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Certificates of Completion

Credit(s) earned on completion of this course will be reported to AIA CES
for AIA members. Certificates of Completion for both AIA members and
non-AlA members are available upon request.

This course Is registered with AIA CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AlA of any material of
construction or any method or manner of handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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Learning Objectives

1. Discuss the applicable Building Codes (IBC and FBC), Existing Building
Codes (IEBC and FEBC), ASCE-7, and ICC 500 applicable to the minimum
performance requirements for component and cladding systems/assemblies in
Risk Category IV Essential Facilities.

2. Discuss the process for obtaining the minimum design loads required to
prevent catastrophic failure of building components and cladding, while
complying with IBC and FBC requirements to preserve the safety and welfare
of occupants.

3. Discuss the difference between building minimum design pressures and the
maximum design pressures of tested assemblies.

4. Discuss the component and cladding missile impact requirements that apply to
wind-borne debris regions.

5. Discuss case study, components and cladding system warranty coverage and
expectations.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC 2021 PREFACE (the section no one reads)

INTRODUCTION - International Building
Code (IBC) establishes minimum
requirements for building systems using
prescriptive and performance-related
provisions.

DEVELOPMENT - This code is intended to
establish provisions that adequately protect
public health, safety and welfare; that do not
unnecessarily increase construction costs; that
do not restrict the use of new materials,
products or methods of construction; and that
do not give preferential treatment to particular
types or classes of materials, products or
methods of construction.

Joplin, Missouri. May 224, 2011
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

“Due Diligence”

The care that a reasonable person exercises to avoid harm to other persons or their property.

Fod B o

Technical
Investigation

of the May 22, 2011,

Tornado i
Joplin, Missouri
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

How do we begin? St. John’s Regional Medical Center
Joplin, Missouri. May 22", 2011

= Fully understand the structures component
& cladding minimum design pressure
requirements.

= How high must the bar be set to achieve the
required Owners Project Requirement
(OPR)?
= Depends on the IBC/FBC/ICC Code
Minimum Requirements, facilities
mission critical and value to the client.

= How long can the owner cease
operations of the facility in case of a
catastrophic wind event?
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

What is a Risk Category? Hurricane Michael Florida
October 2018

= You must determine the Building
Risk Category (IBC/FBC 1604.5
-1, 11, 11, 1V) first. 1t is a crucial
Initial step in establishing the
appropriate minimum design
performance requirements.

= |BC 1604.5 Risk Category. Each
building and structure shall be
assigned a risk category in
accordance with table 1604.5....

Structures in higher Risk Categories are designed to withstand more severe
environmental loads to ensure they remain operational during and after extreme events
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

2021 1BC/ 2020 FBC — Table 1604.5 Risk Category of Buildings and Other
Structures  Risk Category 111

Buildings and other structures that represent a substantial hazard to human life in the event of failure, including but not limited to:
-Buildings and other structures whose primary occupancy is public assembly with an occupant load greater than 300.
«Buildings and other structures containing one or more public assembly spaces, each having an occupant load greater than 300 and a cumulative

occupant load of these public assembly spaces of greater than 2,500.
-Buildings and other structures containing Group E or Group I-4 occupancies or combination therof, with an occupant load greater than 250.

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

== .Group |-2, Condition 1 occupancies with 50 or more care recipients.
== -Group |-2, Condition 2 occupancies not having emergency surgery or emergency treatment facilities.

-Group -3 occupancies.

-Any other occupancy with an occupant load greater than 5,000.#
-Power-generating stations, water treatment facilities for potable water, wastewater treatment facilities and other public utility facilities not included in

Risk Category 1V.
-Buildings and other structures not included in Risk Category IV containing quantities of toxic or explosive materials that:

-Exceed maximum allowable quantities per control area as given in Table 307.1(1) or 307.1(2) or per outdoor control area in accordance with the

International Fire Code; and

-Are sufficient to pose a threat to the public if released.?
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

2021 IBC/ 2020 FBC — Table 1604.5 Risk Category of Buildings and Other Structures
Risk Category IV

Buildings and other structures designated as essential facilities, including but not limited to:

-Group I-2, Condition 2 occupancies having emergency surgery or emergency treatment facilities. —

-Ambulatory care facilities having emergency surgery or emergency treatment facilities.

-Fire, rescue, ambulance and police stations and emergency vehicle garages

-Designated earthquake, hurricane or other emergency shelters.

-Designated emergency preparedness, communications and operations centers and other facilities required for emergency response.

-Power-generating stations and other public utility facilities required as emergency backup facilities for Risk Category IV structures.

-Buildings and other structures containing quantities of highly toxic materials that:

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

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

-Aviation control towers, air traffic control centers and emergency aircraft hangars.

-Buildings and other structures having critical national defense functions.

«Water storage facilities and pump structures required to maintain water pressure for fire suppression.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Hurricane-induced tornadoes HURRICANE ANDREW AT
PEAKINTENSITY CAT S

* Nearly 70% of Iandfallinlg hurricanes
(1948-2000) spawned at least 1 tornado

» 40% of landfalling hurricanes spawn
more than 3 tornadoes

» Some hurricanes produce tornado

“outbreaks”
* — Hurricane Beulah (1967): ....141

e — Hurricane Ivan (2004): ....... 120
* — Hurricane Frances (2004): ...101
e — Hurricane Rita (2005): ......... 90

* — Hurricane Camille (1969): ......80
* — Hurricane Katrina (2005): ...... 43
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Saffir-Simpson Hurricane Wind Scale

Category Winds Summary
Cat 1 = 74-95 mph = very dangerous winds

will produce some damage
Cat 2 = 96-110 mph = extremely dangerous

winds will cause extensive damage
Cat 3 = 111-129 mph devastating damage

will occur
Cat 4 = 130-156 mph catastrophic damage

will occur
= Cat5 =157+ mph catastrophic damage will
occur
AL '74;,#
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Tornado Enhanced “F” Scale Damage Indicators

OPERATIONAL EF
FUJITA SCALE DERIVED EF SCALE
SCALE
Fastest 1/4- 3 Second Gust 3 Second Gust 3 Second
F Number mile (mph) (mph) EF Number (mph) EF Number Gust (mph)
0 40-72 45-78 0 65-85 0 65-85
1 73-112 79-117 1 86-109 1 86-110
2 113-157 118-161 2 110-137 2 111-135 ¢

3 158-207 162-209 3 138-167 3 136-165
4 208-260 210-261 4 168-199 4 166-200
5 261-318 262-317 5 200-234 5 Over 200
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Enhanced “F” Scale Damage Indicators

DOD* | Damage description EXP LB UB
1 Threshold of visible damage 68 55 83
2 Loss of roof covering (<20%) 79 66 99
3 Broken windows 87 71 106
4 Exterior door failures 101 83 121
5 Uplift of metal roof decking; significant loss of
roofing material (>20%): loss of rooftop HVAC 101 85
6 Damage to or loss of wall cladding 108 92 127
7 Collapse of tall masonry walls at gym, cafeteria or
auditorium 114 94 136
SR Uplift or collapse of light steel roof structure 125 )| 108 148
9 Collapse of exterior walls in top floor 139 121 153
10 Most interior walls of top floor collapsed 158 133 186
11 Complete destruction of all or a large section of
building 192 163 224
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC 2021/FBC 2020 — Section 423 Storm -
Shelters

Jacksonville

Michael O FLORIDA

» 423.1 General — This section applies to the —
construction of storm shelters constructed as

separate detached buildings or constructed e ssommas (23,
L e hurricane to hit Florida o
as rooms or spaces within buildings for the """ " B2 gl
purpose of providing protection from storms  Catesery &8 hurricanes to :
tornadoes and that produce high winds, such " i _—
as___hurricanes, during the storm. This Cilsgavy BEx - Ja
section specifies where storm shelters are ) estegorys a4 . D o
required and provides requirements for the ommamed 5 vt
design and construction of storm shelters. uma  toa o TesE
Design of facilities for use as emergency | T 0 Bamamed
=y shelters after the storm are outside the scope W
of ICC 500 and shall comply with Table i i
1604.5 as a Risk Cateqgory 1V Structure.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC 2021 — Section 423 Storm Shelters. B e nan o s e
= 423.2 Construction —-Storm shelters [es - | -
shall be constructed in accordance with
this code and ICC 500 and shall be
designated as hurricane shelter, tornado

[ %

[
shelters, or combined hurricane and |
tornado shelter. Building or structures {"
that are also designated as emergency ‘r
shelters Sha“ alsc_) comply Wlth Ta_ble ’L°"'°"5‘°"“"‘" EARDRE MOOMSON: 3¢ ?ﬁ",ﬁ?ﬂ‘l‘\’fﬁ"‘g‘ﬁ_:(..:..
16045 as Risk Cateqory [V |imersseas = e ssssvedoren  Swansdweds:  0<men
Structures. s e s 17 OO b i
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC 2021 — Section 423 Storm Shelters

= 4234 Critical Emergency
Operations — In areas where the
shelter design wind speed for tornados
IS accordance with Figure 304.2(1) of
ICC 500 is 250 mph, 911 call stations,
emergency operation centers and fire,
rescue, ambulance and police stations
shall comply with table 1604.5 as a
Risk Category IV structure and shall
be provided with a storm shelter
constructed in accordance with 1CC
500.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

2020 ICC 500 ICC/NSSA STANDARD FOR THE DESIGN AND CONSTRUCTION OF STORM SHELTERS
FIGURE 304.2(1) DESIGN WIND SPEED, Vt, FOR TORNADOES

WIND SPEEDS

130 MPH
160 MPH
200 MPH<e€¢—
250 MPH

American Samoa 200 mph
Guam 250 mph
) Hawaii 160 mph
@\ Puerto Rico 200 mph

W ) Virginlslands 200 mph

Notes:
1. Values are nominal three-second gust wind speeds in miles per hour
at 33 feet above ground for Exposure Category C

2 Multiply mides per hour by 0 447 o obtain meters per second

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of
the presentation without written permission of the speaker is prohibited.




Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

2020 ICC 500 ICC/NSSA STANDARD FOR DESIGN AND
CONSTRUCTION OF STORM SHELTERS.

Section 304 Wind Loads
Paragraph 304.1 General: Wind loads from hurricanes, W. shall be
determined in accordance with ASCE 7, Chapter 26 through 31, except as
modified by this section.
Section 305 Debris Hazards
Paragraph 305.1 Wind-borne Debris: All storm shelters shall be
designated for the impact loads of wind-borne debris in accordance with
Section 305.1.1 through 305.2.2
Section 306 Storm Shelter Envelope Component Design and Testing
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC 1604.10 Loads on Storm Shelters. Joplin, MO., May 24, 2011, St. John‘s Regional Medical
Center shows the force of a 200 MPH tornado.

= | oads and load combinations on
storm shelters shall be determined in
accordance with ICC 500

IBC 1609 Wind Loads

=1609.1 Applications - buildings,
structures and parts thereof shall be
designed to withstand the minimum
wind loads prescribed herein. Decreases
in wind loads shall not be made for the
effect of shielding by other structures.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC-1609.1.1 Determination of Wind Loads
Joplin, MO., May 24, 2011, St. John‘s Regional
Medical Center shows the force of a 200 MPH
tornado.

= \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 design wind speed , V, and the

exposure category for a site is permitted to

be determined in accordance with Section

1609 or ASCE?.

= Wind shall be assumed to come from any
horizontal direction and wind pressures
shall be assumed to act normal to the
uc
N84,

surface considered.
S
=
%9, u
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Minimum Design Loads and
Assodiated Criteria for
Buildings and Other Structures

« ASCE 7-10
« ASCE 7-16
* ASCE 7-22

= Minimum design
loads and associated
criteria for buildings
and other structures
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26

Wind Loads: General Requirements

= 26.1 PROCEDURES

= 26.1.1 Scope. Buildings and other structures, including the Main Wind-Force Resisting
System (MWERS) 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. The provisions of this chapter define basic wind parameters for use with other
provisions contained in this standard.

= 26.1.2 PERMITTED PROCEDURES

= The design wind loads for buildings and other structures, including the MWFRS and
component and cladding elements there of, shall be determined using one of the
procedures as specified in this section. An outline of the overall process for the
determination of the wind loads, including section references, is provided in fig. 26.1-1.

WU,

<
=

WUy,

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of
the presentation without written permission of the speaker is prohibited.

X

N

'&d’;l




Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26 Figure 26.1-1

Outline of Process for Determining Wind Loads

= BUILDING, ENCLOSED: A building that has the total area of openings in each wall, that
receives positive external pressure, less than or equal to 4 sqg ft (0.37 m2) or 1% of the
area of that wall, whichever is smaller.

= BUILDING, OPEN: A building that has each wall at least 80% open.

= BUILDING, PARTIALLY ENCLOSED: A building that complies with both of the
following conditions:

= The total area of openings in a wall that receives positive external pressure exceeds
the sum of the areas of openings in the balance of the building envelope (walls and
roof) by more than 10%.

= The total area of openings in a wall exceeds 4 ft2 (0.37 m2) or 1% of the area of
that wall that receives positive external pressure, whichever is smaller, and the
percentage of openings in the balance of the building envelope does not exceed 20%.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26 Figure 26.1-1

: LAt Moore, OK, May 26, 2013, extensive damage to the
Outline of Process for Determining Wind Loads Moore Medical Building, the effect of the EF-5 tornado

= MAIN WIND-FORCE RESISTING
SYSTEM (MWFRS): An assemblage
of structural elements assigned to
provide support and stability for the
overall structure. The system
generally receives wind loading from
more than one surface.

= COMPONENTS AND CLADDING
(C&C): Elements of the building
Enclosure that do not qualify as part
of the MWFRS.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26 Figure 26.1-1

Outline of Process for Determining Wind Loads

CHAPTER 26 WIND LOADS: GENERAL REQUIREMENTS

Ln;«a o bmnll chu mmus o %0 dewnmine the tnn posay r~'-1 for

MAIN WIND-FORCE Wg sind oid o ¥k e MUTES 1o CAC. Thade Mhepuimctes COMPONENTS AND
RESISTING SYSTEM > : CLADDING (C&C):

(MV\éfFSRtfz;CﬁJr;:fSe(?;nrgéﬁg Elements of the building

- - = o smediodl ‘
assigned to provide as part of the MWFRS.
support and stability for e i mde et ] B Vet s o B AT s J
the overall structure. The ‘ Yriomimely Eolemngslyy
SyStem genera”y receives fpi Chapter 27: Disection! procedure e | - 1
i ” nsldings of alf beights (h?p"r. .\0:“ <o
wind loading from more . &= ey
than one surface. 113 B dsesad assamnnalll e

r—b Chapter 29: Dx oal prooedare for
h:x.t‘.r_v lppun-ﬂmwn {roof n-«vhm:v aned
paapets) and othes Chapter 31: Wind sunmel frocedum

Lol for my bulding or other eucnre

g Clinpter 31: Wind turmel procedure for wny
buslding or other structure

FIGURE 26.1-1 Outline of Process for Determining Wind Loads. Additional outlines and User Notes are
provided at the beginning of each chapter for more detailed step-by-step procedures for determining the
wind loads.
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FIGURE 26,510 Basic Wind Speeds for Risk Category IV Buildings and Other Structures

Recommended utilizing
the ASCE 7 Hazard Tool
site. The purpose of this
website is to provide
users with site-specific
hazard information that
can be used to determine
design loads for
buildings and other
structures.
https://asce7hazardtool.o
nline/
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Recommended utilizing the ASCE Hazard Tool. The purpose of this website is to provide users with site-specific
hazard information that can be used to determine design loads for buildings and other structures.

https://asce7hazardtool.online/ The site will provide project/site specific wind speed.

Rain o |

Tsunami o |

ASCE HAZARD TOOL

Do UEE
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COMPONENT & CLADDING WIND UPLIFT PRESSURES q EHPA BUILDINGS
LOAD TYPE | ZONE [H=20"'|H=25%
CODE: ASCE 7-16 ; FLORIDA BUILDING CODE 2020 s 508 931
ROOF AREA DIMENSIONS (FEET): REFER ROOF PLAN 1 885 -824
MEAN ROOF HEIGHT FOR ROCFS: BUILDINGS 200, 500, 500, 700, 800: 20 FT UNFACTORED LRFD 2 -116.7 -121.8
BURLDING 400: 25 FT 3 -158.0 166.1
BUILDINGS 300: 30 FT 4 $02 £29
RISK CATEGORY: BURDINGS 200, PORTION OF 500, 600, 700, 800 Ill| €4— 5 743 76
BURLDINGS 300, 400, PORTION OF 500: 1V <€—
EXPOSURE CATEGORY C PERIMETER RQOF EDGE SECUREMENT
BASIC WIND SPEED (THREE-SECOND PEAK GUST, MPH) 155 MPH ASCE 7-16 MINBAUM RECOMMENDED DES!GN WIND-RESISTANCE LOADS:
] ’ NON-EHPA: ZONE 2 (ROOF EDGE PERIMETER, VERTICAL LOAD DIRECTION): -116.7 PSF
NON-EHPA BUILDINGS T NON-EHPA: ZONE 3 (ROOF EDGE CORNERS. VERTICAL LOAD DIRECTION): 159 PSF
S— T - NON-EHPA: ZONE 4 (WALL EDGE PERIMETER, HORIZONTAL LOAD DIRECTION): -60.2 PSF
LOAD TYPE | ZONE |H = 20' s e i 220 [gf NON-EMPA: ZONE 5 (WALL EDGE CORNERS, HORIZONTAL LOAD DIRECTION): -74.3 PSF
T 508 —— 1 R ! EHPA: ZONE 2 [ROOF EDGE PERIMETER, VERTICAL LOAD DIRECTION):  -127.1 PSF
1 885 by © o EHPA: ZONE 3 (ROOF EDGE CORNERS, VERTICAL LOAD DIREGTION):  -173.2 PSF
UNFACTORED LRFD 2 1167 : 1 jam EHPA: ZONE 4 (WALL EDGE PERIMETER, HORIZONTAL LOAD DIRECTION): -85.6 PSF
= 3 1590 ' 0
: g o R w5 EHPA: ZONE 5 (WALL EDGE CORNERS, HORIZONTAL LOAD DIRECTION): -81.0 PSF
5 743 B S et
MAN

S
e
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

IBC Chapter 24 — Glass and Glazing

= Chapter 24 establishes regulations for glass and
glazing used in buildings and structures.

= Engineering and design requirements are included in
this chapter for glazing that is subjected to wind and
snow loads.

= Another concern of this chapter is glass and glazing
used in areas where it is likely to be impacted by the
occupants.

2404.1 Vertical Glass.

Glass sloped 15 degrees or less from vertical in windows,
curtain and window walls, doors and other exterior
applications shall be designed to resist the wind loads due
to basic design wind speed, V. in_ Section 1609 for
components and cladding.

Effects of Hurricane Wilma in Florida
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26.12 - Enclosure
Classification

26.12.1 General. For the purpose of
determining internal pressure coefficients,
all _buildings shall _be classified as
enclosed, partially enclosed, partially
open, or open as defined in Section 26.2.

26.12.2 Openings. A determination shall
be made of the amount of openings in the
building envelope for use in_determining
the enclosure classification. To make this
determination, each building wall shall be
assumed as the windward wall for
consideration of the amount of openings
present with respect to the remaining
building envelope.

Capital One Building in Lake Charles, LA.
before and after Hurricane Laura
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26.12 - Enclosure Classification

26.12.3 Protection of Glazed Openings

Glazed openings in Risk Category 11, 111 or IV
buildings located in hurricane-prone regions
shall be protected as specified in this Section.

26.12.3.1 Wind-borne Debris Regions

Glazed openings shall be protected in
accordance with Section 26.12.3.2 in the
following locations:

1.  Within 1. mi (1.6 km) of the coastal mean
high-water line where the basic wind speed
Is equal to or greater than 130 mi/hr (58
m/s), or

2. In areas where the basic wind speed is
equal to or greater than 140 mi/hr (63

m/s).

1
|
|
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASCE 7-16 Chapter 26.12 - Enclosure Classification

For Risk Category Il buildings and structures and Risk Category 11l buildings and structures,
except health care facilities, the wind-borne debris region shall be based on Fig. 26.5-1A and

26.5-2B.

» For Risk Category Il health-care facilities, the wind-borne debris region shall be based
on Figs. 26.5-1C and 26.5-2C.

» For Risk Category IV buildings and structures, the wind-borne debris region shall be
based on Figs. 26.5-1D and 26.52D. Risk Categories shall be determined in accordance
with Section 1.5.

EXCEPTION: Glazing located over 60 ft.
(18.3 m) above the ground and over 30 ft. (9.2 m) above aggregate-surfaced-roofs, including

roofs with gravel or stone ballast, located within 1,500 ft. (458 m) of the building shall be
permitted to be unprotected.

WU,

vﬁ%

WUy,

X
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Essential Facilities Design Considerations

(Building Enclosure/ Components & Cladding)

St. John‘s Regional Medical Center, Joplin, MO., May 24, 2011, Shows the
Force of a 200 MPH tornado
1
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Essential Facilities Design Considerations

(Building Enclosure/ Components & Cladding)

St. John‘s Regional Medical Center, Joplin, MO., May 24, 2011, Shows the
Force of a 200 MPH tornado

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of

the presentation without written permission of the speaker is prohibited.



Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

26.12.3.2 Protection Requirements for Glazed ASCE 7-16 Chapter 26.12 -
Openings Enclosure Classification

Glazing in buildings requiring protection shall be FBC 1515.2.4 Impact Resistance
protected with an impact-protective system or = -
shall be impact-resistant glazing.

&

Impact-protective systems and impact-resistant
glazing shall be subjected to missile test and
cyclic pressure differential tests in accordance
with ASTM E1996 as applicable.

Testing to demonstrate compliance with ASTM
E1996 shall be in accordance with ASTM E1886.

Roof requirement: ASTM D3746 Standard Test
Method for Impact Resistance of Bituminous
Roofing Systems,

FM 4470 or TAS 114

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

ASTM E1996 - 17 - Standard Specification for Performance of Exterior
Windows, Curtain Walls, Doors, and Impact Protective Systems
Impacted by Windborne Debris in Hurricanes

A 9 |b. wood 2 x 4 “large missile” is shot separately at both the window glass and sash frame in order o meet the necessary testing criteria.
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Roof System / Assembly Product Approvals
Sample: Miami-Dade NOA, FM Global Testing

= Maximum design -222.5 psf. with
Olybond 500 and 1SO and torch applied
base sheet

= Pressure: -212.5 psf. with Olybond 500
and ISO and Permastic applied base
sheet

= -195 psf. with Olybond 500 and 1SO
and securock and permastic applied base
sheet (see general limitation #9).

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Roof System / Assembly Product Approvals

Sample
= General Ilimitation #9 - the maximum
designed pressure limitation listed shall be
applicable to all roof pressure zones (i.e. Field,
perimeters, and corners). Neither rational
analysis, nor extrapolation shall be permitted
for enhanced fastening at enhanced pressure
zones (l.e. Perimeters, extended corners and
corners). (When this limitation is specifically
referred within this NOA, general limitation

#7 will not be applicable.)

= THE KISS OF DEATH!
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Roof System Case Study

RAIN LOADS

 ROOF
PENETRATIONS

(Meeting ICC- 500,
FEMA)

PERIMETR ROOF
EDGES (Meeting
component and

cladding
requirements)
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Roof Design Coordination

Rain Load Wind Loads

Mechanical MEP conduits

. Equipment Ducts
Lightning
Protection

Architectural
Finish (ceiling)

Telecom/ PV

The load(s) needs to be coordinated early in

Arch;tlectw design and communicated to Structural

Any change in design needs to be
communicated to Structural Engineer

S
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Project Manual Coordination

THE PROJECT MANUAL HIGHLIGHTS THAT ROOF DESIGN, ALONG WITH
ITS SYSTEMS AND COMPONENTS, INVOLVES MULTIPLE DESIGN
DISCIPLINES.

FOR EXAMPLE, ROOFING FALLS UNDER DIVISION 7, WHILE

STRUCTURAL ELEMENTS ARE COVERED BY DIVISIONS 3, 5, OR 6.

REFLECTED CEILING PLANS AND BULKHEADS RELATE TO GYPSUM

BOARD ASSEMBLIES IN DIVISION 9,
ANy
LIGHTING PROTECTION IS ADDRESSED IN DIVISION 26,
HVAC DUCTWORK IS PART OF DIVISION 23,

ALY
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Rainfall Rate Requirements-ICC 500

ainfall per hour to the 100-year, 1-hour rainfall

303.1.1 Rainfall rate
adding 6 inches (152 m

For hurricane shelter roofs the rainfall rate shall be determin
rate. The 100-year, 1-hour rainfall rate shall be determined from Figures 303.1.7 or approved local weather data.

For Hurricane shelters, size roof drains,

scuppers, gutters for
4.5 inch + 6 inch= 10.5 inch rainfall

y Architect
, 1-HOUR RAINFALL (INCHES), EASTERN/CE Plumbing
Structural [ ENgineer
Engineer
A LLY P
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Rain Loads

Rain loads are addressed in ASCE 7-22, Chapter 8.

R =5.2 (ds + dh + dp)
ds= Static Head

dh= Hydraulic Head
dp= Ponding Head

Source: Roof Drainage. Stephen Patterson, Madan Mehta

The hydraulic head of water
for roof drains/ scupper is the
height of water above the inlet
of a drainage element,

required to cause water to
flow out of roof drain/
scupper at certain rate.
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Rain Loads

R = 5.2 (ds + dh + dp)

Roof insulation, cover
m‘.’:‘g‘é i Yoy

under rain load

| Source: Roof Drainage. Stephen Patterson, Madan Mehta |

Plumbing codes provide methods to calculate water volume; for instance, (4 in.) of rain on a 100s.f x100 s.f (10,000-sf
app.) roof results in (24,920 gal) of water.

Gallons of water (4” rainfall)=10,000x4x0.623, Gallons of water=24,920 gallon

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of
the presentation without written permission of the speaker is prohibited.



Roof Design Coordination

e L ——— — — —

- 4 Typical comment

= = Primary drain as shown is over structural P — i e— -
beam of valley. This may cause waler ’

accumulation around drain sump. Drain needs
to be located off canter of valley line ‘

Develop transition detail at roof drain sump,

cricket/gusset, such that water is directed to ﬁ

primary roof drain in sump,

Indicata on drawing which is primary drain and %]

which is secondary roof drain B _g
()

33-81/2" | % 33 - B

Source: Roof Drainage. Stephen Patterson, Madan 3 | |

Mehta :
IF AREA A A6 |
195 SQ.FT. ’ A543

{Typical comments)

Indicate size of sump.

Primary drain as shown Is ever structural bsam of
\_ vallay.Co-ordinate with structural drawings
location of roof drains in refation to structural
beam below roof deck. Drain needs to be located
off cenier of valley line,

Source: Roof Drainage. Stephen Patterson, Madan Mehta
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Roof Design Coordination

— r g
I IE l ' L | SHELTER AREA ROOFING
1 l ‘ il i | worgem | s | e ks
\ 10 | 3 2 12 17 241
PEns! % } . . =
IR e === == » Ensure Roof Assembly Meets Or Exceeds Wind Pressure
oe 3 ; =T e Requirements For Each Zone.
: e ST R AN Te |
& 1‘ a 2 P DOVETAL 4 :::,){_- ROOF -'m_;_f
| 2 r Li( i —; mm:m'r‘;‘ﬂ?:::(:.;':.] 'nx:pu.r.rct “"6.‘,":“”
Low roofi |1 THfE==High roof===¢
Z—f—= | o e oo
- ).;;’ﬂ s noo::’:’:;v‘u:c: 26 5Acn | 71% = 134 GIN LG
aA Y A58 lr (314« € DOWNSPOUTS @ 55 GOW (FBC-P TARLE 1104 )
M L »_"_: F] f : [m ) — —
— .,,}”{ T ‘PMI sessnnt 111 i R
VAR e \OIE Ly O o | T
,«,...”‘ - }7: A!Vlll') from I\ s nch ] = | :-'.. — e
[ mod ~— % | '
dranage ro \ GENERAL NOTES ROOF PLAN ——— I
> If Lower-level Gutters Receive Drainage From Upper
Gultters, Size Accordingly.

> Incorporate Expansion Joint In Gutter And Size
Downspouts Accordingly
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Roof Design Coordination

v

* -
The edge detail needs 1o be

| designed per manufacturer tested [ Gutter, gutter attachments,
ND | system for high wind. How is rake | downspouts, metal fascia trim, and
X \ | edge roof panels secured? The
\

metal soffit panels are required to
i . o4 rake edge roof panel will be

| be Engineered to meet uplift
“ v : ’ .

oF 1 | subjected to high upliit wind ‘ pressure requirements. Develop
TR pressures. The edge lacks proper details and transition with metal
| | ‘ ;‘]'l‘gpﬁ Si)’ﬁxgv‘iﬁ:‘d":)":i”iﬁ et { panels. Incorporate perimeter \

1\ ssure f 1
L requirements. attachment by one manufacturer
TR 'S v -

4 and as part of the metal roof I
manufacturer's warranty, as they |
are interconnected components.

AS REQ

£ UNDERLAYMENT DOWN
FACE OF FASCIA TRACK

BENT STEEL PLATE, SEE .
STRUCTURAL

HED METAL FASCATRM—— ¢ lF—==—— ,

DMETALFASCIALOWER ___ _ _ _ R Vi A
RE PIECE; EXTEND OVER
SOFFIT

S TR

==

Provide a cleat to i 1
§ secure bottom edge  NER
of flashing. Detail as NEL

S shown is subject to ER Zr
wind intrusion and J
may cause damage.

IT
Source: Raymond

S
e
=
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Roof Design Coordination

PRODUCT DETAILS

MATERIALS

STANDARD SIZES
(Front/Bottom/Back)

GT-1 Compliant Gutter: Source Metal Era
uc
(A ﬂr,ﬂ
=
>

el

ES-1 Compliant Edge: Source Metal Era

WUy,

X

'&d’;l
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Energy Codes Requirements

LA UNTESLAYMENT AR EANT
EYEEE]
ANGLE SSORT By ROOFEN

why s oot

of Undertayment

Ay o e ?  wugguel
| uw as shown
7;.31‘ around bent plivie ang

NFEA N

T

COMTIVUE UNDTARLAYMINT DOWN
FACE OF FASCW TRACK

N {E ] -
" ) '8 . I T PRE N WSHET VETAL FASOA TR
. " — P _CONTIMOOUS BENT STEEL IATE. 82
‘ l ) .. FTRUCTURAL
!
+

SRS BVHED VETAL FASCS LOWER
‘ | CLOBIE PITE CATEHD OVER
e [ F s
o Maraiterd | A OALY VETAL SIO PRAM
A STAGHNG PN DELECATED CESUNDY
e rarsees vt
VTN MY G
TPACING PR 0%

i iBaRiiis
— \

Sy
I 1 Tynical
> i ! } stopoed ol KOt {pen
Minimiea Mermal 1r . st ). T ;
= Q@ tha
OFEN O] irfsitace '
PO, Mk ———

OF 111 Pase

PEFNAHED METAL SOFFIT J

Control Layer Details

Masonry Cavity Wall

Identify £ control layers
B victer
Air
& Vaper
Thermaol

T CACSUSE THAL VAT~ S0Fe T
s | | l PAMELE, TYP
| CONT BEALANT WITH BACKEN MO0,
GALY, 3 5 GTEEL STUD FavainG @ Con
Dl woc wax |

CONT. % SA GALY. O FUMIUNG. 3
CEEP 56T NANSINESN ATT S90S
AUV COMWRCAITE VB TAL Pide
OVEW MO SYSTEM OOLOR AL
¥aeelo

¥ 103 RGO N ANON

A A AT becen aveeun | I

Damar anc rool Loeciaymennt FLUSD AFFLED MIUERANE AN

SR T

Image Source: Siplast

MAINTAIN CONTINUITY OF AIR, WATER,

VAPOR , THERMAL BARRIER- ROOF TO
WALL

AVOID THERMAL BRIDGING
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Roof Penetrations - ICC 500

306.6 Penetrations of storm shelter envelope by mechanical, electrical and plumbing systems

Penetrations through the storm shelter envelope of mechanical, electrical and plumbing systems, including piping and utility lines, larger than

(& squara nches (2258 mm) in area for rectangular penetrations of 2% inchegf:-d mm) in diameter for circular penetrations, shall be
considered openings and shall be protected in accordance with Section 306.4. Penetrations of the storm shelter envelope shall not degrade
the structural’ integrity of the storm shelter and impact resistance of the storm shelter envelope.

Penetrations of the storm shelter envelope by hazardous gas or liquid lines shall have automatic shutoffs to protect against leakage due to
movement of the utility line. The threshold movements for shutoff shall be as defined by the applicable codes and standards governing such

utility lines.

e

=
This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of = .
the presentation without written permission of the speaker is prohibited. '::f‘




Roof Penetrations - ICC 500, FEMA

IMPACT-PROTECTIVE SYSTEM. An assembly or device, subject to static or cyclic pressure and impact testing as detailed in this standard,

| installed to protect an opening in the storm shelter envelope.

FEMAB8.2.4.3

B8.2.4.3 Other Impact-Protective Systems

Impact-protective systems other than door and window assemblies include shutters, shields, and
cowlings. Shields and cowlings are used t ations in the safe room envelope and
umbing vents, roof drainghemergency generator exhaust
ot exceed tolerances in ICC 500

openings at louvers, grates, grilles
vents, and masonry control joints or pri
Section 306.4.3. Non-operable, permanently affixed shields and cowling that have been designed

to resist design pressures may be excluded from pressure testing.

ICC-500 Definition

306.4.1 Impact-protective systems

for mpact in accordance with Section B03 and static and cyclic

Impact-protective systems for use in the storm shelter envelope shall be teste

Any changes 10 listed impact-protective systems, such as a change of glazing, shall require

pressure in accordance with Sections 804 and B0S )
evaluation by the listing agency or retesting of the entire assembly
Exceptions:
1. Window assemblies and other glazed openings where the opening is protected on the exterior side by an impact-protective

system are not required to be tested for impact
de by an impact-protective system

2. Window assembbies and other glazed openings where the opening i1s protected on the intenor s

are not required to be tested for impact and static and cyclic pressure

esigned to resist the design wind pressures are not required to be tested

3 Nonoperabie, permanently affixed shields or ¢

for static and cyclic pressure in accordance with Sections 804 and 805

» Pressure test not
required for non
operable, permanently
affixed Shields or
Cowlings but Missile
Impact testing required.

Source: FEMA
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Roof Penetrations - ICC 500

Roof Design Considerations for Penetrations: TABLE 305.1.1 MISSILE SPEED FOR TORNADO SHELTERS

DESIGN WIND SPEED MISSILE SPEED AND IMPACT SURFACE

= Must be rated for wind speed
» Rated for missile impact

30 mph Vierical Surfaces 53 mph Horizontal Surfaces

84 mph Vemcal Surfaces 56 mph Horlzontal Surtaces

90 mph Vermcal Surlaces &0 mon Harzontal Suraces

100 mph Vertica! Surlaces 67 mph Hoeizontal Surfad

Roof Penetrations:

Figure B8.3.

Large debris: Steel
beam that blew into

a8 school

(Greensburg, KS, 2007
tornado)

* Roof drains
= Vents (greater than 2 1/2” Diameter)

Roof Considerations:

= Roof Hatches

» Roof perimeter edges, copings
= Penetration Enclosures

= MEP Units, Duct supports

= Lightning protections

sy itk £ 4 8
=i W W

Image Source: FEMA P-361, 2021
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Rooftop Equipment

Source: FEMA

Source: Miro Industries
» Who is responsible for Roof Top Equipment design? Architect, Structural Engineer, Mechanical, Owner ... ...
» The design of rooftop equipment supports requires coordination among multiple trades and professionals.

> Itis typically addressed a@ed submittéD project documents, which can lead to it being overlooked.

» Additionally, evaluating wind and seismic loading on rooftop units is often neglected by many industries, owners,
building officials, and inspectors.
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Rooftop Equipment

Avoid roof top units and

7 equipment’s. Co-ordinate
': i early in the design.
\ i
) | 1
. 1 1 i H% If required, establish a Load :
4 P Support
. S~ S~ path per ASCE pp

requirements. connected

to main

Source: MEP academy

Connect roof top
equipment to the structure

. structure

- —————

"~ O i

§ & s | W 2409 L
.. i T 485 A0

“~.
Bt 2205 U o -

Provide X- bracing to
ha frames as required.

| v
LN

Install Roof Flashing

S s U B U W W & & o O ¥

* Supports at 12° O.C. (typ)

Source: Miro Industries Source: PHP
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Lightning Protection

1 STYLR IMTEIAGL Y
THRZADED WNDW
BALL

Lightning Protection is Typically
Overlooked by Design professionals and
Contractors.

Galvanic reaction between Dissimilar

metals.

Lack of flashing for penetration
lightning protection system through
roofs.

& .

Source: Harger

1511.7.6.2 Installation of 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 r
manufacturer’s installation instructions and Sections 1503.2 and 1507 where th€ lightning protection syste

installation results in a penetration through the roof covering. When the roof covering manufacturer is

unknown, installation shall be as directed by a registered design professional.
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AR CYCLONE®™ prooucts are third part

1e31ed to meet ICCS

incSuding missile impact and labeling. Thoy anprccred wi

+ mph wing

n for ICC complian

optimum safety, sl fabricated from 1/16% carbon steel or schedule 40 steel pipe with intdudtrial coating

SRI 882

{CSH) (oomenty CRV)

Prowdes a multigle penetram
pathway to the roof In tormada/
rrricane-prone areas

Paired with our RPH Bt Seals™
for a weather-tight solution

CYCLONE™ WALL SHROUD
{CWS) (formerty CWVSO)

Designed to protect interior/
exterior wall penetrations or
roof deck of 2 safe room/storm
sheiter

Access coor for future regairs

CYCLONE® ROOF DRAIN {CRD)/
(COFRD)

Meets ASME, ANSI, ASPE flow
rates

Do shaped 1o dasngen Whoch
1o roof drain samp

etend 8\ AL T, 83

CYCLONE®™ VENT THROUGH
ROOF (CVTR)

Can be cussom designed for the
trickness of the roof and heght
of the parapet

CYCLONE™ ROOF HATCH (CRM)

Passed both the ASTM E£530-14
yniform static A/P differential
and Missile dmpact Tests,
demonstrating its resilence in
hurricane/tornado-prone areas

R-A0 imsilated It

CYCLONE® WALL DOWNSPOUY
(CWOS) Hanmarly OWV90)

Accommodates small plpleg and
conguil for extarior wisls

Can also serve 35 a downipout
acuzie for rool draee leaders

SAFE ROOM/STORM SHELTER PROTECTION

CYCLONE® products meet strict standards for safe rooms/storm shelters, including 1CC 500-
2014 and FEMA P-361 codes, Third-party tested to withstand up to 250 mph winds with two-
point deflection design for 1ICC compliance, they offer exceptional protection for the building

and occupants in areas prone h-wind events

Source: RPH Products

Source: RPH Products

NOTE; Testng ocuments are svalatie s000 rageest

LET RPH BE YOUR PARTWER AND RESOURCE FOR ALL THINGS ROOF AND WALL FENETRATION PROTECTION FOR
SAFE ROOMS AND STORM SHELTERS

RPH| &

Source: RPH Products

Source: RPH Products

Source: RPH Products
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Storm Protection
s Model: Solatube 750 DS-O Open Ceiling
@ SOLATUBE. | o0 cc 500/rEMA P 361 COMPLIANCE
Moadet Capture Zone Transfer Zone Defivery Zone
s7soos-0 — [OFT] P - [EC] T 1-CJEJ-E=-C-0
750 DS-O SotaMaster® Soutube g Ope
Capture Zone
Z Dome
DPl  Acryic Outer Dome + Polycarborate imner Dome (Re d for High Veoaty Hurricane Zones, FM* and ICC S00/FEMA P 361
https://solatube.com/storm-shelters/ 5 Dome Opflons
= PB Dome Edge Protecton Ber sred for FM™ and ICC SOOFEMA P 367)
y <=
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QA/QC Inspections & Testing
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

-~

(s Roof System Warranty \3"

CAUTION READ THEM, READ THEM, READ THEM, .-_—,.‘ =
BEFORE YOU SPECIFY A MANUFACTURERS SYSTEM. §

Exclusions include — ACTS OF GOD, HURRICANES,
TORNADOS, MICROBURST.

Question — does anyone know of anything that can create a
120 mph wind other than one of the exclusions noted above?

Non-leaking membrane blisters are not considered a
warrantable claim.

Question: what adverse effect will the trapped moisture have |
on the system fasteners or adhesives. Will it diminish the
uplift “performance” of the assembly?

The manufacturer employees do not practice engineering,
architecture or consulting.

Question: why do they write so many assembly letters
attesting compliance of the systems signed by company
engineers or employees?
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Performance Established
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

Components & Claddings must perform
to the standards required for an

Essential Facility.
Failure can be catastrophic!
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Essential Facilities Design Considerations
(Building Enclosure/ Components & Cladding)

This concludes The American Institute of Architects
Continuing Education Systems Course

RAYMOND

\ SINCE 1992
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Contact our Business Development team for follow up:

Q RAYMOND

SINCE 1292

Katie Wiles

Email: Kathryn.Wiles@raymondllc.com

Mobile: (678) 570-7514

This presentation is protected by US and International Copyright laws. Reproduction, distribution, display and use of
the presentation without written permission of the speaker is prohibited.



mailto:Kathryn.Wiles@raymondllc.com

	Title Slide
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67


