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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-AIA 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 AIA 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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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 22nd. 2011 

Essential Facilities Design Considerations 
(Building Enclosure/ Components & Cladding)
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“Due Diligence”

The care that a reasonable person exercises to avoid harm to other persons or their property.
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St. John’s Regional Medical Center
Joplin, Missouri. May 22nd. 2011 

How do we begin?

▪ 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? 

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



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)

What is a Risk Category?

▪ You must determine the Building 

Risk Category (IBC/FBC 1604.5 

- I, II, III, IV) first. It is a crucial 

initial step in establishing the 

appropriate minimum design 

performance requirements.

▪ IBC 1604.5 Risk Category. Each 

building and structure shall be 

assigned a risk category in 

accordance with table 1604.5….

Hurricane Michael Florida      

October 2018

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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2021 IBC/ 2020 FBC – Table 1604.5 Risk Category of Buildings and Other 

Structures       Risk Category III
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2021 IBC/ 2020 FBC – Table 1604.5 Risk Category of Buildings and Other Structures      

Risk Category IV



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)

Hurricane-induced tornadoes

• Nearly 70% of landfalling 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
• – Hurricane Ivan (2004): …….120
• – Hurricane Frances (2004): ...101
• – Hurricane Rita (2005): ………90
• – Hurricane Camille (1969): …...80
• – Hurricane Katrina (2005): ……43
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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

▪ Cat 5 = 157 + mph catastrophic damage will 

occur

Hurricane Michael Florida October 2018
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Tornado Enhanced “F” Scale Damage Indicators

FUJITA SCALE DERIVED EF SCALE
OPERATIONAL EF 

SCALE

F Number
Fastest 1/4-
mile (mph)

3 Second Gust 
(mph)

EF Number
3 Second Gust 

(mph)
EF Number

3 Second 
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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Enhanced “F” Scale Damage Indicators
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Enhanced “F” Scale Damage Indicators
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IBC 2021/FBC 2020 – Section 423 Storm 

Shelters

▪ 423.1 General – This section applies to the 

construction of storm shelters constructed as 

separate detached buildings or constructed 

as rooms or spaces within buildings for the 

purpose of providing protection from storms 

tornadoes and that produce high winds, such 

as hurricanes, during the storm. This 

section specifies where storm shelters are 

required and provides requirements for the 

design and construction of storm shelters. 

Design of facilities for use as emergency 

shelters after the storm are outside the scope 

of ICC 500 and shall comply with Table 

1604.5 as a Risk Category IV Structure.

Essential Facilities Design Considerations 
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IBC 2021 – Section 423 Storm Shelters.

▪ 423.2 Construction –Storm shelters 

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 

shelters shall also comply with Table 

1604.5 as Risk Category IV 

Structures. 
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IBC 2021 – Section 423 Storm Shelters

▪ 423.4 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 ICC 

500. 

Essential Facilities Design Considerations 
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2020 ICC 500 ICC/NSSA STANDARD FOR THE DESIGN AND CONSTRUCTION OF STORM SHELTERS

FIGURE 304.2(1) DESIGN WIND SPEED, Vt, FOR TORNADOES

Essential Facilities Design Considerations 
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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, WH,  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 

Essential Facilities Design Considerations 
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Joplin, MO., May 24, 2011,  St. John‘s Regional Medical 

Center shows the force of a 200 MPH tornado. 
IBC 1604.10 Loads on Storm Shelters.

▪ Loads 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.

Essential Facilities Design Considerations 
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Joplin, MO., May 24, 2011,  St. John‘s Regional 

Medical Center shows the force of a 200 MPH 

tornado. 

IBC– 1609.1.1 Determination of Wind Loads

▪ Wind loads on every building or structure 

shall be determined in accordance with 

chapters 26 to 30 of ASCE 7. 

▪ The type of opening protection required, 

the basic design wind speed , V, and the 

exposure category for a site is permitted to 

be determined in accordance with Section 

1609 or ASCE7.

▪ Wind shall be assumed to come from any 

horizontal direction and wind pressures 

shall be assumed to act normal to the 

surface considered.

Essential Facilities Design Considerations 
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• ASCE 7-10

• ASCE 7-16

• ASCE 7-22

▪ Minimum design 
loads and associated 
criteria for buildings 
and other structures

Essential Facilities Design Considerations 
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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 (MWFRS) and all Components and Cladding (C&C) thereof, shall be designed 

and constructed to resist the wind loads determined in accordance with Chapters 26 

through 31. 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.

Essential Facilities Design Considerations 
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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 sq 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%.

Essential Facilities Design Considerations 
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ASCE 7-16 Chapter 26 Figure 26.1-1

Outline of Process for Determining Wind Loads

▪ 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.

Moore, OK, May 26, 2013, extensive damage to the 

Moore Medical Building, the effect of the EF-5 tornado
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ASCE 7-16 Chapter 26 Figure 26.1-1

Outline of Process for Determining Wind Loads

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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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/ 

Essential Facilities Design Considerations 
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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. 
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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

Essential Facilities Design Considerations 
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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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ASCE 7-16 Chapter 26.12 - Enclosure Classification 
26.12.3 Protection of Glazed Openings

Glazed openings in Risk Category II, III 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).
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ASCE 7-16 Chapter 26.12 - Enclosure Classification 

For Risk Category II buildings and structures and Risk Category III 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 III 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.
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St. John‘s Regional Medical Center, Joplin, MO., May 24, 2011, Shows the 

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

Force of a 200 MPH tornado 
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ASCE 7-16 Chapter 26.12 -

Enclosure Classification 

FBC 1515.2.4 Impact Resistance

26.12.3.2 Protection Requirements for Glazed 

Openings

• Glazing in buildings requiring protection shall be 

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

Essential Facilities Design Considerations 
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ASTM E1996 - 17 - Standard Specification for Performance of Exterior 

Windows, Curtain Walls, Doors, and Impact Protective Systems 

Impacted by Windborne Debris in Hurricanes
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Roof System / Assembly Product Approvals 

Sample: Miami-Dade NOA, FM Global Testing

▪ Maximum design  -222.5 psf. with 

Olybond 500 and ISO 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 ISO 

and securock and permastic applied base 

sheet (see general limitation #9).

Essential Facilities Design Considerations 
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Roof System / Assembly Product Approvals 

Sample
▪ General limitation #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 (i.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!

Essential Facilities Design Considerations 
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• RAIN LOADS

• ROOF 
PENETRATIONS 
(Meeting  ICC- 500, 
FEMA)

• PERIMETR ROOF 
EDGES (Meeting 
component and 
cladding 
requirements)

Roof System Case Study
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Structural

Mechanical

Architectur
al

Plumbing

Lightning 
Protection

Rain Load Wind Loads

Mechanical 
Equipment

MEP conduits 
Ducts

Architectural 
Finish (ceiling)

Telecom/ PV

Roof Design Coordination

1. The load(s) needs to be  coordinated early in 
design and communicated to Structural 
Engineer.

• Any change in design needs to be 
communicated to Structural Engineer 
immediately
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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, 

LIGHTING PROTECTION IS ADDRESSED IN DIVISION 26, 

HVAC DUCTWORK IS PART OF DIVISION 23.

Project Manual Coordination
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For Hurricane shelters, size roof drains, 

scuppers, gutters for

4.5 inch + 6 inch= 10.5 inch rainfall
4.5”

Rainfall Rate Requirements-ICC 500

Structural 
Engineer

Plumbing 
Engineer

Architect
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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

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.

Source: Roof Drainage. Stephen Patterson, Madan Mehta

Rain Loads
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R = 5.2 (ds + dh + dp)

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)=10,000×4×0.623,  Gallons of water=24,920 gallon
Gallons of water (4”+6” rain)= 10,000×10×0.623,  Gallons of water=62,300 gallon ……(2.5  TIMES MORE LOAD)

Rain Loads

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

Mehta

Source: Roof Drainage. Stephen Patterson, Madan Mehta

Roof Design Coordination

Roof Drain

St. Slo
p

e

St
. S

lo
p

e
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High roofLow roof

➢ Ensure Roof Assembly Meets Or Exceeds Wind Pressure 

Requirements For Each Zone.

➢ Incorporate Expansion Joint In Gutter And Size 

Downspouts Accordingly

➢ If Lower-level Gutters Receive Drainage From Upper 

Gutters, Size Accordingly. 

Roof Design Coordination
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Source: Raymond

Roof Design Coordination
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ES-1 Compliant Edge: Source Metal Era
GT-1 Compliant Gutter: Source Metal Era

Roof Design Coordination
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Image Source: Siplast

➢ MAINTAIN CONTINUITY OF AIR, WATER, 

VAPOR , THERMAL BARRIER- ROOF TO 

WALL

➢ AVOID THERMAL BRIDGING

Energy Codes Requirements
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Roof Penetrations – ICC 500
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ICC-500 Definition

➢ Pressure test not 

required for non 

operable, permanently 

affixed Shields or 

Cowlings but Missile 

impact testing required.

FEMA B8.2.4.3

Source: FEMA

Roof Penetrations – ICC 500, FEMA
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Roof Design Considerations for Penetrations:

▪ Must be rated for wind speed

▪ Rated for missile impact

Roof Penetrations:

▪ 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

Image Source: FEMA P-361, 2021

Roof Penetrations – ICC 500
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Source: Miro Industries Source: FEMA

➢ 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. 

➢ It is typically addressed as a deferred submittal in 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.

Rooftop Equipment
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Source: MEP academy

Source: Miro Industries

Source: Miro Industries Source: PHP

➢ Avoid roof top units and 

equipment’s. Co-ordinate 

early in the design.

➢ If required, establish a Load 

path per ASCE 

requirements.

 

➢ Connect roof top 

       equipment to the structure

➢ Provide X- bracing to 

frames as required.

➢ Install Roof Flashing

X- Bracing

Support 

connected 

to main 

structure

Rooftop Equipment
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Source: Harger

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.

Lightning Protection
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Source: RPH Products Source: RPH Products

Source: RPH Products

Source: RPH Products

Source: RPH Products
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https://solatube.com/storm-shelters/

Storm Protection



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.

QA/QC Inspections & Testing 
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Essential Facilities Design Considerations 
(Building Enclosure/ Components & Cladding)
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Roof System Warranty

▪ 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?

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

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

to the standards required for an 

Essential Facility. 

Failure can be catastrophic!

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

This concludes The American Institute of Architects 
Continuing Education Systems Course
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Contact our Business Development team for follow up:

Katie Wiles 
Email: Kathryn.Wiles@raymondllc.com

Mobile: (678) 570-7514

mailto:Kathryn.Wiles@raymondllc.com
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