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Beaufort wind scale

Wind Speed Description Characteristics
(mph)

0 Calm Smoke rises vertically

1 1-3 Light air Direction of smoke drift

2 4-7 Light breeze Wind felt of face; leaves rustle

3 8-12 Gentle breeze Wind extends a light flag

4 13-18 Moderate breeze Small branches are moved

5 19-24 Fresh breeze Small trees in leaf begin to sway

6 25-31 Strong breeze Large branches in motion

7 32-38 Near gale Whole trees in motion

8 39-46 Gale Breaks twigs off trees

9 47:54 Severe gale Slight structural damage occurs

10 55-63 Storm Trees uprooted; structural damage
11 64472 Violent storm Wide-spread damage

12 73-83 Hurricane See Saffir-Simpson Hurricane Scale



Hurricanes

HELENE (Sept. 26) IDALIA (2023)
A20 miles wide 219 miles

- "

R

IDA (2021) MICHAEL (2018)
247 miles 272 miles



Saffir-Simpson Hurricane Wind Scale

wind Speed (mph)

1 74-95 Very dangerous winds produce some damage

2 96-110 Extremely dangerous winds will cause extensive damage
3 111-129 Devastating damage will occur

4 130-156 Catastrophic damage will occur

5 157 and higher Catastrophic damage will occur



Tornados




Enhanced Fujita Scale (EF scale)

Wind peed mph

0 65-85

1 86-110
2 111-135
3 136-165
4 166-200
5 Over 200



Joplin, MO

May 22, 2011




$2.8 billion

Total damages; costliest
tornado event in U.S. history

84%
ki Of deaths resulted from = )
~ building and structural failures. \‘ = _— 8,000

Y structures were damaged.

25%

b Of Joplin destroyed. N 2
: kG , f Joplin suffered damage.

Kilometers per
This earned the
most powerful rank

Enhanced Fujita

n mendations were made by NIST,
ng on saving lives and property
aking communities more resilient.
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STRUCTURAL DESIGN

1608.2.1 Ground snow conversion. Where required, the ground snow loads, p_, of Figures 1608.2(1) through 1608.2(4) and Table
1608.2 shall be converted to allowable stress design ground snow loads, p__,. using Equation 16-17

Equation 16-17 Pgiassy = 070,
where:

Do = Allowable stress desion eround snowload,

SECTION 1609—WIND LOADS

Scan for @ 1609.1 Applications. Buildings, structures and parts thereof shall be designed to withstand the minimum wind

Changes

ccbh96a8

mok N

6.
T.

loads prescribed herein. Decreases in wind loads 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 iqq 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 limitations ASCE 7-22’s edition as being applicable
applicable Group R-2 and

Subject to the limitations of Section 1609.1.1.1, residential structures using the provisions of AWC WFCM.
Subject to the limitations of Section 1609.1.1.1, residential structures using the provisions of AISI 5230.
Designs using NAAMM FP 1001.

Designs using TIA-222 for antenna-supporting structures and antennas, provided that the horizontal extent of Topo-
graphic Category 2 escarpments in Section 2.6.6.2 of TIA-222 shall be 16 times the height of the escarpment.

Wind tunnel tests in accordance with ASCE 49 and Sections 31.4 and 31.7 of ASCE 7.
Temporary structures complying with Section 3103.6.1.2.

The wind speeds in Figures 1609.3(1) through 1609.3(4) are basic wind speeds, V, and shall be converted in accordance with
Section 1609.3.1 to allowable stress design wind speeds, V,_,, when the provisions of the standards referenced in Exceptions 4 and

5 are used.

attachment hardware provided and anchors permanently installed an the building. Attachment in accordance with
Table 1609.2 with corrosion-resistant attachment hardware provided and anchors permanently installed on the building
is permitted for buildings with a mean roof height of 45 feet (13 716 mm) or less where V., determined in accordance
with Section 1609.3.1 does not exceed 140 mph (63 m/s).

2. Glazing in Risk Category | buildings, including greenh that are occupied for growing plants on a production or
research basis, without public access shall be permitted to be unprotacted.

454 2024 INTERMATIONAL BUILDING CODE®

NTERNATIONAL CODE COUNCIL
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FIGURE 1609.3(2)—BASIC WIND SPEEDS, V, FOR RISK CATEGORY Il BUILDINGS AND OTHER STRUCTURES
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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 storage facilities.

Buildings and other structures except those listed in Risk Categories I, 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 one 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 Greup E or Group I-4 occupancies or combination thereof, with an occupant load
greater than 250.

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

« Group |-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 notincluded in Risk Category IV containing quantities of toxic or explosive materials that:

+ Exceed maximum allowable quantities per control area as given in Table 307.1(1) or 307.1(2) or per outdoor control areain
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 |-2, Condition 2 occupancies.
« Ambulatory care facilities having emergency surgery or emergency treatment facilities.
« Group |1-3 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
response.
« 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 maximurm 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 ®
« Aviation control towers, air traffic control centers and emergency aircraft hangars.
« Buildings and other structures having critical national defense functions.
« Water storage facilities and pump structures required to maintain water pressure for fire suppression.

a. For purposes of occupant load calculation, occupancles required by Table 1004.5 to use gross floor area calculations shall be permitted to use net floor areas to determine the
total occupant load. The floor area for vehicular drive alsles shall be permitted to be excluded In the determination of net floor area In parking garages.

b. Where approved by the bullding officlal, the classification of bulldings and other structures as Risk Category lll or 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 Sectlon 1.5.3 of ASCE 7 that a
release of the taxic, highly toxic or explosive materlals Is not sufficlent to pose a threat to the public.
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STRUCTURAL DESIGN

FIGURE 1609.3({4)—BASIC WIND SPEEDS, V, FOR RISK CATEGORY IV BUILDINGS AND OTHER STRUCTURES
'05«‘*'71 110(43)

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.

Vosa = V08 == i.e., Vpp = V x 0.78

.o =Allowable stress design wind speed applicable to methods specified in Exceptions 4 and 5 of Section 1609.1.1.
/= Basic wind speeds determined from Figures 1609.3(1) through 1609.3(4).

Equation 16-18
where:
v

a

TABLE 1609.3.1—WIND SPEED CONVERSIONS™":
v 100 110 120 130 140 150 160 170 180 150 200
Vs 78 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 each wind direction considered, an exposure category that adequately reflects the characteristics of
ground surface irregularities shall be determined for the site at which the building or structure is to be constructed. Account shall be
taken of variations in ground surface roughness that arise from natural topography and vegetation as well as from constructed
features.

2024 INTERNATIONAL BUILDING CODE®
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ASCE 7-22
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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,
including the MWFRS and all C&C thereof, shall also be
designed and constructed to resist tomado loads determined in
accordance with Chapter 32|. as applicable.

The provisions of this chapter define basic wind parameters for
use with other provisions contained in this standard.

CHAPTER 26
WIND LOADS: GENERAL REQUIREMENTS

26.1.2.2 Components and Cladding Wind loads on C&C on all
ildings and other structures shall be designed using one of the
ying procedures:

1. Analytical Procedures provided in Pans 1 through 5, as
appropriate, of Chapter 30; or
. Wind Tunnel Procedure as specified in Chapter 31.

26.1.3 Performance-Based  Procedures Wind - design - of
buildings and other stuctures wsing  performance-based
procedures shall be permitted subject to the approval of the
Authority Having Jurisdiction. The performance-based wind
design  procedures used shall, at a minimum, conform 1o
Section 1.3.1.3.

26.2 DEFINITIONS

The following definitions apply o the provisions of Chapters 26
through 31.

APPROVED: Acceptable to  the Authority Having
Jurisdiction.

ASCE WIND DESIGN GEODATABASE: The ASCE da-
twbase (version 2022-1.00 of geocoded wind speed design data,

references, is provided in Figure 26.1-1,

Additional outlines and User Notes are provided at the begin-
ning of Chapters 27 th 31 for mome detailed step-by-step
procedures for detenmining the wind loads.

26.12.1 Main Wind Force Resisting System Wind loads for
the MWFRS shall be determined us me of the following
edures:

. Dimectional Procedure for buildings of all heights as speci-
fied in Chapter 27 for buildings meeting the requirements
specified thersin:

. Envelope Procedure for low-rise buildings as specified in
Chapter 28 for buildings mesting the requirements speci-
fied therein;

. Directiomal  Procedure for building  appurtenances
{rooftop structures and rooftop equipment) and other
structures (such as solid fresstanding walls and solid
freestanding signs, chimneys, tanks, open signs,
plane open frames, and trussed towers) as specified in
Chapter 29; or

4, Wind Tunnel Procedure for all buildings and all other

structures as specified in Chapter 31.

5

e

Minimum Design Loads and A iated Criteria for Buildi

User Note: The ASCE Wind Design Geodatabase of geo-
coded wind speed design data is available at hitps: fasceTha-
zardiool online/.

ANOPY: A horizontal (maximum slope of

ATTACHED C.
i hed 1o the building wall at any height; it is

206} patic er all:
different from an overhung, which is an extension of the roof
surface.

BASIC WIND SPEED. V: Three-second gust speed at 33 01
{10 m}) above the ground in Exp
determined in accordance with Section 26.5.1.

TLDING, ELEVATED: A building supported on struc-
tural elements where wind can pass beneath the building

BUILDING. ENCLOSED: A building that has the
of openings in each wall that ves positive exterml pressure
less than or equal to 4 7t* (0.37 m®) or 1% of the area of that wall,
whichever is smaller. This condition is expressed for each wall
by the following equation:

sure C (see Section 26.7.3) as

area

A< 00A; or 417 (037 m*), whichever is smaller,

where A, and A, are as defined for Open Buildings.

BUILDING, LOW-RISE: An enclosed, partially enclosed, or
partially open building that complies with the following
conditions:
and Other Structures 261




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.

L.

-2

Part 1 1s 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 equaton.

Part 2 is applicable to an enclosed, partially enclosed, or
partially open
* Building with /2 > 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 is 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 1s applicable to non-building structures — circular

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

« Circular bins, silos, and tanks with &z < 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

* Roof pavers: Buildings of all heights with roof slopes
less than or equal to 7 degrees.

ITER 30
NENTS AND CLADDING

resonance with along-wind vibmtions of flexible buildings.
The loads on buildings that do not meet the mquirements
2 or that have unusual shapes or response

is shall be determined using recognized lierature
documenting such wind load effects or shall use the wind wnnel
procedure specified in Chapter 31

30.1.4 Shielding There shall be no reductions in velocity
pressure caused by apparent shielding afforded by buildings
and other structures or terrain featunss.

30.1.5 Air-Permeable Cladding Design wind loads determined
from Chapter 30 shall be used for airpermeable claddings,
including modular vegetative roof bli 1

. unless apy
nstrates lower loads for the
comsiderad.

112 Talure
lype of sir-permeable cladding bei

30.2 GENERAL REQUIREMENTS

30.2.1 Wind Load Parameters Specified in Chapter 26 The
foll owing wind load parumeters am specified in Chapler 26

= Basic wind speed, V (Section 26.5),

* Wind directionality factor, K, (Section 26.6)

* Exposure {Section 26.7),

» Topograpt r, K, (Section 26.8),

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

pressure exposure  coefficient, K, or K,
26.10.1); Velocity pressure, g, (Section 26.10.2),
L

= Enclosure class
* Intemal pressure ©

26.12), and
ient, (GCp) (Section 26.13).

30.2.2 Mi
pressure for
pressure of 16 1
normal 1o the surface.

1 Design Wind Pressures The design wind
C&C of bu % shall not be less than a net
(077 KN/m®) acting in either direction

30.2.3 Tributary Areas Greater than 700 f° (65 m®) C&C
elements with tibutary areas greater than 700 % (65 m®) shall be
permitted to be designed using the provisions for main wind
force resisting systems.

30.2.4 External Pressure Coeflfi
¥ and external pressure

Combined gust-efect
ents for C&C, (GC),
P ted with this chapter. The
pressure coefficient values and gust-effect factor shall not be
separated.

are

iven in the figums asso

gs and Other Structures 35




321 PROCEDURES

32.1.1 Scope Buildings and other structures classified as Risk
Category III or IV and located in the tornado-prone region as
shown in Figure 32.1-1, including the main wind force resisting
system (MWFRS) and all components and cladding (C&C)
thereof, shall be designed and constructed to resist the greater
of the tornado loads determined in accordance with the
provisions of this chapter or the wind loads determined in

accordance with Chapters 26 lhmugh 31, using the load
combinations provided in C htlplcl 2.
r.|.r|‘I pe [‘:ul: ﬂp[l"illllm.;l{..t ;jle‘;;:‘:“ Eil'g
intensity, depending on the dsk cal y and effectiv

or other structure (see Section C32.5,

areq of the buildi
Options for protec of life and property from more inlense
tomadoes include comstruction of a storm shelter andfor

for longer-return-period tornado speeds as and.\.l
in Appendix G, including performance-based d

ding or other structure designed for torna
usively in accorda with Chapter

critical requirements provided in the applicable buildir
and ICC 500, the ICC/NSSA Standard for the De
Construction of Storm Shel Ses Commentary Section
C32.1.1 for an in-depth discussion on storm shelters,

\2 12 Permitted Procedures The design tormado loads for
and other structures, including the MWFRS and
of, shall be determined using one of the

pr ed in this section and subject to the
applicable limitations of Chapters 26 through 32, excluding
Chapter 28.

An outline of the overall process for the determination of
the tornado loads, including section references, is provided in

Figure 12.1.3

32.12.1 Tornado Loads on the Main Wind Force Resisting
System Tomado loads for the MWFRS shall be determined
using one or mome of the following procedures, as modified
by Chapter 32:

Minimum Design Loads and A

d Criteria for Buildi

CHAPTER 32
TORNADO LOADS

1. Directional Procedure for buildings of all heights as speci-
fieed |n{"|u||k.r 27 for buildings mesting the rquirtments

2. Directional Procedure for Building Appurtenances (such as
moftop structures and moflop equipment) and Other Stue-
tures (such as solid freestand lls and solid freestand-

i ms, chimneys, tanks 5, single-plane open
lowers) as sy jed in Chapter 20 for

2 the requirements specified thersin; or

3. \\lu.] Tullll{.l Procedure for all buldings and all other

structures as specified in Chapter 31 for buildings mesting
the mquirements specified therein

321.2.2 Tomado Loads on Components and Cladding
Tomado loads on the C&C of all buildings and other
structures shall be determined using one o
following procedures, as modified by Chapter 32

more of the

1. Analytical Proceduses as specified in Parts 1 through 5, as
appropriz of Chapter 30, for buildings or other structures
meeting the requirements specified thersin: or

. Wind Tumel Procedure for all buildings and other struc-
tuses a8 specified i Chapter 31, for bu
requirements specified therein,

ngs meeting the

3213 Performance-Based Procedures Tomado design of
buildings and other structures using performance-based
procedures shall be pennitted subject to the approval of the
Authority Having Jurisdiction, The performance-hasad tormado
design procedurss used shall, ot a minimum, conform 1o
Section 1313 and be documented and submitted to the
Authority H. e Jurisdiction in accordmee with Section 13,13,

32.2 DEFINITIONS

The following definitions apply 1o the provisions of Chapler 32,
Terms not defined in this chapter shall be defined in accordance
with Chapters 26 through 31, as appropriate, excluding Chapler
28,

* ASCE TORNADO DESIGN GEODATABASE: The ASCE
database (version 2022-1.0) of geocoded tornado speed design
data,

[)TIII"R ‘STR['("TI'RF"G

Jlllhl\|l||&.|’|; pressure changes will not be Lr.uhumlcd
[ the structure, including but not Hmited to certain
tanks and vessels.

TORNADO-PRONE REGION: The area of the contermi-
nous United States most vulnerable 1o tomadoes, as shown in
1.

Figure 32

and Other Structures 353




Determine whether Design for
Tornado Loads is Required

Risk Category Il or IV,

1
per Section 1.57

2 In Tornado-Prone Region,
per Figure 32.1-17

3 V=60 mph (26.8 m/s), per
Section 32.5.27

4 For Exposure B: V2 0.5V, or

For Exposure C: V= 0.6V, or
For Exposure D: V.= 0.67V
per Section 32.5.27

Design for
Tornado
Loadsis

NOT

Required

Design for Tornado Loads
is Required




Tornado-prone region

Areas outside tornado-prone region

Figure 32.1-1. Tornado-prone region.

ThE ETTE0s o7 ImOSpREnc [resue o T T T T
s used in determination of tornado comvention @ provided in § 1 264, where positive pressure
ps and some other struclumss, as acts Woward the surface and negative pressure acts away from the
surface.

effect factor, t
loads for buildi
determined in Section 32
Kar _T\lrlm\kl_ dimsctionality  factor  as  defined  in 32.42 Critical Load C Bon Values of &
Section 326 ) shall be combined algebraically with the
Kyizo, = Tornado velocity pressure exposure coefficient evalu- el pressures and atmospheric pressurs ¢
ated at height z = h, as determined in Section the most catical Joad,
Ko=Tomado pressum o ent adjustment factor for
in Section 3
ity pressire expostre o 325 TORNADO HAZARD MAPS
sight = as deternmined in Section 32.51 Tornado Speed The wmado speed, Vi, used in the
ppr=Combined net wrmado de 4 : detemnination of tomado loads on buildings and other sructures

emal pressures
nbined effects of
to determine

vertical winds as define

shall be determinad from Figures 32 3252 as follows:
pr=De i :
tornado loads for buildings and for certain other 1. For Risk gory T builk and structures, use
structures, b/ (N/m®) Figures 3 through 32

354 STANDARD ASCE/SEI 7-22



FEMA/NIST Design Guide

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

“Effective area” for tornado design purposes

Smallest Convex Polygon Mathod Simplified Rectangle Method
i i
n L} L}
W L L3
v o
----------- - e il
Building Building
A N o b
1 1 1
¥ 1 1
' o
L3 : (]

Legend = === Building perimeter B Effective plan area

Figure 3: Etfective plan areas for buildings that are not essential tacilities (Adapted trom ASCE 7, Figure G32.5-
1; used with permission from ASCGE)
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d equivalent

Figure 32.5-1E (Continued). Tornado speeds for Risk Category lll buildings and other structures, for effective
plan area of 100,000 ft* (9,290 m?).

Separate tornado speed maps based on Risk Category Il and 1V,
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.
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panel systems shall be equal 1o the effective plan ama of the 32.12 TORNADO ENCLOSURE CLASSIFICATION
largest structurally independent photovolisic suppont structune 3

that docs not share stractal components with other adjacent L Fow e purpose. Of fleseanining interds]
: s for  tornadoes,  buildings
structures, <
structures for which tomado internal pressure
( apply shall have an enclosure clas
326 TORNADO DIRECTIONALITY FACTOR in accondance with this on. I a building or other stmcture

o directionality factor, Ky shall be determined from satisfies hoth the “ope d “partially enclosed” tomado
-1 and ghall be used to determine the toarnado Joads in snclosurne ;l.l\\lll\..llhlll definitions, it shall be classified as a
accordance with Sections 3215 through 32.17. “partially open” building or other structure.
32122 Openings To  assign  the tomado  enclosure
327 TORNADO EXPOSURE classification, the amount of openings in the buil

g
each wall of the

ope shall be determined by tak

Tomado velodty pressure {.\|h"\LIT‘ oefficients K, and Ky,

Exposur requirements in building or other structure, assuming it functions as the
267 shall not gpply 1o the deerminaton of K,r.,. and windward wall, and summing
of the remaining

|1rnu|l with respect to the

pe. Buildings shall b sified ay enclosed, part
32.10 TORNADO VELOCITY PRESSURE ?‘-llT.'I?‘?ﬁﬁﬂL‘\"i».‘lﬂ"L;"LL'FTEI-L? & ieaks ) et
Section 32,2 closed, partially enclosed, partially open, or
open as J:ImtJ in Section 26.2.

Where not reguired Section 32.12.3 to protect glazed
openings, enclosed buil 5 and other structures shall either

32.10.1 Tornado Velocity Pressure Exposure Coelficient A

tornado velocity pressure exposure coefficient, K., or K1, a8 (1 be reevaluated for classifiation as partally enclosed., with all

. . . - ~ o unprotected glazed openings on each assumed windward wall
applicable, shall be determined from Table 32.10-1. omsidee 2 openings or ) be okt in el with

Section 32.12.3.
Tovrnes " atv Precg o “ ; T, g 1 1T 32123 Protection of Glazed Openings G luzed openi

32.10.2 Tornado Velocity Pressure Tomado velocity pressure, Ay Syt g
g.7. evaluated at height z above ground, shall be determined in e e el o i
accordance with the following equation: 321231 Protection Requirements for Glazed Openings

in buildings requiring protection shall be protected
impact-protective svstem or shall be impact-resistant

- . I o Impactprotective  systems  shall be  either (1)
l i A T ¥ T 3 3 (27 runu.muulx affixed non-operable systems or (b) permanently
q; (} (}U Sf}h T or R [']r T (lh}{[l ]r T mn D]l}{h '-3"“ I(}_I ) affixed operable systems capable of being fully deployed from
ithin five minutes and used in buildings that
fed 24 hours per day.
Impact-protective s ns and impact-resistant glazing shall
~ - s . P - . A i T accondance with AST) 996
d.r= 0.61 Bf\f\.-r-w f(:. V} IIN)JITI V-j- m lTI/h (32.10-1.8I) using missile level D or E as described in Table 2 of ASTM

E1996., Teg

y demonsirate compliance with ASTM E1996

shall be in accordance with ASTM EI1886. Impaci-resistant

\-'i"htrt i -proftective sy 15 shall comply with the
of ASTM E1996. Glaxing in

K.r,,=Tornado velocity pressure exposure coefficient, see | i) b, plies door s festlc o sl be
L 3 11% as applicable, Glazing and Inpact-protective systems shall

ht["lll}n 'j“—' I (}' I ] comply with the “Enhanced Protection” mquirements of Ta-

- . . = . ble 3 of ASTM E1996, with to y speed used in place of
K, =Ground elevation factor, see Section 32.9; D i gt T Deskaon S Rt

Vr=Tornado speed, see Section 32.5; and
g.r= Tornado velocity pressure at height

EPTION: Other testing methods andfor performance
a are permitied 1o be used where approved.

32.13 TORNADO INTERNAL PRESSURE
+ o + COEFFICIENTS

The velocity pressure at mean roof height shall be computed as

gnr = q.r evaluated from Equation (32.10-1) using K_r,, at mean

roof height h.

1 h.m:d an hullJm
ssifications  determined  in
‘xxlmn 32121
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Fur wrlGC,)A, (Ih) (32.16-4)
Four=gr KK o (GCA, (N) (32.16-4.8T)
whene
gr = Tomado velocity pressure from ‘x.xllml

ated at me:
K gr=Tomado directional or from Section 32.6,
K,7=Tomado pnnur; coefficient adjustment factor from
Section 3
= Product of ernal pressure coelficient and gust-efect
factor from Section 28.4.1, and
A, = Horizmtal |1rw| ted area of moftop Structure or equip-

(GC,

ment, i (m?).
32.163.3 Roof of Dolated Circular Bins, Silos,
Tanks Section 29422 shall apply for delerminatic
MWFRS loads on the roofs of isolated ¢ i

and tanks, as modified in this section. The net design torna
pressunes shall be determined in accordance with the following
equation, which mplaces Equation (29.4-4):

uated at mean r\ml I
Gyr=Tomad :
K gr= Tomado \hmu\uulm factor from Section 32,
K.r=Tomado pressure coefficient adjustment factor from
Section 32.14
srnal pressure coefficient from Secion 200422 and
Tornado internal pressure coefficient from Section 32,13,

32.16.3.4 Rooftop Solar Panels for Buildings of All Heights
with Flat Reafs or Gable or Hip Roofs with Slopes Less Than 7
Degrees Section 2943 shall apply for determination of
MWFRS loads on rc p photovolisic panels for buildings
af all heights with flat mofs or gable or hip roofs with slopes
less than 7 degrees, as modified in this section. The design

tornado pre: . Pr. for rooftop photovoltaic panels shall
determined by the following equation, which replaces
Equation {29.4-5):
Pr =g K (GC, ) (/%) (32.16-6)
Pr=qur K (GC,) (N/ni?) (32.16-6.5T)

where
gy = Tomado velocity pressure from Section 32
ated at mean m
= Tomado directio

32.16.3.5 Rooftop Solar Panels Parallel to the Roof Surface on
i v of All Heights and Roof Slopes Section 20.4.4 shall
r determination of MWFRS loads on rmll\up
nic panels parallel to the roof surface on buildin
sights and roof slopes as modified in this jom. The
pressure, pr, for rooflop photovoltsic panels shall h

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
tornado pressures, py, on C&C elements in low-rise
buildings and buildings with 2 < 60 ft (h < 183 m) shall
be determined in accordance with the following equation,
which replaces Equation (30.3-1):

(GC,) — (32.17-1)

pr=anr[KarK (GCpir)] (Ib/ft*)

Pr=qur|KarK, (GC,)] (N/m?) (32.17-1.S])
where
gyr = Tornado velocity pressure from Section 32.10.2 eval-
uated at mean roof height A, Ib/ft> (N/m?);
K r=Tornado directionality factor from Section 32.6;
K,r=Tornado pressure coefficient adjustment factor from
Section 32.14;
(GC,) = External pressure coefficient from Section 30.3; and

(GC,ir) = Tornado intemal pressure coefficient from Section 32.13.

(GG, pi

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 honzontal surfaces of elevated buildings, as modified in
this section. The design tornado pressure, pr, 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 /i > 60 ft (s > 18.3 m) Section 304
shall apply for the determination of component and cladding
tornado loads on buildings with & > 60 ft (h > 18.3 m), as
modified in this section. The design tornado pressures, pr, on
C&C elements for all buildings with i > 60 ft (> 18.3 m) shall
be determined in accordance with the following equation, which
replaces Equation (30.4-1):

Pr=9K K 7(GC,) — ¢;(GCpir) (Ib/ft?) (32.17-2)

pil l

pr=aKirK,1(GC,) = g;(GCpir) (N/m?)  (32.17-2.81)

lr) |
where
q = q.r For external pressure on all walls evaluated at height z

y

above the ground, b/t (N/m”);




If the tornado loads are greater than the conventional wind loads,
use the tornado loads as the basis for wind design



A wind and tornado desigh example...

Hypothetical situation: A hospital (Risk Category IV) building
with a 70 ft. mean roof height 343 square low-slope roof
area is located in an urban (Exposure B) Tulsa, OK



Solution:

Wind design:
Wind Speed Z, (Field) Z, (Perimeter) | Z;(Corner)
Ult. method 120 mph 53 psf 77 psf 101 psf
ASD method 93 mph FM Class 75
Tornado design:
A.=40,000 sq. ft.
Wind Speed Z, (Field) Z, (Perimeter) | Z;(Corner)
Ult. method 107 mph 61 psf 81 psf 107 psf
ASD method - FM Class 75
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A.=40,000 sq. ft.

Impact of effective area (A,)

Wind Speed Z, (Field) Z, (Perimeter) Z; (Corner)
Ult. method 103 mph 61 psf 81 psf 107 psf
ASD method -- FM Class 75
A_,=100,000 sq. ft.
Wind Speed Z, (Field) Z, (Perimeter) Z, (Corner)
Ult. method 107 mph 65 psf 87 psf 115 psf
ASD method - FM Class 90
A,=250,000 sq. ft.
Wind Speed Z, (Field) Z, (Perimeter) Z; (Corner)
Ult. method 113 mph 73 psf 97 psf 128 psf
ASD method - FM Class 90
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Impact of effective area (A,) - continued

A.=1,000,000 sq. ft.

Wind Speed Z, (Field) Z, (Perimeter) Z, (Corner)
Ult. method 125 mph 89 psf 119 psf 156 psf
ASD method -- FM Class 120
A,=4,000,000 sq. ft.
Wind Speed Z, (Field) Z, (Perimeter) Z; (Corner)
Ult. method 138 mph 109 psf 145 psf 191 psf
ASD method -- FM Class 135
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While ASCE 7-22’s wind load provisions are relatively manageable,
the tornado provisions, where applicable, can get rather complex.
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Roof Wind Designer

www.roofwinddesigner.com
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Tornado design is being added to Roof Wind Designer

Roof Wind Designer is intended to provide users with an easy-to-use means for determining roof systems’
design wind loads for many commonly encountered building types that are subject to building code
compliance

Design-wind loads are derived using the American Society of Civil Engineers (ASCE) Standard ASCE 7,
"Minimum Design Loads for Buildings and Other Structures.” This standard is a widely recognized consensus
standard and is referenced in and serves as the technical basis for wind load determination in the
International Building Code and NFPA 5000: Building Construction and Safety Code. Roof Wind Designer
allows users to choose between ASCE 7's 2005, 2010, 2016, and 2022 editions. Roof Wind Designer uses
ASCE 7-05's Method 1—Simplified Method, ASCE 7-10's Envelope Procedure, Part 2: Low-rise Buildings
(Simplified) of Chapter 30, ASCE 7-16's Envelope Procedure, Part 2: Low-rise Buildings (Simplified) of Chapter
30, and Part 4: Buildings with 60ft < h =160ft (Simplified), and ASCE 7-22's Part 1: Low-rise Buildings, Part 2:
Buildings with h > 60 ft [(h > 18.3 m)], and Part 4: Building appurtenances, rooftop structures and equipment.
A more detailed explanation of ASCE 7's four editions
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What about FM Global-insured buildings?
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Intended to apply to FM
Global-insured buildings
ASD basic wind speed maps
and design method

Some ultimate design
concepts (e.g., zones)
Importance Factor = 1.15
Tornado provisions added
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Tornado desigh recommendations

FM 1-28, Sec. 2.11-Tornados

Assume “partially enclosed” and Exposure C
Avoid the use of windows

— When windows are provided, use FM 4350 Level D or E impact-resistant
glazing

Limit other exterior wall openings (e.g., doors)
— Doors should open outward and have positive latching

Do not use aggregate on roofs
Consider full-time QAO during exterior wall and roof application



Wind Design 1-28
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FM Global’s tornado design provisions are more stringent
than IBC 2024’s and ASCE 7-22’s



Some useful references

Tornado design




FEMA/NIST Design Guide

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

This instructional guidance is for design professionals and building officials to help them
determine when a building or other structure is required to be designed to minimum
tornado loads and how to calculate design tornado forces. This guide is in accordance with
the updated requirements of the American Society of Civil Engineers (ASCE) / Structural
Engineering Institute (SEl) standard ASCE 7-22, Minimum Design Loads and Associated
Criteria for Buildings and Other Structures.?

This Design Guide is intended for users with a basic understanding of ASCE 7 and who
know how 10 determine wind loads using ASCE 7 methodology, as presented in Chapters
26 through 31.

Introduction and Background

Tormadoes have historically killed more people in the United States than hurricanes and earthquakes combined
(NWS, 2020; USGS, 2015). According to the Insurance Information Institute, Inc. (2020}, the average annual insured
catastrophe losses for events involving tomadoes exceeded those for both hurricanes and tropical storms
combined, for the period of 1997-2016. The 2011 Joplin tomado disaster was the deadliest and costliest tornado
in the U.S. since 1950 and was one of the primary drivers for the addition of tornado load provisions in ASCE 7
{NIST, 2022). With the publication of ASGE 7-22 [ASCE; 2021), tornade load reguirements are now considered as &
minimum design load in conventional building design when buildings are located in tormmade-prone areas. The new
ASCE 7 tornado load provisions do not apply to storm shelters or safe rooms. The ASCE 7 tonado load requirements
will be included in the 2024 International Building Code (IBC), the 2024 National Fire Protection Association (NFPA)
5000 Building Construction and Safety Code, and the 2023 Florida Building Code. The adoption of the ASCE 7
tomado load provisions by the State of Florida is an example of local Authorities Having Jurisdiction incorporating
the most current design guidance prior to their inclusion in the model building codes.

Storm shelters and safe rooms are specifically designed for life safety protection during the most extreme wind
events and require more extreme design hazard intensities than conventional buildings. Buildings and other
structures designed per Chapter 32 of ASCE 7 do not meet the requirements for storm shelters or safe rooms.

 The references to ASCE 7 within the design guide represent references to ASCE 7-22.

MATIOMNAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
1.5 BEPRRTMENT OF COMMERTE

Jamuary 2023 -1

Link




NIST Technical Note 2214‘

Economic Analysis of ASCE 7-22
Tornado Load Requirements

Legend

Tornado Wind Speed: (mph)
A= 100 000 ft° (9290 m”)

Basic Wind Speeds [mph]
O Special Wind Region

Note: I mph = 0.447 m/s

Basic wind speeds shown are based on Risk Category IV

Link




Legend
Sutsie Toenada Frame Region
s n)

V- L5 )
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Legend

Quatside Tarnaa-Frone Ragion

ig. 8. Map of likelihood that design for tornado loads is required for a Risk Category IIT 4,
=100 000 fi* (9290 m?) building or other structure in Exposure B (top) and Exposure C
(bottom)
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Other topics and questions...



Mark S. Graham

Vice President, Technical Services
National Roofing Contractors Association
10255 West Higgins Road, 600
Rosemont, Illinois 60018-5607

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

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



