 General.
	14.3.3 Seismic Requirements for Composite Steel and Concrete Structures.
	14.3.4 Metal-Cased Concrete Piles.

	14.4 Masonry
	14.4.1 Reference Documents.
	14.4.2 R Factors.
	14.4.3 Modifications to Chapter 7 of TMS 402
	14.4.3.1 Separation Joints.

	14.4.4 Modifications to Chapter 6 of TMS 402
	14.4.4.1 Reinforcement Requirements and Details
	14.4.4.1.1 Reinforcing Bar Size Limitations.
	14.4.4.1.2 Splices in Reinforcement.


	14.4.5 Modifications to Chapter 9 of TMS 402
	14.4.5.1 Anchoring to Masonry.
	14.4.5.2 Coupling Beams.
	14.4.5.3 Walls with Factored Axial Stress Greater Than 0.05fm&prime;.
	14.4.5.4 Shear Keys.

	14.4.6 Modifications to Chapter 12 of TMS 402
	14.4.6.1 Corrugated Sheet Metal Anchors.

	14.4.7 Modifications to TMS 602.
	14.4.7.1 Construction Procedures.


	14.5 Wood
	14.5.1 Reference Documents.

	14.6 Consensus Standards and Other Referenced Documents

	Chapter 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.
	15.1.4 Nonbuilding Structures Sensitive to Vertical Ground Motions.
	15.1.4.1 Direction of Loading Criteria for Nonbuilding Structures Sensitive to Vertical Ground Motions.
	15.1.4.1.1 Strength.
	15.1.4.1.2 Overturning and Stability.



	15.2 This section intentionally left blank; see section 15.8
	15.3 Nonbuilding Structures Supported by Other Structures
	15.3.1 Less Than 25% Combined Weight Condition.
	15.3.2 Greater Than or Equal to 25% Combined Weight Condition.
	15.3.3 Architectural, Mechanical, and Electrical Components.

	15.4 Structural Design Requirements
	15.4.1 Design Basis.
	15.4.1.1 Importance Factor.

	15.4.2 Rigid Nonbuilding Structures.
	15.4.3 Loads.
	15.4.4 Fundamental Period.
	15.4.5 Drift Limit.
	15.4.6 Materials Requirements.
	15.4.7 Drift, Deflection, and Structure Separation.
	15.4.8 Site-Specific Response Spectra.
	15.4.9 Anchors in Concrete or Masonry
	15.4.9.1 Anchors in Concrete.
	15.4.9.2 Anchors in Masonry.
	15.4.9.3 Post-installed Anchors in Concrete and Masonry.
	15.4.9.4 ASTM F1554 Anchors.

	15.4.10 Requirements for Nonbuilding Structure Foundations on Liquefiable Sites.
	15.4.10.1 Nonbuilding Structures on Shallow Foundations.


	15.5 Nonbuilding Structures Similar to Buildings
	15.5.1 General.
	15.5.2 Pipe Racks
	15.5.2.1 Design Basis.

	15.5.3 Storage Racks.
	15.5.3.1 Steel Storage Racks.
	15.5.3.2 Steel Cantilevered Storage Racks.
	15.5.3.3 Alternative.
	15.5.3.3.1 General Requirements.
	15.5.3.3.2 Operating Weight.
	15.5.3.3.3 Vertical Distribution of Seismic Forces.
	15.5.3.3.4 Seismic Displacements.


	15.5.4 Electrical Power-Generating Facilities
	15.5.4.1 General.
	15.5.4.2 Design Basis.

	15.5.5 Structural Towers for Tanks and Vessels
	15.5.5.1 General.

	15.5.6 Piers and Wharves
	15.5.6.1 General.
	15.5.6.2 Design Basis.


	15.6 General Requirements for Nonbuilding Structures Not Similar to Buildings
	15.6.1 Earth-Retaining Structures.
	15.6.2 Chimneys and Stacks.
	15.6.2.1 General.
	15.6.2.2 Concrete Chimneys and Stacks.
	15.6.2.3 Steel Chimneys and Stacks.

	15.6.3 Amusement Structures.
	15.6.4 Special Hydraulic Structures.
	15.6.4.1 Design Basis.

	15.6.5 Secondary Containment Systems.
	15.6.5.1 Freeboard.

	15.6.6 Telecommunication Towers.
	15.6.7 Steel Tubular Support Structures for Onshore Wind Turbine Generator Systems.
	15.6.8 Ground-Supported Cantilever Walls or Fences
	15.6.8.1 General.
	15.6.8.2 Design Basis.


	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
	15.7.6.1 General.
	15.7.6.1.1 Distribution of Hydrodynamic and Inertia Forces.
	15.7.6.1.2 Sloshing.
	15.7.6.1.3 Equipment and Attached Piping.
	15.7.6.1.4 Internal Elements.
	15.7.6.1.5 Sliding Resistance.
	15.7.6.1.6 Local Shear Transfer.
	15.7.6.1.7 Pressure Stability.
	15.7.6.1.8 Shell Support.
	15.7.6.1.9 Repair, Alteration, or Reconstruction.


	15.7.7 Water Storage and Water Treatment Tanks and Vessels
	15.7.7.1 Welded Steel.
	15.7.7.2 Bolted Steel.
	15.7.7.3 Reinforced and Prestressed Concrete.

	15.7.8 Petrochemical and Industrial Tanks and Vessels Storing Liquids
	15.7.8.1 Welded Steel.
	15.7.8.2 Bolted Steel.
	15.7.8.3 Reinforced and Prestressed Concrete.

	15.7.9 Ground-Supported Storage Tanks for Granular Materials
	15.7.9.1 General.
	15.7.9.2 Lateral Force Determination.
	15.7.9.3 Force Distribution to Shell and Foundation
	15.7.9.3.1 Increased Lateral Pressure.
	15.7.9.3.2 Effective Mass.
	15.7.9.3.3 Effective Density.
	15.7.9.3.4 Lateral Sliding.
	15.7.9.3.5 Combined Anchorage Systems.

	15.7.9.4 Welded Steel Structures.
	15.7.9.5 Bolted Steel Structures.
	15.7.9.6 Reinforced Concrete Structures.
	15.7.9.7 Prestressed Concrete Structures.

	15.7.10 Elevated Tanks and Vessels for Liquids and Granular Materials
	15.7.10.1 General.
	15.7.10.2 Effective Mass.
	15.7.10.3 P-Delta Effects.
	15.7.10.4 Transfer of Lateral Forces into Support Tower.
	15.7.10.5 Evaluation of Structures Sensitive to Buckling Failure.
	15.7.10.6 Welded Steel Water Storage Structures.
	15.7.10.7 Concrete Pedestal (Composite) Tanks.

	15.7.11 Boilers and Pressure Vessels
	15.7.11.1 General.
	15.7.11.2 ASME Boilers and Pressure Vessels.
	15.7.11.3 Attachments of Internal Equipment and Refractory.
	15.7.11.4 Coupling of Vessel and Support Structure.
	15.7.11.5 Effective Mass.
	15.7.11.6 Other Boilers and Pressure Vessels.
	15.7.11.7 Supports and Attachments for Boilers and Pressure Vessels.

	15.7.12 Liquid and Gas Spheres
	15.7.12.1 General.
	15.7.12.2 ASME Spheres.
	15.7.12.3 Attachments of Internal Equipment and Refractory.
	15.7.12.4 Effective Mass.
	15.7.12.5 Post- and Rod-Supported Spheres.
	15.7.12.6 Skirt-Supported Spheres.

	15.7.13 Refrigerated Gas Liquid Storage Tanks and Vessels
	15.7.13.1 General.

	15.7.14 Horizontal, Saddle-Supported Vessels for Liquid or Vapor Storage
	15.7.14.1 General.
	15.7.14.2 Effective Mass.
	15.7.14.3 Vessel Design.


	15.8 Consensus Standards and Other Referenced Documents

	Chapter 16: NONLINEAR RESPONSE HISTORY ANALYSIS

	16.1 General Requirements
	16.1.1 Scope.
	16.1.2 Linear Analysis.
	16.1.3 Vertical Response Analysis.
	16.1.4 Documentation.

	16.2 Ground Motions
	16.2.1 Target Response Spectrum.
	16.2.1.1 Method 1.
	16.2.1.2 Method 2.

	16.2.2 Ground Motion Selection.
	16.2.3 Ground Motion Modification.
	16.2.3.1 Period Range for Scaling or Matching.
	16.2.3.2 Amplitude Scaling.
	16.2.3.3 Spectral Matching.

	16.2.4 Application of Ground Motions to the Structural Model.

	16.3 Modeling and Analysis
	16.3.1 Modeling.
	16.3.2 Gravity Load.
	16.3.3 P-Delta Effects.
	16.3.4 Torsion.
	16.3.5 Damping.
	16.3.6 Explicit Foundation Modeling.

	16.4 Analysis Results and Acceptance Criteria
	16.4.1 Global Acceptance Criteria
	16.4.1.1 Unacceptable Response.
	16.4.1.2 Story Drift.

	16.4.2 Element-Level Acceptance Criteria.
	16.4.2.1 Force-Controlled Actions.
	16.4.2.2 Deformation-Controlled Actions.
	16.4.2.3 Elements of the Gravity Force-Resisting System.


	16.5 Design Review
	16.5.1 Reviewer Qualifications.
	16.5.2 Review Scope.

	16.6 Consensus Standards and Other Referenced Documents

	Chapter 17: SEISMIC DESIGN REQUIREMENTS FOR SEISMICALLY ISOLATED STRUCTURES

	17.1 General
	17.1.1 Definitions.
	17.1.2 Symbols.

	17.2 General Design Requirements
	17.2.1 Importance Factor.
	17.2.2 Configuration.
	17.2.3 Redundancy.
	17.2.4 Isolation System
	17.2.4.1 Environmental Conditions.
	17.2.4.2 Wind Forces.
	17.2.4.3 Fire Resistance.
	17.2.4.4 Lateral Restoring Force.
	17.2.4.5 Displacement Restraint.
	17.2.4.6 Vertical-Load Stability.
	17.2.4.7 Overturning.
	17.2.4.8 Inspection and Replacement.
	17.2.4.9 Quality Control.

	17.2.5 Structural System
	17.2.5.1 Horizontal Distribution of Force.
	17.2.5.2 Minimum Building Separations.
	17.2.5.3 Nonbuilding Structures.
	17.2.5.4 Steel Ordinary Concentrically Braced Frames.
	17.2.5.5 Isolation System Connections.

	17.2.6 Elements of Structures and Nonstructural Components.
	17.2.6.1 Components at or above the Isolation Interface.
	17.2.6.2 Components Crossing the Isolation Interface.
	17.2.6.3 Components below the Isolation Interface.

	17.2.7 Seismic Load Effects and Load Combinations.
	17.2.7.1 Isolator Unit Vertical Load Combinations.

	17.2.8 Isolation System Properties
	17.2.8.1 Isolation System Component Types.
	17.2.8.2 Isolator Unit Nominal Properties.
	17.2.8.3 Bounding Properties of Isolation System Components.
	17.2.8.4 Property Modification Factors.
	17.2.8.5 Upper Bound and Lower Bound Force-Deflection Behavior of Isolation System Components.
	17.2.8.6 Isolation System Properties at Maximum Displacements.
	17.2.8.7 Upper Bound and Lower Bound Isolation System Properties at Maximum Displacement.


	17.3 Seismic Ground Motion Criteria
	17.3.1 Site-Specific Seismic Hazard.
	17.3.2 MCER Response Spectra and Spectral Response Acceleration Parameters, SMS, SM1.
	17.3.3 MCER Ground Motion Records.

	17.4 Analysis Procedure Selection
	17.4.1 Equivalent Lateral Force Procedure.
	17.4.2 Dynamic Procedures.
	17.4.2.1 Response Spectrum Analysis Procedure.
	17.4.2.2 Response History Analysis Procedure.


	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 Required for Design
	17.5.3.1 Maximum Displacement.
	17.5.3.2 Effective Period at the Maximum Displacement.
	17.5.3.3 Total Maximum Displacement.

	17.5.4 Minimum Lateral Forces Required for Design
	17.5.4.1 Isolation System and Structural Elements below the Base Level.
	17.5.4.2 Structural Elements above the Base Level.
	17.5.4.3 Limits on Vs.

	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.
	17.6.2.1 Isolation System.
	17.6.2.2 Isolated Structure.

	17.6.3 Description of Procedures
	17.6.3.1 General.
	17.6.3.2 MCER Ground Motions.
	17.6.3.3 Response Spectrum Analysis Procedure.
	17.6.3.4 Response History Analysis Procedure.
	17.6.3.4.1 Accidental Mass Eccentricity.


	17.6.4 Minimum Lateral Displacements and Forces
	17.6.4.1 Isolation System and Structural Elements below the Base Level.
	17.6.4.2 Structural Elements above the Base Level.
	17.6.4.3 Scaling of Results.
	17.6.4.4 Drift Limits.


	17.7 Design Review
	17.8 Testing
	17.8.1 General.
	17.8.1.1 Qualification Tests.

	17.8.2 Prototype Tests.
	17.8.2.1 Record.
	17.8.2.2 Sequence and Cycles.
	17.8.2.3 Dynamic Testing.
	17.8.2.4 Units Dependent on Bilateral Load.
	17.8.2.5 Maximum and Minimum Vertical Load.
	17.8.2.6 Sacrificial Wind-Restraint Systems.
	17.8.2.7 Testing Similar Units.

	17.8.3 Determination of Force-Deflection Characteristics.
	17.8.4 Test Specimen Adequacy.
	17.8.5 Production Tests.

	17.9 Consensus Standards and Other Referenced Documents

	Chapter 18: SEISMIC DESIGN REQUIREMENTS FOR STRUCTURES WITH DAMPING SYSTEMS

	18.1 General
	18.1.1 Scope.
	18.1.2 Definitions.
	18.1.3 Symbols.

	18.2 General Design Requirements
	18.2.1 System Requirements.
	18.2.1.1 Seismic Force-Resisting System.
	18.2.1.2 Damping System.

	18.2.2 Seismic Ground Motion Criteria
	18.2.2.1 Design Earthquake and MCRR Response Spectra.
	18.2.2.2 Design Earthquake and MCER Ground Motion Records.

	18.2.3 Procedure Selection.
	18.2.3.1 Response Spectrum Procedure.
	18.2.3.2 Equivalent Lateral Force Procedure.

	18.2.4 Damping System
	18.2.4.1 Device Design.
	18.2.4.2 Multiaxis Movement.
	18.2.4.3 Inspection and Periodic Testing.
	18.2.4.4 Nominal Design Properties.
	18.2.4.5 Maximum and Minimum Damper Properties.
	18.2.4.6 Damping System Redundancy.


	18.3 Nonlinear Response History Procedure
	18.3.1 Damping Device Modeling.
	18.3.2 Accidental Mass Eccentricity.
	18.3.3 Response Parameters.

	18.4 Seismic Load Conditions and Acceptance Criteria for Nonlinear Response History Procedure
	18.4.1 Seismic Force-Resisting System.
	18.4.2 Damping System.
	18.4.3 Combination of Load Effects.
	18.4.4 Acceptance Criteria for the Response Parameters of Interest.

	18.5 Design Review
	18.6 Testing
	18.6.1 Prototype Tests.
	18.6.1.1 Data Recording.
	18.6.1.2 Sequence and Cycles of Testing.
	18.6.1.3 Testing Similar Devices.
	18.6.1.4 Determination of Force-Velocity-Displacement Characteristics.
	18.6.1.5 Device Adequacy.
	18.6.1.5.1 Displacement-Dependent Damping Devices.
	18.6.1.5.2 Velocity-Dependent Damping Devices.


	18.6.2 Production Tests.

	18.7 Alternate Procedures and Corresponding Acceptance Criteria
	18.7.1 Response Spectrum Procedure.
	18.7.1.1 Modeling.
	18.7.1.2 Seismic Force-Resisting System
	18.7.1.2.1 Seismic Base Shear.
	18.7.1.2.2 Modal Base Shear.
	18.7.1.2.3 Modal Participation Factor.
	18.7.1.2.4 Fundamental Mode Seismic Response Coefficient.
	18.7.1.2.5 Effective Fundamental Mode Period Determination.
	18.7.1.2.6 Higher Mode Seismic Response Coefficient.
	18.7.1.2.7 Design Lateral Force.

	18.7.1.3 Damping System.
	18.7.1.3.1 Design Earthquake Floor Deflection.
	18.7.1.3.2 Design Earthquake Roof Displacement.
	18.7.1.3.3 Design Earthquake Story Drift.
	18.7.1.3.4 Design Earthquake Story Velocity.
	18.7.1.3.5 MCER Response.


	18.7.2 Equivalent Lateral Force Procedure.
	18.7.2.1 Modeling.
	18.7.2.2 Seismic Force-Resisting System
	18.7.2.2.1 Seismic Base Shear.
	18.7.2.2.2 Fundamental Mode Base Shear.
	18.7.2.2.3 Fundamental Mode Properties.
	18.7.2.2.4 Fundamental Mode Seismic Response Coefficient.
	18.7.2.2.5 Effective Fundamental Mode Period Determination.
	18.7.2.2.6 Residual Mode Base Shear.
	18.7.2.2.7 Residual Mode Properties.
	18.7.2.2.8 Residual Mode Seismic Response Coefficient.
	18.7.2.2.9 Design Lateral Force.

	18.7.2.3 Damping System.
	18.7.2.3.1 Design Earthquake Floor Deflection.
	18.7.2.3.2 Design Earthquake Roof Displacement.
	18.7.2.3.3 Design Earthquake Story Drift.
	18.7.2.3.4 Design Earthquake Story Velocity.
	18.7.2.3.5 MCER Response.


	18.7.3 Damped Response Modification.
	18.7.3.1 Damping Coefficient.
	18.7.3.2 Effective Damping.
	18.7.3.2.1 Inherent Damping.
	18.7.3.2.2 Hysteretic Damping.
	18.7.3.2.3 Viscous Damping.

	18.7.3.3 Effective Ductility Demand.
	18.7.3.4 Maximum Effective Ductility Demand.

	18.7.4 Seismic Load Conditions and Acceptance Criteria for RSA and ELF Procedures.
	18.7.4.1 Seismic Force-Resisting System.
	18.7.4.2 Damping System.
	18.7.4.3 Combination of Load Effects.
	18.7.4.4 Modal Damping System Design Forces.
	18.7.4.5 Seismic Load Conditions and Combination of Modal Responses.
	18.7.4.6 Inelastic Response Limits.


	18.8 Consensus Standards and Other Referenced Documents

	Chapter 19: SOIL-STRUCTURE INTERACTION FOR SEISMIC DESIGN

	19.1 General
	19.1.1 Scope.
	19.1.2 Definitions.
	19.1.3 Symbols.

	19.2 SSI Adjusted Structural Demands
	19.2.1 Equivalent Lateral Force Procedure.
	19.2.2 Linear Dynamic Analysis.
	19.2.2.1 SSI Modified General Design Response Spectrum.
	19.2.2.2 SSI Site-Specific Response Spectrum.

	19.2.3 Nonlinear Response History Procedure.

	19.3 Foundation Damping Effects
	19.3.1 Foundation Damping Requirements.
	19.3.2 Effective Damping Ratio.
	19.3.3 Radiation Damping for Rectangular Foundations.
	19.3.4 Radiation Damping for Circular Foundations.
	19.3.5 Soil Damping.

	19.4 Kinematic SSI Effects
	19.4.1 Base Slab Averaging.
	19.4.2 Embedment.

	19.5 Consensus Standards and Other Referenced Documents

	Chapter 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 v&macr;s, Average Shear Wave Velocity.
	20.4.2 N&macr;, Average Field Standard Penetration Resistance and N&macr;ch, Average Standard Penetration Resistance for Cohesionless Soil Layers.
	20.4.3 s&macr;u, Average Undrained Shear Strength.

	20.5 Consensus Standards and Other Referenced Documents

	Chapter 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 Risk-Targeted Maximum Considered Earthquake (MCER) Ground Motion Hazard Analysis
	21.2.1 Probabilistic (MCER) Ground Motions.
	21.2.1.1 Method 1.
	21.2.1.2 Method 2.

	21.2.2 Deterministic (MCER) Ground Motions.
	21.2.3 Site-Specific MCER.

	21.3 Design Response Spectrum
	21.4 Design Acceleration Parameters
	21.5 Maximum Considered Earthquake Geometric Mean (MCEG) Peak Ground Acceleration
	21.5.1 Probabilistic MCEG Peak Ground Acceleration.
	21.5.2 Deterministic MCEG Peak Ground Acceleration.
	21.5.3 Site-Specific MCEG Peak Ground Acceleration.

	21.6 Consensus Standards and Other Referenced Documents

	Chapter 22: SEISMIC GROUND MOTION, LONG-PERIOD TRANSITION, AND RISK COEFFICIENT MAPS

	22.1 Consensus Standards and Other Referenced Documents

	Chapter 23: SEISMIC DESIGN REFERENCE DOCUMENTS

	23.1 Consensus Standards and Other Reference Documents

	Chapter 24: RESERVED FOR FUTURE PROVISIONS
	Chapter 25: RESERVED FOR FUTURE PROVISIONS

	Chapter 26: WIND LOADS: GENERAL REQUIREMENTS

	26.1 Procedures

	26.1.1 Scope.
	26.1.2 Permitted Procedures.
	26.1.2.1 Main Wind Force Resisting System.
	26.1.2.2 Components and Cladding.


	26.2 Definitions

	26.3 Symbols

	26.4 General

	26.4.1 Sign Convention.
	26.4.2 Critical Load Condition.
	26.4.3 Wind Pressures Acting on Opposite Faces of Each Building Surface.

	26.5 Wind Hazard Map

	26.5.1 Basic Wind Speed.
	26.5.2 Special Wind Regions.
	26.5.3 Estimation of Basic Wind Speeds from Regional Climatic Data.

	26.6 Wind Directionality

	26.7 Exposure

	26.7.1 Wind Directions and Sectors.
	26.7.2 Surface Roughness Categories.
	26.7.3 Exposure Categories.
	26.7.4 Exposure Requirements.
	26.7.4.1 Directional Procedure (Chapter 27).
	26.7.4.2 Envelope Procedure (Chapter 28).
	26.7.4.3 Directional Procedure for Building Appurtenances and Other Structures (Chapter 29).
	26.7.4.4 Components and Cladding (Chapter 30).


	26.8 Topographic Effects

	26.8.1 Wind Speed-Up over Hills, Ridges, and Escarpments.
	26.8.2 Topographic Factor.

	26.9 Ground Elevaton Factor

	26.10 Velocity Pressure

	26.10.1 Velocity Pressure Exposure Coefficient.
	26.10.2 Velocity Pressure.

	26.11 Gust Effects

	26.11.1 Gust-Effect Factor.
	26.11.2 Frequency Determination.
	26.11.2.1 Limitations for Approximate Natural Frequency.

	26.11.3 Approximate Natural Frequency.
	26.11.4 Rigid Buildings or Other Structures.
	26.11.5 Flexible or Dynamically Sensitive Buildings or Other Structures.
	26.11.6 Rational Analysis.
	26.11.7 Limitations.

	26.12 Enclosure Classification

	26.12.1 General.
	26.12.2 Openings.
	26.12.3 Protection of Glazed Openings.
	26.12.3.1 Wind-Borne Debris Regions.
	26.12.3.2 Protection Requirements for Glazed Openings.

	26.12.4 Multiple Classifications.

	26.13 Internal Pressure Coefficients

	26.13.1 Reduction Factor for Large-Volume Buildings, Ri.

	26.14 Tornado Limitation

	26.15 Consensus Standards and Other Referenced Documents

	Chapter 27: WIND LOADS ON BUILDINGS: MAIN WIND FORCE RESISTING SYSTEM (DIRECTIONAL PROCEDURE)

	27.1 Scope
	27.1.1 Building Types.
	27.1.2 Conditions.
	27.1.3 Limitations.
	27.1.4 Shielding.
	27.1.5 Minimum Design Wind Loads.

	 Part 1: Enclosed, Partially Enclosed, and Open Buildings of All Heights
	27.2 General Requirements
	27.2.1 Wind Load Parameters Specified in Chapter 26.

	27.3 Wind Loads: Main Wind Force Resisting System
	27.3.1 Enclosed and Partially Enclosed Rigid and Flexible Buildings.
	27.3.2 Open Buildings with Monoslope, Pitched, or Troughed Free Roofs.
	27.3.3 Roof Overhangs.
	27.3.4 Parapets.
	27.3.5 Design Wind Load Cases.

	 Part 2: Enclosed Simple Diaphragm Buildings with h&le;160 ft (h&le;48.8 
m)
	27.4 General Requirements
	27.4.1 Design Procedure.
	27.4.2 Conditions.
	27.4.3 Wind Load Parameters Specified in Chapter 26.
	27.4.4 Topographic Effects.
	27.4.5 Diaphragm Flexibility.

	27.5 Wind Loads: Main Wind Force Resisting System
	27.5.1 Wall and Roof Surfaces: Class 1 and 2 Buildings.
	27.5.2 Parapets.
	27.5.3 Roof Overhangs.

	27.6 Consensus Standards and Other Referenced Documents

	Chapter 28: WIND LOADS ON BUILDINGS: MAIN WIND FORCE RESISTING SYSTEM (ENVELOPE PROCEDURE)

	28.1 Scope
	28.1.1 Building Types.
	28.1.2 Conditions.
	28.1.3 Limitations.
	28.1.4 Shielding.

	 Part 1: Enclosed and Partially Enclosed Low-Rise Buildings
	28.2 General Requirements
	28.2.1 Wind Load Parameters Specified in Chapter 26.

	28.3 Wind Loads: Main Wind Force Resisting System
	28.3.1 Design Wind Pressure for Low-Rise Buildings.
	28.3.1.1 External Pressure Coefficients (GCpf).

	28.3.2 Parapets.
	28.3.3 Roof Overhangs.
	28.3.4 Minimum Design Wind Loads.
	28.3.5 Horizontal Wind Loads on Open or Partially Enclosed Buildings with Transverse Frames and Pitched Roofs.

	 Part 2: Enclosed Simple Diaphragm Low-Rise Buildings
	28.4 General Requirements
	28.4.1 Wind Load Parameters Specified in Chapter 26.

	28.5 Wind Loads: Main Wind Force Resisting System
	28.5.1 Scope.
	28.5.2 Conditions.
	28.5.3 Design Wind Loads.
	28.5.4 Minimum Design Wind Loads.

	28.6 Consensus Standards and Other Referenced Documents

	Chapter 29: WIND LOADS ON BUILDING APPURTENANCES AND OTHER STRUCTURES: MAIN WIND FORCE RESISTING SYSTEM (DIRECTIONAL PROCEDURE)

	29.1 Scope
	29.1.1 Structure Types.
	29.1.2 Conditions.
	29.1.3 Limitations.
	29.1.4 Shielding.

	29.2 General Requirements
	29.2.1 Wind Load Parameters Specified in Chapter 26.

	29.3 Design Wind Loads: Solid Freestanding Walls and Solid Signs
	29.3.1 Solid Freestanding Walls and Solid Freestanding Signs.
	29.3.2 Solid Attached Signs.

	29.4 Design Wind Loads: Other Structures
	29.4.1 Rooftop Structures and Equipment for Buildings.
	29.4.2 Design Wind Loads: Circular Bins, Silos, and Tanks with h&le;120 ft (h&le;36.5 m), D&le;120 ft (D&le;36.5 
m), and 0.25&le;H/D&le;4.
	29.4.2.1 External Walls of Isolated Circular Bins, Silos, and Tanks.
	29.4.2.2 Roofs of Isolated Circular Bins, Silos, and Tanks.
	29.4.2.3 Undersides of Isolated Elevated Circular Bins, Silos, and Tanks.
	29.4.2.4 Roofs and Walls of Grouped Circular Bins, Silos, and Tanks.

	29.4.3 Rooftop Solar Panels for Buildings of All Heights with Flat Roofs or Gable or Hip Roofs with Slopes Less Than 7&deg;.
	29.4.4 Rooftop Solar Panels Parallel to the Roof Surface on Buildings of All Heights and Roof Slopes.

	29.5 Parapets
	29.6 Roof Overhangs
	29.7 Minimum Design Wind Loading
	29.8 Consensus Standards and Other Referenced Documents

	Chapter 30: WIND LOADS: COMPONENTS AND CLADDING

	30.1 SCOPE
	30.1.1 Building Types.
	30.1.2 Conditions.
	30.1.3 Limitations.
	30.1.4 Shielding.
	30.1.5 Air-Permeable Cladding.

	30.2 GENERAL REQUIREMENTS
	30.2.1 Wind Load Parameters Specified in Chapter 26.
	30.2.2 Minimum Design Wind Pressures.
	30.2.3 Tributary Areas Greater than 700 ft2 (65 
m2).
	30.2.4 External Pressure Coefficients.

	 PART 1: LOW-RISE BUILDINGS
	30.3 BUILDING TYPES
	30.3.1 Conditions.
	30.3.2 Design Wind Pressures.

	 PART 2: LOW-RISE BUILDINGS (SIMPLIFIED)
	30.4 BUILDING TYPES
	30.4.1 Conditions.
	30.4.2 Design Wind Pressures.

	30.5 BUILDING TYPES
	30.5.1 Conditions.
	30.5.2 Design Wind Pressures.

	 PART 4: BUILDINGS WITH 60 ft<h&le;160 ft (18.3 m<h&le;48.8 
m) (SIMPLIFIED)
	30.6 BUILDING TYPES
	30.6.1 Wind Load: Components and Cladding
	30.6.1.1 Wall and Roof Surfaces.
	30.6.1.2 Parapets.
	30.6.1.3 Roof Overhangs.


	 PART 5: OPEN BUILDINGS
	30.7 BUILDING TYPES
	30.7.1 Conditions.
	30.7.2 Design Wind Pressures.

	 PART 6: BUILDING APPURTENANCES AND ROOFTOP STRUCTURES AND EQUIPMENT
	30.8 PARAPETS
	30.9 ROOF OVERHANGS
	30.10 ROOFTOP STRUCTURES AND EQUIPMENT FOR BUILDINGS
	30.11 ATTACHED CANOPIES ON BUILDINGS WITH h&le;60 ft (h&le;18.3 
m)
	 PART 7: NONBUILDING STRUCTURES
	30.12 CIRCULAR BINS, SILOS, AND TANKS WITH h&le;120 ft (h&le;36.6 
m)
	30.12.1 Design Wind Pressure.
	30.12.2 External Walls of Isolated Circular Bins, Silos, and Tanks.
	30.12.3 Internal Surface of Exterior Walls of Isolated Open-Topped Circular Bins, Silos, and Tanks.
	30.12.4 Roofs of Isolated Circular Bins, Silos, and Tanks.
	30.12.5 Undersides of Isolated Elevated Circular Bins, Silos, and Tanks.
	30.12.6 Roofs and Walls of Grouped Circular Bins, Silos, and Tanks.

	30.13 ROOFTOP SOLAR PANELS FOR BUILDINGS OF ALL HEIGHTS WITH FLAT ROOFS OR GABLE OR HIP ROOFS WITH SLOPES LESS THAN 7&deg;
	30.14 Consensus Standards and Other Referenced Documents

	Chapter 31: WIND TUNNEL PROCEDURE

	31.1 Scope
	31.2 Test Conditions
	31.3 Dynamic Response
	31.4 Load Effects
	31.4.1 Mean Recurrence Intervals of Load Effects.
	31.4.2 Limitations on Wind Speeds.
	31.4.3 Wind Directionality.
	31.4.4 Limitations on Loads.

	31.5 Wind-Borne Debris
	31.6 Roof-Mounted Solar Collectors for Roof Slopes Less than 7 Degrees
	31.6.1 Wind Tunnel Test Requirements
	31.6.1.1 Limitations on Wind Loads for Rooftop Solar Collectors.
	31.6.1.2 Peer Review Requirements for Wind Tunnel Tests of Roof-Mounted Solar Collectors.


	31.7 Consensus Standards and Other Referenced Documents

	APPENDIX 11A QU
ALITY ASSURANCE PROVISIONS
	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 Serviceability Considerations
	C.2 Deflection, Drift, and Vibration
	C.2.1 Vertical Deflections.
	C.2.2 Drift of Walls and Frames.
	C.2.3 Vibrations.

	C.3 Design for Long-Term Deflection
	C.4 Camber
	C.5 Expansion and Contraction
	C.6 Durability

	APPENDIX D  BUILDINGS EXEMPTED FROM TORSIONAL WIND LOAD CASES

	D.1 Scope
	D.2 One- and Two-Story Buildings Meeting the Following Requirements
	D.3 Buildings Controlled by Seismic Loading
	D.3.1 Buildings with Diaphragms at Each Level That Are Not Flexible.
	D.3.2 Buildings with Diaphragms at Each Level That Are Flexible.

	D.4 Buildings Classified as Torsionally Regular under Wind Load
	D.5 Buildings with Diaphragms That Are Flexible and Designed for Increased Wind Loading
	D.6 Class 1 and Class 2 Simple Diaphragm Buildings h&thinsp;&le;&thinsp;160 ft (48.8 m) Meeting the Following Requirements (Refer to Section 27.5.2)
	D.6.1 Case A-Class 1 and Class 2 Buildings.
	D.6.2 Case B-Class 1 and Class 2 Buildings.
	D.6.3 Case C-Class 1 and Class 2 Buildings.
	D.6.4 Case D-Class 1 and Class 2 Buildings.
	D.6.5 Case E-Class 1 and Class 2 Buildings.
	D.6.6 Case F-Class 1 Buildings.


	APPENDIX E PERFORMANCE-BASED DESIGN PROCEDURES FOR  FIRE EFFECTS ON STRUCTURES

	E.1 Scope
	E.2 Definitions
	E.3 General Requirements
	E.4 Performance Objectives
	E.4.1 Structural Integrity.
	E.4.2 Project-Specific Performance Objectives.

	E.5 Thermal Analysis of Fire Effects
	E.5.1 Fuel Load.
	E.5.2 Structural Design Fires.
	E.5.3 Heat Transfer Analysis.

	E.6 Structural Analysis of Fire Effects
	E.6.1 Temperature History for Structural Members and Connections.
	E.6.2 Temperature-Dependent Properties.
	E.6.3 Load Combinations.


	Chapter C1: General
	C1.1 Scope
	C1.3 Basic Requirements
	C1.3.1 Strength and Stiffness.
	C1.3.1.3 Performance-Based Procedures.
	C1.3.1.3.2 Testing


	C1.3.2 Serviceability.
	C1.3.3 Functionality.
	C1.3.4 Self-Straining Forces and Effects.
	C1.3.7 Fire Resistance.

	C1.4 General Structural Integrity
	C1.5 Classification of Buildings and Other Structures
	C1.5.1 Risk Categorization.
	C1.5.3 Toxic, Highly Toxic, and Explosive Substances.

	C1.7 Load Tests
	References
	Other References (Not Cited)

	Chapter C2: Combinations of Loads
	C2.1 General
	C2.2 Symbols
	C2.3 Load Combinations for Strength Design
	C2.3.1 Basic Combinations.
	C2.3.2 Load Combinations Including Flood Load.
	C2.3.3 Load Combinations Including Atmospheric Ice Loads.
	C2.3.4 Load Combinations Including Self-Straining Forces and Effects.
	C2.3.5 Load Combinations for Nonspecified Loads.
	C2.3.6 Basic Combinations with Seismic Load Effects.

	C2.4 Load Combinations for 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.
	C2.4.4 Load Combinations Including Self-Straining Forces and Effects.

	C2.5 Load Combinations for Extraordinary Events
	References

	Chapter C3: Dead loads, Soil Loads, and Hydrostatic Pressure
	C3.1 Dead Loads
	C3.1.2 Weights of Materials and Constructions.
	C3.1.3 Weight of Fixed Service Equipment.
	C3.1.4 Vegetative and Landscaped Roofs.
	C3.1.5 Solar Panels.

	C3.2 Soil Loads and Hydrostatic Pressure
	C3.2.1 Lateral Pressures.
	C3.2.2 Uplift Loads on Floors and Foundations.

	Reference

	Chapter C4: Live Loads
	C4.3 Uniformly Distributed Live Loads
	C4.3.1 Required Live Loads.
	C4.3.2 Provision for Partitions.
	C4.3.3 Partial Loading.

	C4.4 Concentrated Live Loads
	C4.5 Loads on Handrail, Guardrail, Grab Bar, and Vehicle Barrier Systems, and on Fixed Ladders
	C4.5.1 Handrail and Guardrail Systems.
	C4.5.2 Grab Bar Systems.
	C4.5.3 Vehicle Barrier Systems.
	C4.5.4 Fixed Ladders.

	C4.6 Impact Loads
	C4.6.4 Elements Supporting Hoists for Façade Access and Building Maintenance Equipment.
	C4.6.5 Fall Arrest and Lifeline Anchorages.

	C4.7 Reduction in Uniform Live Loads
	C4.7.1 General.
	C4.7.3 Heavy Live Loads.
	C4.7.4 Passenger Vehicle Garages.
	C4.7.6 Limitations on One-Way Slabs.

	C4.8 Reduction in Roof Live Loads
	C4.8.2 Ordinary Roofs, Awnings, and Canopies.
	C4.8.3 Occupiable Roofs.

	C4.9 Crane Loads
	C4.11 Helipad Loads
	C4.11.1 General.
	C4.11.2 Concentrated Helicopter Loads.

	C4.13 Library Stack Rooms
	C4.14 Seating For Assembly Uses
	C4.17 Solar Panel Loads
	C4.17.1 Roof Loads at Solar Panels.
	C4.17.3 Open-Grid Roof Structures Supporting Solar Panels.

	References

	Chapter 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 Loads during Flooding
	C5.4.1 Load Basis.
	C5.4.2 Hydrostatic Loads.
	C5.4.3 Hydrodynamic Loads.
	C5.4.4 Wave Loads.
	C5.4.4.2 Breaking Wave Loads on Vertical Walls.

	C5.4.5 Impact Loads.

	References

	Chapter C6: Tsunami Loads and Effects
	C6.1 General Requirements
	C6.1.1 Scope.

	C6.2 Definitions
	C6.3 Symbols and Notation
	C6.4 Tsunami Risk Categories
	C6.5 Analysis of Design Inundation Depth and Flow Velocity
	C6.5.3 Sea Level Change.

	C6.6 Inundation Depths and Flow Velocities Based on Runup
	C6.6.1 Maximum Inundation Depth and Flow Velocities Based on Runup.
	C6.6.2 Energy Grade Line Analysis of Maximum Inundation Depths and Flow Velocities.
	C6.6.3 Terrain Roughness.
	C6.6.4 Tsunami Bores.

	C6.7 Inundation Depths and Flow Velocities Based on Site-Specific Probabilistic Tsunami Hazard Analysis
	C6.7.1 Tsunami Waveform.
	C6.7.2 Tsunamigenic Sources.
	C6.7.3 Earthquake Rupture Unit Source Tsunami Functions for Offshore Tsunami Amplitude.
	C6.7.4 Treatment of Modeling and Natural Uncertainties.
	C6.7.5 Offshore Tsunami Amplitude.
	C6.7.5.1 Offshore Tsunami Amplitude for Distant Seismic Sources.
	C6.7.5.2 Direct Computation of Probabilistic Inundation and Runup.

	C6.7.6 Procedures for Determining Tsunami Inundation and Runup
	C6.7.6.1 Representative Design Inundation Parameters.
	C6.7.6.2 Seismic Subsidence before Tsunami Arrival.
	C6.7.6.3 Model Macroroughness Parameter.
	C6.7.6.4 Nonlinear Modeling of Inundation.
	C6.7.6.5 Model Spatial Resolution.
	C6.7.6.6 Built Environment.
	C6.7.6.7 Inundation Model Validation.
	C6.7.6.8 Determining Site-Specific Inundation Flow Parameters.
	C6.7.6.9 Tsunami Design Parameters for Flow over Land.


	C6.8 Structural Design Procedures for Tsunami Effects
	C6.8.1 Performance of Tsunami Risk Category II and III Buildings and Other Structures.
	C6.8.2 Performance of Tsunami Risk Category III Critical Facilities and Tsunami Risk Category IV Buildings and Other Structures.
	C6.8.3 Structural Performance Evaluation
	C6.8.3.1 Load Cases.
	C6.8.3.2 Tsunami Importance Factors.
	C6.8.3.3 Load Combinations.
	C6.8.3.4 Lateral-Force-Resisting System Acceptance Criteria.
	C6.8.3.5 Structural Component Acceptance Criteria.
	C6.8.3.5.1 Acceptability Criteria by Component Design Strength
	C6.8.3.5.2 Alternative Performance-Based Criteria
	C6.8.3.5.3 Alternative Acceptability by Progressive Collapse Avoidance


	C6.8.4 Minimum Fluid Density for Tsunami Loads.
	C6.8.5 Flow Velocity Amplification.
	C6.8.5.2 Flow Velocity Amplification by Physical or Numerical Modeling.

	C6.8.6 Directionality of Flow
	C6.8.6.1 Flow Direction.
	C6.8.6.2 Site-Specific Directionality.

	C6.8.7 Minimum-Closure-Ratio-for-Load-Determination.
	C6.8.8 Minimum-Number-of-Tsunami-Flow-Cycles.
	C6.8.9 Seismic Effects on the Foundations Preceding Local Subduction Zone Maximum Considered Tsunami.
	C6.8.10 Physical Modeling of Tsunami Flow, Loads, and Effects.

	C6.9 Hydrostatic Loads
	C6.9.1 Buoyancy.
	C6.9.2 Unbalanced Lateral Hydrostatic Force.
	C6.9.3 Residual Water Surcharge Load on Floors and Walls.
	C6.9.4 Hydrostatic-Surcharge-Pressure-on-Foundation.

	C6.10 Hydrodynamic Loads
	C6.10.1 Simplified Equivalent Uniform Lateral Static Pressure.
	C6.10.2.1 Overall Drag Force on Buildings and Other Structures.
	C6.10.2.2 Drag Force on Components.
	C6.10.2.3 Tsunami-Loads-on-Vertical-Structural-Components, Fw.
	C6.10.2.4 Hydrodynamic Load on Perforated Walls, Fpw.
	C6.10.2.5 Walls Angled to the Flow.
	C6.10.3.1 Flow Stagnation Pressure.
	C6.10.3.2 Hydrodynamic Surge Uplift at Horizontal Slabs
	C6.10.3.2.1 Slabs Submerged during Tsunami Inflow
	C6.10.3.2.2 Slabs over Sloping Grade

	C6.10.3.3 Tsunami Bore Flow Entrapped in Structural Wall-Slab Recesses
	C6.10.3.3.1 Pressure Load in Structural Wall-Slab Recesses
	C6.10.3.3.2 Reduction of Load with Inundation Depth
	C6.10.3.3.3 Reduction of Load for Wall Openings
	C6.10.3.3.4 Reduction in Load for Slab Openings
	C6.10.3.3.5 Reduction in Load for Tsunami Breakaway Wall



	C6.11 Debris Impact Loads
	C6.11.1 Alternative Simplified Debris Impact Static Load.
	C6.11.2 Wood Logs and Poles.
	C6.11.3 Impact by Vehicles.
	C6.11.4 Impact by Submerged Tumbling Boulder and Concrete Debris.
	C6.11.5 Site Hazard Assessment for Shipping Containers, Ships, and Barges.
	C6.11.6 Shipping Containers.
	C6.11.7 Extraordinary Debris Impacts.
	C6.11.8 Alternative Methods of Response Analysis.

	C6.12 Foundation Design
	C6.12.1 Resistance Factors for Foundation Stability Analyses.
	C6.12.2 Load and Effect Characterization.
	C6.12.2.1 Uplift and Underseepage Forces.
	C6.12.2.2 Loss of Strength.
	C6.12.2.3 General Erosion.
	C6.12.2.4 Scour.
	C6.12.2.4.1 Sustained Flow Scour
	C6.12.2.4.2 Plunging Scour

	C6.12.2.6 Displacements.

	C6.12.3 Alternative Foundation Performance-Based Design Criteria.
	C6.12.4 Foundation Countermeasures
	C6.12.4.1 Fill.
	C6.12.4.2 Protective Slab on Grade.
	C6.12.4.3 Geotextiles and Reinforced Earth Systems.
	C6.12.4.4 Facing Systems.
	C6.12.4.5 Ground Improvement.


	C6.13 Structural Countermeasures for Tsunami Loading
	C6.13.2 Tsunami Barriers.
	C6.13.2.2 Site Layout.


	C6.14 Tsunami Vertical Evacuation Refuge Structures
	C6.15 Designated Nonstructural Components and Systems
	C6.16 Nonbuilding Tsunami Risk Category III and IV Structures
	References

	Other References (Not Cited)


	Chapter C7: Snow Loads
	C7.0 
Snow Loads 
	C7.2 Ground Snow Loads, pg
	C7.3 Flat Roof Snow Loads, pf
	C7.3.1 Exposure Factor, Ce.
	C7.3.2 Thermal Factor, Ct.
	C7.3.3 Importance Factor, Is.
	C7.3.4 Minimum Snow Load for Low-Slope Roofs, pm.

	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 Partial Loading
	C7.6 Unbalanced Roof Snow Loads
	C7.6.1 Unbalanced Snow Loads for 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)
	C7.7.2 Adjacent Structures.
	C7.7.3 Intersecting Drifts at Low Roofs.

	C7.8 Roof Projections and Parapets
	C7.9 Sliding Snow
	C7.10 Rain-on-Snow Surcharge Load
	C7.11 Ponding Instability
	C7.12 Existing Roofs
	C7.13 Snow on Open-Frame Equipment Structures
	C7.13.2 Snow at Levels below the Top Level.
	C7.13.3
Snow Loads on Pipes and Cable Trays.
	C7.13.4 Snow Loads on Equipment and Equipment Platforms.

	C7.14 Other Roofs and Sites
	References

	Other References (Not Cited)


	Chapter C8: Rain Loads
	C8.1 Definitions and Symbols
	C8.1.2 Symbols

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

	Chapter C9: Reserved for Future Commentary
	Chapter 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 Caused by 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 Design Temperatures for Freezing Rain
	C10.7 Partial Loading
	References

	Chapter C11: Seismic Design Criteria
	C11.1 General
	C11.1.1 Purpose.
	C11.1.2 Scope.
	C11.1.3 Applicability.
	C11.1.4 Alternate Materials and Methods of Construction.
	C11.1.5 Quality Assurance.

	C11.2 Definitions
	C11.3 Symbols
	C11.4 Seismic Ground Motion Values
	C11.4.1 Near-Fault Sites.
	C11.4.2 Mapped Acceleration Parameters.
	C11.4.3 Site Class.
	C11.4.4 Site Coefficients and Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration Parameters.
	C11.4.5 Design Spectral Acceleration Parameters.
	C11.4.6 Design Response Spectrum.
	C11.4.8 Site-Specific Ground Motion Procedures.

	C11.5 Importance Factor and Risk Category
	C11.5.1 Importance Factor.
	C11.5.2 Protected Access for Risk Category IV.

	C11.6 Seismic Design Category
	C11.7 Design Requirements for Seismic Design Category A
	C11.8 Geologic Hazards and Geotechnical Investigation
	C11.8.1 Site Limitation for Seismic Design Categories E and F.
	C11.8.2 Geotechnical Investigation Report Requirements for Seismic Design Categories C through F.
	C11.8.3 Additional Geotechnical Investigation Report Requirements for Seismic Design Categories D through F.

	C11.9 Vertical Ground Motions for Seismic Design
	C11.9.2 MCER Vertical Response Spectrum.

	References

	Other References (Not Cited)


	Chapter C12: Seismic Design Requirements for Building Structures
	C12.1 Structural Design Basis
	C12.1.1 Basic Requirements.
	C12.1.2 Member Design, Connection Design, and Deformation Limit.
	C12.1.3 Continuous Load Path and Interconnection.
	C12.1.4 Connection to Supports.
	C12.1.5 Foundation Design.
	C12.1.6 Material Design and Detailing Requirements.

	C12.2 Structural System Selection
	C12.2.1 Selection and Limitations.
	C12.2.1.1 Alternative Structural Systems.
	C12.2.1.2 Elements of Seismic Force-Resisting Systems.

	C12.2.2 Combinations of Framing Systems in Different Directions.
	C12.2.3 Combinations of Framing Systems in the Same Direction.
	C12.2.3.1 R, Cd, and &Omega;0 Values for Vertical Combinations.
	C12.2.3.2 Two-Stage Analysis Procedure.
	C12.2.3.3 R, Cd, and &Omega;0 Values for Horizontal Combinations.

	C12.2.4 Combination Framing Detailing Requirements.
	C12.2.5 System-Specific Requirements
	C12.2.5.1 Dual System.
	C12.2.5.2 Cantilever Column Systems.
	C12.2.5.3 Inverted Pendulum-Type Structures.
	C12.2.5.4 Increased Structural Height Limit for Steel Eccentrically Braced Frames, Steel Special Concentrically Braced Frames, Steel Buckling-Restrained Braced Frames, Steel Special Plate Shear Walls, and Special Reinforced Concrete Shear Walls.
	C12.2.5.5 Special Moment Frames in Structures Assigned to Seismic Design Categories D through F.
	C12.2.5.6 Steel Ordinary Moment Frames.
	C12.2.5.6.1 Seismic Design Category D or E.
	C12.2.5.6.2 Seismic Design Category F.

	C12.2.5.7 Steel Intermediate Moment Frames.
	C12.2.5.7.1 Seismic Design Category D.
	C12.2.5.7.2 Seismic Design Category E.
	C12.2.5.7.3 Seismic Design Category F.

	C12.2.5.8 Shear Wall-Frame Interactive Systems.


	C12.3 Diaphragm Flexibility, Configuration Irregularities, and Redundancy
	C12.3.1 Diaphragm Flexibility.
	C12.3.1.1 Flexible Diaphragm Condition.
	C12.3.1.2 Rigid Diaphragm Condition.
	C12.3.1.3 Calculated Flexible Diaphragm Condition.

	C12.3.2 Irregular and Regular Classification.
	C12.3.2.1 Horizontal Irregularity.
	C12.3.2.2 Vertical Irregularity.

	C12.3.3 Limitations and Additional Requirements for Systems with Structural Irregularities
	C12.3.3.1 Prohibited Horizontal and Vertical Irregularities for Seismic Design Categories D through F.
	C12.3.3.2 Extreme Weak Stories.
	C12.3.3.3 Elements Supporting Discontinuous Walls or Frames.
	C12.3.3.4 Increase in Forces Caused by Irregularities for Seismic Design Categories D through F.

	C12.3.4 Redundancy.
	C12.3.4.1 Conditions Where Value of &rho; is 1.0.
	C12.3.4.2 Redundancy Factor, &rho;, for Seismic Design Categories D through F.


	C12.4 Seismic Load Effects and Combinations
	C12.4.1 Applicability.
	C12.4.2 Seismic Load Effect.
	C12.4.2.1 Horizontal Seismic Load Effect.
	C12.4.2.2 Vertical Seismic Load Effect.

	C12.4.3 Seismic Load Effects Including Overstrength.
	C12.4.3.1 Horizontal Seismic Load Effect Including Overstrength.
	C12.4.3.2 Capacity-Limited Horizontal Seismic Load Effect.

	C12.4.4 Minimum Upward Force for Horizontal Cantilevers for Seismic Design Categories D through F.

	C12.5 Direction of Loading
	C12.5.1 Direction of Loading Criteria.
	C12.5.2 Seismic Design Category B.
	C12.5.3 Seismic Design Category C.
	C12.5.4 Seismic Design Categories D through F.

	C12.6 Analysis Procedure Selection
	C12.7 Modeling Criteria
	C12.7.1 Foundation Modeling.
	C12.7.2 Effective Seismic Weight.
	C12.7.3 Structural Modeling.
	C12.7.4 Interaction Effects.

	C12.8 Equivalent Lateral Force Procedure
	C12.8.1 Seismic Base Shear.
	C12.8.1.1 Calculation of Seismic Response Coefficient.
	C12.8.1.2 Soil-Structure Interaction Reduction.
	C12.8.1.3 Maximum SDS Value in Determination of Cs and Ev.

	C12.8.2 Period Determination.
	C12.8.2.1 Approximate Fundamental Period.

	C12.8.3 Vertical Distribution of Seismic Forces.
	C12.8.4 Horizontal Distribution of Forces.
	C12.8.4.1 Inherent Torsion.
	C12.8.4.2 Accidental Torsion.
	C12.8.4.3 Amplification of Accidental Torsional Moment.

	C12.8.5 Overturning.
	C12.8.6 Story Drift Determination.
	C12.8.6.1 Minimum Base Shear for Computing Drift.
	C12.8.6.2 Period for Computing Drift.

	C12.8.7 P-Delta Effects.

	C12.9 Linear Dynamic Analysis
	C12.9.1 Modal Response Spectrum Analysis.
	C12.9.1.1 Number of Modes.
	C12.9.1.2 Modal Response Parameters.
	C12.9.1.3 Combined Response Parameters.
	C12.9.1.4 Scaling Design Values of Combined Response.
	C12.9.1.4.1 Scaling of Forces.
	C12.9.1.4.2 Scaling of Drifts.

	C12.9.1.5 Horizontal Shear Distribution.
	C12.9.1.6 P-Delta Effects.
	C12.9.1.7 Soil-Structure Interaction Reduction.
	C12.9.1.8 Structural Modeling.

	C12.9.2 Linear Response History Analysis
	C12.9.2.1 General Requirements.
	C12.9.2.2 General Modeling Requirements.
	C12.9.2.2.1 P-Delta Effects.
	C12.9.2.2.2 Accidental Torsion.
	C12.9.2.2.3 Foundation Modeling.
	C12.9.2.2.4 Number of Modes to Include in Modal Response History Analysis.
	C12.9.2.2.5 Damping.

	C12.9.2.3 Ground Motion Selection and Modification.
	C12.9.2.3.1 Procedure for Spectrum Matching.

	C12.9.2.4 Application of Ground Acceleration Histories.
	C12.9.2.5 Modification of Response for Design.
	C12.9.2.6 Enveloping of Force Response Quantities.


	C12.10 Diaphragms, Chords, and Collectors
	C12.10.1 Diaphragm Design.
	C12.10.1.1 Diaphragm Design Forces.
	C12.10.2.1 Collector Elements Requiring Load Combinations Including Overstrength for Seismic Design Categories C through F.

	C12.10.3 Alternative Design Provisions for Diaphragms, Including Chords and Collectors. 
	C12.10.3.1 Design.
	C12.10.3.2 Seismic Design Forces for Diaphragms, Including Chords and Collectors.
	C12.10.3.3 Transfer Forces in Diaphragms.
	C12.10.3.4 Collectors-Seismic Design Categories C through F.
	C12.10.3.5 Diaphragm Design Force Reduction Factor.


	C12.11 Structural Walls and Their Anchorage
	C12.11.1 Design for Out-of-Plane Forces.
	C12.11.2 Anchorage of Structural Walls and Transfer of Design Forces into Diaphragms or Other Supporting Structural Elements.
	C12.11.2.1 Wall Anchorage Forces.
	C12.11.2.2 Additional Requirements for Anchorage of Concrete or Masonry Structural Walls to Diaphragms in Structures Assigned to Seismic Design Categories C through F
	C12.11.2.2.1 Transfer of Anchorage Forces into Diaphragm.
	C12.11.2.2.2 Steel Elements of Structural Wall Anchorage System.
	C12.11.2.2.3 Wood Diaphragms.
	C12.11.2.2.4 Metal Deck Diaphragms.
	C12.11.2.2.5 Embedded Straps.
	C12.11.2.2.6 Eccentrically Loaded Anchorage System.
	C12.11.2.2.7 Walls with Pilasters.



	C12.12 Drift and Deformation
	C12.12.3 Structural Separation.
	C12.12.4 Members Spanning between Structures.
	C12.12.5 Deformation Compatibility for Seismic Design Categories D through F.

	C12.13 Foundation Design
	C12.13.1 Design Basis.
	C12.13.3 Foundation Load-Deformation Characteristics.
	C12.13.4 Reduction of Foundation Overturning.
	C12.13.5 Strength Design for Foundation Geotechnical Capacity.
	C12.13.5.1.1 Soil Strength Parameters.
	C12.13.5.2 Resistance Factors.
	C12.13.5.3 Acceptance Criteria.

	C12.13.6 Allowable Stress Design for Foundation Geotechnical Capacity.
	C12.13.7 Requirements for Structures Assigned to Seismic Design Category C
	C12.13.7.1 Pole-Type Structures.
	C12.13.7.2 Foundation Ties.
	C12.13.7.3 Pile Anchorage Requirements.

	C12.13.8 Requirements for Structures Assigned to Seismic Design Categories D through F
	C12.13.8.1 Pole-Type Structures.
	C12.13.8.2 Foundation Ties.
	C12.13.8.3 General Pile Design Requirement.
	C12.13.8.4 Batter Piles.
	C12.13.8.5 Pile Anchorage Requirements.
	C12.13.8.6 Splices of Pile Segments.
	C12.13.8.7 Pile-Soil Interaction.
	C12.13.8.8 Pile Group Effects.

	C12.13.9 Requirements for Foundations on Liquefiable Sites.
	C12.13.9.1 Foundation Design.
	C12.13.9.2 Shallow Foundations.
	C12.13.9.3 Deep Foundations.


	C12.14 Simplified Alternative Structural Design Criteria for Simple Bearing Wall or Building Frame Systems
	C12.14.1 General.
	C12.14.1.1 Simplified Design Procedure.

	C12.14.3 Seismic Load Effects and Combinations.
	C12.14.7 Design and Detailing Requirements.
	C12.14.8 Simplified Lateral Force Analysis Procedure
	C12.14.8.1 Seismic Base Shear.
	C12.14.8.2 Vertical Distribution.
	C12.14.8.5 Drift Limits and Building Separation.

	References

	Other References (Not Cited)



	Chapter C13: Seismic Design Requirements for Nonstructural Components
	C13.1 General
	C13.1.1 Scope.
	C13.1.2 Seismic Design Category.
	C13.1.3 Component Importance Factor.
	C13.1.4 Exemptions.
	C13.1.5 Premanufactured Modular Mechanical and Electrical Systems.
	C13.1.6 Application of Nonstructural Component Requirements to Nonbuilding Structures.
	C13.1.7 Reference Documents.
	C13.1.8 Reference Documents Using Allowable Stress Design.

	C13.2 General Design Requirements
	C13.2.1 Applicable Requirements for Architectural, Mechanical, and Electrical Components, Supports, and Attachments.
	C13.2.2 Special Certification Requirements for Designated Seismic Systems.
	C13.2.3 Consequential Damage.
	C13.2.4 Flexibility.
	C13.2.5 Testing Alternative for Seismic Capacity Determination.
	C13.2.6 Experience Data Alternative for Seismic Capacity Determination.
	C13.2.7 Construction Documents.

	C13.3 Seismic Demands on Nonstructural Components
	C13.3.1 Seismic Design Force.
	C13.3.1.4 Dynamic Analysis
	C13.3.1.4.1 Floor Response Spectra.
	C13.3.1.4.2 Alternate Floor Response Spectra.


	C13.3.2 Seismic Relative Displacements.
	C13.3.2.1 Displacements within Structures.
	C13.3.2.2 Displacements between Structures.

	C13.3.3 Component Period.

	C13.4 Nonstructural Component Anchorage
	C13.4.1 Design Force in the Attachment.
	C13.4.2 Anchors in Concrete or Masonry.
	C13.4.3 Installation Conditions.
	C13.4.4 Multiple Attachments.
	C13.4.5 Power-Actuated Fasteners.
	C13.4.6 Friction Clips.

	C13.5 Architectural Components
	C13.5.1 General.
	C13.5.2 Forces and Displacements.
	C13.5.3 Exterior Nonstructural Wall Elements and Connections.
	C13.5.4 Glass.
	C13.5.5 Out-of-Plane Bending.
	C13.5.6 Suspended Ceilings.
	C13.5.6.1 Seismic Forces.
	C13.5.6.2 Industry Standard Construction for Acoustical Tile or Lay-In Panel Ceilings.
	C13.5.6.2.1 Seismic Design Category C.
	C13.5.6.2.2 Seismic Design Categories D through F.

	C13.5.6.3 Integral Construction.

	C13.5.7 Access Floors
	C13.5.7.1 General.
	C13.5.7.2 Special Access Floors.

	C13.5.8 Partitions.
	C13.5.9 Glass in Glazed Curtain Walls, Glazed Storefronts, and Glazed Partitions.
	C13.5.9.1 General.
	C13.5.9.2 Seismic Drift Limits for Glass Components.

	C13.5.10 Egress Stairs and Ramps.

	C13.6 Mechanical and Electrical Components
	C13.6.1 General.
	C13.6.2 Mechanical Components and C13.6.3 Electrical Components.
	C13.6.4 Component Supports.
	C13.6.4.1 Design Basis.
	C13.6.4.2 Design for Relative Displacement.
	C13.6.4.3 Support Attachment to Component.
	C13.6.4.5 Additional Requirements.

	C13.6.5 Distribution Systems: Conduit, Cable Tray, and Raceways.
	C13.6.6 Distribution Systems: Duct Systems.
	C13.6.7 Distribution Systems: Piping and Tubing Systems.
	C13.6.7.1 ASME Pressure Piping Systems.
	C13.6.7.2 Fire Protection Sprinkler Piping Systems.
	C13.6.7.3 Exceptions.

	C13.6.9 Utility and Service Lines.
	C13.6.10 Boilers and Pressure Vessels.
	C13.6.11 Elevator and Escalator Design Requirements.
	C13.6.11.3 Seismic Controls for Elevators.
	C13.6.11.4 Retainer Plates.

	C13.6.12 Rooftop Solar Panels.
	C13.6.13 Other Mechanical and Electrical Components.
	References

	Other References (Not Cited)



	Chapter C14: Material-Specific Seismic Design and Detailing Requirements
	C14.0 Scope
	C14.1 Steel
	C14.1.1 Reference Documents.
	C14.1.2 Structural Steel
	C14.1.2.1 General.
	C14.1.2.2 Seismic Requirements for Structural Steel Structures
	C14.1.2.2.1 Seismic Design Categories B and C.
	C14.1.2.2.2 Seismic Design Categories D through F.


	C14.1.3 Cold-Formed Steel
	C14.1.3.1 General.
	C14.1.3.2 Seismic Requirements for Cold-Formed Steel Structures.

	C14.1.4 Cold-Formed Steel Light-Frame Construction
	C14.1.4.1 General.
	C14.1.4.2 Seismic Requirements for Cold-Formed Steel Light-Frame Construction.
	C14.1.4.3 Prescriptive Cold-Formed Steel Light-Frame Construction.

	C14.1.5 Cold-Formed Steel Deck Diaphragms.
	C14.1.7 Steel Cables.
	C14.1.8 Additional Detailing Requirements for Steel Piles in Seismic Design Categories D through F.

	C14.2 Concrete
	 
	C14.2.2.1 Definitions.
	C14.2.2.2 ACI 318, Section 10.7.6.
	C14.2.2.3 Scope.
	C14.2.2.4 Intermediate Precast Structural Walls.
	C14.2.2.6 Foundations.
	C14.2.2.7 Detailed Plain Concrete Shear Walls.

	C14.2.3 Additional Detailing Requirements for Concrete Piles.
	 
	C14.2.3.1.2 Reinforcement for Uncased Concrete Piles (SDC C).
	C14.2.3.1.5 Reinforcement for Precast Nonprestressed Piles (SDC C).
	C14.2.3.1.6 Reinforcement for Precast Prestressed Piles (SDC C).
	C14.2.3.2.3 Reinforcement for Uncased Concrete Piles (SDC D through F).
	C14.2.3.2.5 Reinforcement for Precast Nonprestressed Piles (SDC D through F).
	C14.2.3.2.6 Reinforcement for Precast Prestressed Piles (SDC D through F).


	C14.2.4 Additional Design and Detailing Requirements for Precast Concrete Diaphragms.
	C14.2.4.1 Diaphragm Seismic Demand Levels.
	C14.2.4.2 Diaphragm Design Options.
	C14.2.4.3 Diaphragm Connector or Joint Reinforcement Deformability.
	C14.2.4.3.5 Deformed Bar Reinforcement.
	C14.2.4.3.6 Special Inspection.

	C14.2.4.4 Precast Concrete Diaphragm Connector and Joint Reinforcement Qualification Procedure.
	C14.2.4.4.1 Test Modules.
	C14.2.4.4.3 Test Configuration.
	C14.2.4.4.4 Instrumentation.
	C14.2.4.4.5 Loading Protocols.
	C14.2.4.4.6 Measurement Indices, Test Observations, and Acquisition of Data.
	C14.2.4.4.7 Response Properties.
	C14.2.4.4.8 Test Report.



	C14.3 Composite Steel and Concrete Structures
	C14.3.1 Reference Documents.
	C14.3.4 Metal-Cased Concrete Piles.

	C14.4 Masonry
	C14.5 Wood
	C14.5.1 Reference Documents.

	References

	Other References (Not Cited)


	Chapter C15: Seismic Design Requirements for Nonbuilding Structures
	C15.1 General
	C15.1.1 Nonbuilding Structures.
	C15.1.2 Design.
	C15.1.3 Structural Analysis Procedure Selection.
	C15.1.4 Nonbuilding Structures Sensitive to Vertical Ground Motions.

	C15.2 This section intentionally left blank; see section C15.8
	C15.3 Nonbuilding Structures Supported by Other Structures
	C15.3.1 Less Than 25% Combined Weight Condition.
	C15.3.2 Greater Than or Equal to 25% Combined Weight Condition.

	C15.4 Structural Design Requirements
	C15.4.1 Design Basis.
	C15.4.1.1 Importance Factor.

	C15.4.2 Rigid Nonbuilding Structures.
	C15.4.3 Loads.
	C15.4.4 Fundamental Period.
	C15.4.7 Drift, Deflection, and Structure Separation.
	C15.4.8 Site-Specific Response Spectra.
	C15.4.9 Anchors in Concrete or Masonry.
	C15.4.9.4 ASTM F1554 Anchors.

	C15.4.10 Requirements for Nonbuilding Structure Foundations on Liquefiable Sites.

	C15.5 Nonbuilding Structures Similar to Buildings
	C15.5.1 General.
	C15.5.2 Pipe Racks.
	C15.5.3.1 Steel Storage Racks.
	C15.5.3.2 Steel Cantilevered Storage Racks.

	C15.5.4 Electrical Power-Generating Facilities.
	C15.5.5 Structural Towers for Tanks and Vessels.
	C15.5.6 Piers and Wharves.

	C15.6 General Requirements for Nonbuilding Structures Not Similar to Buildings
	C15.6.1 Earth-Retaining Structures.
	C15.6.2 Chimneys and Stacks
	C15.6.2.1 General.
	C15.6.2.2 Concrete Chimneys and Stacks.
	C15.6.2.3 Steel Chimneys and Stacks.

	C15.6.4 Special Hydraulic Structures.
	C15.6.5 Secondary Containment Systems.
	C15.6.5.1 Freeboard.

	C15.6.6 Telecommunication Towers.
	C15.6.7 Steel Tubular Support Structures for Onshore Wind Turbine Generator Systems.
	C15.6.8 Ground-Supported Cantilever Walls or Fences.

	C15.7 Tanks and Vessels
	C15.7.1 General.
	C15.7.2 Design Basis.
	C15.7.3 Strength and Ductility.
	C15.7.4 Flexibility of Piping Attachments.
	C15.7.5 Anchorage.
	C15.7.6 Ground-Supported Storage Tanks for Liquids
	C15.7.6.1 General.
	C15.7.6.1.1 Distribution of Hydrodynamic and Inertia Forces.
	C15.7.6.1.2 Sloshing.
	C15.7.6.1.4 Internal Elements.
	C15.7.6.1.5 Sliding Resistance.
	C15.7.6.1.6 Local Shear Transfer.
	C15.7.6.1.7 Pressure Stability.
	C15.7.6.1.8 Shell Support.
	C15.7.6.1.9 Repair, Alteration, or Reconstruction.


	C15.7.7 Water Storage and Water Treatment Tanks and Vessels.
	C15.7.7.1 Welded Steel.
	C15.7.7.2 Bolted Steel.
	C15.7.7.3 Reinforced and Prestressed Concrete.

	C15.7.8 Petrochemical and Industrial Tanks and Vessels Storing Liquids
	C15.7.8.1 Welded Steel.
	C15.7.8.2 Bolted Steel.

	C15.7.9 Ground-Supported Storage Tanks for Granular Materials
	C15.7.9.1 General.
	C15.7.9.2 Lateral Force Determination.
	C15.7.9.3 Force Distribution to Shell and Foundation
	C15.7.9.3.1 Increased Lateral Pressure.
	C15.7.9.3.2 Effective Mass.
	C15.7.9.3.3 Effective Density.
	C15.7.9.3.4 Lateral Sliding.
	C15.7.9.3.5 Combined Anchorage Systems.


	C15.7.10 Elevated Tanks and Vessels for Liquids and Granular Materials
	C15.7.10.1 General.
	C15.7.10.4 Transfer of Lateral Forces into Support Tower.
	C15.7.10.5 Evaluation of Structures Sensitive to Buckling Failure.
	C15.7.10.7 Concrete Pedestal (Composite) Tanks.

	C15.7.11 Boilers and Pressure Vessels.
	C15.7.12 Liquid and Gas Spheres.
	C15.7.13 Refrigerated Gas Liquid Storage Tanks and Vessels.
	C15.7.14 Horizontal, Saddle-Supported Vessels for Liquid or Vapor Storage.

	C15.8 Consensus Standards and Other Referenced Documents
	References

	Other References (Not Cited)

	Chapter C16: Nonlinear Response History Analysis
	C16.1 GENERAL REQUIREMENTS
	C16.1.1 Scope.
	C16.1.2. Linear Analysis.
	C16.1.3 Vertical Response Analysis.
	C16.1.4 Documentation.

	C16.2 Ground Motions
	C16.2.1 Target Response Spectrum.
	C16.2.2 Ground Motion Selection.
	C16.2.3 Ground Motion Modification.
	C16.2.3.1 Period Range for Scaling or Matching.
	C16.2.3.2 Amplitude Scaling.
	C16.2.3.3 Spectral Matching.

	C16.2.4 Application of Ground Motions to the Structural Model.

	C16.3 Modeling and Analysis
	C16.3.1 Modeling.
	C16.3.3 P-Delta Effects.
	C16.3.4 Torsion.
	C16.3.5 Damping.
	C16.3.6 Explicit Foundation Modeling.
	C16.4.1 Global Acceptance Criteria
	C16.4.1.1 Unacceptable Response.
	C16.4.1.2 Story Drift.

	C16.4.2 Element-Level Acceptance Criteria.
	C16.4.2.1 Force-Controlled Actions.
	C16.4.2.2 Deformation-Controlled Actions.
	C16.4.2.3 Elements of the Gravity Force-Resisting System.

	References

	Other References (Not Cited)



	Chapter C17: Seismic Design Requirements For Seismically Isolated Structures
	C17.1 General
	C17.2 General Design Requirements
	C17.2.4 Isolation System
	C17.2.4.1 Environmental Conditions.
	C17.2.4.2 Wind Forces.
	C17.2.4.3 Fire Resistance.
	C17.2.4.4 Lateral Restoring Force.
	C17.2.4.5 Displacement Restraint.
	C17.2.4.6 Vertical-Load Stability.
	C17.2.4.7 Overturning.
	C17.2.4.8 Inspection and Replacement.
	C17.2.4.9 Quality Control.

	C17.2.5 Structural System
	C17.2.5.2 Minimum Building Separations.
	C17.2.5.4 Steel Ordinary Concentrically Braced Frames.
	C17.2.5.5 Isolation System Connections.

	C17.2.6 Elements of Structures and Nonstructural Components.
	C17.2.8 Isolation System Properties.
	C17.2.8.2 Isolator Unit Nominal Properties.
	C17.2.8.3 Bounding Properties of Isolation System Components.
	C17.2.8.4 Property Modification Factors.
	C17.2.8.5 Upper Bound and Lower Bound Force-Deflection Behavior of Isolation System Components.


	C17.3 Seismic Ground Motion Criteria
	C17.3.1 Site-Specific Seismic Hazard.
	C17.3.3 MCER Ground Motion Records.

	C17.4 Analysis Procedure Selection
	C17.5 Equivalent Lateral Force Procedure
	C17.5.3 Minimum Lateral Displacements Required for Design
	C17.5.3.1 Maximum Displacement.
	C17.5.3.2 Effective Period at the Maximum Displacement.
	C17.5.3.3 Total Maximum Displacement.

	C17.5.4 Minimum Lateral Forces Required for Design.
	C17.5.4.1 Isolation System and Structural Elements below the Base Level.
	C17.5.4.2 Structural Elements above the Base Level.
	C17.5.4.3 Limits on Vs.

	C17.5.5 Vertical Distribution of Force.
	C17.5.6 Drift Limits.

	C17.6 Dynamic Analysis Procedures
	C17.6.2 Modeling.
	C17.6.3.4 Response History Analysis Procedure.


	C17.7 Design Review
	C17.8 Testing
	C17.8.2.2 Sequence and Cycles.
	C17.8.2.3 Dynamic Testing.
	C17.8.2.4 Units Dependent on Bilateral Load.
	C17.8.2.5 Maximum and Minimum Vertical Load.
	C17.8.2.7 Testing Similar Units.
	C17.8.3 Determination of Force-Deflection Characteristics.
	C17.8.4 Test Specimen Adequacy.
	C17.8.5 Production Tests.


	References

	Other References (Not Cited)


	Chapter C18: Seismic Design Requirements for Structures with Damping Systems
	C18.1 General
	C18.2 General Design Requirements
	C18.2.1 System Requirements
	C18.2.1.2 Damping System

	C18.2.2 Seismic Ground Motion Criteria
	C18.2.3 Procedure Selection
	C18.2.4.1 Device Design
	C18.2.4.4 Nominal Design Properties
	C18.2.4.5 Maximum and Minimum Damper Properties
	C18.2.4.6 Damping System Redundancy


	C18.3 Nonlinear Response History Procedure
	C18.3.2 Accidental Mass Eccentricity

	C18.4 Seismic Load Conditions and Acceptance Criteria for Nonlinear Response History Procedure
	C18.4.1 Seismic Force-Resisting System

	C18.5 Design Review
	C18.6 Testing
	 
	C18.6.1.2 Sequence and Cycles of Testing
	C18.6.1.3 Testing Similar Devices
	C18.6.1.4 Determination of Force-Velocity-Displacement Characteristics

	C18.6.2 Production Tests

	C18.7 Alternate Procedures and Corresponding Acceptance Criteria
	C18.7.1 Response-Spectrum Procedure and C18.7.2 Equivalent Lateral Force Procedure
	C18.7.3 Damped Response Modification
	C18.7.3.1 Damping Coefficient
	C18.7.3.2 Effective Damping

	C18.7.4 Seismic Load Conditions and Acceptance Criteria for RSA and ELF Procedures
	C18.7.4.5 Seismic Load Conditions and Combination of Modal Responses


	References

	Other References (Not Cited)


	Chapter C19: Soil-Structure Interaction for Seismic Design
	C19.1 GENERAL
	C19.2 SSI Adjusted Structural Demands
	C19.3 Foundation Damping
	C19.4 Kinematic SSI Effects
	C19.4.1 Base Slab Averaging.
	C19.4.2 Embedment.

	References

	Chapter C20: Site Classification Procedure for Seismic Design
	C20.1 Site Classification
	C20.3 Site Class Definitions
	C20.3.1 Site Class F.

	C20.4 Definitions of Site Class Parameters
	References 

	Chapter C21: Site-Specific Ground Motion Procedures for Seismic Design
	C21.0 General
	C21.1 Site Response Analysis
	C21.1.1 Base Ground Motions.
	C21.1.2 Site Condition Modeling.
	C21.1.3 Site Response Analysis and Computed Results.

	C21.2 Risk-Targeted Maximum Considered Earthquake (MCER) Ground Motion Hazard Analysis
	C21.2.1 Probabilistic (MCER) Ground Motions.
	C21.2.1.1 Method 1.
	C21.2.1.2 Method 2.

	C21.2.2 Deterministic (MCER) Ground Motions.
	C21.2.3 Site-Specific MCER.

	C21.3 Design Response Spectrum
	C21.4 Design Acceleration Parameters
	C21.5 Maximum Considered Earthquake Geometric Mean (MCEG) Peak Ground Acceleration
	References
	Other References (Not Cited)

	Chapter C22: Seismic Ground Motion, Long-Period Transition, and Risk Coefficient Maps
	 Risk-Targeted Maximum Considered Earthquake (MCER) Ground Motion Maps
	 Maximum Considered Earthquake Geometric Mean (MCEG) PGA Maps
	 Long-Period Transition Maps
	 Risk Coefficient Maps
	 Ground Motion Web Tool
	 Uniform Hazard and Deterministic Ground Motion Maps
	References 

	Chapter C23: SEISMIC DESIGN REFERENCE DOCUMENTS
	Chapter C24: Reserved For Future Commentary
	Chapter C25: Reserved for Future Commentary
	Chapter C26: WIND LOADS: GENERAL REQUIREMENTS
	C26.1 PROCEDURES
	C26.1.1 Scope
	C26.1.2 Permitted Procedures

	C26.2 Definitions
	C26.3 SYMBOLS
	C26.4 General
	C26.4.3 Wind Pressures Acting on Opposite Faces of Each Building Surface

	C26.5 Wind Hazard Map
	C26.5.1 Basic Wind Speed
	C26.5.2 Special Wind Regions
	C26.5.3 Estimation of Basic Wind Speeds from Regional Climatic Data

	C26.6 Wind Directionality
	C26.7 Exposure
	C26.7.4 Exposure Requirements

	C26.8 Topographic Effects
	C26.9 Ground Elevation Factor
	C26.10 Velocity Pressure
	C26.10.1 Velocity Pressure Exposure Coefficient
	C26.10.2 Velocity Pressure

	C26.11 Gust Effects
	C26.12 Enclosure Classification
	C26.13 Internal Pressure Coefficients
	C26.14 Tornado Limitation
	C26.14.1 Tornado Wind Speeds and Probabilities
	C26.14.2 Wind Pressures Induced by Tornadoes Versus Other Windstorms
	C26.14.3 Occupant Protection
	C26.14.4 Minimizing Building Damage
	C26.14.5 Continuity of Building Operations
	C26.14.6 Trussed Communications Towers

	References

	Other References (Not Cited)


	Chapter C27: Wind Loads on Buildings: Main Wind Force Resisting System (Directional Procedure)
	C27.1 Scope
	C27.1.5 Minimum Design Wind Loads.

	 Part 1: Enclosed, Partially Enclosed, and Open Buildings of All Heights
	C27.3 Wind Loads: Main Wind Force Resisting System
	C27.3.1 Enclosed and Partially Enclosed Rigid and Flexible Buildings.
	C27.3.2 Open Buildings with Monoslope, Pitched, or Troughed Free Roofs.
	C27.3.5 Design Wind Load Cases.

	 Part 2: Enclosed Simple Diaphragm Buildings with h&le;160&ThinSpace;&ThinSpace;ft (h&le;48.8&ThinSpace;&ThinSpace;m)
	C27.5 Wind Loads: Main Wind Force Resisting System
	C27.5.1 Wall and Roof Surfaces: Class 1 and 2 Buildings.
	C27.5.2 Parapets.
	C27.5.3 Roof Overhangs.

	References
	Other References (Not Cited)

	Chapter C28: Wind Loads on Buildings: Main Wind Force Resisting System (Envelope Procedure)
	 Part 1: Enclosed and Partially Enclosed Low-Rise Buildings
	C28.3 Wind Loads: Main Wind Force Resisting System
	C28.3.1 Design Wind Pressure for Low-Rise Buildings.
	C28.3.2 Parapets.
	C28.3.4 Minimum Design Wind Loads.
	C28.3.5 Horizontal Wind Loads on Open or Partially Enclosed Buildings with Transverse Frames and Pitched Roofs.


	 Part 2: Enclosed Simple Diaphragm Low-Rise Buildings
	References
	Other References (Not Cited)

	Chapter C29: Wind Loads on Building Appurtenances and other Structures: Main Wind Force Resisting System (Directional Procedure)
	C29.3 Design Wind Loads: Solid Freestanding Walls and Solid Signs
	C29.3.1 Solid Freestanding Walls and Solid Freestanding Signs.
	C29.3.2 Solid Attached Signs.

	C29.4 Design Wind Loads: Other Structures
	C29.4.1 Rooftop Structures and Equipment for Buildings.
	C29.4.2 Design Wind Loads: Circular Bins, Silos, and Tanks with h&le;120&ThinSpace;&ThinSpace;ft (h&le;36.5&ThinSpace;&ThinSpace;m), D&le;120&ThinSpace;&ThinSpace;ft (D&le;36.5&ThinSpace;&ThinSpace;m), and 0.25&le;H/D&le;4.
	C29.4.2.1 External Walls of Isolated Circular Bins, Silos, and Tanks.
	C29.4.2.2 Roofs of Isolated Circular Bins, Silos, and Tanks.
	C29.4.2.3 Undersides of Isolated Elevated Circular Bins, Silos, and Tanks.
	C29.4.2.4 Roofs and Walls of Grouped Circular Bins, Silos, and Tanks.

	C29.4.3 Rooftop Solar Panels for Buildings of All Heights with Flat Roofs or Gable or Hip Roofs with Slopes Less Than 7&deg;.
	C29.4.4 Rooftop Solar Panels Parallel to the Roof Surface on Buildings of All Heights and Roof Slopes.

	C29.5 Parapets
	C29.7 Minimum Design Wind Loading
	References

	Chapter C30: Wind Loads: Components and Cladding
	C30.1 SCOPE
	C30.1.1 Building Types.
	C30.1.5 Air-Permeable Cladding.

	C30.3 BUILDING TYPES
	C30.3.1 Conditions.
	C30.3.2 Design Wind Pressures.

	 PART 1: LOW-RISE BUILDINGS
	PART 3: BUILDINGS WITH h >60 ft (h >18.3 m)

	 PART 4: BUILDINGS WITH 60&ThinSpace;&ThinSpace;ft<h&le;160&ThinSpace;&ThinSpace;ft (18.3&ThinSpace;&ThinSpace;m<h&le;48.8&ThinSpace;&ThinSpace;m) (SIMPLIFIED)
	C30.6 BUILDING TYPES
	C30.6.1 Wind Load: Components and Cladding.
	C30.6.1.2 Parapets.
	C30.6.1.3 Roof Overhangs.


	 PART 5: OPEN BUILDINGS
	C30.7 BUILDING TYPES
	 PART 7: NONBUILDING STRUCTURES
	C30.12 CIRCULAR BINS, SILOS, AND TANKS WITH h&le;120&ThinSpace;&ThinSpace;ft (h&le;36.5&ThinSpace;&ThinSpace;m)
	C30.12.2 External Walls of Isolated Circular Bins, Silos, and Tanks.
	C30.12.3 Internal Surface of Exterior Walls of Isolated Open-Topped Circular Bins, Silos, and Tanks.
	C30.12.4 Roofs of Isolated Circular Bins, Silos, and Tanks.
	C30.12.6 Roofs and Walls of Grouped Circular Bins, Silos, and Tanks.

	References

	Other References (Not Cited)


	Chapter C31: Wind Tunnel Procedure
	C31.4 Load Effects
	C31.4.1 Mean Recurrence Intervals of Load Effects.
	C31.4.2 Limitations on Wind Speeds.
	C31.4.3 Wind Directionality.

	C31.6 Roof-Mounted Solar Collectors for Roof Slopes Less than 7 Degrees
	C31.6.1 Wind Tunnel Test Requirements.
	C31.6.1.1 Limitations on Wind Loads for Rooftop Solar Collectors.
	C31.6.1.2 Peer Review Requirements for Wind Tunnel Tests of Roof-Mounted Solar Collectors.


	References

	APPENDIX C11A: QUALITY ASSURANCE PROVISIONS
	APPENDIX C11B: EXISTING BUILDING PROVISIONS
	Appendix CC: Serviceability Considerations
	CC.1 Serviceability Considerations
	CC.2 Deflection, Vibration, and Drift
	CC.2.1 Vertical Deflections.
	CC.2.2 Drift of Walls and Frames.
	CC.2.3 Vibrations.

	CC.3 Design for Long-Term Deflection
	CC.4 Camber
	CC.5 Expansion and Contraction
	CC.6 Durability
	References

	Other References (Not Cited)


	Appendix CD: Buildings Exempted from Torsional Wind Load Cases
	Appendix CE: Performance-Based Design Procedures for Fire Effects on Structures
	CE.1 Scope
	CE.2 Definitions
	CE.3 General Requirements
	CE.4 Performance Objectives
	CE.4.1 Structural Integrity.
	CE.4.2 Project-Specific Performance Objectives.

	CE.5 Thermal Analysis of Fire Effects
	CE.5.1 Fuel Load.
	CE.5.2 Structural Design Fires.
	CE.5.3 Heat Transfer Analysis.

	CE.6 Structural Analysis of Fire Effects
	CE.6.1 Temperature History for Structural Members and Connections.
	CE.6.2 Temperature-Dependent Properties.
	CE.6.3 Load Combinations.

	References


	INDEX


