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Wind design
e Design wind loads

— Code requirements
— ASCE 7-22 (and earlier versions)
— RoofWindDesigner.com
- FM 1-28
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Wind design

The fundamental concept
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Wind creates pressures/forces
on building elements...
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...these forces are referred to
as “Design wind loads”

The fundamental concept -- continued

A roof system needs to be able to “resist” the design wind
loads acting on a building.
e Roof systems are tested for their “resistance”

(attachment, adhesion):
— FM Approvals classifications (FM 1-60, 1-90, 1-120, etc.)

— UL classifications (UL Class 30, 60, 90)

— Engineering analysis
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Wind design 3

The fundamental concept -- continued

Design wind loads < Tested resistance”

ASCE 7 £ FM Approvals classification
or UL classification®
or engineering analysis”

*A “safety factor”, typically 2.0 (i.e., 1/2 of tested resistance),
is applied to ASD values to account for variations in designs,
materials, application and roof system aging/deterioration.

Design wind loads

Wind design
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Wind design

24 |BC

INTERNATIONAL
BUILDING CODE"

TERRATIGNAL

OO CAUNEIL

International Building Code,
2024 Edition

"ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

SECTION 1504—PERFORMANCE REQUIREMENTS
1504.1 Wind rasistance of raofs. Roof decks and roof coverings shall be designed in accordance with Saction [EREEES
1504, e @

1504.2 Wind F asphalt shingles. Aspl be tested in accordance with ASTM D158,
Asphalt shingles shall et the classification requirements of Table 1504.2 for the appropriate maximum bosic
wind speed. Asphalt shingle packaging shall bear  label to indieate compliance with ASTM D7153 and the
required classification in Table 15042

Exception: Asphalt shingles not included in the scope of ASTM D7158 shall be tested and labeled in accor-
It i ASTM D3161

phalt
and th required classification in Table 1504.2.
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1504.3 Wind rasistance of clay and concreta tile. Wind loods on clay and concrete tile roof coverings shall be in accordance with
Section 1609.6,

1504.3.1 Testing. tles shall beir 15042.11, 1504312 and 1504.3.1.2,
1504.3.1.1 Overturning resistance. Concrete and clay roof iles shall be tested to determine their resistance to overtuming
duetowind in accordance with Chapter 15and either SBCCI SSTD 11 0r ASTMC1565.
1504.3.1.2 Wind tunnel testing. Where concrete and clay rooftiles do not satisfy the limitations in Chapter 16 for rigid tile, a
wind tunnel test shall be used to determine the wind characteristics of the concrete or clay tile roof covering in accordance
with Chapter 15 and either SBCCI SSTD 11 or ASTM CL

1504.3.

tile shall be 0.2 or shall be determined in accor-

313
dance with SBCCI SSTD 1L or ASTM C1570,

dance with FM 4474, UL 580 or UL 1897.
P

1504.4 Wind resistance of nonballasted roofs. Roof coverings installed on roofs in accordance with Section 1507 that are mechanically

attached or adhered to the roof deck shall be designed to resist the design wind load pressures for components and cladding in accor-

dance with Section 1609.6.2. The wind load on the roof covering shall be permitted to be determined using allowable stress design.
1504.4.1 Other roof systems. Built-up, medified bitumen, fully adhered or mechanically attached single-ply roof systems, metal
panel roof systems applied to a solid or closely fitted deck and other types of membrane roof coverings shall be tested in accor-

Fallbe parmitted

dtested Tance vith the applicabl

N of alumir
referenced structural design standard in

Section 2002.1.

fitted deck shall be tested in accordance with ASTM

1504.4.2 Metal

D3161, FM 4474, UL 580 0 UL 1897. Metal

ments of Table 1504.2 for the appropriate maximum basic wind speed and the metal shingle packaging shall bear  label to
i 61 and th able 1504.2.

toa

1504.4.

hallbe

with ASTM D3161. Slate packaging shall bear a labelindicat-

with ASTM D3161

inTable 1504.2.

m
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Wind design 5

ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

1504.5 Ballasted low-slope single-ply roof systems. Ballasted low-slope single-ply roof system coverings installed in accordance
with Section 1507.12 shall be designed in accordance with ANSI/SPRI RP-4,

1504.6 Edge systems for low-slope roofs. Metal edge systems, except gutters and counterflashing, installed on built-up, modified
bitumen and single-ply roof systems on a low-slope roof shall be designed and installed for wind loads in accordance with Chapter 16
and tested for resistance in accordance with Test Methods RE-1, RE-2 and RE-3 of ANSI/SPRI ES-1, except basic wind speed, V, shall be
determined from Figures 1609.3(1)through 1609.3(4), as applicable.

1504.6.1 Gutter securement for low-slope roofs. Gutters that are used to secure the perimeter edge of the roof membrane on

low-slope built-up, modified bitumen, and single-ply roofs, shall be designed, constructed and installed to resist wind loads in
accordance with Section 1609 and shall be tested in accordance with Test Methods G-1 and G-2 of SPRI GT-1.

TABLE 1504. HEIGHT (INCH el
L] <05 [100] 105 [ 110 [ 115 [ 120 [ 130 [ 140 [ 150 | <o0s [ 100 [ 105 [ 120 [ 125 [ 120 ] 130 | 140 | 150
(No. Tor No. 67) 50 12 (12 | 14| 16 |18 |20 | 25 (30 |35 | 17 | 18 |22 | 25 | 28 |30 | 36 | 4L | 47
(No.6) 50 12 |12 | 12 | 12 |14 |16 | 20 | 24 |28 | 12 | 15 | 17 | 10 | 22 | 24 | 20 | 34 | 29
=irvvzamm‘r‘
e
S o

SECTION 1505—FIRE CLASSIFICATION
PR (BF] 1505.1 General. Fire classification of roof assemblies shall be in accordance with Section L505. The mini-
G [0 | i e classfication o roof assemblies nstaled on buildings shal comply with Table 15051 based ontype of
<onstruction of the building. Class A, B and C raof assemblios and roof coverings required to be listed by this
section shall be tested in accordance with ASTM E108 or UL 790. In addition, fire-retardant treated woodroof
coverings shall be tested In accordance with ASTM D253,

Exception: Skylights and sloped glazing that comply with Chapter 24 or Section 2610.

m

9
9
sTRuCTURALpesic
1608.2.1 conversion. ., of Figures 1608.2(1) through 1608.2(4) and Table
1608, i snow 10ads, 0,z Using Equation 16-1
Equation16-17  p,., =070,
‘where:
SECTION 1609—WIND LOADS
Po—— @ 1609.1 Applications. Buildings, structures and parts thereof shall be designed to withstand the minimum wind
Changes o loads prescribed herein. Decreases in wind [oads shall not be made for the effect of shielding by other structures.
1609.1.1 Determination of wind loads. Wind loads on every building or structure shall be determined in
accordance with Chapters 26 to 30 of ASCE 7, The type of opening protection required, the basic wind speed,
V, and the exposure category for a site is perm! determined in accordance with Section 1609 or ASCE
7. Wind shall be assumed to come from any ho iap and wind pressures shall be assumed to act
normal to the surface considered.
Exceptions: IBC 2024 Ch. 35-References Standards identifies
1. Subject to the limitation ASCE 7-22’s edition as being applicable
applicable Group R-2 and
2. Subject to the limitations of Section 1609.1.1.1, residential structures using the provisions of AWC WFCM.
3. Subject to the limitation . . provisions of AISI S230.
4. pesignsusingnaamm i IBC edition vs ASCE 7 edition
5. Designs using TIA-222 fo) . _ ed that the horizontal extent of Topo-
graphic Category 2 escaif IBC 2012: ASCE 7-10 ithe height of the escarpment.
6. Wind tunnel tests in acc IBC 2015: ASCE 7-10 CET.
1. Temporary structures co
The wind speeds in Figures 1609 IBC 2018: ASCE 7-16 shall be converted in accordance with
Section 1609.3.1 to allowable stress IBC 2021: ASCE 7-16 ndards referenced in Exceptions 4 and
5 are used.
IBC 2024: ASCE 7-22
uiding
2 GL;:mg ;\ m;ﬂmé:,y | bu"(dmgs,ir\ctud\;g g:eenﬁames that are occupied for growing plants on a production or
research basis, without public access shall be permitted to be unprotected.
w o
10
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STRUCTURAL DESIGN

FIGURE 1609.3(1}—BASIC L, r@ RISK :
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STRUCTURAL DESIGN
FIGURE 1609.3(2)—BASIC .V, r(( ;
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Wind design

STRUCTURAL DESIGN

FIGURE 1609.3(2)—BASIC WIND SPEEDS, V, DINGS AND OTHER STRUCTURES
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1609.3.1 Wind speed conversion. Where required, the basic wind speeds of Figures 1609.3(1) through 1609.3(4) shall be
converted to allowable stress design wind speeds, V,,,, using Table 1609.2.1 or Equation 16-18.
Equation16-18 U, = V.06
where:
Vg =Allowabl i 4and 5 of Section 1609.1.1
V= Basic wind speeds determined from Figures 1609.3(1) through 1609.3(4).
TRBLE 169 31-WHD
v‘Jm‘nn‘un‘un‘1au‘xsn|m]‘1m‘1m‘mn|mn
Vo | 8 | 8 | 03 | 11 | 18 | e | 1 | 1@ | 1@ | W | s
S e T
v o
1609.4 Exposure category. For idered, d: tely refl th
ground surface i the site at which the buildir structure s to be ted. Account shall be
taken of variations in ground surface roughness that arise from natural topography and vegetation as well as from constructed
features.
NTERNATIONAL CODE COUNCIL ettt o 14
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Wind design 8

TABLE 1604.5—RISK CATEGORY OF BUILDINGS AND OTHER STRUCTURES

RISK
CATEGORY NATURE OF OCCUPANCY

Buildings and other structures that represent a low hazard to human life in the event of failure, including but not limited to:
« Agricultural facilities.
« Certain temporary facilities.
« Minor starage facilities.

I Buildings and other structures except those listed in Risk Categories |, 1l and IV.

Buildings and other structures that represent a substantial hazard to human life in the event of failure, including but not limited to:

« Buildings and other structures whose primary occupancy is public assembly with an occupant load greater than 300.

« Buildings and other structures containing ane or more public assembly spaces, each having an occupant load greater than
300 and a cumulative occupant load of these public assembly spaces of greater than 2,500.

« Buildings and other structures containing Group E or Group I-4 occupancies or combination thereof, with an eccupant load
greater than 250.

« Buildings and other structures containing educational occupancies for students above the 12th grade with an occupant load
greater than 500.

mn « Group I-3, Condition 1 occupancies.

« Any other occupancy with an occupant load greater than 5,000.

« Power-generating stations with individual power units rated 75 MW, (megawatts, alternating current) or greater, water
treatment facilities for potable water, wastewater treatment facilities and other public utility facilities not included in Risk
Category IV.

« Buildings and other structures not included in Risk Category IV containing quantities of taxic or explosive materials that:

+ Exceed maximum allowable quantities per control area as given in Table 307.1(1) or 207.1(2) or per outdoor control area in
accordance with the International Fire Code; and

« Are sufficient to pose a threat to the public if released.”

Buildings and other structures designated as essential facilities and buildings where loss of function represents a substantial
hazard to occupants or users, including but not limited to:
« Group I-2, Condition 2 accupancies.
« Ambulatory care facilities having emergency surgery or emergency treatment facilities.
« Group I-3 occupancies other than Condition 1.
« Fire, rescue, ambulance and police stations and emergency vehicle garages
+ Designated earthquake, hurricane or other emergency shelters.
+ Designated emergency preparedness, communications and operations centers and other facilities required for emergency
respanse.
w + Public utility facilities providing power generation, potable water treatment, or wastewater treatment.
« Power-generating stations and other public utility facilities required as emergency backup facilities for Risk Category IV
structures.
« Buildings and other structures containing quantities of highly toxic materials that:
« Exceed maximum allowable quantities per control area as given in Table 307.1(2) or per outdoor control area in accordance
with the International Fire Code; and
+ Are sufficient to pose a threat to the public if released.®
+ Aiation control towers, air traffic control centers and emergency aircraft hangars.
« Buildings and other structures having critical naticnal defense functions.
« Water storage facilities and pump structures required to maintain water pressure for fire suppression.

. For upant oc by Table 10045 to area pe to use net loor areasto determine the
total occupant load. The floor area far vehicular drive aisles shall be excluded In netfloor areain

b. Where approved by g Il fon of bulldings and other structures as Risk Category Illor IV based on thelr quantities of toxic, highly toxic or explosive
materials Is permitted to be reduced to Risk Category Ii, provided that It can be demonstrated by a hazard assessment In accordance with Section 1.5.3 of ASCE 7 that a
ralease of the toc, highly toxicor explosive materials Is not sufficient to pose a threat to the public. 15

15

STRUCTURAL DESIGH

FIGURE 1609.3(+)—BASIC WIND SPEEDS, ¥, FOR RISK CATEGORY IV BUILDINGS AND OTHER STRUCTURES

o
g

1609.3.1 Wind speed conversion. Where required, the basic wind speeds of Figures 1609.3(1) through 1609.3(4) shall be
converted to allowable stress design wind speeds, V,;, using Table 1609.3.1 or Equation 16-18.

Equation 16-18 Voeg = V.J0.6 ﬁ i.e.,,Vyp = V x 0.78 |
where:
V.o = Allowable stress design wind speed applicable to methods specified in Exceptions 4 and 5 of Section 1609.1.1.

V= Basic wind speeds determined from Figures 1609.3(1) through 1609.3(4).

TABLE 1609.3.1—WIND SPEED CONVERSIONS™"*

v 100 110 120 130 140 150 160 170 180 190 200
Vi 8 85 93 101 108 116 124 132 139 147 155

For Sl: 1 mile per hour = 0.44 m/s.

a. Linear interpolation is permitted.

b. V_, = allowable stress design wind speed applicable to methods specified in Exceptions 1 through 5 of Section 1609.1.1.
¢. V=basic wind speeds determined from Figures 1609.3(1) through 1609.3(4).

1609.4 Exposure category. For rsidered, dequately reflects the

ground surface irregularities shall be determined for the site at which the building or structureis to be constructed. Account shall be
taken of variations in ground surface roughness that arise from natural tapography and vegetation as well as from constructed
features.

=

S 16

NTERNATIONAL CODE COUNCIL [
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ASCE 7-22

* All loads on buildings and

i A structures

Buildings and Other Structures o A82 pages + commenta ry
(1046 pages total)

* 32 chapters

* 7 appendixes

* Referenced in IBC 2024 Ch. 16-
Wind Design as the basis for

wind design

17

ASCE 7-22 on wind design
Minimum Design Loads and i Ch. 26: W|nd |OadSZ General

Associated Criteria for

Buildings and Other Structures requirements

* Ch. 30: Wind loads:
Components and cladding

* Ch.31: Wind tunnel
procedure

* Ch. 32: Tornado loads

99 pages

18
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Wind design

CHAPTER 26
WIND LOADS: GENERAL REQUIREMENTS

26.1

PROCEDURES

26.1.1 Scope Buildings and other structures, including the main
wind force resisting system (MWFRS) and all components and
cladding (C&C) thereof, shall be designed and constructed to
resist the wind loads determined in accordance with Chapters 26
through 31.

Risk Category III and IV buildings and other structures, | 22 oernmons
including the MWFRS and all C&C thereof, shall also be N
designed and constructed to resist tomado loads determined m o
accordance with Chapter EZL as applicable. et v

The provisions of this chapter define basic wind parameters for User Note: The ASCE Wind Desig Geodatabase of geo

coted Vind speed deaiga dat s avitae o b e T

use with other provisions contained in this standard. ardodonling,

ions apply to the provisions of Chaplers 26

pable to the Autherity Having

SIGN GEODATABASE:
ded wind sp.

I Main Wind Force Resisting
WERS shall be determined using one

Ay < 0.014, e 416 (037w

where A, and A, are as defined for O
BUILDING, f.OW-Ru:

Procedure for all buidings und ull other  patially open buikling
a5 specified in Chapter 31, conditions

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 261

19

CHAPTER 26
WIND LOADS: GENERAL REQUIREMENTS

following wind load parameters are specified in Chapter 26:

* Basic wind speed, V (Section 26.5),

* Wind directionality factor, K; (Section 26.6),

* Exposure category (Section 26.7),

* Topographic factor, K, (Section 26.8),

* Ground elevation factor, K, (Section 26.9),

* Velocity pressure exposure coefficient, K, or

+ Gust-effect factor (Section 26.11),
* Enclosure classification (Section 26.12), and
Internal pressure coefficient, [(}CP,-) (Section 26.13).

smaller. This condition is expressed for cach wall
ation:

Ay < 0.014, e 416 (037 ), wh

where 4, and A, are as defined for O
. BUILDING, { OW-RI: e, part
anel Brocedure for all buildings and all o patially open building that complies with the
a5 speified in Chapter 31, condtions

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 261

20

Advanced Topics and Current Issues in Low-slope Roofing
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30.2.1 Wind Load Parameters Specified in Chapter 26 The

(Section 26.10.1); Velocity pressure, g, (Section 26.10.2),
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CHAPTER 26
WIND LOADS: GENERAL REQUIREMENTS

261 PROCEDURES 261.2.2 Components and Cladding Wind loads en C:
Idings and other structures shall be desi
procedures;

26,110 Seope Buildings and other structures, includi
d csisting system (MWFRS) and 2l

(C&C) therea, shall be designed and constructed o 1. Analytical Procedures provided in Parts 1 through 5, as
imed in accordance with Chapers 2 appropriate, of Chapier 30; or
Wand Tunrel Brocede 15 specified.in Chapier 31

osist the wind loads det
throu

ategory 1 and IV buildings and other siructures,
e MWERS and all C&C thereof, shall also be
signed and constructed 1o resist tomado loads determined in
accordance with Chapter 32, as applicable.
The provisions of this chapter define basic wind parameters for
wse with other provisions contsined in this standird

procedies shal b pernited subjec 10 1 spproval of the
Autherity Having Jurisdiction. The performance-based. wind

sign procedures used shall, o 8 minimum, eonform 1o
Section 1.3.1.3.

“User Note: A building or other stmiture desigred for wind
loads determined exclusively in accordance with Chipter 26
camnot be designaied a5 @ stomn shelier without mecting
additional critical requirements provided in the applicable.
building cade and ICC SO0, the ICC/NSSA Standard for the
Design and Cansiruction of Storm Shelters. See Commentizy ROVED: Acceptable o the Authority Having
Section C26.1.1 for an in-depth discussion on Sterm Shelters Jursdicion

ASCE WIND DESIGN GEODATABASE: The ASCE da-
212 Permited Procedures T gy wnd dos for

Pdngs and oer sctres, mchuing the MRS sna | tabase (version 2022-1.0) of geocoded wind speed design data.

procedures as specified in this section. As
process for the determination of the wind loads, incliting section

262 DEFINITIONS

nitions apply to the provisions of Chapters 26

e e A e 6 el User Note: The ASCE Wind Design Geodatabase of geo-
e v e g by en coded wind speed design data is available at https://asce7ha-
0131 Muin Wi Frce Reiding Sriem Wi s o | | zardtool.online/.

s i

1. Dirctional Procedure for build

o all beights as spec BUILDING, ELEVATED: A bulding supporied on stme-

fied in Chapter 27 for buildi the requirements  tural elements where wind can pass beneath the buikding
specified therein BUILDING, ENCLOSED: A building that ks the total area
2 Envel e for lo.re budings 2 spcifie in - of penings i euch wall tha eceivespositiveexterrl pesure
mesting the requirements speci Lo o oreuel o 41 (037 m) or 1% of the area of that wall

er is smaller. This con
lowing equation:

is expressed for cach wall

spputensaces
) and other

Directionsl  Procedure for  buildi
flop structures an o

as s and solid A< 0014, o 4112 (037 m), whichever is smaller,
s, o P
plice open Futoc, md teissed owea) 1 ot Jn  where A, mid A s s deined for Open Biding
Ch BUILDING, { OW-RISE: partial sed or
4. Wind Tunnel Procedure for all buildings and all other iy open buidi hat complies with. the following
strustures as spesified in Chapter 31, pese
Minimum Design Loads and Associated Criteria for Buildings and Other Structures 261

ascehazardtool.org
> &
ASCE HAZARD TOOL L
Messure Basemap  Share
@ Enter Location O 5
| g Gl
LAT/LONG | FIND ONMAP
o 5 2 601 University Ave, Madison, Wisconsin, 53715
601 University Ave, Madison X L )
Hamel tion in this area hy
o
Standard: ASC
= Risk Category: |lil
NIVERSITY AV UNIVERSITY AVE onversTv Al |Soll Class:
Wind
ements G a.ﬂ [wind speed 15 Vmph |
ol E
o MRI |73 Vmph
| 81 Vmph
| 86 Vmph
o COMANT 91 Vmgh
(] [m] 00 Vmph 4
Lake and
Johnzan Ramp 107 Vmph
m} [m] e
15 Vmph
] [m} 19 Vimph
| oison T ) N
— — 49 Vimph
Rortiania 2
- E
o = = 68 Vimph
& o . sorion Oina 2 HERE, Garmin, INCREMENT P, USGS, EPA, USDA L=3=

Advanced Topics and Current Issues in Low-slope Roofing
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Wind design

ASCE ASCE Hazards Report
Aédress“ ’ Standard: ASCE/SEI 7-22  Latitude: 43072876
601 University Ave Risk Category: i Longitude: -89.396548
o Soil Class:  Defaut Elevation: 863.4478427320362 ()
8 uea 8
Wind
Results:
Wind Speed 115 Vmph
10-year MRI 73 Vmph
25-year MRI &1 Vmph
It is a good idea to print and file the Hazard Report
W.TU;rvear MRI vaVm:h
3,000-year MRI 118 Vmph
10,000-year MRI 128 Vmph
100,000-year MRI 148 Vmph
1,000,000-year MRI 168 Ymph
Data Source: ASCE/SEI 7-22, Fig. 26.5-1C and Figs. CC.2-1-CC.24, and Section 26.5.2
Date Accessed: Wed Feb 21 2024
[ Page 1013 e P 21 2024
_ 115(51) - 110(49)
“m,, 115(51)
110‘49)\/’\\& // 120(54)
(f\) | 130(58)
{ 15(51) o
{ S5y ( '/( BT, 100E3)
F XY { 17(53) £\l
gL )
114(51) \
- falit :
| Vo
‘ 1 4 d .
| ,fn ) S| 150(67)
<o L
1 R
NS ‘
115(51) i 170(76) 200(39]
160(72) ~
11:13(:28) 150(87) 200(98)
140(63)
m Special Wind Region
. . ’
It is also a good idea to compared the Hazard Report’s results
to applicable Basic Wind Speed map in ASCE 7-22
Jow s
e .
Figure 26.5-1C (Continued). Basic wind speeds 1|\dmgxand other structures.
Vinimiam Design Loads and Assaciated Crera for Bulkdings and Other Suctures m

Advanced Topics and Current Issues in Low-slope Roofing
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Wind design

25

13

I g, =0.00256K K K,V llh/f'll'\:lfﬁmi{h (26.10-1) || Table 26.10-1. Velocity Pressure Exposure Coefficients,
Ky and K.
q.=0.613K K_K,V3(N/m?); V. m/s (26.10-1.81)
Height above
where Ground Level,zor h Exposure
'elocity pressure exposure coefficient, see Section 26.10.1 l
TTAPTIC TACIor, See Sechon 20.8.2, ft m B c D
Ground elevation factor, see Section 26.9;
| V =Basic wind speed. see Section 26.54 and 0-15 0.57 (0.70)* 0.85 1.03
g.= Velocity pressure at height z. 20 0.62 (0.70)* 0.90 1.08
25 0.66 (0.70)* 0.94 1.12
The velocily pressure at mean roof height is computed as || 30 0.70 0.98 L16
gj,=4. evaluated from Equation (26.10-1) using K, at mean roof || 40 0.74 1.04 1.22
height A. 50 0.79 1.09 1.27
The basic wind speed, V, used in determination of design wind || 60 0.83 1.13 1.31
loads on rooftop structures, rooftop equipment, and other build- || 70 0.86 1.17 1.34
ing appurtenances shall consider the Risk Category equal to the || 80 0.90 1.21 1.38
greater of the following: 90 0.92 1.24 1.40
1. Risk category for the building on which the equipment or ll‘,J[J 0.95 1,;(; 1‘4".
appurtenance is located, or 1“[_J 1 E_)U 1‘]“ 1.48
2. Risk category for any building or other structure to which Hf[_J 1 [_H 1.34 1.52
the equipment or appurtenance provides a necessary || 160 1.08 1.39 1.55
service. 180 L.11 141 1.58
200 1.14 1.44 1.61
250 1.21 1.51 1.68
= esi-h 300 1.27 1.57 1.73
350 1.33 1.62 1.78
s SIS A | 400 1.38 1.66 1.82
26.11.3 Approximate Natural I'lwunllu The Awﬂ\muk 45” 143 I-TU 18(’
e hoead. i) Seinioey (od o 8 o | 500 1.46 1.74 1.89
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CHAPTER 30
WIND LOADS: COMPONENTS AND CLADDING
301 ScopE resonnce with aorg-wind vibatons of fexible biuiding.

The louds on buik

0.1 Building Types This chapter applies 1o the detemmination
of wind p o components und_ cladding (C&C) on
building:

that
o

1. Pan 1 is applicable 10 an enclosed. partially enclosed. or
par

by apparent

‘The building has a flat
roof, munsard mof, arche

pilched roof, gable mof, hip
or domed roc, and the
from & wind pressure

wind pressures are calo

ind load paran
ind speed, V (Sext

loads
s chapter shall comply with

—shaped building us defined in

siics that s with tributary areas
edding. or e

lfcts or buf

20,13 Limitaions The provi
consideration the load mag

s of this chapler tmke imo  pres
om effect camsed by gusts in  separated
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in cm,m 3l

g There shall be

that do nol. meet the mquirements

8 ot st o teain feanis

302 GENERAL REQUIREMENTS
=4 Lasd Facsmnclors Speciiod n Chagler 26 Tic

spociied in G 26

K
4, (Secton 26.102)

%6.12), and

S
fcient, (GC) (Section 26.13)

n Wind Pressures The design wind
buikdings shall not be les than & net

cither direction

302.3 Tributary Areas Greater than 700 B (65 m* C&C

@
ffect facir shall na be
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Wind design

30.1

SCOPE

30.1.1 Building Types This chapter applies to the determination
of wind pressures on components and cladding (C&C) on
buildings.

=]

Part 1 is applicable to an enclosed, partially enclosed, or
partially open

* Low-rise building (see definition in Section 26.2); or

* Building with /# <60 ft (18.3 m).

The building has a flat roof, gable roof, multispan gable
roof, hip roof, monoslope roof, stepped roof, or sawtooth
roof, and the wind pressures are calculated from a wind
pressure equation.

Part 2 is applicable to an enclosed, partially enclosed, or
partially open
+ Building with /1 > 60 ft (18.3 m).

The building has a flat roof, pitched roof, gable roof, hip
roof, mansard roof, arched roof, or domed roof, and the
wind pressures are calculated from a wind pressure
equation.

Part 3 1s applicable to an open building of all heights that

has a pitched free roof, monoslope free roof, or troughed

free roof.

Part 4 is applicable to building appurtenances such as roof

overhangs, parapets, and rooftop equipment.

Part 5 is applicable to non-building structures — circular

bins, silos, and tanks; rooftop solar panels and roof pavers.

* Circular bins, silos, and tanks with A < 120 ft (38.6 m);

* Rooftop solar panels: Buildings of all heights with flat
roofs or gable or hip roofs with roof slopes less than or
equal to 7 degrees; and

less than or equal to 7 degrees.

ITER 30
NENTS AND CLADDING

302 GENERAL REQUIREMENTS

Wind Load Parameers Specified in Chapter 26 The
wind load parameters are specified in Chapter 26

) (Section 26.13)

Design Wind Pressures Th
buildings shall not be less than
077 NI asting in cither direction

s f §
ciated with this chapter. The
At values and gust-effect factor shall not be

30.3 BUILDING TYPES
partially enclosed, or partially open

* Building with £ <60 ft (18.3 m).

* Roof pavers: Buildings of all heights with roof slopes separated
5 and Other Strucures ais
The provisions of Section 30.3 are applicable to an enclosed,
* Low-rise building (see definition in Section 26.2); or
The building has a flat roof, gable roof, multispan gable roof, [ o

hip roof, monoslope roof, stepped roof, or sawtooth roof. The
steps required for the determination of wind loads on C&C for
these building types are shown in Table 30.3-1.

30.3.1 Conditions For the determination of the design wind
pressures on the C&C using the provisions of Section 30.3.2, the
conditions indicated on the selected figure(s) shall be applicable
to the building under consideration.

30.3.2 Design Wind Pressures Design wind pressures on C&C
elements of low-rise buildings and buildings with k<60 fit
(18.3 m) shall be determined from the following equation:

p=aiK4l(GC,) — (GC,,)| (1b/1%) (30.3-1)

P=aK,[(GC,) — (GC,))(N/m?) (303-1.81)

pi
where

gy, = Velocity pressure evaluated at mean roof height h as
defined in Section 26.10;

Wind directionality factor, see Section 26.6; and

Extemal pressure coefficients given in

K
(GC,)

Figure 30.3-1 (walls),

Figures 30.3-2A-G (flat roofs, gable roofs, and hip
roofs) and 30.5.2 (pitched free roofs),

Figure 30.3-3 (stepped roofs),

Figure 30.34 (multispan gable roofs),

« Figsure 30.3-5A-B (monoslope roofs),

Figure 30.3-6 (sawtooth roofs),

Figure 30.3-7 (domed roofs),

Figure 30.3-8 (arched roofs),

Figure 30.3-2A (bottom surfaces of elevated
buildings).

) = Internal pressure coefficient given in Table 26.13-1.

(GC,

Cpi

NENTS AND CLADDING

procedur: sp in Chapier 31

g There shall
caused by apparent sh
and other ructures or temain fe

Wind Load Parameers Specified in Chapter 26 The
wind load parameters are specified in Chapter 26

ient, or Ky

ity pressure, g, (Section 26.102),

(Section 26.11),
(5

Pressures Th n
shall not be less than & net
KN/} acting in either direction

wind

hapter. The
steffect factor shall not be

g5 and Other Structures. 315
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Wind design 15
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29

30.4 BUILDING TYPES

The provisions of Section 30.4 are applicable to an enclosed,
partially enclosed, or partially open building with a mean roof
height [k > 60 ft (h > 18.3 m)] with a flat roof, pitched roof, == =
gable roof, hip roof, mansard roof, arched roof, or domed roof.
The steps required for the determination of wind loads on C&C !
for these building types are shown in Table 30.4-1. ‘ H e

30.4.1 Conditions For the determination of the design wind
pressures on the C&C using the provisions of Section 30.4.2, the
conditions indicated on the selected figure(s) shall be applicable
to the building under consideration.

Elevation

30.4.2 Design Wind Pressures Design wind pressures on C&C

o A N A & - external pressure coefficient zones for enclosed, partially
for all buildings with [h > 60 fi (h < 18.3 m)] shall be determined |rciesed spaces andareas bencath the elevated building—
¢ N of elevated tulidings.

from the following equation:

Table 30.4-1. Steps to determine C&C wind loads for

p=qK,;(GC,) - q.K,(GC, )(Ib/ ) (30.4-1) |enciosed. pertlly snciosed, or partially open building

“pi with h> 601t (> 18.3 m)}

151
for applicable risk

p=4K,(GC,) — ¢,K,(GC,)(N/m?) (30.4-1.5T)

Table
. i wind specd, V
pi -1

where

q = g, For windward walls calculated at height z above the

ground;

g = q;, For leeward walls, sidewalls, and roofs evaluated at

height h;
K, =Wind directionality factor, see Section 26.6;

q; = g5 For windward walls, sidewalls, leeward walls, and
roofs of enclosed and partially open buildings and for
negative internal pressure evaluation in partially
enclosed buildings; Step T Crculie wiad presrs, 7, Equaion 004-1)

Equation (26.10-1).
ficient (GC,

318 STANDARD ASCE/SEl 722
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Effective Wind Area, ft® ()
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Figure 30.4-1,

partially enclosed, p

h = 60M (h > 18.
ally open buildings—walls and roofs.

(GC, ), for enciosed,

Note: For h > 60, there is no Zone 1’, Zone 1’s GC,is lower,
and the remaining Zones are sized differently

31

321 PROCEDURES

CHAPTER 32
TORNADO LOADS

1. Directional Procedure for b

Hs as speci-

32.1.1 Scope Buildings and other structures classified as Risk
Category 1l or IV and located in the tornado-prone region as
shown in Figure 32.1-1, including the main wind force resisting
system (MWEFRS) and all components and cladding (C&C)
thereof, shall be designed and constructed to resist the greater

fied in Chapter 27 for buildi
specified therein
2. Directional ure for Building Appurte nences (such as
wollop siructures and mofiop icat) and Other
s (such as sold freestanding walls and slid freestan
ing signs, chimneys, tanks, open signs, single-plane
o e st i) o e o gt ® =
el wenks specified therein; or
3. Vo Bt Pt o bkinge aad o
structures as specified in Chapter 31 for buildings meeti
the requiremers specified therein.

he requireTents

of the tornado loads determined in accordance with the | 52022 fmate Loals on Components and Cadding
. 3 . . . Tonado loads on the C&C of all buildings and her
provisions of this chapter or the wind loads determined in | amcure sl be demined wine ome or more of e
. . - following procedures, as modifid by Chupte 32

accordance with Chapters 26 through 31, using the load | “rsismstranes
combinations provided in (_.h‘l[)lt:l 2. e
757 T Torrido Spec &l Ty iven peopraptic Tocatiar wall 2, Wind Tumel Procedurs for all buildings and other strug-

range from approximately Enhanced Fujita Scal tures as specified in Chapier 31, for buildings meeting the

Options fer protect
Kormadoes ol comttin Of & s Shcher andi
wetura-pericd tomado speeds as provided
including performance-based design
2 for tormedo Toads deter-
i o i S e
designated a5 @

aaitcal requirements provided in the applicable Hing
and ICC 500, the ICC/NSSA Siandar for the Design and
Construction of Stomn Sheliers. See Commentary Section
3211 for an in-depth diseussion an storm shelters

x G,

storm sheller withou! meeting

212 Pernitied Procedurss The design tnade oads for
s und other gructres, including the MWFRS snd
ents thereof, shall be determined using one of the
specified in this section and subject o the
of Chapters 26 through 32, excluding

applicable Timitations
Chapter 28

An oulline of the overall posess for the determination of
te tormdo load, including scton reerences, i poided in
Figu 32,13
32.12.1 Tornado Loads on the Main Wind Force Resisting
System Tomado loads for the MWFRS shall be determind
wing one or more of the following procedures, os modified
by Chupter 32:

Minimum Design Loads and Associated Criteria for Buildings and Other Structures

requirements specified thercin.

3213 Performa
buldings  and
procedures sh
Autr

penmitizd subject 10 tF
urisdiction. The performance.
wed shal. af 3 minimum

Se: 303 und be documentsd and submi
Authority Having Jurisdiction in accordance with Section 1,

322 DEFINITIONS

mm Chapters 26

TR DG DR
databse (version 2022-10)
data,

ODATABASE: The ASCE
led tornado spesd desig

A stcture that is

tanks and vessels,
TORNADO-PRONE REGION: The ares of the contermi-

nous Urited States most vulnerable 10 tomadoes, s shown in
Figure 32,11

353

32

Advanced Topics and Current Issues in Low-slope Roofing
UW-Madison--Low Slope Roofing Systems

16

March 19-20, 2024



Wind design

Tornado-prone region

Areas outside tomado-prone region

here positiv
e ais away

354 STANDARD ASCE/SEl 722

33

Determine whether Design for
Tornado Loads is Required

1 Risk Category Ill or IV,
per Section 1.5?
2
Design for
Tornado
Loadsis
NOT
Required
3 V2 60 mph (26.8 m/s), per
Section 32.5.27
4 For Exposure B: V2 0.5V, or
For Exposure C: V2 0.6V, or

For Exposure D: V2 0.67V

Design for Tornado Loads
is Required

Advanced Topics and Current Issues in Low-slope Roofing
UW-Madison--Low Slope Roofing Systems
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Wind design 18

3 used in determmimation of omado

e 880 K, $06 Section 3210

Vevvvv vy

Torado losds on the MWFRS shall b

Chapter 31: Wind tamnel pr

coduts for any
moificd by

Section 3213, ‘

Figure 32.1-3. Outline of process for determining tornado loads.

gory IV buildings end sructures, use 2 with Section 26.73, bused on the
hrough 32.5-2 in the greatest wind loads for any wind direction at the site
3253 Direction of Tornadic Wind The tomadic wind shallbe
assumed 1o come from any horizontal direction
3254 Effective Plan Area The effective plan arca, A, of the
building or cther structure shall he determined in sccordance with
this section.
32541 Essential  Facilities For Essentiol Facilities and
bulings and other smctwes equred 1o maintin_the
funcionaltyof Essental Pl th clcctve pa area shall
e equalto the are of the smallest convex polygon enclasing both
the Essential Faciliy and all of the buildings and other structures
that mintuin the functionality of the Bssential Fucilty

Lonline) or approved equivalent
325.2 Design for Tornado Loads Not Required For Risk  Structures that are not designaled 45 Essential Facilties
Category TIT and TV buildings and other stuctur «d  are nol requird to maintain i
1o have tomado speeds Vr < 60 mih (268 mfs), dssign for effective plan
Where Vr> 60 mih
nreshold speeds then design for
cquired.

s perr e .
s g aglsags phguide
Sl inbpendest baliisg o ot Stwetce, Wheh
docs mot share structural componerts. with adjacent buildings
or ofher structures,

! r\-r r\rm\um B: Vr < 05V, or
osure C: Vr < 0.6V, of
3 r\-rr\mm D: Vr < 067V

where V is the basic wind speed determined in sccordince with  32.5.4.3 Ground-Mounied Photovaltaic Panel Sysiems The
Section 265 and the exposure calegory is determined in  effective plan ares, A., of gound-mounted pholovoltaic

386 STANDARD AS CE/SEI 7-22

- iy = 00555, MRI = 170 yur

5 Tormat
Lo ne ASCE: . 13 stthe ASCE 7 Hlazrd To e s Tpsnénalmine)

v e

Figure 32.5-1D (Continsed). Tomado speeds for Fisk Category I buildings and cther structures, for effective
plan area of 40,000 t* (3,716 m).

Separate tornado speed maps based on Risk Category Ill and IV,
and effective plan areas of 1; 2,000; 10,000; 40,000; 100,000;
250,000; 1,000,000 and 4,000,000 sq. ft.

Minimum Design Loads and Associated Criteria for Buildings and Other Stuctures 365
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38

Figure 52.5-1E (Continued). Tomado speeds for Risk Category Il bulldngs and other structures, for sfective
plan area of 100,000 A (5,280 m*).

326 TORNADO DIRECTIONALITY FACTOR

The tomado directonslity factor, Ky shall be detemined.from
Tuble 32.6-1 and shall be used Lo dete the tomado loads in
sccordunce with Sections 32.15 1

327 TORNADO EXPOSURE
Tomado velocity pressure exposure eeflicients K., and Kur,,
e determined in Section 32.10.1. Exposurs rjuirements in
Section 267 shall not. apply to the determinaion of Kor,, and

Kur

32.10 TORNADO VELOCITY PRESSURE

32.10.1 Tornado Velocity Pressure Exposure Coelficient A
tornado velocity pressure exposure coefficient, K.y, or K5, as
applicable, shall be determined from Table 32.10-1.

32.10.2 Tornado Velocity Pressure Tomado velocity pressure,
q.1» evaluated at height 7 above ground, shall be determined in
accordance with the following equation:

4.r =0.00256K 7, K, V3 (Ib/f2); V; inmi/h  (32.10-1)

gy =0.613K 7, K, V3 (N/m*); V- in m/s (32.10-1.81)
where
K_7,,=Tornado veloci
Section 32.10.1;
K, =Ground elevation factor, see Section 32.9;
V¢=Tornado speed, see Section 32.5; and
g.r=Tornado velocity pressure at height z.

pressure exposure coefficient, see

The velocity pressure at mean roof height shall be computed as
grr = g7 evaluated from Equation (32.10-1) using K_z,, at mean
roof height f.

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 367
penel systems shall be equal o the effective plan ama of the  32.12 TORNADO ENCLOSURE CLASSIFICATION
largest siructurally independent photovolisic suppont siructure

that does not share structurel componcats with other adjacent

sructires.

itions, it shall be classified s
or ciher siructure.

te tormido  enclosure

i

wall o
it functions as

opcn, o opca s defned fn Scciioa 262
Other structures shall be classified os sealed, s defined in
Sect e partially enclosed, partially apen, or
us defined in Section 26.2.
e not_required by Section 3

=
e shal either
1

glazed open
Soaieid o iigs or () be protecied in accardance with
Section 32.12.3.

3212.3 Protection of Glazed Openings Glazed openings shall
be protested as specified in this section for Essential Fasilities
and for buildings and other structures required to maintain the
fumctionality of Essental Facilties.

321231 Protection Requirements for Glazed Openings
Qhiog i builings raukieg prukclon shall b polecked
impactprotective systen
I

are staffed 24 hours per day

Tmpact-protective systems and impact-resistant g all
bestkiried t isila ks I scoomlin wils ASTM E1996
e el D o 5 m =i i T 20 ASTM
e with ASTM E1996
S i ASTH E1os Timpact
I comply with the.

csistant

ling doors, and fexible doors sh
st in accordance with ANSUDASMA

subjected to 1

1152 apphcable. Glaring aud fmpantpeoietive sysiems stall
comply with the “Enhunced Protection” mquirements of To-
ble 3 of ASTM E 1996, with tornado speed used in place of

basic wind speed for determination of wind zone.

EXCEPTION: Other testing methods andor performance
eriteria ure permitied to be used where approved.

32.13 TORNADO INTERNAL PRESSURE
COEFFICIENTS

WMinimum Design Loads and Associated Criteria for Bulldings and Other Structures 357
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Fur=qurKarKor(GC,)4, (b @2.164)

Fir=gakirKo (GO, (N @2.16-4.51)

g il O

pressure coeflicient and gust-effest
tor from Section 29.4.1, and

zontal projected ansa of oflop Siructure or equip
32.163.3 Roof _of Islated Circular
pply

Bins, S

equation, which replaces Equat
pr=a[GrKaKa Gy~ (GCur )] B/F?) 02165

| (N/m?)  (2.16-5.81)

Secton 29.422,and
cction 32,13

ofs with slo
The d
ic pancls shall
which replace

ble or hip

e
Equation (20.4-5):

Pr=GurK g (GC,p} (/) (32.16-6)

Pr=aurKur (GC,0) (N/n? (3216651

Minimum Design Loads and Associated Criteria for Buildi

32.17.1 Low-Rise Buildings Section 30.3 shall apply for
determination of component and cladding tornado loads on
low-rise buildings, as modified in this section. The design
tomado pressures, pr, on C&C elements in low-rise
buildings and buildings with & < 60 ft (h < 18.3 m) shall
be determined in accordance with the following equation,
which replaces Equation (30.3-1):

Pr=qur[KarK,2 (GC,) — (GCpr)] (Ib/f2)  (32.17-1)

Pr=aur[KurK,2(GC,) — (GCpp )] (N/m?)  (32.17-1.8T)

where

qur = Tornado velocity pressure from Section 32.10.2 eval-
uated at mean roof height A, Ib/ft” (N/m~);
I\Manrnndn Ll]l:LllE)l‘l.Il]l) Im.lm Imm S:len 3’ (7

(GC

pir) = Tornado intemnal pressure coefficient from Section 32.13.

32.17.1.1 Bottom Horizontal Surfaces of Elevated Buildings

Section 30.3.2.1 shall apply for determination of C&C loads on
bottom horizontal surfaces of elevated buildings, as modified in
this section. The design tornado pressure, py. for the effects of
tornado pressure on C&C shall be determined in accordance with
Equation (32.17-1), where K, = 1.0.

32.17.2 Buildings with & > 60 ft (& > 18.3 m) Section 30.4
shall apply for the determination of component and cladding
tornado loads on buildings with & > 60 ft (A > 18.3 m), as
modified in this section. The design tornado pressures, pr, on
C&C elements for all buildings with & > 60 ft (h > 18.3 m) shall
be determined in accordance with the following equation, which
replaces Equation (30.4-1):

Pr=aKurK,r(GC,) = q(GCpr) (Ib/f12) (32.17-2)
Pr=4KarK,1(GCp) = q/(GCpr) (Nfm?)  (32.17-2.8D)
where

=g.r For external pressure on all walls evaluated at height z
above the ground, b/ lN/mz)‘,

20

While ASCE 7-22°s wind load provisions are relatively manageable,
the tornado provisions, where applicable, get very complex.

40
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FEMA/NIST Design Guide

Design Guide for New Tornado Load
Requirements in ASCE 7-22

Smallest Convex Polygon Method ‘Simplified Rectangle Method

Legend = === Building perimeter Ej Effective plan area

Figure 5: Effective plan areas for buildings that are not essential facilities (Adapied from ASCE 7, Figure C32.5-
1; used with permission from ASCE)

Smallest Convex Polygon Method

Simplified Rectangle Method
1 I
v .
v I
v (]
pami 1
' o
v
v
......
------ ' U espital | wmemes
1 T
. i
L ‘ '
- Central utility plant "~ Gentral uiity plant

Legend ===~ Buiiding perimeter [ Effective plan area

Figure 6: Effective plan area for essential facilities (Adapted from ASCE 7, Figure G32.5-2; used with permission
trom ASCE]

= 2\ NATIONAL INSTITUTE OF

o | STANDARDS AND TECHNOLOBY
N e
e

Janusry 2023 -1

41

NIST Technical Note 2214‘

Economic Analysis of ASCE 7-22
Tornado Load Requirements

Legend
Tarnada Wind Speed (mph) a0 Z
A= 100 000 ft* (9290 ) 100" Laos
Basic Wind Speeds [mph) 1280 i 180
BRERY special Wind Region 130 1670“
Note: 1 mph = 0.447 m/s 1050

Basic wind speeds shown are based on Risk Category IV

| Link

42
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Legend

Fig. 8. Map of likelihood that design for tornado loads is required for a Risk Category T 4e
=100 000 £i? (9290 m?) building or other structure in Exposure B (top) and Exposure C
(bottom)

Roof Wind Designer

www.roofwinddesigner.com

ROOF WIND WELCOME MARK GRAHAM  MYPROJECTS  PROFILE  ADMIN  LOGOUT
N RCA | DESIGNER

HOME CONTACT FAG

ROOF WIND DESIGNER

f Wind Designer is intended to provide u

design wind loads for many commonly

to-u

for determining

re subject to buildin:
compliance.

g and Safety Code. Roof Wind Designer
20085, 2010, 2016, and 2022 editions. Roof
pe Procedu
lope Procedure, Part 2: Lo
30, and Part 4: Buildings with 60ft < h <160t (Simplified),
Buildings with h > 60 ft [(h > 18.3 m)], and Part 4: Building appurtenances, rooftop stru
A more detailed

d Designer uses

ASCE 7-05's Method 1
(simplified) of

se Buildings

implified) of Chapter

se Buildings, Part 2

ures and equipment

of ASCE 7' four editions
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Comparing ASCE 7’s versions

Based on a hypothetical building

Assumptions: Building height (h) = 60 ft., low-slope roof, enclosed building configuration, Exposure Category
C and Risk Category Il in Madison, Wisconsin.

Version Method Basic wind speed Zone 1’ Zone 1 Zone 2 Zone 3
ASCE 7-22 Ult. 115 mph 35.1 psf 61.1 psf 80.6 psf | 109.9 psf
ASD 90 mph 21.1 psf 36.7 psf 48.4 psf 65.9 psf
ASCE 7-16 Ult. 115 mph 35.2 psf 61.4 psf 81.0 psf 110.3 psf
ASD 90 mph 21.2 psf 36.8 psf 48.6 psf 66.2 psf
ASCE 7-10 Ult. 120 mph -- 42.0 psf 70.5 psf 105.9 psf
ASD 93 mph -- 25.2 psf 42.3 psf 63.6 psf
ASCE 7-05 Ult. 90 mph - 27.3 psf 45.4 psf 68.6 psf

45

Wind designh for FM Global-insured buildings

46

46

Advanced Topics and Current Issues in Low-slope Roofing
UW-Madison--Low Slope Roofing Systems March 19-20, 2024



Wind design 24

FM Global
Property Loss Prevention Data Sheets 1-28
October 2015
nierim Revision Jaruary 2024
Page 1 or94

o=y | FM 1-28, “Wind design”

* Intended to apply to FM

Global-insured buildings

e ASD basic wind speed maps
: and design method

: * Some ultimate design
concepts (e.g., zones)

* Importance Factor =1.15

e Tornado provisions added

1.0 scopPE
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od R
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o with Greatar
3.5 Wind Ratings for and Wall Assembe:
35.1 FM Approved Roof Assemblies.
352 FM Approved Exierior Wall Assambi
353 Windoor

F“ Elobal

|
>
=
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SYSTEM SEARCH
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Zone1: 21.1 psf
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Zone 2: 48.4 psf
Zone 3: 65.9 psf
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55
FM Global’s design wind load determination method typically
results in higher design wind loads resulting in the need for
higher wind resistances compared to ASCE 7-10, -16 and -22
56
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[ chnpren

16_' STRUCTURAL DESIGN

SECTION 1601 —GENERAL
1601.1 Seope. The provisions of this chapter shall govern the structural design of buildi
portions thereaf.

SECTION 1602—NOTATIONS.
1602.1 Notations. The following notations are used i this chapter.

round snow load.

ermined from Figures 1608.2(1) through 1605.214) and Table 1608.2

mph (mjs) where appl

rmined from Figure 3(1) through 1600.34) or ASCE T

mined from Chapter 32of

s with Chapter 10 of ASCE 7.

SECTION 1603—CONSTRUCTION DOCUMENTS

1603.1 General. Construction documents shall show the material, size, section and relative locations of struc-
tural members with floor levels, column centers and offsets dimensioned. The design loads and other
information pertinent to the structural design required by Sections 1603.1.1 through 1603.1.9 shall be indicated
on the construction documents.

=

s. ord areas established in Section 1612.3.

NTERNATIONAL CODE COUNCIL'

57

STRUCTURAL DESIGN

Design load-bearing values of soils
Rainload data.

1603.1.1 iaor v lead. Tho oy istrute, concantratad nd impact foor o load used nth dosgn shall o indicstod or
floorareas. 7.133hall be indicated for eachtype of i load used in the design.
1603.1.2 Roof live load. The raof live
1603.1.3 Roof snow load data. The ground snow. Il be indicated. In areas where the ground snow load, p,, exceeds 15
pounds per square foot {psf) (2.72 kN/nr), the following additional information shall also be provided, regardless of whether
snow loads govern the design of the roof:

L

d used in the design shall be indicated for roof araas.

Thermal factor,
Slope factoris)
Drift surcharge load(s), 2, where the sum of p, and p, exceeds 30 psf (1.4 kNjm?)
idth of snow drift(s), w.

inter wind parameter for snow drift, I,

1603.1.4 Wind and tornado design data. The following information related to wind loads and, where required by Section 1609.5,
tornado loads shall be shown, regardless of whether wind or tornado loads govern the design of the lateral force-resisting system
of the structure:

1. Basic wind speed, V, mph (m/s), tornado speed, Vi, mph (m/s), and allowable stress design wind speed, V., mph (m/s), as

determined in accordance with Section 1609.3.1.

2. Riskcategory.

3. Effective plan area, A,, for tornado design in accordance with Chapter 32 of ASCE 7.

4.  Wind exposure. Applicable wind direction if more than one wind exposure is utilized.

5. Applicable internal pressure coefficients and tornado internal pressure coefficients.
6

esign wind pressures and the\r applicable zones with dimensions I» be used for exterior component and cladding
materiars notspecificety d=by-the-registered-TiesIgn professional responsible for the design of the structure,
pounds per square foot (kN/m? ) Where design for tornado loads is required, the design pressures shown shall be the
maximum of wind or tornado pressures.
1603.1.7 Flood design data. For
documentation pertaining to d
the datum on the community’
design of the bui

1. Flood design class assigned according to ASCE 24.

located in whole or in part in flood hazard are ed in Section 1612.3, the
n 16124, shall be included and

lap (FRM). shall be shown, rega

er flood loads govern the

floor,
5, the clevation to which any nonresidential

the bottom of the lowest horizontal structural

t
membar of the lowest floor, |rvdudmg the basement

w 7 BUILDING CODEY

INTERNATIONAL CODE COUNCIL Jsessss

58
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Wind design 30

Design wind loads (and, if applicable, tornado loads),
zones and zone dimensions are required to be shown
on the Construction Documents.

59

Wind resistance

Wind design

60

60
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Wind design 31

ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

SECTION 1504—PERFORMANCE REQUIREMENTS
1504.1 Wind resistance of roofs. Roof decks and roof coverings shall be designed in accordance with Saction
1504,

1504.2 Wind resistance of asphalt shingles. Asphalt shingles shall be tested in accordance with ASTM D158,
Asphalt shingles shall meet the classification requirements of Table 1504.2 for the appropriate maximum bosic
e shinle packsging ol baar 3 ol o ndiate complisce with ASTH 07155 3nd tho
ication in Table 15

Exception: Asphalt shingles nutmduded in the scope of ASTH D7158 shall be med and labeled in accor
jance Asphalt s shall bear a lobel ASTM D3161
and the requied classfication n Table 15042

TABLE STEEP SLOPE ROOF SHINGLES YESYED w WITH ASTH D3161 OR 7158
WAXIMUM BASIC WIND SPEED, V, FROM | MAXIMUM ALL WD | ASTH DTISE
FIGURES 1605314 SR ASCE 1 (mph) | - SPEED, Vs FROM Tobla 160031 fmph) | CLASSIFICATION | UL 730 ELASSIFIEATION
o = D.Gork
T D.GorHl
= Gorll
12 Gorh
= Gorfl
e w
T ™o i
=l 50 A

TorSE OR300 T, T
2. The stantara carua
Bonscutsiceor e

T
e n ASTM D153 s5uma Exposure Catagory B0t C and bulcirg gt of 0

e Al aIiaions ar required for concs

1504.3 Wind resistance of clay and concrete tile. Wind loads on clay and concrte tile roof coverings shall be in accordance with
Section 1609,

1504.3.1 Testing, Testing of concrete and clay raof tles shall bein accordance with Sections 15043.1.1, 1504.3.12 and 1504312
1504.3.1.1 Overturning reslstance. Concrete and clay roof tiles shall be tested to determine their resistance to overtuming
duetowind in accordance with Chapter 15 and either SBCCI SSTD 11 0 ASTM 1568
1504.3.1.2 Wind tunnel testing. Where concrete and clay roof tiles do not satisfy the limitations in Chapter 16 for rigid tle, a
wind tunnel test shall be used to detemmine the wind characteristics of the concrete or clay tile roof covering in accordance
with Chapter 15 and either SBCCI SSTD L1 or ASTM CL569,
1504.2.1.3 . The for e and clay tle shall be 0.2 or shall be determined in accor-
dance with SBCCI SSTD L1 or ASTM C1570.

1504.4 Wind resistance of nonballasted roofs. Roof coverings installed on roofs in accordance with Section 1507 that are mechanically
attached or adhered to the roof deck shall be designed to resist the design wind load pressures for components and cladding in accor-
dance with Section 1609.6.2. The wind load on the roof covering shall be permitted to be determined using allowable stress design.
1504.4.1 Other roof systems. Built-up, modified bitumen, fully adhered or mechanically attached single-ply roof systems, metal
panel roof systems applied to a solid or closely fitted deck and other types of membrane roof coverings shall be tested in accor-
dance with FM 4474, UL 580 or UL 1897.

e O AT ST e e oy e
refrenced structural design stondard n Section 2002.1

1504.4.2 Metal roof shingles. Metal roof thedwaswhdardu%\ fitted deck shall be tested in accordance with ASTM
inaccordancewith ASTM Da161 shall meet the classification require-
wind speed and the metal shingle packaging shall bear  label to
indicate compl. Hsm D2161 andthe Table 1504.2.

1504.4. hingles shall be dance with ASTM D3161. Slate packaging shall bear a labelindicat-
ing compliance with ASTM D:lblund(hsrsqmred s aors

ments of Table 1504.2 for the appropriate maximum o

b7 3

NTERNATIONAL CODE COUNCI

61

This wording does not require the testing be conducted
solely by FM Approvals or UL.
Other testing laboratories can be used provided they
use the prescribed test methods

62
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Wind design

FM Approvals ANSI/ FM 4474:
%_% e 12x24,5x9o0r2x2specimens
@ * 15 psf test increments to failure
American National Standard * Class 30, 45, 60, 75, 90, etc. (psf)
for * FM typicall lies a 2.0 saf
Evaluating the Simulated typically applies a 2.0 safety
Wind Uplift Resistance of factor:
Roof Assemblies Using Static * e.g., Class 90 is 45 psf allowable
Positive and/or Negative . . .
Differential Pressures * Tested assemblies identified with
R{\_NSIfFAly:[Stfa‘:zggigll individual RoofNav humbers and are
Approved December 28, 2020 Shown in ROOfNaV
* More than 1.1 million assemblies in
RoofNav
Link
63
© UL 580:
« 5thedition, revised March 29, 2019
UL 580 * 10’ x 10’ chamber
* Oscillating negative and positive
STANDARD FOR SAFETY A .
Tests for Uplift Resistance of Roof pressures applled (So'mmUte cycIes
Assemblies per load classification)
* C(Class 15, 30, 60 and 90
* Classified assemblies appear in UL
Prospector
This is a very stringent test
Link
64
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UL 580 test apparatus

Y
8/ o
R D —=<L=D 1
S - [

=

Photo courtesy of Atas International, Inc.
65

65
® UL 1897:
« 7t edition, revised July 13, 2023
UL 1897 e Partl: 10’'x10’ or5 x 9’
specimens
;L::?;Z?::‘: SRZ:‘T;overing Systems * 15 pSf load increments held of
60 seconds each (uniform static
pressure)
* Part2: 2’ x 2" pull test (adhered
systems)
* C(Class 15, 30, 60 and 90
* Classified assemblies appear in UL
Prospector
Link
66
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RooF TuREs
1504.8 Wind resistance of aggregate-surfaced roofs. Parapets shall be provided for aggregate surfaced roofs and shall comply
with Table 1504.8. Such parapets shall be provided on the perimeter of the roof at all exterior sides except where an adjacent wall
extends above the roof to a height at least equivalent to that required for the parapet. For roofs with differing surface elevations due
to slope or sections at different elevations, the minimum parapet height shall be determined based on each roof surface elevation,
and at no point shall the parapet height be less than that required by Table 1504.8.

Exception: Ballasted single-ply roof coverings shall be designed and installed in accordance with Section 1504.5.

TABLE 1504.8—MINIMUM REQUIRED PARAPET HEIGHT (INCHES) FOR AGGREGATE SURFACED ROQFS™ b &d:¢
ACCREGATE | MEANROOF WIND EXPOSURE AND BASIC WIND SPEED, V (MPH)
SIZE HEIGHT Exposure B Exposure Cf

(fe) <95 [ 100 [ 105 [ 110 [ 115 120 [ 130 | 140 [ 150 | <95 [ 100 | 105 [ 110 [ 115 [ 120 [ 130 [ 140 | 150
15 2 2222wl 231|203 27]32]3
20 2 2222wl |22]26| 121517 [19]22]24[20]3a]30

ASTM D1863 30 2 22wz 4|7 2]er32]37]a

(No. 7 or No. 67) 50 12 12 |14 | 16|18 2125|3035 ] 17 [19|22|25]28(30]36] 41|47
100 14 [ 16 |19 |21 |2a ] 2132|3742 21 [24] 26 [ 29|32 3541|4753
150 1719 [ 2225273036 |41 46| 23 [ 26 20 [32 35| 38|44 50] 56
15 2 2222l 222 B[] [2]226]30
20 2 222l lal 2]z 23]22]232

ASTM D1863 30 2222|224 2 2] r[e|2a]2e]3]3

(No. &) 50 12|12 |12]1a]we] 20242812 [15]17 [19|22]24]29]34]39
100 12w |w|w]21]26 303161821 ]24|26]20]34]30]4s
150 1218171224231 [2a]23]26|20]22]37]4]4s

For Sk Linch = 25.4 mm, 1 foot = 304.8 mm, 1 mile per hour = 0.447 m/s.

a. Parapet height is measured vertically from the top surface of the coping down to the surface of the roof covering in the field of the roof adjacent to the parapet and outbound of

any cant strip.

b. Interpolation shall be permitted for wind speed, mean roof height and parapet height. Extrapolation is not permitted.

c. Basic wind speed, ¥, and wind expesure shall be determined in accordance with Section 1609,

d. Where the minimum required parapet height is indicated to be 2 inches (51 mm, a gravel stop shall be permitted and shall extend not less than 2 inches (51 mm) from the roof

surface and not less than the height of the aggregate.

e. The tabulated values apply only to conditions where the topographic facter (K.} determined in accordance with Chapter 26 of ASCE 7 is 1.0 or where K, is incorporated in the

basic wind speed in Section 1609

f. For Exposure D, add 8 inches (203 mm) to the parapet height required for Exposure C and the parapet height shall not be less than 12 inches (305 mm)

m 7 BUILDING CODEY

INTERNATIONAL CODE COUNCIL Jsessss

ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

1504.5 Ballasted low-slope single-ply roof systems. Ballasted low-slope single-ply roof system coverings installed in accordance
with Section 1507.12 shall be designed in accordance with ANSI/SPRI RP-4,

Tetermined from Figures 1603 3 Tthraugh 1603 34T, a5 applicable.
1504.6.1 Gutter securement for low-slope roofs. Gutters that are used to secure the perimeter ede of the raof membrane on
low-slope builtup, modified bitumen, and single-ply roofs, shall be designed, constructed and installed to resist wind loads in
accordanca with Saction 1609 and shall be testad in sccordance with Test Methods G-13nd .2 of SPRIGT-1

1508.7 Impact rasistanea. Roof coverings installad on lowslope roofs in accordance with Section 1507 shall resist impact damaga

based on the results of tests conducted in accordance with ASTH D374, ASTM D4272 or the “Resistance to Foot Traffic Test” in FM

1504.8 Wind resistance of agerogate-surfacad roofs. Parapets shall be provided for aggregate surfaced roofs and shall comply

with Tabla 1504.5. Such parapets shall be provided on the perimater of the roof at al exteror sides axcapt where an adjacent wall

extends above the roof to a height at least equivalent to that required for the parapet. For roofs with differing surface elevations due

o slope or sections at different elavations, the minimum parapet height shall be determined based on each roof surface elevation,
d

shallthe by Table 15045,
e bedesigned and installed Saction 1504.5,
TABLE 1504, PARAPET HEIGHT (INCHES) FOR AGGREGATE SURFACED ROOFS™ -+
conzanre |MEMMROOF WIND EXPOSURI .V (MPH)
s HEIGHT ExposureB

) <55 T100] 208 [ 110 [ 115 | 120 130 [ 140 [ 150 =

B
BEEIE
]

2%
ASTM D183 T[]z HE EE
(No. TorNo.61) BEEREEE ENES

EEEREE SES
HEEEEE ENES

T2 |n|e|u|B|®

BB R

ASTM D163 B EEEE
No.5) BEEEREE B

Tor S Tne AT,

2 Parspetraignt  mea
any cant s

. nterpoaton il ve permties o wing fntana parapet s

. Basic wispees, 1, and wind exposure st e Geterined Inaccordance wit Section

o 51 o), aave

qurea parapetneg al e pemite an sl extenc ot 25 nan 2 nches (5L mm) o ot

Sutace snd ok e tranthe el of e ggregate

& The tan: oplyaniy o # dater Chapter 6 ot At
Dasc Wi specd i Secion 104

. For Exposare,

e K, eincorporsied inthe

' gosure ot s ran

05 ).

'SECTION 1505—FIRE CLASSIFICATION
[BF] 1505.1 General. Fire classification of roof assemblies shall be in accordance with Section 1505. The mini-
mum fire classfication of roof assemblies installed on buildings shall comply with Table 1505.1 based on typeof
<onstruction of the bulding, Class A, B and C roof ossembliss and roof coverings requird to be [istad by this
section shall be tested in accordance with ASTM E108 or UL 790. In addition, fire-retardant-treated woodroof
coverings shall be tested in accordance with ASTM D283,
Exception: Skylights and slope that comply with Chapter 24 or Section 2610,

BUILDING CODEY
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Wind design 35

ANSI/SPRI HP—

Wind Design Standard for
Ballasted Single-ply Roofing Systems

Approved October 31,2019

ANSI/SPRI RP-4 (2019) uses ASCE 7-16’s wind maps

Link 69

69

Now, putting this all together...

70

70
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Wind design

Remember... our fundamental equation

Design wind loads

ASCE 7

<

Tested resistance”

Engineering analysis or

FM Approvals classification
or UL classification

71

71

From our hypothetical building calculation

Assumptions: Building height (h) = 60 ft., low-slope roof, enclosed building configuration, Exposure Category
C and Risk Category Ill in Madison, Wisconsin.

Version Method Basic wind speed Zone 1’ Zone 1 Zone 2 Zone 3
ASCE 7-22 ult. 115 mph 35.1 psf 61.1 psf 80.6 psf 109.9 psf
ASD 90 mph 21.1 psf 36.7 psf 48.4 psf 65.9 psf

72

Advanced Topics and Current Issues in Low-slope Roofing
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Wind design 37

Remember... our fundamental equation

Design wind loads < Tested resistance”

ASCE 7 < Engineering analysis or
FM Approvals classification
or UL classification

65.9 psf < 131.8 psf (i.e., 65.9 psf x 2.0)
or FM Class 150
UL Class 90

73

For FM Global-insured buildings there is an alternative
to designing for corner pressures...

74
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Wind design 38

Roof Deck Securement and Above-Deck Roof Components 1-29

2.2.10.1 Wind Uplift Resistance
2.2.10.1.1 Provide one of the following options to secure Zones 2 and 3:

A. Use a roof system with an FM Approval wind uplift rating that is acceptable for Zones 1, 1, 2, and 3
per the Ratings Calculator of RoofNav or DS 1-28. That could entail using a system throughout the entire
roof that had a wind rating adequate for Zone 3, or using a system that has a varied fastener spacing
and multiple wind ratings that are adequate for the respective roof zone.

Prescriptive
B. Use the appropriate prescriptive recommendation noted in Section 2.2.10.1.2
enhancements

—'\ In either case, ensure any whole or partial insulation board or roof cover/base sheet width (when the roll is

llel to the building edge) that falls within the calculated Zone 1, Zone 2, or Zone 3 area has the increased
sed nt applied over the entire board or roof cover/base sheet width

2.2.10.1.2 Use prescriptive enhancements for Zone 2 and Zone 3 (for all deck types) where roof covers are
adhered to some combination of insulation or cover board as long as one of the following conditions applies:

A. The recommended Zone 1 rating needed per DS 1-28 in any location does not exceed Class 1-90
(3.6 kPa), or

B. The building is in a non-tropical cyclone-prone region (see Appendix A) and the recommended Zone
1 rating per DS 1-28 does not exceed Class 1-105 (4.3 kPa).

2.2.10.1.2.1 For either of the above conditions, increase the securement over the FM Approved Zone 1 rating
as follows:

A. For assemblies using insulation fasteners, enhance the fastening as follows:

‘1. Increase the number of fasteners per board by 50% minimum in Zone 2, but at least one fastener
per 2 ft* (1 per 0.19 m?). It is not necessary to install fasteners closer than one per 1 ft* (1 per 0.09 m®)

2_Install one fastener per 1 ft2 (1 per 0.09 m?) in Zone 3
3. Round up to the next whole number of fasteners, if necessary

B. For components adhered with adhesives applied in ribbons, spots, etc., reduce the spacing between
ribbons or spots over the FM Approved spacing for the given wind rating as noted below (round down to
a dimension that is practical with respect to board sizes, applicators, etc.):

1. In Zone 2, not more than 67% of the Zone 1 spacing between rows, or area

2. In Zone 3, not more than 50% of the Zone 1 spacing between rows, or area.

|
>
=

22018.2023 Faciary Mkl ncsance Company, Al ighis resenved

~
&

75

From our fundamental equation

Design wind loads < Tested resistance”

ASCE 7 < Engineering analysis or
FM Approvals classification
or UL classification

69.4 psf < FM Class 75 with prescriptive
Zone 2 and 3 enhancements is
permissible for FM Global-
insured buildings

76
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Proper wind design can be a complex undertaking...
but now you know how to do it properly

77
Appendix 1-Wind Uplitt termination in the 2018 edition of the International
Protection against wind forces should be one of Building Code.
i i e

design. Whenwind ilding it s deflected ign wind loads
around the building’ sides and - i ppli
face. The result the side of Inthe I i
the bu i indward sde). 7 its previous odi inis
Lower p i g ind loads are identified in
building’s other sides and over the roof, asshownin | Chapter16—Structural Design. IBC 2018 references
Figure AL-L ASCE7-16, “Minimum Design Loads and Associated

Critera for Buildings and Other Structures” for de-

termining designvind loads on buid ings, including

buildings' roof assemblics.

Using ASCE 7-16, design wind loads of hypotheti-

cal I-square roof areas are determined for cach

uniquely defined zone using an equation combining

velocity pressure caused by wind and specific prs-

fcients. For instance, for low-l 3

assemblies with slopes less than 1112, ASCE7-16
o . ko . -

zone nearest

B e e, Wind uplift
should be greater than the design wind loads that aveay they are from the center. The highest GCp
will occur on abuilding’s Thisis ex- . Figure A1-2
pressedas: illustrates this relationship. .
st ity ot b The NRCA Roofing Manual
Typically, these values are measured in pounds per
square foot.
1fwind loads exceed a roof assembly's resistance
capacity, failure (blow-of) ofthe roof assembly s
possible. Therefore, it is important a building's de-
signwind loads and roof assembly’s wind resistance
accurately be determined.
Design wind loads are mathematical predictions
of anticipated maximum wind loads that apply to
aspecifc building (taking into account configura-
tion, height and size, exposure classification and
enclosure cassification) and location. The Widely | i A1 it tpers it o arof el
mining design wind loads on buildings is ASCE 7, v )
“Minimum Design Loads and ted Criteriafor | 1! h premise that design
Buildings and Other Structures.” The 2016 edition wind loads typically are greater at roof area perim-
of ASCE7, designated ASCE7-16, is refe i etersand grea
and serves as the technical basis for wind-load de- Beld ofrochs:
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Questions
Wind design
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Mark S. Graham

Vice President, Technical Services
National Roofing Contractors Association
10255 West Higgins Road, 600

mNRCA Rosemont, Illinois 60018-5607

(847) 299-9070
mgraham@nrca.net
www.nrca.net

Personal website: www.MarkGrahamNRCA.com
LinkedIn: linkedin.com/in/markgrahamnrca
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