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These may include—but are not limited
to—use of temporary barriers, personal
fall arrested systems (PFAS), and warning
signs. The potential hazards and safety
measures implemented specific to the site
must be communicated to, and understood
by, all personnel working on the roof.

Training is vital; the Occupational
Safety and Health Administration
(OSHA) offers additional information
on its Web site, and the National
Roofing Contractors Association (NRCA)
provides workers with a safety program
to follow.” Accordingly, employers
should mandate proper training to
those who install or work near roof

openings, such as skylights.

Appropriate signage
Skylights—and the roofs they are
mounted in—are designed to resist
the applicable environmental load
requirements such as snow loads, wind
loads, dead loads, and, in some cases,
hurricane-induced, wind-borne debris
impact loads. However, standard
design practices do not dictate they
are manufactured for human impact
or point loads. Warning labels on
skylights indicate this, as required by
building codes since 1986. In some
cases, signage properly placed at roof
access points has been employed to
communicate this as well.

Signage should be posted by the
building owners and managers at each
point of access to the roof, communicating

roof safety and inherent dangers.

Safety regulations

Applicable OSHA safety regulations
should be followed when necessary for
individuals on a roof. OSHA regulations
governing skylight fall protection may be
found in 29 Code of Federal Regulations
(CFR) Section 1926.500, Fall Protection—
Scope, Application, and Definitions
Applicable to this Subpart, and in 29
CER Section 1910.23, Walking-working
Surfaces—Guarding Floor and Wall
Openings and Holes.

Before the unit is installed, Section 1926.500 of
29 CFR deals with skylight holes when a building is
actually being constructed. It requires each worker
be protected from falling through a skylight opening
more than 1.8 m (6 ft) above the lower level by means
of a fall-arrest system (e.g. personal safety harness),
cover/screen, or guardrail system.

After the installation, Regulation 1910.23 deals
with these holes during the life of the structure.

This is the provision most skylight manufacturers
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by Patrick Condon, PhD

Photo @ Cabvin Tollason, Photo courtesy FEMA,

CAN AN ESSENTIAL FACILITY ALSO BE
CLASSIFIED AS AN ESSENTIAL FACILITY SHELTER
(EFS)? CURRENTLY, THERE ARE NO SUCH 5TATE
BUILDING CODES, BUT COMMON SENSE
DICTATES IF THE PURPOSE OF AN ESSENTIAL
FACILITY IS TO PROLONG LIFE, THE BUILDING
SHOULD ALSO MEET THE REQUIREMENTS OF

A SHELTER. IN OTHER WORDS, IF A HOSPITAL IS
UNABLE TO EVACUATE PATIENTS, VISITORS, AND
EMPLOYEES DURING EXTREME WIND EVENTS,
THEN THE DESIGN OF THE FACILITY SHOULD
HAVE INCORPORATED SHELTER PARAMETERS,
INCLUDING WIND SPEED AND MISSILE

TEST SPECIFICATIONS.

Information regarding shelter design is provided by the
2007 Florida Building Code (FBC) and ASTM E 1996-09,
Standard Specification for Performance of Exterior
Windows, Curtain Walls, Doors, and Impact Protective
Systems Impacted by Wind-borne Debris in Hurricanes.
Other standards or best practices are offered from groups
such as the Florida Division of Emergency Management
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After Hurricane Rita
destroyed Louisiana's
-South Cameron Memorial
Hospital, it was redesigned
with features that better
protected it against the
subsequent Hurricane lke.

(FDEM), the Federal Emergency Management Agency
(FEMA), and the International Code Council (ICC). With
regard to glazing assemblies, an EFS should be designed
to pass structural and missile testing for current hurricane
shelter requirements.

Importance of glazing to shelter design

Engineering research shows there are three evaluation

points that, if inadequate, could cause catastrophic

building failure during an extreme wind event:'

e continuous structural load path from the building
envelope to the structural frame and foundation;

o wind pressure resistance of components and cladding; and

s debris-resistance of components and cladding.

In evaluating existing structures for use as a shelter, the

building elements most frequently requiring retrofit are:

e long-span roofing assemblies;

e unreinforced masonry walls;

e discontinuous structural load paths; and

e unprotected windows and doors.

The lesson from Hurricane Andrew was that a breach

in the building envelope caused by flying debris could



be disastrous to the facility’s structural
integrity. Most problems of this nature
are caused by failure of windows or
curtain walls—the focus of this article.
There are many building materials
“deemed to comply” to be integrated
into the building construction, but
glazing assemblies need to be tested.’
The aforementioned shelter standards
include measures to reduce these risks to
glazing assemblies. This article discusses
these standards, ranked in ascending
order according to design requirements.

FBC requirements
The 2007 FBC demands hospital
construction meets high-velocity
hurricane zone (HVHZ) requirements.
The normal application specifies glazing
be notice-of-acceptance (NOA)-
certified and the system designed
to meet the local wind speed for the
American Society of Civil Engineers
(ASCE) 7-05, Minimum Design Loads
for Buildings and Other Structures. In
fact, the 2007 FBC’s HVHZ does not
mention NOA certification, but requires
the building be designed for Miami-Dade
County wind speeds of 225 to 233 km/h
(140 to 145 mph), plus Missile D impact
testing up to 9 m (30 ft) and Missile A
testing above 9 m.

The FBC includes four missile
categories:
® A (2-g [0.06-0z] steel ball @ 39.6 m

[130 ftl/sec);
e B (0.9-kg [2-]b] 2x4 @ 15.2 m

[50 ft]/sec);
o C(2-kg [4.5-1b] 2x4 @ 12.2 m

[40 ft]/sec); and
o D (4-kg [9-1b] 2x4 @ 15.2 m

[50 ft]/sec).
Most hurricane products are tested
for Missiles A and D, which is the FBC
design philosophy for every commercial
facility in HVHZ. While an HVHZ
car dealership is not required to be a
shelter, this author would argue every
hospital and essential facility should be.
The 2007 FBC shelter standard is limited
to emergency shelters in educational
facilities with a design wind speed of

235 km/h (146 mph) and protection
against Missile D.*

In summary, the Florida Building Code
stipulates hospitals comply with HVHZ
requirements, but these are not shelter
requirements—minimal interpretations
would only provide ‘shelter-type protection’
for a Category | or 2 hurricane (Figure 1,
page 50). The simple answer is the 2007
FBC does not have true shelter standards
(except for educational facilities); therefore,
an EFS must exceed this code.

ASTM E 1996
The most common standards for testing/
specifications of glazing assemblies in
the United States are the aforementioned
ASTM E 1996-09, and ASTM E 1886-05,
Test Method for Exterior Windows, Curtain
Walls, Doors, and Impact Protective
Systems Impacted by Missiles and Exposed
to Cyclic Pressure Differentials. The former
is mentioned in the 2007 FBC, but only as
an option, whereas it is a requirement in
other coastal states.* ASTM E 1996 defines
“essential facilities” as including hospitals,
healthcare buildings with emergency
treatment, jails, fire-and-rescue stations,
and emergency shelters. ASTM E 1996
introduced the concept of “enhanced
protection” for “essential facilities” based
on wind zones and Missiles D and E,
as illustrated in Figure 2 (page 51).
ASTM E 1996-09 indicates essential
facilities should have enhanced missile
protection based on the designated
wind speed. Current shelter design
(i.e. the Enhanced B in Figure 1) starts
with enhanced wind speeds, rather
than with enhanced missile protection.
If the 2007 FBC HVHZ, +225-km/h
(140-mph) design requirement was
applied to hospital construction along
with ASTM E 1996-09, then Missile
E-tested products would be required
up to 9 m (30 ft) and Missile D-tested
products above 9 m. Experts state
ASTM E 1996 was developed for
essential facilities to avoid evacuation.”
FEMA supports ASTM E 1996 Missile E
for enhanced hurricane protection
areas (EHPA):
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+ Figure 1 SHELTER DESIGN TABLE: WIND SPEEDS AND MISSILE PROTECTION NEEDS

HURRICANES TORNADOES SHELTER SHELTER DESIGN WIND SPEED SHELTER MISSILE PROTECTION'
Saffir Simpson Fujita ASCE 7 |ASCET7x 1.15 |ASCE7+40 [ASCE7+80 |Missile Missile Lab
Wind Speed mpn  |Wind Speed mph  |Cumulative|Protection 3 sec mph (Hurricanes) |(Tomados) |2 x4 |Velocity |Mo tum  |Missil
|Category History 1min |3 sec 1 min 3 sec Y Level’ 50 years |50- 100 years |> 1000yrs  |> 10,000 yrs |Ibs mph Ib {f)- sec Resulls
Cat1 |Cindy Gaston|74-95 |B83-116 |F173-112 (79117 77.71%|Basic D <85 9 34 14 passed
(FEC)
Cat2 |Erin |sabel [98-110 [117-134 |F2 113-157|118-161  94,45%Basic E? 86-140 |86- 140 9 55 22 passed
Cat3 |Rita Jeapne|111-130 |135-158 Enhanced A” 101120 141-160 ] 65 27
(ASTM E 1996 Zones 1-3
Cat4 |Charley Hugo [131-155|160-189 |F3 158-207 |162-209 98.86% |Enhanced B |121~16{] 161-200 15 50 34 passed
{FDEM Hurricane } 186
Cat5 |Andrew Camille)156+ =189 F4 208-260 |210-261 99.89% |Enhanced C E161-21D 201-250 15 60 41 passed
(ICC 500 Hurricane) 225 15 36 passed
(FEMA 361 Hurricane) 225 15 70 48 passed
Fa Tornada Shelter T(clecllon: Enhanced O° [N/ 200-250 |15  [s0-85  [55-58
F4, F5 Tornado Shelter Protectiol Enhanced E* |MA 200-250 |15 100 B8
Mote#1: FEMA & FDEM recommend enhanced missile protection be applied up to 60
Mote#2: FDEM categories, wind speed, and missile protection in Appendix K.

cons

sle accommodations for surviving a hurricane event.

Photo @ Fareed Al Mashat. Photo courtesy Baptist Health South Florida Media Services.

For shelters and EHPAS, the minimum debris impact
protection should be per ASTM E 1996 Category E
for a 4-kg (9-pound) 2x4 (nominal) missile traveling
at 80.4 km/h (50 mph).®

To conclude, ASTM E 1996-09 Missile E is the
minimum protection for an EFS recommended by
FEMA.” If HVHZ +225-km/h wind (i.e. Wind Zone 4)
is applied in ASTM E 1996-09, then these parameters
meet a Category 2 or 3 hurricane.’

The simple answer is this shelter design wind speed

recommendations for hurricane shelters.” Discussed
Jater in this article, such guidelines include FDEM,
FEMA 361, Design and Construction Guidance for
Community Safe Rooms, and 1CC 500, Standard

for the Design and Construction of Storm Shelters.

FDEM principles

The Florida Division of Emergency Management’s
2008 Statewide Emergency Shelter Plan includes
Appendix K, “Guidance for Selection of Impact-
resistant Constructed Wall and Roof Assemblies.”"”
This lists numerous building materials “deemed to
comply” with Table K-1 requirements, but glazing
assemblies still need to be tested."

The first principle FDEM applies to hurricane
shelters is design wind speed equals the ASCE 7-05
three-second wind speed plus 64.4 km/h (40 mph).
Figure 1’s comparison of Saffir-Simpson Hurricane
speed with this enhanced hurricane shelter design
speed shows a close correlation."

In the 2007 FBC, enhanced wind speed (i.e. adding
64.4 km/h) only applies to the Department of Education
to Emergency Shelters in Educational Facilities. In the
case of an Orlando hospital with an ASCE 7 wind speed
of 177 km/h (110 mph), the enhanced wind speed for
EFS (i.e. hurricane) design would result in a minimum
effective three-second wind speed of 241.4 km/h (150 mph).
In other words, this author recommends an EFS follow
prevailing shelter standards for design wind speed and
missile impact requirements.

The second principle applied to shelter design is that

is maximum 241 km/h, 2 kPa (150 mph, 41 psf) with
a missile protection of, at most, Basic E in Figure 1.
However, ASTM E 1996-09 does not meet current

level of protection is directly related to the momentum of
the tested missile, which relies on the design wind speed.
The 4-kg 2x4 missile speed is equal to 40 percent of the
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ENHANCED PROTECTION

Zone 1 177-191.5 (110-119) D

Zone 2 193-207.6 (120-129 D
[= mile from coast])

Zone 3 193-207.6 (120-129 E D
[= mile from coast])
200.2-223.7 (130-139)

Zone 4 >225.3 (140) E D

three-second-hurricane wind speed, based on studies comparing
flying debris to surrounding hurricane wind speeds."

At enhanced levels B, C, D, and E (Figure 1), there is a
preference to change the missile weight from a 4-kg 2x4 to a
6.8-kg (15-1b) 2x4 but maintain the same momentum (1bf-s).

The 2008 FDEM Statewide Fmergency Shelter Plan recommends
enhanced B protection—hurricane shelter design speed
at a three-second wind speed of 259 to 321.9 km/h (161 to
200 mph)." FDEM missile protection requirements vary
from the FBC minimum to a 6.8-kg 2x4 at 80.5 km/h
(50 mph). FDEM (i.e. Enhanced B) provides protection
for a Category 4 hurricane.

The simple answer is the FDEM shelter plan, including
Enhanced B protection, starts to comply with ICC 500 and
FEMA 361. This pair offers national shelter standards that give

authoritative reference to state shelter standards.

FEMA and the ICC
The ASCE 7-05 three-second-wind map, referenced by the 2007
FBC is based on a 50-year outlook—namely the wind speeds
shown are not expected to be exceeded during the next 50 years.
Based on simulation studies, this event has a two percent
probability of occurrence. Such risk may be adequate for
protecting property, but shelter design is about protecting
lives." The design of shelters reduces the two percent risk by
increasing the design wind speed and missile test requirements.
FEMA’s hurricane recommendations are based on the ASCE
7-05 map, plus 64.4 km/h (40 mph); its tornado recommendations
are ASCE 7-05, plus 128.7 km/h (80 mph). These two wind maps
are shown in Figures 3 and 4 (page 52 and 53), respectively.
The FEMA 361 tornado map considers the worst case in
10,000 to 100,000 years, which includes extreme tornadoes
possibly impacting the region. Florida newspaper articles'® from
2008 indicated that, for practical considerations, FEMA relaxed
its tornado requirements for community shelters. The FEMA 361

and ICC 500 requirements are shown in Figure 5 (page 54)."
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The U.S. Federal Emergency Management Agency's (FEMA's) hurricane map is based on a modified ASCE 7-05 map.
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Looking back to Figure 1, the ICC 500 hurricane
shelter recommendation is similar to Enhanced B
missile protection, but the ICC 500 shelter design wind
speed is closer to Enhanced C protection. FEMA’s 2008
hurricane shelter recommendation starts with a design
speed equal to the ICC 500, but a missile' with a
momentum of 46 Ibf-s. This is greater than the FEMA
recommendation following 2004’s Hurricane Charley,
which was the same as FDEM." The 2008 FEMA 361
hurricane recommendation is an Enhanced C resisting a
Category 5 hurricane, both in terms of missile protection
and design wind speed.

The tornado recommendations for missile testing and
shelter design do not correlate with tornado wind speeds
the way hurricane recommendations do. At comparable
wind speeds, tornado debris results in greater destruction
than its hurricane-driven counterpart. Thus, the shelter-
design wind speed and missile protection for F3, F4, and
F5 tornadoes are greater than the comparable hurricane
shelter requirements.” (As indicated in Figure 1, these
three categories comprise 5.6 percent of all tornadoes.)*'

The not-so-simple answer is that [CC 500 missile
protection is Enhanced B, but shelter design wind speed
for ICC 500 and FEMA 361 is Enhanced C. In 2004,
FEMA agreed with FDEM (i.e. Enhanced B), ** but FEMA
361 design wind speed and missile protection comply
with Enhanced C as of 2008.%

52 the construction specifier | march 2010

Testing of glazing assemblies

There is no literature protocol for testing shelter
missiles (i.e. Enhanced B, Enhanced C, Enhanced D,
and Enhanced E). This author’s laboratory experience
demonstrated that whereas Enhanced B missiles might
pass a center shot, they might not pass a corner one.
However, the lab tests initially satisfied ASTM E
1886-05 and ASTM E 1996-09 for Missile E.

Testing was applied successfully to three systems:
two at 4.3 kPa (90 psf) and one at 6.5 kPa (135 psf).
All three were water-tested at minimum 0.96 kPa
(20 psf), with both monolithic, laminated glass and
insulated, laminated glass. The 4.3-kPa tested frames
were dry glazed and unitized (i.e. preglazed panels); the
6.5-kPa frame was wet glazed and unitized. The largest
lites tested were 1461 x 2438 mm (57.5 x 96 in.) in
daylight dimensions* for both the 90-psf and 135-psf
systems (both monolithic and insulated).

Following the ASTM E 1996-09 tests, additional
missiles were successfully tested (corner and center) based
on Enhanced B requirements (protection against a
Category 4 hurricane). After, more 15-Ib missiles were
successfully tested (corner and center) based on
Enhanced C requirements (protection against a
Category 5 hurricane), both at a momentum of
5.67 kgm-s (41 Ibf-s)—or 97 km/h (60 mph)—and
6.65 kgm-s (48 Ibf-s)—or 113 km/h (70 mph).










