NRCA update on low-slope roofing technical issues October 21-23, 2024

A\q MIDWEST
ROOFING 2024 Conference & Expo
CONTRACTORS St. Paul, MN — October 21-23, 2024
ASSOCIATION

NRCA update on low-slope roofing technical issues

Mark S. Graham
N RCA Vice President, Technical Services
National Roofing Contractors Association

Rosemont, Illinois

New Minnesota Energy Code

e 2024 Minnesota Energy Code with ANSI/ASHRAE/IES
Standard 90.1-2019 ( )

Effective January 5, 2025
Insulation above roof deck: R-30 minimum

Insulation at roof curbs: R-10 minimum

Tapered insulation language removed
— Being interpreted as R-30 (minimum) at drains/scuppers/gutters
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Beaufort wind scale

Calm

Light air

Light breeze
Gentle breeze
Moderate breeze
Fresh breeze
Strong breeze
Near gale
Gale

Severe gale
Storm
Violent storm

Hurricane

Wind Speed Description Characteristics
(mph)

Smoke rises vertically

Direction of smoke drift

Wind felt of face; leaves rustle
Wind extends a light flag

Small branches are moved
Small trees in leaf begin to sway
Large branches in motion
Whole trees in motion

Breaks twigs off trees

Slight structural damage occurs
Trees uprooted; structural damage
Wide-spread damage

See Saffir-Simpson Hurricane Scale
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Hurricanes

¢ i
Sept. 26) IDALIA (2023)
420 miles wide 219 miles

[ T

IDA (2021) MICHAEL (2018)

247 miles 272 miles
5
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
6
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Tornados

7
Enhanced Fujita Scale (EF scale)
0 65-85
1 86-110
2 111-135
3 136-165
4 166-200
5 Over 200
8
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Joplin, MO

May 22, 2011

DT

The NIST investigation into the Joplin, Mo., tornado was the m

comprehensive scientific investigation of a tornado in history:

$2.8 billion

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

e U.S S

84% eeping b
Of deaths resulted from g
building and structural failures. % ' — 8,000
3 r tructures were damaged.
25% 3 )
5%

.8

Of Joplin destroyed. .
R 2 plin suffered damage.

Kilometers p

This earned
most powerful ral
Enhanced Fujit

ymmendations were made by NIST,
ing on saving lives and property
king communities more resilient.

DESIGH BY NATASHA HANACEK/MIST
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INTERNATIONAL
BUILDING CODE"

International Building Code,
2024 Edition

11

STRUCTURAL DESIGN

1608.2.1 X . 2., of Figures 1608.2(1) through 1608.2(4) and Table
1608.2shall bect i loads, b, si 1617,
Equation 16-17 5., =07p,

where:

SECTION 1609—WIND LOADS
2:,:‘,,, @ 1609.1 Appl_ications._Buifdings, sm:lctu_res and parts thereof shall be designed to wit!wsta_nd the minimum wind
ges 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 simW in accordance with Section 1609 or ASCE
7. Wind shall be assumed to come from any ho iq 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 limitations of Section 1609.1.1.1, residential structures using the provisions of AISI $230.
4. Designs using NAAMM FP 1001.
5. 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.
6.  Wind tunnel tests in accordance with ASCE 49 and Sections 31.4 and 31.7 of ASCE 7.
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 on the building. Attachment in accordance with

Table 1609.2 i d anch
is permitted for buildings with a mean roof height of 45 feet (13 716 mm) of less where Vs dstermined in accordance
with Saction L609.3.1 does not exceed 140 mph (63 ms).

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

=

NTERNATIONAL CODE COUNCIL

12
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| |
FIGURE 1609.3(2)—BASIC WIND SPEEDS, V, FOR RISK CATEGORY 11 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|, Il 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
300and a cumulative occupant load of these public assembly spaces of greater than 2,500.

« Buildings and other structures containing Group E or Group -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 notincluded 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 centrol area as given in Table 307.1(1) or 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.®

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 occupancies.

« 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 o other emergency shelters.

« Designated emergency preparedness, communications and operations centers and other facilities required for emergency

respanse.

v « 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 centrol area as given in Table 307.1(2) or per outdoer 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 naticnal defense functions.

« Water storage facilities and pump structures required to maintain water pressure for fire suppression.

. For f accupant lculation, oc by Table 1004.5 to be pe
total occupant load. The floor area for vehicular drive alsles shall be excluded In net floor areain
b. where approved by the bullding official, 1on of buldings and other structures as Risk Category 1l or Iv based on their quantities of toxic, highly toxic or explosive
materlals Is permitted to be reduced to Risk Category I, provided that It can be demonstrated by a hazard assessment In accordance with Section 1.5.3 of ASCE 7 that a
release of the toxic, highly toxic or explosive matenials Is not sufficient to pose a threat to the public.

to use net floor areos to determine the

14
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ASCE Hazard Tool

ASCE HAZARD TOOL

www.ASCEHazardTool.org
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STRUCTURAL DESIGH

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

o
I

1609.3.1 Wind speed conversion. Where required, the basic wind

converted to allowable stress design wind speeds, V.4, using Table 1609.3.1 or Equation 16-18,

Equation 16-18
where:

Vx 078 |

Vot = Vof0E =7 iie., Vg =

V,.s = 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

Vs 8 85 93 101 108 116 124

132 139

147

155

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

a. Linear interpolation is permitted.

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

Te08.4 adequately

ground surf

onsidered,

For eac
i tha site at which the building or structure is

features.

b d. Account shall be
taken of variations in ground surface roughness that arise from natural topography and vegetation as well as from constructed

NT INAL CODE COUNCI L Jpeses

16
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ASCE 7-22

* All loads on buildings and

e e structures

CHLREEC U NS« 482 pages + commentary
(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 b Ch. 26: W|nd |OadS: 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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CHAPTER 26
WIND LOADS: GENERAL REQUIREMENTS

26.1

PROCEDURES

26.1.1 Scope Bulldln"\ 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 torado 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.

261.2.2 Components and Cladding Wind loads en CS
buildings and other structures shall be designed usin
foll wing procedures:

1. Analytical Procedures pi
pprojriate, of Chapler
2. Wind Tunnel Procedure s specified in Chapter 31

ided in Parts 1 through 5, us

2613 PerformunceBused_ Procsdures Wind _desig
buildings s wsing perfomman
procedunes mu R peradied et 6 e ool
Auterky Batlag Jicadtion, Tho prebesnancs bon

ocedures used shall, ot @ minimum, conform o
I30s

s

262 DEFINITIONS

The bllwiag s spply 6 e grovilons of Chagens 26
through
\PPROVED: Aceeptable 1o the  Autherity
Jurisdiction.
ASCE WIND DESIGN

iabase (version 2022

EODATABASE: The ASCE di-
coded wind speed design data

User Note: The ASCE Wind Design Geodatzhase:
coded wind speed design data is available a1 hiips:
sardtooLonline.

26.12.1 Main Wind Fo
the MWFRS shall be d
procedures:

1. Dieetional Procedure for buiings of all heights as speci
for buildings mesting the requirements

Directional Procedure for building apputtenances
(roatop siructures and foofop cquipment) and cther
sinuctures (such 35 sclid freesanding walls nd solid
chimneys, ks, op
g e

Frocedure for all buildings and all other
struetures as specified in Chpter 31

ED CANOPY: A horizonial (meximum slope of
e atached s the baiing el
t from an over

determined in
BUILDING. FLEVATED: A bling suppeorted on strc-
ents where wind can pass bencath the bui
uding hat has the 00 rca

Thi concidon i expressed for cach vl
By the Following equation

Ay < 0.014, or 416 (037 m), whichever s smaller,

where A, and A, ar as defined

BUILDING. { OW-R1
patizlly open building
conditions

Open Buildings,
closed, partially e
nplies with. the

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

19

30.1 SCOPE

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

1. 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 caleulated from a wind
pressure equation.

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

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

3. Part 3 is applicable to an open building of all heights that
has a pitched free roof, monoslope free roof, or troughed
free roof.

4. Part 4 is applicable to building appurtenances such as roof
overhangs, parapets, and rooftop equipment.

5. 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 & <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

vibrations of flexible

do nol meet the rqui

4 Shiclding There shell be no rductions in_ velocily
prswure camed by appar 2 afforded by buikdings
and other structures

an1s A

test data or recomized Tierture dermon
type of air-penmeable cladding being comsidered

302 GENERAL REQUIREMENTS

L1 Wi Laod Fursmeters Spectio In Chapler 26 The
foll wing wind load parsmeters ae specified in Chapter 26

+ Basic wind speed, V' (Section 26.5),
Wind dircctionality fuctor, K, (Section 26.6),

. - or K
ty pressure, g, (Section 26.10.2)

. Section 26.11)

+ Enclosure classification (Section 26.12), and

+ Intemal pressure coefficient, (GC,u) (Section 26.13).

pressure of 16
normal o the surface.

302.3 Tributary Areas Greater than 700 1 (65 m’) C&C
elements with tributury than 700 £ (65 1) shall be:
pennitted. 10 be designed using the provisions for min wind
force resisting systems

gs and Other Structures. 315
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32.1.1 Scope Buildings and other structures classified as Risk
Category 1Il 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 constr
determined in accordance with the
provisions of this chapter or the wind loads determined
accordance with Chapters 26 through 31, using the load
combinations provided in (_h‘lpler

of the

21

2024 Convention & Expo

CHAPTER 32
TORNADO LOADS

321 PROCEDURES

ted to resist the greater

77T T SPee ol 0y EiVE EEurapTi TOsalio
cange.from approtnsicly Fobanced ruuu Scale EF0 -

Options fr protection of life and propety from more int
tomadoes include construction of 3 storm shelter andlo
desgn or lnger-eum period ormudo speeds a5 provided
formancebased design. A

e for tornado loads deter-
annot be
designuted 25 a storm shelier withou! meeting additional
exitical f o e building code
00, the ICCINSSA. Standard for the Design and
Construction of Siom Shelers. Soc Commentsy Secicn

1 for an in-depth discussion n storm shelters.

212 Ferulted Fracotres T Kaign scsado Talk foe
sther structres, including the MWFRS and
e iblan sl £ e e iy 8 o

specified_in this section and subject o the
. Hmintions of Chapiers 26 hrough 32, exciud

il oaks, inching sision rekeross, i peovided B
2.1
32121 Tornado Loads on the Main Wind Force Resisting

1. Directional Procedure for building
fied in Chapter 27 for buildi

f all heights as speci-
the mquircments

el

sure for Buikding Appurie nances (such as

equipment) and Other Stre-
(uch s solid frestanding wals and solid freestand-
s chimneys, tanks, open signs, single-plane cpen

ceting the requirements specified therein: or
3. Wind Tumel Procedure for all buldings and all other
structures as specified in Chapter 31 for buildings m
the requiremers specified thercin

32122 Tomalo Loais on Compoments and Clodding
Torndo loads on the C&C of all huildin

e o e
foll owing procedurcs, as modified by Chaper

1. Analytical Prosedurss as specified in Parts 1 hrough 5, a5
ppropriate, of Chupter 30, for buikings or other structures
mecting he requircments specified therein: o

2. Wind Turmel Procedure for all buildings and other strue-

tures as specified in Chapler 31, for buklings meeting the

requiremenis specified thercin.

3213 Performance-Based Procedures Tomado design of
buldings and other sructus using ~performunce-bassd

procedures shall be pemmitied subject to the spproval of the
Authority Having Jurisdiction. The performance-basal tomalo
doign procedums ed hall, t @ mini. conform 1o

and be documenied and submitied 10 the
Jurisdiction in sccordance with Section 13,13

Se:
Authority His

322 DEFINITIONS
The following defiritions apply to the prov
Terms not defined in this chupter shall b
ih Chiptes 25 hrough 31, 8 sppmoprise, exclud

of Clugcs 2
ved in

e

databse (version 2022-1.0) of geocoded tornado speed design
.

OTHER STRUCTURES, SEALED: A stucture that is

completely sealed or has contralled ventilation such that toma-

transmitted

d 10 certain

s for the MWERS shall be determined RNADO-PRONE REGION: The arcs of the contermic
il Bl g ecorlines s an-asdfied nited States most vulnerable 10 lomadoes, as shown in

by Chupter 32: .
Minimum Design Loads and Associated Criteria for Buildings and Other Structures 353

Determine whether Design for
Tornado Loads is Required

Risk Category Ill or IV,
per Section 1.5?

2 In Tornado-Prone Region,
per Figure 32.1-17
Design for
Tornado
Loads is
NOT
Required
3 V; 260 mph (26.8 m/s), per
Section 32.5.27
a For Exposure B: V.= 0.5V, or o

For Exposure C:

2 0.6V, or
For Exposure D: V; 2 0.67V

is Required

Design for Tornado Loads

Midwest Roofing Contractors Association

October 21-23, 2024
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Tomado-prone region

Areas outside tomado-prone region

igure 32.1

325 TORNADO HAZARD MAPS
2251 Speed The
&

ado specd, Vi,

STANDARD ASCE/SEl 7:22

23

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

“Effective area” for tornado design purposes

Smallest Gonvex Polygon Method ‘Simpiified Rectangle Method

Vo
P

Legend = === Building perimeter D Effective plan area

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

Smallest Convex Polygon Method Simplified Rectangle Method

h i 3
' H
1 '
i 1
pami 1

i

'

i

L Hospital /s ==
Vs

"~ Central utility plant “=Central utility plant

Legend = === Building perimeter '_] Effective plan area

Figure 6: Ettective plan area for essential facilities (Adapted from ASCE 7, Figure C32.5-2; used with permission
from ASCE}

[ J

24
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plan area of 100,000 A (9,290 m*).

Figure 32.5-1E (Continued). Tomado speeds for Risk Category Il buildings and other structures, for effective

Separate tornado speed maps based on Risk Category lll 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 Structures

%7

25

October 21-23, 2024

www.ASCEHazardTool.org
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4-1

dar

where

27
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e plan ara of the
support structure
with other adjacent

independent pl
(i o 0 e shcars cekige
sructires.

326 TORNADO DIRECTIONALITY FACTOR

hall be detenmined from
nine the tomaco loads in

The tomado directionality factor, &
Table 32.6-1 and shall be used o
accordance with Sections 32.15 1

327 TORNADO EXPOSURE

velodity pressure
wried . Scin
7 shall nt apply 1o

ficients Ko, and

32.10 TORNADO VELOCITY PRESSURE

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

32.10.2 Tornado Velocity Pressure Tomado velocity pressure,
evaluated at height z above ground, shall be determined in

accordance with the following equation:
(Ib/ft?); V- in mi/h (32.10-1)

q.r =0613K K, V% (N/m!'\L Vpin m/s (32.10-1.8D)

K_g,,=Tornado velocity pressure exposure coefficient, see
Section 32.10.1;
K, =Ground elevation factor, see Section 32.9;
Vir=Tornado speed, see Section 32.5; and
g.r=Tornado velocity pressure at height z.

The velocity pressure at mean roof height shall be computed as
gy =g.r evaluated from Equation (32.10-1) using K7, at mean
roof height A.

posure Coelficient A

mined from Tabl based on building and other structure
enclowre  classifications  detemnined in accordunce  with
Section 32.12.1
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32.12 TORNADO ENCLOSURE CLASSIFICATION

32121 General For the purpose of determ internal
pressure o

tially enclo:
enclosure classification defnitions, it shall be classified 2 4
“pastially bui

cther structure,

omado  enclosure

asuming it functions s
windward wall, and summing the total arca of oper
present with recpect 10 the area of the remaining building
envelope. Buildings shall be classified as e
enclased, partially open, or open as defined in Section 26.2.
Other siructures shall be classified a3 scaled, a3 defined in
2 o cacuer, el cncloscs, pacialy open, o
262,

her
ation as partially enclosed. with all
o ach assumed windward wall
consdersd 25 openings, o 2) be proteced ta sccrdance with
Section 32.12.3.1

32123 Protection of Glazed Openings Glazed openings shall
be protected as spesified in this section for Essential Facilities
and for buildings and other structures required to maintzin the
functionality of Esential Facilities.

321231 Protection Requi

o Glazed Openings
tected

31
in Table 2 of ASTM
ons wpliarce with ASTM E1996
dance with ASTMA 1856, Impachresstant
slsing ad Hmw sroisivesysems shall comply wih the
sl Setion 7 of ASTM F1996. Glaing

i o

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

32.43 TORNADO INTERNAL PRESSURE
COEFFICIENTS

Tomado imkcuel psgee eocliciass, (GG,

Fur=qurKarKor(GC,)A, (b @2.16-4)

W (GEM, (N) @2.16-4.51)
whers

ur=Torulo veocky poes froc S
[N

factor from

efficient adjustn

tor from
xternal pressure cocflicient and gust-effect
facor from Section 29.4.1, and
1, = Horizontal projected area of moflop strueture o equip
2 )

32.163.3 Roofi of Isolated Gireular Bins, Silos, and
Tanks Section 20422 shull upply for determination of
MWFRS loads on the roufs of isolated circular bins, silos,
and tanks, s madified in this section. The net design tomado
pressurss shall be ved in accordance with the following
s Equation (29,44

equation, which rep )
rCy = (GCar)] B/I) (2165
Pr=aurlGrK K sC, ~ (GC, )| (N/m?)  GL16-5.SD
where
gur = Tomado velocity pressure from Section 32102 eval.
Wit 5

afustenent factor from

Secton 29,422, and
. fom Section 32.13,

..m of A Eckces

(GCyars = Tornado internal pressure
32.163.4 Rooflop Solar Panels for B

Degrees Se.
MWFRS L
of all hei wofs k o Hip roofs it
Tess than 7 degrees, 45 modified in this section. The d&
tornado pressure, p. for rooftop photovoltaic panels shall be
determined by the equation, which replaces
Equation (29.4-5):

Pr=qurK (GO} I/ (32.16-6)

Pr=urK g (GC,p) (N/r (32.16-6.5T)

(GC,} = Net pressure coefficient from Section 29.4.3.

12.163.5 Rooftop Solar Panels Paraliel o the Roof Surface on
Jkuid:mud’«ill Heights and Roof Slopes Section 29.4.4 shall

ke doersimion of, MUFRS kols 0a_evoop
chics o b

i

Pl

£ sopes as m e de
e, o e foohop oiovabi pect
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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, pr, on C&C elements in low-rise
buildings and buildings with h < 60 ft (A £ 18.3 m) shall
be determined in accordance with the following equation,
which replaces Equation (30.3-1):

pr=awr[KarK,r(GC,) — (GCpir)] (1b/ft%) (32.17-1)

Pr=anr[KarK,7(GC,) = (GCpp )] (N/m?)  (32.17-1.SD)
where
g = Tornado velocity pressure from Section 32.10.2 eval-
uated at mean roof height h, b/ lN/mz):
K,r=Tornado directionality factor from Section 32.6;
K,r=Tomado pressure coefficient adjustment factor from
Section 32.14;
(GC,) = External pressure coefficient from Section 30.3; and
(GCyir) = Tormado intemal pressure ceefficient 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 K7 = 1.0,

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

Pr=aK K, (GC,) — g(GCpy) (Ib/11) (32.17-2)

pr=aKirK,1(GC,) = q:(GCpr) (N/m®)  (32.17-2.8D)
where

= g.r For external pressure on all walls evaluated at height
above the ground, Ib/ft™ (N/m”);
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If the tornado loads are greater than the conventional wind loads,
use the tornado loads as the basis for wind design

29

A wind and tornado design 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

30
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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

31
Impact of effective area (A,)
A.=40,000 sg. ft.
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
32
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Impact of effective area (Ag) - 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

33

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

34
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ROOF WIND
DESIGNER

Tornado design is being added to Roof Wind Designer

Roof Wind Designer

www.roofwinddesigner.com

WELCOME MARK GRAHAM  MYPROJECTS  PROFILE  ADMIN  LOGOUT

HOME CONTACT FAQ

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)1, and Part 4: Building appurtenances, rooftop structures and equipment.
A more detailed explanation of ASCE 7's four editions

35

35

What about FM Global-insured buildings?

36
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WSUREDS OF Fi GLOBAL SHOULD CONTACT THEIR

FM Global
Property Loss Prevention Data Sheets 1-28

WIND DESIGN

'ANY RODFING WORK.

Ot
Interim Revision January 2024

LOCAL 7 GLOBAL GFFICE BEFORE BEG

er 2015

Page 10194

FM 1-28, “Wind design”

F“E\nha\

ProRcopyrg, ecedng, o oFerwe, wihouR wen parmasir,of sy MU urance Comany

* Intended to apply to FM
2.0 LOSS PREVENTION € . . .
2.4 Opening Protectives in Exterior Walls. 8
: . asic wind speed maps
i e e : i
3.1.1 Wind Forcas 15 . .
312 Design Wind Spoeds ” o
Typhoons and Cydones. 17
B B S & concepts (e zones
3.25 Topographic Factor (K1) 28
33 Saction Rasarved for Fute Usa 2 Y —_
345 Sizap.Siope Ml Span Gabled Rosis B ° o r n a O rov I S I o n S a e

37

c
]
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37

FM Global

Property Loss Prevention Data Sheets 1-28

WIND DESIGN

INSUREDS OF FM GLOBAL SHOULD GONTAGT THEIR LOGAL FMl GLOBAL OFFICE BEFORE BEGINNING
ANY ROOFING WORK.

ober 2015
Interim Revision January 2024
Page 1 of 94

2.1 Design Wind Pressures

2.2 Exterior Walls

2.3 Section Reserved for Futura Use

2.4 Opening Protectives in Exterior Walls

241 Extarior Doors

2.4.2 Windows in Exterior Walls

1.1 Changes
January 2024. Interim r

toex

on. The following changes v

A. The tornado guidance formerly in Appendix D has been tral
Section 4.2. All tables, figures and equations |

re made:

erred to new Sectio
e been re-numbered to the new sections

.11 and 3.12, and
pendix

Typhoons and Cyclones 17
3.2 Wind Pressure Determina 18
321 Calculating Basic Wind Pressure 18
322 Wind Zones of Buidings 18
32.3 Determining Surface Roughness Expasure 2%
32.4 Buiding Enciosure Classification 2
325 Topographic Factor (K,r) 28
326 Veloaty Pressure Gosffcient (K) 2
3.2.7 Importance Factor 2
3.3 Section Reserved for Future Use 2
3.4 Wind Design Pressures for Les Roof Shapes 2
3.4.1 Staep-Siope, Mono-Siope, and Shed ROOfs ... 28
342 Steep-Slope Saw-Tooth Roofs 2
343 Arche 2
3.4.4 Domed 35
345 Steep-Siope Mult-Span Gabled Roofs ~3%
3.46 Gabled Roofs with Siopes Greater than 45" 35
35 Wind Ratings for FM Approved Roof and Wall Assembbes )
35.1 FM Approved R b a7
3.5.2 FM Approved Exterior Wall Assemblies .. L
35.3 Windborne Debris Ratings Et]
F“ Blobal
Premccm g, tecoeing cx atiere, Rk weren par<Een of £ clry M e Company

38
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win CANADA

39

Tornado desigh recommendations

FM 1-28, Sec. 2.11-Tornados

e 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

40
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Wind Design 1-28

FM Global Property Loss Prevention Data Sheets Page 45

3.12.4.5 Design Wind Speeds and Wind Pressures

1.

e 2.11.1 with wind speeds o

bcations on the map in
1 by tr nt or e unt team,

d speeds less than 140 mph (62 m/s).

d cladding are

Ild be as high as

he building fr
i for ir

. One cost-e

yet limited dam

in design streng building frame, but a conside

152024 Fackry Mhaual Insurance Campany. AL ights reservea

41

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

42
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Some useful references

Tornado design

43

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 t0 calculate design tornado forces. This guide is in accordance with
the updated requirements of the American Society of Civil Engineers (ASCE) / Structural
Engineering Institute (SEI} 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 to determine wind loads using ASCE 7 methodology, as presented in Chapters
26 through 31

Introduction and Background

Tomadoes have historically kiled more pecple in the United States than hurricanes and eanthquakes combined
(WS, 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 tropica| storms
combined, for the period of 1997-2016. The 2011 Joplin tomado disaster was the desdliest and costiest tomado
inthe U5 since 1950 and was one of the primary drivers for the addition of tomado load provisions in ASCE 7
(NIST, 2022). With the publication of ASCE 7-22 (ASCE; 2021), tornado load requirements are now considered as &
minimum design load in conventional building design when buildings are located in tomado-prone areas. The new
ASCE T tornado load provisions do not apply to storm shelters or safe rooms. The ASCE 7 tomado load requirements
will be included in the 2024 Interational Building Code (IBC), the 2024 National Fire Protection Association (NFPA)
5000 Building Canstruction and Safety Code, and the 2023 Florida Buiding 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 mode! building codes.

‘Storm shefters and safe ifically designed for life safety ion during the most extreme wind
events and require more extreme design hizzard intensities than conventional buildings. Buildings and other
structures designed per Chapter 32 of ASCE 7 do not meet the requirements for storm shehiers or safe rooms.

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

o

@) NATIONAL INSTITUTE OF
U STANDARDS AHD TECHNOLOGY

Janusry 2023 -1

Link

44
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NIST Technical Note 2214‘

Economic Analysis of ASCE 7-22
Tornado Load Requirements

ST
Bo—
\

Tornado Wind Speeds {mph) \ 7
A= 100 000 f* [9 290 m) A

Basic Wind Speeds [mph) 120} 180 200
R seecial Wind Region 116700 ~ 200

Basic wind speeds shown are based on Risk Category IV

| ink

45
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Fig. 8. Map of likelihood that desiga for tornado loads is required for a Risk Category Ill e
- 100 000 ft? (9290 m?) building or other structure in Exposure B (top) and Exposure C
(bottom)
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Other topics and questions...

Interdisciplinary Professional Programs

W college of Engineering

Home / courses / LowSlopeRoofing Systems

Low Slope Roofing Systems

PRINT

[f]*]m]]

Course Overview

If you design, install, commission, maintain or repair low slope roofing
systems, this course will provide you with the tools and techniques to do your
job correctly and avoid problems. Upon completing this course, you will be
able to identify the best solutions to your roofing problems, whether you're

working on new construction, performing maintenance, or re-roofing.

® Site Search

O Course Search

Professional Development Courses  Certificates  Online Master’s Degrees Custom Courses  About v

Upcoming dates (2)

Dec. 3-4,2024

Madison, WI

ENROLL NOW

-
>
=~
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® Site Search

w@ Interdisciplinary Professional Programs
W' College of Engineering

O Course Search

Professional Development Courses  Certificates  Online Master’s Degrees Custom Courses  About~

Home / courses / Advanced Topicsand Current Issues in Low-slope Roofing

Advanced Topics and Current Issues in Low-slope Roofing

‘ PRINT

‘ f ‘ v ‘ in ‘ & ‘ Upcoming dates (1)

Course Overview Mar. 25-26, 2025

Learning objectives for this new course include expanding on your ability to Madigon, Wl
troubleshoot water- and wind-related failures, gaining a greater

understanding of moisture mechanics and issues related to concrete roof
decks, and recognizing some legal considerations and sustainability issues in

the roofing industry. B1Add to Calendar
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Mark S. Graham

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

Rosemont, lllinois 60018-5607
N RC/ \ (847) 299-9070
A

mgraham@nrca.net
www.nrca.net

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