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Field wind-uplift testing

* ASTM E907, “Standard Test Method for Field Testing Uplift
Resistance for Adhered membrane Roofing Systems”

* FM 1-52, “Field Verification of Roof Wind Uplift

Resistance”
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Field-uplift testing

ASTM E907 and FM 1-52 tests continue 1o be problematic

NRCA “Industry Issue Update,” June 2015
NRCA members’ experience:

¢ Most tests not conducted in accordance
with ASTM E907 or FM 1-52.

* No correlation between field test vs. lab.
results/classifications

* NRCA survey: 55% passing

Link
3
;RESEARCH*»TECH
Professional Roofing
December/January 2022-23
Revisiting field
uplift testing
24 professionalroofine \gnet DECEMBER/JANUARY 2022-23 |_|_nk
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ASTM Interlaboratory study (ILS)

“Testing the test”

Built three identical test decks allowing for 24 tests total

FM Class 90 roof system (FM tested to 90 psf)

8 testing entities conducted 3 test each

Each test run at 15 psf increments up to 90 psf classification
Membrane deflection is measured

ASTM ILS staff planned the study and analyzed the test results
At FM Global’s research center in Glocester, Rl

ILS results

“Testing the test”

Statistical outliers 15-, 30-, 45-, 60- and 90-psf test increments
Outlier data excluded at 30-, 45- and 90-psf test increments

16 of the 24 specimens exhibited failure before completing the
90-psf test increment.

5 results at the 45-psf increment and all the tests’ results at 60,
75- and 90-psf test increments exceeded FM 1-52’s maximum
allowable deflection.

All specimens should have exceeded 90 psf
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LRESEARCH+TECH

Professional Roofing

September 2023
Putting the test
to the test
Substantial variability has been found in
field-uplift testing
22 professionalroofing.net SEPTEMBER 2023 Li n k
7
L RESEARCH+TECH
RN
The ASTM International interlaboratory study clearly illustrates
NRCA’s long-standing position that field-uplift testing should not be
relied upon as an indicator of an adhered roof assembly’s in situ uplift
resistance or as a quality-assurance measure of roof assembly installa-
tion. Continuing to use it as such is irresponsible.
Since the study results were released, NRCA’s Technical Operations
Committee has asked FM Global to immediately discontinue use of FM
Putting the test 1-52s field-uplift test as a quality-assurance measure for roof assembly
to the test : :
Sf:)stante\a\ V?rlsablllty has been found in lnStallatlon' %
field-uplift testing
- Link
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The 2024 I-codes have already been published
and are available, except for the International
Residential Code, 2024 Edition and International
Energy Conservation Code, 2024 Edition
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Accessing the I-codes
codes.iccsafe.org

2024 |-Codes

B s

Unlock the Complete Set of Content & Features.
with Premium Complete

ire ontent,

20241-Codes

COMING SOON!
. cc wil

-0
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2024 International Building Code (IBC) EEBD
MELIES AND ROOFTOP STRUCTURES

o

F s

CHAPTER 15 ROOF ASSEMBLIES AND
ROOFTOP STRUCTURES

17 SPEC
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CHAPTER 15 ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

User notes:
jes and rooftop

About this chapter: Chapter 15 provides minimuim requirements for the design and consiruction of roof assem!

ctures. The criteria address the weather-protective barrier at the roof and, in most circumstances, & fire-resistant barrier. The

onal materials, but it aiso

and is based on decades of experience with various e

chapter is largely prescriptive in nature
recognizes newer products. Section 1511 aclresses rooftop SHUCH:

Rooftop penthouses larger than prescribed in this chapter must be treated as a story under Chapter 5.

s, whic penthouses, tanks, towers and spires.

Code development reminder: Code change proposals fo sections preceded by the designation [BF] or [P will be considered by
piment Cycle. Al other code change

Development Cycie.

one of the code development committees meeting during the 2024 (Group A) Code Devel
ing the 2025 (Group B) Code

proposals will be considered by a code develoopment committee meeting d

SECTION 1501
GENERAL

1501.1 Scope.

The provisions of this chapter shall govern the design, materials, construction and quality of roor S

and rooftop

SECTION 1502
ROOF DRAINAGE

1P11502.1 General.
Design and instalation of roof drainage systems shall comply with this section, S
Intemational Plumbing Code.

lon 1611 of this code and Chapter 11 of the

P1 1502.2 Secondary (emergency overflow) drains or scuppers.
et the roof perimeter

(emergency overflow) roof drains or scuppers s
2 manner that water will be entrapped if the primary drains allow buildup for any reason. The
jon 1611 of this code and

Where roof drains are required, second;
construction extends above the roof in su
ation and sizing of secondary emerger

Plumbing Co

s and conductors shall comply with

overflow drains, le

inst
Chapter 11 of tne Intemational

Premi

Bsen «®
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Purchasing the I-codes

shop.iccsafe.org

wwwwwwww (]
‘n‘-\\qgg‘“;‘u Intemational Codes Hepv & Sgninv P can
imm)

2024 International Building Code®

Digital Codes Premium Subscription
3 ¢

il Every 3 Years (Save 50%)

Print and Other Digital Formats
PRICE MEMBERPRICE  MEMEER SAVINGS

5102000 514009 s48.00

5163.00 512200 s41.00

524800 s186.00 o200

5267.00 520000 $67.00

13
24 |BC
DAL New to the 2024 I-codes
* Single column text format
* Updated font styles
* QR codes identifying changes
) * Streamlined lists
* Consistent grouping of related text
(e.g., tables follow parent sections)
* Shaded table headers and notes
iccsafe.org/design-updates
14
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24 |BC

INTERNATIONAL

BUILDING CODE’

INTERN 4,
\ oy,
AL

IBC 2024

* Ch. 15: Roof Assemblies and
Rooftop Structures

* Ch. 27: Electrical

e Ch. 13: Interior Environment

e Ch. 16: Structural Design

15

ROOF ASSEMBLIES AND ROOFTOR STRUCTURES

Scan for
Changes

d079973

1507.1 Scope. Roof coverings shall be applied in accordance with the applicable provisions of this section and
the manufacturer’s installation instructions.

1507.1.1 Underlayment. Underlayment in accordance with this section is required for asphalt shingles, clay
and concrete tile, metal roof shingles, mineral-surfaced roll roofing, slate and slate-type shingles, wood shin-
gles, wood shakes, metal roof panels and BIPV roof coverings. Such underlayment shall conform to the
applicable standards listed in this chapter. Underlayment materials required to comply with ASTM D226,
D1970, D2626, D4869, D6380 Class M, D675T or D8257 shall bear a label indicating compliance with the stan-
dard designation and, if applicable, type classification indicated in Table 1507.1.1(1). Underlayment shall be
fastened in accordance with Table 1507.1.1(2). Underlayment shall be attached in accordance with Table
1507.1.1(3).

Exception: Structural metal panels that do not require a substrate or underlayment.

TABLE 1507.1.1(1)—-UNDERLAYMENT TYPES

MAXIMUM BASIC WIND SPEED, V< 130 MPH IN

MAXIMUM BASIC WIND SPEED, V=130 MPH IN

ROOF COVERING | SECTION HURRICANE-PRONE REGIONS OR V < HURRICANE-PRONE REGIONS OR V=
140 MPH OUTSIDE HURRICANE-PRONE REGIONS | 140 MPH OUTSIDE HURRICANE-PRONE REGIONS
ASTM D226 Typelorll ASTM D226 Type Il
ASTMID1S70 ASTM D1970
Asphalt shingl 1507.2 ASTM D4869 Type , II, lll or IV
sphaftshingles ype’, L Aor ASTM D4869 Type Il or IV
ASTM D&T757 ASTM D8257
ASTM D8257
— — e e : R - ‘ ;
) ASTM D226 Type lor I ASTM D226 Type Il
Wood shingles 1507.8 ASTM D4869 Type |, 11, l or IV ASTM D4868 Type Ill or IV
Wood shakes applied
! e ASTM D226 Type lor Il ASTM D226 Type I
:2;30::15"93‘“‘@ 15079 ASTM D4869 Type |, II, Ill or IV ASTM D4863 Type Il or IV

16
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ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

[B6] 15116 shall be constructed of the materials specified for the
exterior walls in accordance with the type of construction of the building. Where the fire separation distance is greater than 5 feet
(1524 mm), mechanical equipment screens shall nat be required to comply with the fire-resistance rating requirements.
[86] 1511.6.1 Helght limitations. Mechanical equipment screens shall not exceed 18 feet (5435 mm) in height above the roof
the highest point on
Excaption: Where located on buildings of Type IA construction, the height of mechanicol equipment screens shall not be

limited.
[86] 1511.6.2 Type , 1, Il Regardless of the s in Section ISLLE, 1
that are located on the raaf decks of buildings of Type I Il, Il or IV construction shall be permitted to be constructed of combusti-

blematerials in accordance with any one of the following limitations:

1. The fire separation distance shall be not less than 20 feet (503 mm) and the height of the mechanical equipment screen
above the roof deck shall not exceed 4 feet (1219 mm) as measured to the highest point on the mechanical equipment
screen.

2. The fire separation distance shall be not less than 20 feet (6096 mm) and the mechanical equipment screen shall be
constructed of ‘complying with Section 2303.2 for exterior nstallation.

3. Where exterior wall covering panels are used, the panels shall have a flame spread index of 25 or less when tested inthe
minimum and maximum thicknesses intended for use, with each face tested independently in accordance with ASTM
£84 or UL 723. The panels shall be tested in the minimum and maximum thicknesses intended for use in accordance
with, and shall comply with the acceptance criteria of, NFPA 285 and shall be installed as tested. Where the panels are

tested as part of an exterior wall assembly with NFPA 285, the face of the
mechanical equipment sc tructurein a5 they were i he tested wall
assembly.

[B6] 1511.6.3 Type TypeV

construction, a5 measured from grade plane to the highest point on the mechanical eguipment screen, shall be permitted to
‘exceed the maximum building height allowed for the building by other provisions of this code where complying with any ane of
the following limitations, provided that the fire separation distance is greater than § feet (1524 mm):
L Where the fire separation distance s not less than 20 feat (5096 mm}, the height above grade plane of the mechanical
equipment screen shall not exceed 4 feet (1219 mm) more than the maximum building height allowed.
2 T

3. The mechanical shall of d Section 22032 for
exterior installation.

4. Where the fire separation distance s ot less than 20 feet (6096 mm), the mechanical equipment screen shall be
constructed of materials having a flame sgread index of 25 or less when tested in the minimum and maximum thick-
nesses intended for use with each face tested independently in accordance with ASTM E84 or ULT23.

[BG] 15117 Other rooftop structures. Rooftop structures not regulated by Sections 1511.2 through 15116 shall comply with
iane 15117 1 theauzh 1511 ir2bl

[BG] 1511.7.6 Lightning protection systems. Lightning protection system components shall be installed in accordance with
Sections 1511.7.6.1,1511.7.6.2 and 2703.

[BG] 1511.7.6.1 Installation on metal edge systems or gutters. Lightning protection system components attached to
ANSI/SPRI/FM 4435/ES-1 or ANSI/SPRI GT-1 tested metal edge systems or gutters shall be installed with compatible brackets,
fasteners or adhesives, in accordance with the metal edge systems or gutter manufacturer’s installation instructions. Where
the metal edge system or gutter manufacturer is unknown, installation shall be as directed by a registered design professional.

[BG] 1511.7.6.2 Installation on roof coverings. Lightning protection system components directly attached to or through the
roof covering shall be installed in accordance with this chapter and the roof covering manufacturer’s installation instructions.
Flashing shall be installed in accordance with the roof assembly manufacturer’s installation instructions and Sections 1503.2
and 1507 where the lightning protection system installation results in a penetration through the roof covering. Where the roof
covering manufacturer is unknown, installation shall be as directed by a registered design professional.

17

ELECTRICAL

SECTION 2703—LIGHTNING PROTECTION SYSTEMS
2703.1 General. Where provided, lightning protection systems shall comply with Sections 2703.2 through
2703.3.

2703.2 Installation. Lightning protection systems shall be installed in accordance with NFPA 780 or UL 96A. UL
96A shall not be utilized for buildings used for the production, handling or storage of ammunition, explosives,
flammable liquids, flammable gases or other explosive ingredients including dust.
2703.2.1 Surge protection. Where lightning protection systems are installed, surge protective devices shall
also be installed in accordance with NFPA 70 and either NFPA 780 or UL 96A, as applicable.
2703.3 Interconnection of systems. All lightning protection systems on a building or structure shall be intercon-
nected in accordance with NFPA 780 or UL 96A, as applicable.

NFPA 780 and UL 96A are the technical basis
for LPS installer certification

18
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ROOF ASSEMELIES AND ROOFTOR STRUCTURES

[B6] 1511.8 Structuralfire resistance. Th structural frame and roof construction supporting loads imposed upoan the roof by any
shall compl i able 601 The fire-resi Table 601, Note 3, shall
not apply to roofs containing rooftop structures.
[BG] 15119 Ralsed-deck systems Installed over a roof assembly. Raised-deck systems installed above a roof assembly shall
comply with Sections 151191 through 151195
[86] 1511.9.1 Installation. The araised o comply with
L. The perimeter of the raised-deck system shall be surrounded on all sides by walls or by a noncombustible enclosure
approved to prevent fire intrusion below the raised-deck system. The wall or enclosure shall extend at least from the roof
assembly to the top surface of the raised-deck. The drainage in accordance with
Section 1511.9.5.

2. Araised-deck system shall be installed above a listed roof assembly.
Exception: Where the roof assembly is nat required to have a fire classification in accordance with Section 1505.2
3. Araised-deck installed installation instructions.
4. Asaised-deck system shall not impede the operation of plumbing or mechanical vents, exhaust, air inlets or roof drains.

Where required, access for inspection, cleaning or maintenance shall be provided.
[BG] 1511.9.2 Fire classification. The raised-deck system shall be listed and identified with a fire classification in accordance
with Section 1505 and shall be tested in accordance with either Section 1511.9.2.1 or 15119.2.2
[8G] 1511.9.2.1 Fire testing of the raised deck system Installed over a classified roof assembly. The raised-deck system
shall be testad saparately from the roof assembly ovar which it isinstalled. The fire classification of the raised-deck system shall
be not less than the fire classification for the roof assembly over whichit s installed.

P he raised-deck sy Fbrick concrete or other noncambus-
tible materials, fire testing of the rased.deck system is not required.
[8G] 1511.9.2.2 Fire tosting of tha raised deck system tog assembly. The bly and the roised-

deck systom shall be tasted togather.

[BG] 1511.9.3 Padastals or supports. The pedastals or supports for the raised.deck system shall be installed in accordance with
manufacturer's installation instructions.

[BG] 1511.9.4 Structural requirements. The raised-deck system shall be designed for all applicable loads in accordance with
hapter 16 and performance requirements in Section 1504.

[BG] 1511.9.5 Roof drainage. The raised-deck system, including the wall or enclosure between the roof assembly and the raised
dack, shall ba designed and installed to allow for the oparation of the roof drainage systam 3s raquired by Section 1502 and the
Intemational Plumbing Code. The roof structure shall be designed to support any standing water resulting from the installation of
the raised-deck system.

[86] 1511.3.6 Accessibility and egress. The raised deck system shall be accessible in accardance with Chapter 11 and means of
‘agross shall be provided n accordance with Chapter 10.

ECTION 1512—REROOFING

1512.1 General. Materials and methods of application used for recovering or replacing an existing roof covering | [ @ ﬂ
shall comply with the requirements of Chapter 15. Changes
Exceptions:

1. Roofreplacement or roof recover of existing low-slope roof coverings shall not be required to meet the
minimum design slope requirement of '/, unit vertical in 12 units horizontal (2-percent slope) in
Section 1507 for roofs that provide positive roof drainage and meet the requirements of Sections
1608.3 and 1611.2.

2. Recovering or replacing an existing roof covering shall not be required to meet the requirement for
secondary (emergency overflow) drains or scuppers in Section 1502.2 for roofs that provide for posi- a4dfobb
tive roof drainage and meet the requirements of Sections 1608.3 and 1611.2. For the purposes of this
exception, existing secondary drainage or scupper systems required in accordance with this code shall not be removed
unless they are replaced by secondary drains or scuppers designed and installed in accordance with Section 1502.2.

19

Considerations of “ponding instability”

IBC 2024 and ASCE 7-22

* IBC’s reroofing provisions provide pointers to IBC Ch. 16-
Structural Design

— IBC Ch. 16 references ASCE 7-22

— ASCE 7-22 addresses ponding instability in Sec. 7.11-Ponding
Instability

* A complicated and costly analysis
— Even more costly if drawings identifying the building’s
structural components are not available
* If structural modifications are needed, added reroofing
project complexity and cost

20
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A code-accepted way of circumventing IBC 2024’s (and ASCE 7-22’s)
ponding instability provisions is to add tapered insulation to
achieve %-in-12 or greater slope.

21

IWU I c IWUIC 2024
24 * Overlays the Building Code

N « Ch. 5: Special Building

INTERFACE CODE®

Construction Regulations

* Ignition-resistant Construction
Class 1,2 or3

* Class 1 and 2: Class A roof
Class 3: Class B roof

* Valley, eave, gutter and
downspout and roof vent
requirements

22
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L RESEARCH+TECH

Professional Roofing
December 2023/January 2024

Wildfire mitigation
The International Code Council® provides
mitigation regulations in code

by Mark S. Graham

20 professionalroofing net DECEMBER/JANUARY 2025-24

Link
23
INTERNATIDNALPROItERTY
IPMC 2024
* Sec. 304-Exterior Structure
* Sec. 507-Storm Drainage
~link
24
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Maintaining compliance

IPMC* provides code requirements for
building maintena

by Mark S. Graham

nce

Professional Roofing
February 2024

25

* FM 1-15, “Roof-mounted Solar Photovoltaic Panels”

Updates to FM Global datasheets

www.FMGlobalDataSheets.com

FM 1-28, “Wind Design”
FM 1-54, “Roof Loads and Drainage”

26
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Wind Design 1-28
FM Global Property Loss Prevention Data Sheets Page §
1.0 SCOPE

This data sheet provides general guidance to building designers regarding wind considerations with regard
o property protection at highly protected buikdings. This includes recommended wind pressures for common
building shapes for the following-

1.1 Changes

2.11 and 3.12, and

ew sections. Append

A. The torn | « D has been transfi
existing Section 4.2. All tables, figures and equations have b

as been del

T

g

O
=

d in its entirety

ety.

B red Roof Anchors was FM Approved Roof Anchor
ar e used to provide additi ounted equipment to p
0O

made to the pressure coeffi
T i

were
ratio of the distance of elevated
t £

tion to the mean roof

+WIGOwS 000TS: A O Ca b2 BToREn Ty WINASGMe QDS SUen
parts of woodk-framed structures, and roof tiles or gravel from naarby roofs.

+ Windows and doors and lightweight wall cladding can be biown in or out by the pressures exerted on the
buiding

+ Roofing and roof deck materials can be tom andfor peeled off structures.
+ Inadequately secured roof-mounted equipment can be biown out of place, damaging the roof cover.

20152024 Fackry Mutual Insuranoe Company, Al ighis reserved.

27

Wind Design 1-28

FM Global Property Loss Prevention Data Sheets Page 13

285 One of the following may be done to account for the higher wind pressures in the perimeter and comer
areas:

A Use wind design pressures for the field, perimeter and comer areas based on the Eurocode, o
B. Use wind design pressures for the fiskd-0f-1oof as determined by the Eurocode and provide prescriptive
enhancements for the securement of above-deck roof components and metal deck securement for the
perimeter and comer areas per DS 1-29 or DS 1-31.

2.8 Do not credit parapets for reducing roof design Uplit preseures uniess the parapet nesght () ie at

least 3 ft (0.9 m. In addition, use design pressures based on the Eurocode that are at least equal to that

required for an h.M ratio of 0.025, regardiese of the actusl ratio.

287 Use Figure 30.3-7

of 10 % or 1 (C

ASCE 7-16 for external pressure coefficients (GC,} for domed roofs with an EWA

2.8.8 Design all structural framing, including beams, columns, trusses,
and capacity-reduction factors specified in the Eurocode:

urins, and gints, using load factors

289 Use Euocode factors that are modified by Nafional Annexes only if they make the design more
conservative.

2.11 Tornadoes

2.11.1 The following section provides guidance for building owners or occupants who have important facilities
that warrant additional protection to reduce potential property damage and business interruption as a result
of a tornado.

The tornado guidance in this standard should be applied to locations with tornado wind speeds = 140 mph
(63 m/s) as defined by the wind contours in the tornado wind speed map in Figure 2.11.1.

Design the building envelope, including walls, doors, windows, skylights, roof-mounted equipment and roofs
to resist tornado wind speeds in accordance with Figure 2.11.1 and Section 3.0. Higher design wind speeds
may also be used if desired.

Note for Figure 2.11.1: Hawaii, Alaska, Puerto Rico and Guam have a very low probability of tornado
ocecurrence. The non-tornado design wind speeds exceed 100 mph (45 m/s) for all of Hawaii, Puerto Rico
and Guam, and much of Alaska. One difference is that Hawaii, Puerto Rico and Guam are prone to tropical
storms and should normally be designed for windborne debris, which is not true for Alaska.

220152024 Faciory Mutua Insurance Company. Al ighis reserved.

28
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0. omado speed based on ASCE 7-22 for 10
Wind Design 1-28
FM Global Property Loss Prevention Data Shests Page 47

3.12.4.8 Building Materials Used for Roof Construction

Nind loss experience has been more favorable with structural concrete roof decks than with steel decks.
Steel deck may be used, but should be designed for higher pressures. This design could involve the use of
any or all of the following:

¢ Shorter deck spans
« Stiffer (deeper, thicker, etc.) deck
« Increased securement to joists/purlins

Experience has also shown that steel joists may buckle due to the transfer of lateral loads to them, or from
compressive stresses that develop in their lower chords while uplift pressures are applied to the roof deck.
This buckling could be resolved by enhancing the joist resistance, improving the joist bridging and/or adding
ower chord extensions.

Insulated roof assemblies with very high wind resistance can be found in RoofNav®, a publication of FM
Approvals. Some assemblies, including those using insulated steel deck, have wind uplift ratings up to
approximately 465 psf (22 kPa). These assemblies provide a cost-effective design for higher wind speeds
associated with tornados, including the application of pressure coefficients to reflect areas of the roof with
higher wind pressures, and a reasonable safety factor.

e = o o
FM Approval Standard 4431, Approval Standard for Skylights

Note: The cost increase to change from a 90 mph (40 m/s) design wind speed (as is the case with the majority
of the central United States) to a higher tornado wind design will vary, depending on geography, the specific
design criteria, percentage of windows, etc. Increased construction costs for components and cladding are

expected in areas not normally designed for increased wind speeds. This cost increase could be as high as

50,
oU%.

30
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CHAPTER 32
TORNADO LOADS

321 PROCEDURES 1. Directional

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
tem (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
accordance with Chapters 26 through 31, using the load
combinations provided in Chapter 2.

707 The TormEs Speed BT Ty FvVen FE0grapTie Tocalion W
range from approximately Enhanced Fujita Scale EF0 — EF2
intensity, depenting on the risk category and effective plan
arca of the building or other structure (see Section C
Options for protection of life and property from more
tomadoes include construction of 2 storm shelter andier
design for longer-retum-periad ormado speeds a5 provided
in_ Appendix formancebased design. A
bulding or other stucture designed for tormado loads deter-

op &
such as solid frees ands
chimneys, tunks. open
nd trussed ©

s specified therein
il o

3. Wind Tumel Procedure for
structures as specified in Chape
the requiremens specified therd

buildings

31 forbuild

321.2.2 Tomado Loafs on Compoments and Cladding
Tormedo loads on the C&C of all buildings and o
stnuctures shall be determined using one or more of the
foll wing procedurs, as modified by Chapier 32

| Prosedures as specified in Parts | through 5, as
of Chapter 3, for buikdings or other structures

1. Analylica

PR

3213 Performance-Based Procedures Tomado design of
buldings and other structums using performancy
procedures shall be pemmitied subject to the spproval of the
Authority Jurisdiction. The peformance-basal tomado
s uwsed shal. at a minimum, confom to
Section 13.1.3 and be documenied and subrmitied 1o the
Authority Having Jurisdiction in sccordance with Section 1

and ICC 500, the ICC/NSSA Standard for the Design and
Construction of Sionn Sheliers. See Commentary Section
C32.1.1 for an in-depth discussion an storm shelters.

322 DEFINITIONS

Terms not defined in this chapter shall be defined in accordan
32.12 Permitted Procedures The design tormado loads for  with Chapters 26 through 31, s appropriate, excluding Chapler
buildings and oth ! uds MWERS and 24
CAL: clomein, te 8 i ne of the ASCE TORNADO DESIGN GEODATABASE: The ASCE
procedues a5 specified in ihis section and subject 10 the  guishace (version 2022-1.0) of geacoded tomado spesd desig
applicable Timitations of Chapters 26 through 32 excluding  ga,

Chapter 2. OTHER STRUCTURES, SEALED: A stucture that is
An oulline of the overall process for the determination of i ed Nich

the tormdo Joads, including section references, is provided in

Figure 32,13

vessels,
RNADO-PRONE REGION: The area of the contermi-
fed States most vulmerable 10 tomadoes, as shown in

32.12.1 Tornado Loads on the Main Wind Force Resisting
System Tomado losds for the MWFRS shall be determinzd
more of the following procedures, as modified

by (’Iumg

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 353

31

Tornado-prone region

Areas outside tomado-prone region

convention s provided in Section 264, where posiive pressur
acts toward the surfce and negative pressure 1els away from the
sufuce

Toads for building:
determined in Section 32.1
directionality

3242 Critiea
shall be combi

mal pressures and
the most critical load.

femal pressures
combined e

ity pressure exposure coeflicie
2= . as determined in Section 32
sure ocfficient adjusti

ated at
Koz =Tomado
vertical winds s defined in Section 32,1

Tomado velocity pressure exposwre sosfficentevalu- 925 TORNADO HAZARD MAPS
ight = as detemnined in Section 3210 3251 To
brmado design prescure on 4 parapet

ado Speed The bmado speed, Vi, used in the
buiklings and
51 and 1252 as follows

ther skuctures

from Equation (32.15-3), Ib/it* (N/n?)

tomado s and srucms, use

structures, I/ (N/i)
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Determine whether De:

Tornado Loads is Required

per Section1.57

per Figure 32.1-1?

Risk Category Il or IV,

In Tornado-Prone Region,

Design for
Tornado
Loads

NOT

Required
3 V; 2 60 mph (26.8 m/s), per
Section 32.5.27
4 For Exposure B: V; = 0.5V, or o
For Exposure C: V2 0.6V, or
For Exposure D: V2 0.67V
per Section 32.5.2?
Design for Tornado Loads
is Req
Gl 331 Gl Reulrsaivath, T bt paccorbva vivd i dtrition f Wiakde
Toads on borh the MWFRS and CAC e
ion 3214
Tomado loads on he MWFRS shal b L fomado osds on the Cac ol e
detrined by ape o e of Aetrined by oo o toes of
Chapter 1 m—ey Chapter 30;
vuidin fhts a5 modificd by Sccion a1 g wit <6005 o
215 Par 2, w60 4153 ), or

Chapler 29 I I—
ading appurtentnces (roofiop stucrures and
vaf overhangs, und parapesh and

nanoes, rosftop
siustuzes,and squipment, ar
Part 5, Nobuilding sicoures,

b
Sextion 32,

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

For Risk Cal
2A through 32.5-2H

and Sructuses, we

c ppeopiatc tomado huzard map to v

o ka1 ccunded wp to et VA mspped
2,000; 10.000; 40,000; 100.000; 2
d 4000000 (0.1 186; 929; 3716
23226; 92.903; and 371.612 1), Ahernatively, lincar interpo-
Lation of tornado speed between miaps using the logarithim of the
effective plan area size mitted.
Adratily 2 hall be i ol the Gl gt
fiom the ASCE Tornado Design Geodatabase. The
Tesign Geodatabase 16 svailable o e ASCE 7 Hazard
hazardioolonline) or approved equivalent.
for Tornado Loads Not Required For Risk
e
bamado oo ¥ <60 mids (68 mb), &
loads shall not be required. Where Vr > 60mih 26, m
5t b s e ooving Bher speeds then de
tormado loads shall not be required

osure B: Vy < 0.5V, or
osure C: Vr < 0.6V, or

where ¥ is the basic wind speed determined in sccordance with
Section 265 and the exposure calegory is determined in

356

based on the &

accordance with Section 26.7. sure esullin

in the greatest wind loads for gny wind direction at the site

3253 Direction of Tornadic Wind The tomadic wind shallbe
assumed to come from any horizontal direction

32.54 Effective Plan Area The effective plan area, A,, of the
building or other structure shall be determined in accordance with
this section.

32, :41 Fssential  Facilities For Essential Facilities  and
wnd other stuctuwes quired 1o mainkin the
furctionaity of Essential Feilies, i efecive pan rea shall
be equalto he aren of the smullest convex polygon enclosing both
o Pl Faclity and ol of e bullings e cher rtecs
that mantain the functionality of the Essential Facilty.

32542 Other than
structures that ar not designated s Essential Fis
e ot reqied 1o maintsn the Rinctiowity of
il lhc ot ples e shal 6 il 1 i om
the smallest convex polyon he plan of the buildin;
ot sttt o . 1 peemitiod 10 doce e fEcive
plan area to that of the effective plan area of the largest
structurally independent building or other stucture, which
does ml shar structural components with adjacent buildings
or other structures,

ential Facilities For build
=

32.543 Ground-Mounted Photovoltaic Panel Sysiemss The
sffective plan wed. sround-mounted  photoveltaic

STANDARD ASCE/SEI 7-22
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Figure 325D (Continued). Tomado speeds for Risk Category Il buildings and other structures, for effective
plan area of 40,000 1 (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 Structures 365

'G (Continued). Tornado speeds for Risk Category IV buildings and other structures, for effective
plan area of 1,000000 fF (92,903 v’)

Minimum Design Loads and Associated Criteria for Buildings and Other Structures 387
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punel systems shall be equal 1o the effective plan ara of the
largest structurally independent photovoltaic support structure
thal does nol share structural components with other adjacent
sructires.

326 TORNADO DIRECTIONALITY FACTOR

shall be detennined from
i the tomado loads in

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

327 TORNADO EXPOSURE

Tomado velosity pressure e
e determined in Section
Section 267 shall net. apply to e e £ ror 20
Kigyr

2 Tornado Velocity Pre
evaluated at height z above ground, shall be determined in
accordance with the following equation:

=0.00256K 7, K, V2 (Ib/ft)

zTor

32.10 TORNADO VELOCITY PRESSURE

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

» Tomado velocity pressure,

Vi in mi/! 32.10-1)

K V3

Vpin m/s (32.10-1.81)

K_g,,=Tornado velocity pressure exposure coefficient, see
Section 32.10.1;

(. = Ground elevation factor, see Section 32.9;

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

Minimum Design Loads and Assaciated Criteria for Buildings and Other Structures 357

32.12 TORNADO ENCLOSURE CLASSIFICATION

¥  building or other structure
and “partially_enclosed” tomado
enclosure classification definitions, it shall be classified s @
“patially open” bui ing or cther tructure.

RIIOMBGTe s fa ks Siiui
clasification,

windwan

caclosa, partial
Other structures shall be classified as sealed, as defined in
Section 32.2, or enclosed, partially enclosed, partially apen, or
open us defined in Section 26.2.

Where not_required by Section 32.12.3 1o protest glazed
operings, enclosed buildings and other structures shall either
(1) bereevaluated for classification as partially enclosed, with all

urprotected. glazed openings on ach assumed windward wall
considered as cpenings; ot (2 2) b protocka fn accordance with
Section 32.12.3.1

31123 Pratition of Glimed Opeskoge Gl oeriog

fied in this secti Escential

Mings, e the seictes cquio 1 it
fumctionality of Exsential Faciltes.

JLI2AI Protection Reguirements for Glazed Openings

rotection shall be protected
mm.wrmc\uxe system or stll be frpact
! e

pectssisnt gl sl
Fienes wil ASTACE1996
e v D o F s descried i Tab 2 of ASTM
E1906. Tesing o demonsiste compliance with ASTMLE 1996
shall b ordunce with ASTM E1886. Tmpactoresistant
shsing md impust protesive sysiems il conply wih e

ect ASTM E1996. Glazing in

pact-protective systems shall
equirements of Ta-

. to speed used in place of
basic wind speed fer détermination of wind z0ne.

EXCEPTION: Other testing methods andor performance
eriteria are permitied (o be used where approved.

32.43 TORNADO INTERNAL PRESSURE
COEFFICIENTS

Tomado internal pressure coeficients, (GGyurh shall be deter-
mined from Table 32.13-1 based on building and other stcture
enclosure  classifications  detemmined in accordance  with
Section 32.12.1

37

Fur=quKarKr (GE,)A, (1b 62.164)
F, K e (GEM, (N) (2.16-4.51)
where
i = Tomado velocity pressure from Secti
ated at mean wof height . b/ (N
Kgr=Tomado dire factor from
Kig=Tomadl pressure coffcient adjos ¢ from
Section
(GC,) = Product of external pressure coefficient and g

factor from Section 29.4.1, an
ol e e o

op structure o

BI6II Roof o/ bolated Crenlar Bins, Sy, ond
Tanks Section 20422 shull apply for del jon_o
MWFRS loads an the
and tarks, s modified
essures shall e det
equation, whi

(GCr)] (b/1®) (2165

Pr=aurlGrK K sC, ~ (GC, )| (N/m?)  GL16-5.SD

wher

adjustment factor from

ntiom Secion 29422, and
ent. from Section 32

External pressure coe
Tornado ntemal prescure o
32,1634 Roofiop Solar Panels for Buildings of All Heigiis
s Pl Boaf e Gl or Bl Reofs wih Slope Les T 7
detemingion of

(GCpr

e panels

£ bip 1008y il
i this section, The dc
1op pholovolai panels shall e

et g ving o equ which replaces
Equation (29.4-5):
Pr=qurK (GO} I/ (32.16-6)
Pr=urK g (GC,p) (N/r (32.16-6.5T)
where
qur = Tomado velocity pressure from Section 32.10.2 evalu.
ated at mean mof hei I ¢
K.r=Tomado directionlity factor from Sec and
(GC,) = Nel pressure coefficient from Section 29.4.3

12.163.5 Rooftop Solar Panels Paraliel o the Roof Surface on
Jkuid‘mud'm gy L o ot
apply for determimation of loads on_roofiop
e gole yur.AHd 10 th m srface on buikdings of

allheights o
Jornadb pressue, g, o roofiop ,-m‘\.‘m.. e dall 16

inthis section. The des

Minimum Design Loads and Associated Criteria for Build

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=airlKirK,p (GC,) = (GCpp)] (N/m?)  (32.17-1.8D)

where
g = Tornado velocity pressure from Section 32.10.2 eval-
uated at mean roof height k, 1b/ft™ (N/m™);
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 & > 60 ft (h > 18
modified in this section. The design tornado pressures, p;
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=4KirK,1(GCp) — g;(GCpir) (N/m:\ (3217

where

= g.r For external pressure on all walls evaluated at height
above the ground, Ib/ft™ (N/m”);
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FEMA/NIST Design Guide

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

Smallest Canvex Polygon Method ‘Simplified Rectangle Methad
Vo
Voo
o
Building

v
H

Legend = === Building perimeter E:j Effective plan area

Figure 5: Effective plan arcas for buildings that are not essential facilities (Adapted from ASCE 7, Figure €32.5-
1; used with permission from ASCE)

Smallest Convex Polygon Method Simplified Rectangle Method
1 i
' ¥
i i
¥ f
ik H
H X
s 2%
v 4
------ r © Mosphal - smme s
¥ :
7 i
L " :
~Gentral utiity plant - Gentral ity 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

) NATIONAL INSTITUTE OF
N STANDARDS AND TECHNOLOGY

Janusry 2023 -1
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NIST Technical Note 2214‘

Economic Analysis of ASCE 7-22
Tornado Load Requirements

118
.f/\‘\ 120
—— il 126
- Y\ e~ 130
F 4 140

St 503 -
N \E'_'{é::‘w gf}", 150

=Tocy
N s

Legend
Tarnade Wind Speeds (mph) a0 Z
A= 100000 ft* (9290 m) 100" Laosl,
Basic Wind Speeds [mph) 1280 i 180
Special Wind Region 130 1570“
Note: 1 mph = 0447 m/s 0350

Basic wind speeds shown are based on Risk Category IV

| Link
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More information on tornado design will be forthcoming...

42
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Roof Wind Designer

www.roofwinddesigner.com

ROOF WIND WELCOME MARKGRAHAM  MYPROJECTS ~ PROFILE  ADMIN  LOGOUT
NRCA | DESIGNER

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

43

STRUCTURAL DESIGN

6. Design load bearing values of sois
7. Rainloaddata.
1603.1.1 lor e lead. Thaunformlydistriuted,concamyated s mpact floor v fadusd ntho dsin shall bo dicated for
floor areas. accor for eac
1603.1.2 Roof live load. The roof live lood used in the design shall be indicated for roof areas.
1603.1.3 Roof snow load data. The ground snowload, b, shall be indicated. In areas where the ground snow load, ,, exceeds 15
pounds per sauare foot (psf) (0.72 kN/?), the following additional information shall also be provided, regardless of whether
snow lbads goverm the design of the raof:
L Flatroof snow load. p,
Snow exposure factor, €,
Risk categary.
Thermal factor,
Slopafactors), .
Drift surcharge load(s), p,, where the sum of p, and p, exceeds 30 psf (1.44 kN/m)
Width of snow drif(s), w.
Winker wind it b

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.

Do W

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.
Risk category.
Effective plan area, A,, for tornado design in accordance with Chapter 32 of ASCET.
Wind exposure. Applicable wind dlrectlon if more than one wind exposure is utilized.
Applicable int icable tornado internal pressure coefficients.

esign wind pressures and their applicable zones W|th dimensions I be used for exterior component and cladding
materars Totspeeifieaty-designed-by-th tered-tiesIgn professional responsible for the design of the structure,
pounds per square foot (kN/m’) Where demgn 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 buildings located in whole or in part in flood hazord areas as established in Saction 16123, tha
‘documentation pertaining to design, if required in Section 16124, shall be included and the following information, referenced to
the datum on the community’s Flood Insurance Rate Map (FIRM), shall be shown, regardless of whether flood loads govern the

design of the building:
L Flood design class assigned according toASCE 24.
2. Inflood h her than coastal high. A zones, the elevation of the proposed lowest floor,

including the basement
3. Inflood hazard areas other than coastal high hazord areas or coastal A zones, the elevation to which any nonresidential
building will b dry fioodproafed.
1 zones, the he b the lo structural
member of the lowest floor, including the basement

44
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Continuing concerns with steel roof decks

45

THE
SITUATION

WITH STEEL

DECKS Professional Roofing
Steel roof deck design can affect roof system M a rc h 20 1 7

c
>
=~

46
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ROOF DECK SECUREMENT AND ABOVE-DECK ROOF COMPONENTS

Global office before beginning any roofing worl

Table of Contents

1.0 SCOPE

| Note to Insureds of Factery Mutual Insurance Company: Contact the local ‘
W Gl k.

»
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1-29 Roof Deck Securement and Above-Deck Roof Components
Fagee FM Giobal Properly Loss Prevention Data Sheets

2.2.2.5 Prevent over-stressing of the roof deck

to possible high concentrated loads during consiruction.
This includes rolls of membrane and graw
exceeds 1100 Ib (500 kg, use

-
the expansion joint with flashing
el secured in accordance with Dal o
und in the NRCA Roofing Manusl: Membrane Roof Systems.
fion andior noncombustble insulation between hot exhaust stacks and
e DS 1-13, Chimneys, for datails.

mponants are cry and surfaoes are free of debris o dirt prior to adhering
help ensure complete adhesion of the cover to its substrate.

tions that
‘adequats curing

10 Apply sdhesives in

2.2.3 Steel Roof Deck

2.2.3.1 Select a RoofNav assembly after determining the needed wind, hail, and interior and exterior fire
ratings. Use the center-to-center spacing of supports to determine the deck span

2.2.3.2 When designing the steel deck, give consideration to the needed wind rating, and how the load is
applied (concentrated vs. uniformly distributed) from the above-deck components to the deck. Where the
distance between rows of roof cover fasteners is greater than half the deck span, treat as a concentrated load.

As an alternative to using Tables 1A or 1B for concentrated loads, a performance-based approach may be
used if calculations are conducted by a licensed S.E. or P.E. in structural engineering. This applies to situations
where the distance between rows of roof cover fasteners is greater than one-half the deck span. Make the
following assumptions:

A. Assume a 3-span structural condition.
B. Assume the first row of roof cover fasteners is located at mid-point of the first deck span

C. Assume maximum allowable strength is determined using allowable strength design (ASD) in
accordance with AlSI $100-2016, or comparable standard outside the United States

Due to the more brittle nature of higher grade steels, the maximum yield stress used in the analysis is 60,000
psi (414 MPa), even for 80,000 psi (552 MPa) yield stress steel. Use Tables 1A through 1E as follows to
facilitate deck selection:

20162072 Facery Mhitua nsurance Company. A rghts ressrved

49

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

FM Global Property Loss. Prevention Data Sheets

and 1B.

Table 1A. Use for roof covers or base plies that are mechanically fastened to the steel deck when the distance
between rows of roof cover fasteners is more than half the deck span and the deck is 1-1/2 in. (38 mm)
deep, wide rib (Type B) with a minimum vield stress of 33,000 psi (228 MPa).

Table 1B. Use for roof covers or base plies that are mechanically fastened to the steel deck when the distance
between rows of roof cover fasteners is more than half the deck span and the deck is 1-1/2 in. (38 mm)
deep, wide rib (Type B) with a minimum yield stress of 60,000 psi (414 MPa)

Note: Where the minimum specified yield stress is between 33,000 psi (228 MPa) and 60,000 psi (414
MPa), it is reasonably accurate to interpolate the maximum deck span linearly based on Tables 1A

Table 1C. Use for roof covers or base plies that are adhered to insulation or cover board, or mechanically
fastened to the steel deck when the distance between rows of roof cover fasteners is one-half the deck span
or less and the deck is 1-1/2 in. (38 mm) deep, wide rib (Type B) with minimum yield siresses of 33,000
psi (228 MPa) and ultimate wind ratings of from 60 to 225 psf (2.9 to 10.8 kPa).

Table 1D. Use for roof covers or base plies that are adhered to insulation or cover board, or mechanically
fastened to the steel deck when the distance between rows of roof cover fasteners is one-half the deck span
or less and the deck is 1-1/2 in. (38 mm) deep, wide rib (Type B) with minimum yield stresses of 33,000
psi (228 MPa) and ultimate wind ratings of from 240 to 405 psf (11.5 1o 19.4 kPa)

Table 1E. Use for roof covers or base plies that are adhered fo insulation or cover board, or mechanically

fastened to the steel deck when the distance between rows of roof cover fasteners is one-half the deck span
or less and the deck is 3 in. (75 mm) deep, with an 8 in. (200 mm) rib spacing (Type N) with minimum yield
stresses of 33,000 psi (228 MPa) and ultimate wind ratings of from 60 to 225 psf (2.9 to 10.8 kPa)

NOTE for Tables 1A through 1E: Maximum spans may vary slightly depending on the exact section
properties for the specific deck

50
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Table 1C. Maximum Steel Deck Span (ft) for 1¥2 in. (38 mm) Deep, Wide Rib (Type B) Steel Deck with an Adhered Roof
Cover, for Wind Ratings from 60 to 225 psf (2.9 fo 10.8 kPa)
(NOTE: Use this table when the distance between rows of roof cover fasteners is one-half the deck span or less.
indicates that deflection governs over bending siress.)

Yield Ultimate Wind Rating per RoofNav (psf)

Stress | Deck Maximum Span (ft)
psi_| Gauge 60 75 90 105 120 135 150 165 180 195 210 225
33,000 22 7.07 6.67 6.33 6.03 578 5.55 5.35 5.17
20 743 7.05 672 6.44 6.18 5.96 576
18 8.66 8.22 7.84 7.50 7.21 6.95 6.71
16 9.89 9.38 894 8.56 8.23 7.93 7.66
40,000 22 6.96 6.64 6.35 6.10 5.88 568
20 7.76 740 7.08 6.80 6.56 6.33
18 9.04 862 8.25 7.93 7.64 7.38
16 1032 | 984 9.42 9.05 872 843
45000 22 674 | 648 | 6.24 | 6.03
20 751 7.22 6.95 6.72
18 8.76 8.41 8.1 7.83
16 999 | 660 [ 925 | 894
50,000 22 6.93 6.66 6.42 6.20
20 7.72 7.42 7.15 6.91
18 9.00 | 865 | 833 | 805
16 10.28 | 9.87 9.51 9.19
55,000 22 6.90 6.67
20 7.69 7.43
18 8.97 8.66
16 1024 | 9.89
60,000 22 6.97
+ 20 7.7
18 9.06
16 10.34

Green font indicates that deflection governs over bending stress.

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

Table 1B. Maximum Steel Deck Span (ft) for 114 in. (38 mm) Deep, Yield Siress = 60,000 psi (414 MPa) with a mechanically fastened Roof Cover (continued)
(Nofe: Use this fable when the distance between rows of roof cover fasteners is more than one-half the deck span.)

Max Deck Spans By Wind Rating/Fastener Spacing, Sheet Gauge for 80 ksi, 112 in. Deep Wide Rib Deck
Roof Cover |Gauge 'Wind Rating [psf]

Fastener 330 35 300 285 270 255 240 225 210 195 180 165 150 135 120 105 I 90 I 75 60

Row Spacing
(ft)

a5 18 - - - - - 4 4 45 5 55 ] 6 6 6 6 6 ] 6 6

20 B B - - - N B - - 4 4 45 | 55 5 6 6 6 6

22 - - - - - - - - - - - - 4 4.5 5 6 L] 6 6

9 18 - - - - - - 4 4 45 5 55 6 6 6 6 6 6 6 6

20 . N - - . - - - - - 4 | 45 5 55 6 6 6 6 6

2 B _ N N . B B - B - - - - 4 45 | 55 6 6 6

95 18 - - - - - - 4 4 4 45 5 | 55 6 6 5 5 6 6 6

20 B B - - E 7 B - - E 4 4 |45 | & 6 3 6 6 6

22 - - - - - - - - - - - - - 4 45 5 6 6 6

| EH | 18 - - - - - - - 4 4 45 | 45 | 5 6 6 6 6 6 6 6

20 _ _ - . . . . - B . - 4 | 45 [ 45 | 55 | & 3 6 6

22 - - - - - - - - - - - - - 4 4 4.5 5.5 6§ 6§

05 18 B B 5 5 B - B Z 1 45 | 45 5 55 5 B 6 B B

20 - - - - - - - - - - - 4 4 45 5 6 6 6 6

2 . . - - - B , , B E B B - - 4 | 45 [ 55 | & 6

1 18 - - - - - - - - 4 4 45 5 5 6 6 6 6 6 6

20 . . - - - _ . - S E B 4 |45 | 5 | 55 | & 6 6

2 _ _ - . . B B - 5 - - - - - 4 | 45 | 5 6 6

15 18 - - - - - - - - - 4 4 | 45 5 5 6 6 6 6 6

20 B B - N . _ B - B - - - 1 5 5 55 6 6 6

> . . - - - _ _ - S E B B - - 4 |45 [ 5 6 6

12 18 - - - - - - - - - 4 4 45 5 5.5 6 6 ] 6 6

20 B B N N . B B - B - - - - 4 45 5 6 6 6

22 - - - - - - - - - - - - - - - 4 5 55 6

Roof Cover |Gauge| 330 315 300 285 270 255 240 225 210 195 180 165 150 135 120 105 90 5 60

Fastener ‘Wind Rating [psf]

Row Spacing
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PRODUCT SEARCH

SYSTEM SEARCH

Help - Support - Training mgraham - My Profle - Reset Password - Logout

ASSEMBLY SEARCH REFERENCE MATERIALS ¥ ‘

-
=

» £} Project/Roof Area not specified

Help us improve RoofNav!

Welcome to RoofNav

FM Approvals welcomes you to RoofNav, your source for the latest information on FM Approved roofing assembiies
and products

To get the most from RoofNav, we recommend reviewing the training materials, documentation, and online help within

the application. See the the links at the top of each page; and on the navigation bar, look under Reference Maferials,
and click the question mark (?) for context sensitive help.

What's New

This section communicates new functionality, changes, and items of inferest. In addition, Data Sheets and Approvals
Standards are kept current in the Reference Materials section

1212142023 ABETA release of the new and improved RoofNav is now available. Go to
htips:/iroofnav.app.fmglobal.com/ te check it out. NOTE: you will need fo create a new
account

Getting Started

Using the links below, you are just a click away from leamning how to get the most out of RoofNav.

Terms of Use - Privacy Polic

Compatibility

© 2005-2024 FM Approvals LLC. All rights reserved.

FM Approvals

/\
RoofNav

SYSTEM SEARCH

Help - Support - Training mgraham - My Profile - ResetPassword - Legout

REFERENGE MATERIALS V' ‘ @

2@

4 £ Project/Roof Area not specified

Tl Delete Scenario || [} Add a Note Con acka & Print Scenario

This scenario may no longer be valid due to a reconfiguration of the original assembly. Changes may include:

1. Changing layer order including adding or deleting layers.
. Re-securing layers.
3. Changing layer names.

Please delete this scenario and create a new scenario from the updated assembly.
Assembly Properties

Assembly # 319122-0-0 Slope
Roof System: Single-Ply n Wind Uplift
Application: New Roof Interngl Fire

Cover Securement: Atiached Exterior Fire
Deck Type: Steel Hail
Assembly limited to use with noncombustible walls only

* FM Approved roofs must also have comer (Zone 3) and perimeter (Zone 2) enhancements and FM Approved
perimeter flashing. For details, see and For Standing/Lap Seam roofs, see D 3

Adobe Acrobat Reader version 6.0 or later is required te open Property Loss Prevention Dafa Sheei

to download this sof e for free.

Scenario Name: NRLRG example
Project
Roof Area
Area of Roof:
Comments:

Scenario Details

Terms of Use - Privacy Policy

Compatibility

© 2005-2024 FM Approvals LLC. All rights reserved.

FM Approvals
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- Support - Training

mgraham

- MyProfile - Resel Password

nd perimeter

6.0 or later is required to open P

Assembly Details

meter flashing. For defails, see

s Pres Click to download this software for fr

1. Cover (Single-ply)

BMI Group Operations S.a.rl.
BMI G Operations S.a.rl
GAF

GAF

Siplast Inc

Tremco CPG Inc

Tremco CPG Inc

uard TPO
Everguard Extreme TPO

uard TPO

rguard Extreme TPO

uard TPO
Parasolo TPX Membrane
TremPly Max TPO
TremPly TPO

‘ Securement (Sheet Lap)

‘ 2. Securement (Cover) from 1. Cover (Single-ply) to 8. (Deck) Steel

GAF

88SP15641
GAF
GAF

Drill-Tec 2 3/8 in. Barbed XHD Plate
Drill-Tec XHD Fastener

View

ROCKWOOL
oL

n Compan

MULTIFIX
ROXUL MONO!

ROXUL MONOBOARD Tapered (unfaced)
L CK DD (unfaced)
TOPROCK DD Plus (bitumen faced)

TOPROGK DD Plus Tapered (bitumen faced)
TOPROCK DD Tapered (unfaced)
SECU Gypsum-Fiber Roof Board

8. (Dack) Steel

Steel

Steel

ing

steel deck, 18 ga

steel deck, min 20 ksi, 20 to

steel deck, min 80 ksi, 22 ga

ITW Commercial Construction Nerth American

ITW Commercial Construction North Americ:

ITW Commercial Construction North American
ITW Commercial Construction North Americ:

S-MS 0174,8x20
01248%20M
S-SLC 01 HWH
01m
S-SLC 02 HWH

s 02 M HWH
#10 HWH Teks 1
0 HWH Teks 3
#12 HWH Teks 1
#12 HWH Tel

#

View

9. Securement (Deck) from $. (Deck) Steel to 10. Structure

Hilti Inc SMD 1224

Hilti Inc S-RT5+ M9

Hitti In¢ X-ENP-19 L15

Hilti Inc. %-ENP-19 L15MX

Hilti Inc X-ENP-19 L15MXR

Hilti Inc X-HSN 24

[TW Commercial Construction North American #12 HWH Teks 5
10. Structure

Terms of Use - Privacy Policy - Compatibility

© 2005-2024 FM Approvals LLC. All rights reserved

FM Approvals
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MULTIFIX
Usage Details X
Fastening (Fastener)
Company: TW Commercial Construction North American
Gypsu
Trade Name: #12 HWH Teks 3
Material: steel
Row Spacing: 0.0000 in
On Center: 240000 in
Field Rows: No
Field Row On Center: 0 0000 in
Fastener Diameter: 0.0000 in
Number of Field Rows:
Min Length: 0.7500 in
9. Securement (Deck) from § Application Method: nfa
Hiti Inc
Hilli Inc Max Length: 0.7500 in
Hiti Inc
Hilli Inc Embedment: 0.0000 in
Hiti Inc >
Hilti Inc Contributory Area: 0.0000 ft2 Lo
TW Corr Consh —=
0 G Steel Deck Fastener: Yes VM\
Comments: none
Terms of Use - Priva m [
sofUse - Privacy pprovais

Steel roof deck considerations

* Be cautious of deck overstress with using mechanically-
attachment membrane systems
— Thicker deck
— Reduced deck spans
— Higher yield strength steel
* Roof deck to structure (e.g., joists) attachment is
dictated by the roof assembly’s wind uplift classification
— Many classifications require specific mechanical fasteners

* Be cautious of “acceptance” of steel roof decks

58
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Radio frequency radiation

Rooftop cell phone transmitters

59

CRCA Advisory Bulletin ﬂ

Radiation and

The increased and

(EMF) may be exposing
on rooftops, sides

contractors to

safety
limits and mitigating exposure.
with and risk
technology. Roof pe of

of d the
Safety Code 6.

information/guidance for most stringent requirements.

CRCA Adyvisory Bulletin

June 2023

n fluctuate without:
About Sofety Code 6
* which
s This
ENF such as: Wi-Fi, cell phones, smart meters, cell phone towers, those using 5G technology.
K effect: show
‘would take steps to protect the health of Canadians.

.
>
~

60
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How protect yourself from RF radiation

themselves by the following

CRCA

The risks associated with RF radiation increases with the number of devices present, the closer a worker
is to the equipment/device(s), and the more time that is spent in the area. Workers can protect

How protect yourself from RF radiation
The risks associated with RF radiation increases with the number of devices present, the closer a worker
is to the equipment/device(s), and the more time that is spent in the area. Workers can protect

themselves by the following:

e Complete a visual assessment of the area to determine if cellular antennas or other RF radiation
generating antennas are present. If you are not sure, ask your supervisor, the building owner, or the
property manager if RF-generating antennas are present where you need to work. The building
owner or property manager should have the information, or know whom to contact for information
about antennas, their locations, and the RF radiation levels.

e Look for warning signs posted near RF antennas; the signs should identify the hazard and tell you
where to get more information.

e Contact the building owner/manager and the antenna licensee to have the equipment temporarily

powered down or moved.

March 29, 2024

Recognize the sighage

Property of AT&T

Authorized

Personnel O

No Trespassing

Violaters will be Prosecuted

In:case of eme rgency, or prior t p ( ’

maintenance on this site, call 8o

and reference cell site number
Radio frequency fields bey
this point may exceed the H
general public exposure lin

o . Obey all posted signs and site gui
for working in radio frequency
environments.
.

ACAUTION

Beyond this point:
Radio-frequency fields at
this site may exceed FCC
rules for human exposure.
For your safety, obey all posted sign
and site guidelines for working in
frequency environments.

ations Commission rule:
13070

Photos courtesy of Peter Shackford—Hettrick, Cyr & Associates, Inc.

.

Beyond this point:

Radio frequency fields at this site
exceed the FCC rules for human
exposure.

Failure to obey all posted signs and site

guidelines for working in radio frequency
environments could result in sericus injury.

J
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If work needs to be performed within a potentially hazardous area:

CRCA

How protect yourself from RF radiation

The risks associated with RF radiation increases with the number of devices present, the closer a worker
is to the equipment/device(s), and the more time that is spent in the area. Workers can protect
themselves by the following

Complete a visual assessment of the area to determine i cellular antennas or other RF radiation
generating antennas are present. If you are not sure, ask your supervisor, the building owner, or the
property manager if RF-generating antennas are present where you need to work. The building
owner or property manager should have the information, or know whom to contact for information
about antennas, their lacations, and the RF radiation levels.

Lok for warning signs posted near RF antennas; the signs should identify the hazard and tell you
where to get more information.

Contact the building owner/manager and the antenna licensee to have the equipment temporarily
powered down or moved.

Check the site survey or roof plan for potential exposure levels
Pre-plan work tasks and travel routes so you can limit trips through the RF field and time spent on
tasks there — the goal is to get in and out as quickly as possible.

Avoid standing directly in front of or close to an antenna. As a rule of thumb, stay 1.5 m (6 feet)
away from a single antenna and 3 m (10 feet) away from a group of antennas.

Use a personal RF monitor. The monitor will warn you if you are in an area where RF radiation is at a
dangerous level. There are several handheld EMF personal safety monitors available on the market
that measure exposure and allow workers to work in an exposed area for a limited time. Use
personal monitors and protective clothing while work is being performed and if an alarm sounds,
stop work and leave the area immediately.

Some useful references

CRCA Advisory Bulletin (Link)

Health Canada’s Safety Code 6 (Link)

Federal Communications Commission (Link)

Center for Construction Research and Training (Link)
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TirkcA | TOOLBOXTALKS

National Roofing Contractors Association

65

i  TOOLBOXTALKS

Radio frequency (RF) hazards

According to the Federal Communications Commission. (FCC), radio waves and
e i are one farm of

gy that harm peaple. Harm from RF exposure will vary according to power levels,

length of exposure time and distance from the antennas. Sources of RF encrgy on 2

roofiop often are not obvious and usully are not properly marked or defined as dan-

ger 7ones by waming signs. In many cases, antennae are hidden by building elements
50 workers may not be aware of their presence. Here are some important facts about
RF energy and things that you can do to avoid it

« Hligh levels of RF may heat body tisue and increase body temperarure, causing
tissue damage because the body cannot cool quickly enough to prevent damage.
“This i called RF's thermal effocs, and your eyes are the most valnerable part of
your body. Actual contact may cause a shock or bum.

« Aclower, nonthermal levels of RF exposure, nervous system and immune sys-
tem problems, kidney damage, neurological disorders and even some cancers
may occur.

« Become familar with what RF transmiters or antznnae look ike and the dan-
gers of working near them. Be avrare that warning signs for RF transmirters
may not abways e present on 2 oof.

« Your employer must inquire as to the presence of RF equipment and whether it
may be shut down or shiclded o other barrier device installed for the duration
of the work period roofing workers will be in proximity to the transmiter.

« Symproms of RE exposure ofien soem the same as physical exertion and
becorme heat exhaustion or heat stoke. Remaving a worker from the area
and coaling the body is imporean. Trained, professional medical care of the
symproms is citical.
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“Moisture” meter concerns

67

These meters do not read moisture...
...they are reading relative conductivity, which can be
correlated to specific materials in specific conditions
when properly calibrated.

68
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Considerations

“Moisture” meters

Read/understand the instruction manual

Understand device sensitivity

Understand proper operating conditions

Proper calibration/recalibration is critical

Don’t overstate the meter’s capability

Verify job-specific results with gravimetric analysis

69

Contractor-reported problems...

70
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Questions... and other topics

71

Mark S. Graham

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

Rosemont, lllinois 60018-5607
N R( A (847) 299-9070
mgraham@nrca.net
- www.nrca.net

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