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Wind loads:

Ch. 26—General requirements

Ch. 27—Buildings-MWEFRS (Directional procedure)
Ch. 28—Buildings-MWEFRS (Envelope procedure)

Minimum Design Loads and

Associated Criteria for _
T T i Ch. 29—Appurtenances & other structures

Ch. 30—Components and cladding
* Part 1: Enclosed and partially-enclosed (low-rise)
* Part 2: Simplified method (low-rise)
* Part 3: Enclosed and partially-enclosed
* Part 4: Simplified method (60 ft. < h < 160 ft.)
* Part 5: Open buildings
* Part 6: Parapets & rooftop equipment

Ch. 31—Wind tunnel procedure

3
ASCE 7 is referenced in the International Building Code (IBC)
Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures
4
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January 22, 2021

Comparing IBC editions to ASCE 7 editions

IBC ASCE 7
IBC 2006 ASCE 7-05
IBC 2009 ASCE 7-05
IBC 2012 ASCE 7-10
IBC 2015 ASCE 7-10
IBC 2018 ASCE 7-16
IBC 2021 ASCE 7-16

IBC

INTERNATIONAL
BUILDING CODE

RNATIONAL CODE COUNCIE

International Building Code,
2018 Edition

CRCA and IIBEC-Chicago
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CHAPTER 15
ROOF ASSEMBLIES AND ROOFTOP STRUCTURES

SECTION 1501 SECTION 1503
GENERAL WEATHER PROTECTION
1 1
SECTION 1502 wproved
"I ROOF DRAMAGE 1801.2 Flasking
P] 1021 Goneral

180 —
1 vr 18034 A i raf

18035 € and saddie
18024 € Excep

2018 INTERNATIONAL BUILOING CODE®

NIERNATIONAL CODE COUNCIC

ROOF ASSEMBUES AND ROOFTOP STRUCTURES

SECTION 1504
PERFORMANCE REQUIREMENTS. . - r . .
SECTION 1504 o
PERFORMANCE REQUIREMENTS -
1504.1 Wind resistance of roofs. Roof decks and roof cover-
ings shall be designed for wind loads in accordance with
Chapter 16 and Sections 1504.2, 1504.3 and 1504.4.

1684212 Wind runnel testing. W

1504.3 Wind resistance of nonballasted roofs. Roof cover- [!

ings inst: 1507 that
are mechi ASCE 7-16’s ASD method [k shall be |
designed I COmMpo-

nents and claddiny__~aCcordance with Section 1609.5.2. The

wind load on the roof covering shall be permitted to be deter-
mined using allowable stress design.

NIERNATIONAL CODE COUNCIL

oG CODE™
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Allowable stress design vs. Ultimate strength design

e ASD has been a traditional design method

» Ultimate strength design is not new
— First implemented into ASCE 7 with the 2010 Edition

* What’s the difference (as it applies to wind design)?
— Different wind maps
* V5 has higher basic wind speeds than V,,
— Factors:

* Ultimate strength design uses a “strength design pressure” (1.0W)
* Allowable stress design uses a “allowable stress design load factor” of 0.6W

WCTURAL DESIGN

SECTION 1608
SNOW LOADS

CRCA and IIBEC-Chicago
Roofing Week in Chicago 5
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11

Wind speed conversion. Where I-U[IIVI\IL the -
 Shal be couveie o slowati skeis desga ASD method permitted
wind speeds, V. using Table 1609.3.1 or Equation 16-33 o (Sec 1504 3)

isd = V0.6 (Equation 16-33) | 1es.4}

TABLE 1609.3.1
WIND SPEED CONVERSIONS" ™ *

I 1 1 2 [ | [ 1 1 1
7 78 S EE 101 i w8 | 16 | 124 | 132 | 139 |

2070 BITERNATIONAL BUR 0SNG COOE®

January 22, 2021

With ASCE 7-10 and ASCE 7-16, there are four
different Basic Wind Speed maps,
based on Risk Category

12
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Basic wind speeds

Chicago
ASCE 7-05:
Vasp = 90 mph (50-year return period)

ASCE 7-16:

* Risk Category | (MRI =300 years): V,;; = 100 mph

* Risk Category Il (MRI = 700 years): V=107 mph

* Risk Category Ill (MRI = 1,700 years): V ;=114 mph
* Risk Category IV (MRI = 3,000 years): V=119 mph

13

Applied Technology Council (ATC) hazards by location

www.hazards.atcouncil.org

O\TC Hazards by Location OurSponsors  APOWIATC  Contact AP

Overview

The purpase of this websiteis to provide users with site-specifc hazard information that can be used o determine design loads for
buidings bnd other siructures. It he users of this site to understand how e and apply the
Information provided here to determine design loads 10 structural models of bulkdings or other structures.

“This website only returns values provided by the indicated reference documents. The results DO NOT reflect any state or local
amenaments to the values or any delineation lines mace curing the bulding code adoplion process. Users should confiTm any output
obtained from this 100l with the local Authority Having Jurisdiction before proceeding with design.

Values are site-specific for the location entered and may be dependent upon the elevation of the sie, depending on the hazard of nterest.
Users are cautioned to provide the most accurate location for the bulding or siructure site by specifying either the known street address,
ciy and state or the lattuge and longiiude o atkeast five (5) decimal places. If ony the name of the Ciy/state or zipcode s provided, the
website will feturn ata for the Centroid of he ity or zIpcode and thus Could either over- or Underestimate the values that should be used
forthe site of inferest An underestimation could resuin a design that does not meet the requirements for minimum design loads for the
buling or structure under consideration.

Search for hazards by location

ch by Address

% Tomado W seis:
P L LISl Groundsnowoadtohep  Tomado design wind Seismic loads fo help
users detemine design Speeds o help users users detemine design
wind loads for buidings Getemine fomado design  loads or buiings and

and other structures. ‘and other structures. ofher structures.

‘more information on storm
shelters.
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CHAPTER 16
STRUCTURAL DESIGN

SECTION 1603
CONSTRUCTION DOCUMENTS

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

- NOTATIONS Excoption: Conzrmrnon docme
I 1601 1 Notaniow & d - rhrAame
1
F food rzzard are
¥
1

160101 Floar live load

1603.1.2 Roof live load. The roof live load used in the
design shall be indicated for roof areas (Section 1607.13).

STRUCTURAL DESIGN

hazard avea: caital & tome:

1 w

1603.1.4 Wind design data. The following information

related to wind loads shall be shown. regardless of whether

wind loads govern the design of the lateral force-resisting

system of the structure:

1. ‘Basic design wind speed. V. miles per hour and
allowable stress design wind speed, V. as deter-

mined in accordance with Section 1609.3.1.

2. Risk category.

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

4. Applicable internal pressure coefficient.

5. Design wind pressures to be used for exterior com-
ponent and cladding materials not specifically
designed by the registered design professional
responsible for the design of the structure. psf (kN/
m’).

2078 INTEANATIONAL BUILDING CODE®

NTERNATIONAL CODE COUNCIL

CRCA and IIBEC-Chicago
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Noteworthy changes in ASCE 7-16

Compared to ASCE 7-10

* Revised basic wind speed maps
* Changes (and new) pressure coefficients
* Revised perimeter and corner zones

17

Comparing GC_ pressure coefficients

h <60 ft.‘,:gable roofs < 7 degrees

Zone ASCE 7-10 ASCE 7-16 Change
n/a 0.9 -10%
1 (field) -1.0 -1.7 +70%
2 (perimeter) -1.8 -2.3 +28%
3 (corners) -2.8 -3.2 +14%

18
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ASCE 7-10’s roof zones

h <60 ft., gable roofs < 7 degrees

1
1
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| [}
| |
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sl OO NN ©)

a = 10% of the least horizontal direction, or 0.4h,
whichever is smaller but not less than either 4%
of the least horizontal dimension or 3 ft (0.9 m).

19

Table 30,62 Companentssnd Cladding. Pat 4[5 5 168 RiA < 48,8 mi]- CAC Zorws tor E nckoued Buldngs—CAC Wl snd oot Pressurms

Parameters for Appiication of CAC Wall and Roof Pressures

Flat Roof: 8 <7 degrees: h > 60 ft

it oo o0 Buigs and Othar S et s s
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roofwinddesigner.com

\Welcome: Mark Graham

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 Seciety 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 Censtruction and Safety Code. Roof Wind Designer allows users to choose between ASCE 7's 2005, 2010,
and 2016 editions. Roof Wind Designer uses ASCE 7-05's Method 1—Simplified Method, ASCE 7-10’s Envelope Procedure, Part 2: L Buildings

(Sil d) 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
(S\mu\lﬁedl For a more detailed explanation of ASCE 7's three editions, please click here.

Also, Roof Wind Designer determines roof systems' minimum recommended design wind-resistance loads, which are derived from the building's design wind
loads, taking into consideration a safety factor in reliance of ASTM D6630, "Standard Guide for Low Slope Insulated Roof Membrane Assembly Performance,”
AISI 5100, "North American Specification for the Design of Cold-formed Steel Structural Members” and AA ADM1, "Aluminum Design Manual: Part 1-A—
Specification for Aluminum Structures, Allowable Stress Design; and Part 1-B—Aluminum Structures, Load and Resistance Factor Design.” Using these
minimum recommended design wind-resistance loads, users can select appropriate wind resistance classified roof systems.

Edge-metal flashing systems take into consideration a safety factor in reliance of ANSI/SPRI ES-1 "Test Standard for Edge Systems Used with Low Slope
Roofing Systems.”

Roof Wind Designer has been developed and is maintained by the National Roofing Contractors Association (NRCA), with initial support of the Midwest Roofing
Contractors Association (MRCA) and the North/East Roofing Contractors Association (NERCA). The application is currently available at ne cost.

Questions regarding Roof Wind Designer can be directed to the Contact Us page.

To register for a new account click here. If you already have an account, dlick here to login.

m Natienal Roofing Contractors Asscciation

Comparing ASCE 7-05, ASCE 7-10 and ASCE 7-16

Example: A low-rise office building (Risk Category Il) in Chicago, IL. The building is an
enclosed structure with a mean roof height of 60 ft. The building is in an open terrain area
that can be categorized as Exposure Category C.

Document Basic wind Design wind pressure (psf)
speed (mph) Zone 1’ Zone 1 Zone 2 Zone 3
(Center) (Field) (Perimeter) | (Corners)

ASCE 7-05 Vo = 90 - [ 24 | 40 58
ASCE 7-10 Ult. Vi =115 - 39 65 97
ASCE 7-10 ASD Vjsp = 90 - [ 23 | 39 58
ASCE 7-16 Ult. Vi = 105 30 51 67 92

ASCE 7-16 ASD Vasp =90 18 31 | ——==30% increase

22

CRCA and IIBEC-Chicago
Roofing Week in Chicago 11



Roofing & New Wind Uplift Requirements in 2018’s Codes

January 22, 2021

Comparing ASCE 7-05, ASCE 7-10 and ASCE 7-16

that can be categorized as Exposure Category C.

Example: A low-rise office building (Risk Category Il) in Chicago, IL. The building is an
enclosed structure with a mean roof height of 60 ft. The building is in an open terrain area

Document Basic wind Design wind pressure (psf)
speed (mph) Zone 1’ Zone 1 Zone 2 Zone 3
(Center) (Field) (Perimeter) | (Corners)
ASCE 7-05 Ve = 90 - 24 ——TFM1-60] 58
ASCE 7-10 Ult. V=115 - 39 65 97
ASCE 7-10 ASD Vo = 90 - 23 ——=TFm160]| 58
ASCE 7-16 Ult. Vi =105 30 51 67 92
ASCE 7-16 ASD V,p = 90 18 31 —~/FM1.750rFM 1-90

23

ASCE 7-16’s impact on perimeter and corner zones

—{a= 20.0 feet

4 For example:
4 half sheets

h= 60.0 feet

Zone 1 (Roof Area Field) =
Zone 2 (Roof Area Perimeter) =

Zone 3 (Roof Area Corners) =

ASCE 7-05 and -10

Q

' “..m ' Y,
L

ASCE 7-16

For example:
8 half sheets

24
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ASCE 7-16’s impact

Higher wind loads (typically)

* New, more complicated zone layout

* Larger perimeter zones

More half sheets

More fasteners (typically)

There is a roof application labor impact associated with ASCE 7-16...

25

[ RESEARCH+TECH

e

. YR Mirignym
A S Ve o e e €000 i v

ASCE 7-16

roof systems’ design wind Ioad

Professional Roofing
March 2018

26
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A few words on “safety factors”...

27

Safety factor

A factor of safety is intended to address
possible variances in load determination;
normally anticipated variances in materials,
including material aging and deterioration;
and in application.

28
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A safety factor in wind design

Use of a safety factor is not required by the Code

FM Global assigns a SF = 2.0 in their ASD-based classifications
— A FM 1-90 classification has a maximum 45 psf uplift in Zone 2 (field)

ASTM D6630 (a guide) suggest a SF = 2.0 based on ASD
CSA A123.21 usesa SF=1.5

SPRI WD-1 suggests a SF = 2.0 for ASD and uses a SF = 1.0 in
their Ultimate Design examples

29

So, what is an appropriate/a reasonable safety factor for
Ultimate Strength Design?

Since Ultimate Strength Design’s loads are inherently higher
than ASD’s loads, in a sense, there is somewhat of an
additional “factor addressing an additional level of safety”
already built into wind design using Ultimate Strength Design

30
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Comparing ASCE 7-05, ASCE 7-10 and ASCE 7-16

Example: A low-rise office building (Risk Category II) in Chicago, IL. The building is an
enclosed structure with a mean roof height of 60 ft. The building is in an open terrain area
that can be categorized as Exposure Category C.

Document Basic wind Design wind pressure (psf)
speed (mph) Zone 1’ Zone 1 Zone 2 Zone 3
(Center) (Field) (Perimeter) | (Corners)

ASCE 7-05 V,ep = 90 - 24 40 58
ASCE 7-10 Ult. V=115 - 39 65 97
ASCE 7-10 ASD Vasp =90 - 23 39 58
ASCE 7-16 Ult. Vi = 105 30 [ 51 |—<—T65%increase |
ASCE 7-16 ASD Vjsp = 90 18 [ 31 | 41 55

31
If a SF = 2.0 is applied to Ultimate Strength Design...
Comparing ASCE 7-05, ASCE 7-10 and ASCE 7-16
Example: A low-rise office building (Risk Category Il) in Chicago, IL. The building is an
enclosed structure with a mean roof height of 60 ft. The building is in an open terrain area
that can be categorized as Exposure Category C.
Document Basic wind Design wind pressure (psf)
speed (mph) Zone 1’ Zone 1 Zone 2 Zone 3
(Center) (Field) (Perimeter) | (Corners)
ASCE 7-05 Visp = 90 -- 24 40 58
ASCE 7-10 Ult. V=115 - 39 65 97
ASCE 7-10 ASD Viasp = 90 -- 23 39 58
ASCE 7-16 Ult. Vy = 105 30 51——=—= FM 1-105 or FM 1-120 |
ASCE 7-16 ASD Vjsp = 90 18 31— FM1-750rFM1-90 |
A SF = 2.0 seems excessive for Ultimate Strength Design
32

CRCA and IIBEC-Chicago
Roofing Week in Chicago

16



Roofing & New Wind Uplift Requirements in 2018’s Codes January 22, 2021

A safety factor of about 1.5 appears to be reasonable when using
the Ultimate Strength Design method for wind uplift design

Mark S. Graham
CRCA/IIBEC-Chicago “Roofing Week in Chicago”
January 22, 2021

33

The Designer has the authority/responsibility to determine
an appropriate safety factor (if any)...
and it should be clearly indicated

34
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Questions...

35

¥ NrCA

Mark S. Graham

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

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

Twitter: @MarkGrahamNRCA
Personal website: www.MarkGrahamNRCA.com
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