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ON THE COVE

The University of Maryland
Medical System's critical care
facility, the Weinberg Building,
is covered with an integrated,
high-performance window
system with custom aluminum
accents. The $150-million
medical center was designed
collaboratively by Perking

& Will and Kehn Pederson
Fox (KPF), along with the
Design Collective of Baltimore.
The nine-story, 35,303-m?
(380,000-=f) building's curtain
wall used large units, some of
which were 2.4 m (8 ft) wide
by 2 m (7 ft) tall and weighed
400 kg (B82 |b). The window
system was engineered to
ensure moisture levels be
kept to a minimum to protect
the facility’s diagnostic and
imaging equipment.

See feature on page 18.

Phota courtesy Wausau Window
and Wall Systems.
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Shelter Glass versus

Hurricanes and Tornadoes
Specifying glazing under ICC 500-08

by Patrick Condon, PhD, LEED AP
Photo @ BigStockPhoto/Mike Tolstay

OFTEN DESIGNED AS BUNKERS, STORM
SHELTERS ARE INTENDED TO PROTECT
AGAINST THE MAXIMUM WIND SPEEDS
OF HURRICANES OR TORNADOES.
HOWEVER, ESSENTIAL FACILITIES LIKE

The maximum wind speed (i.e. three-second gust) in
the 2009 International Building Code (IBC) is 240 km/h
(150 mph), with Guam at 275 km/h (170 mph). This
wind speed “ceiling’ has resulted in glass product
qualifications being defined in terms of their structural
abilities and debris resistance for wind speeds under
240 km/h (150 mph). ;

This building code maximum three-second gust
wind speed of 150. mph is less than that for a Category 3
hurricane. On the other hand, American National
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Standards Institute/International Code Council
(ANSI/ICC) 500-08, Standard for the Design and
Construction of Storm Shelters, describes test protocols
for wind speeds up to 360 km/h (225 mph) for
hurricanes and 402 km/h (250 mph) for tornadoes.

In an earlier article, this author argued codes
promulgated by ICC 500-08 and Federal Emergency
Management Agency (FEMA) 361-08, Design and
Construction Guidance for Community Safe Rooms,
should cover not only a “community (storm) shelter,”
but also an “essential facility shelter (EFS).” If
the essential facilities—such as hospitals—cannot
evacuate, then it stands to reason they should meet
storm shelter standards.

In Definition 1602.1 and Table 1604.5, IBC defines
“essential facilities” as “buildings and other structures
that are intended to remain operational in the event
of extreme environmental loading from flood, wind,
snow, or earthquakes.” These facilities are listed in
ASTM E 1996-06, Specification for Performance of



Exterior Windows,* or in Occupancy ‘ Figure 1
IV categories under Florida Building
Code (FBC-07)* to include not only

"Code Requirements

slorm shelters} but i:llSU: Selection Criteria FBC‘G? FBC"O? 'BC"OQ ICC-500
* hospitals; Non-HVHZ | HVHZ
* fire/rescue garages; e | max 150 | max150 | max 150 | max 250
o power stations; Wind speed (three-second gust) ok rah mph mgh
* ancillary support structures; Structural (deflection) test | L7 L/180 L/175 N/A
® aviation control towers; =N, = T [T .
Missile speed

e water storage; and e ——
e defense structures. MESS“? A {2*gm. steel balls 30-60 ft =30 ft | 30-60 ft /A
I y k @130'/sec)
T'he term ‘storm shelter’ is described — i
in ICC 500-08 as a “building, Missile D (9-Ib 2x4 @34 mph) <30 ft <30 ft <30 ft N/A
structure, or portion(s) thereof, Missile E (8-Ib 2x4 @50 mph)* N/A IN/A <301t N/A_ po=i |
constructed in accordance with this Missile E is applicable to essential |
standard, designated for use during facilities / enhanced protection) ! :

- : - 1 |
acevere wind storm event such as (GG 500 Hurricane (9-1b 2x4) NUA N/A N/A max 100 |
a hurricane or tornado.” Therefore, mph
a dfe?lgn standard tjcr.an essential | IGC 500 Tornado (15-1b 2x4) N/A N/A N/A max 100 |
facility should be similar to that of ; , Sl o R |
a storm shelter, even if this could *Cycling required per ASTM E 1886, Standard Test Method for Performance of Exterior
inhibit aesthetics. Windows, Curtain Walls, Doors, and Impact Proteclive Systems Impacted by Missile(s)

This author’s earlier article provided and Exposed to Cyclic Pressure Differentials,
descriptions of shelter standards, Building code comparison.
progressing from least protective
(i.e. current building codes) to ‘ Figure 2
absolute protective standards, such 7 RIE
as FEMA 361 and ICC 500-08. RIS N e Seeed
At this time, it is believed that only Shelter wind speed 15-Ib tornado | 9-lb hurricane
Alabama has adopted ICC 500-08, (H=Hurricane) j missile speed | missile speed
but the standard is incorporated into (Fslomacic) ffaoduind (% 2ewind
Section 423 of the 2009 IBC. spesd) speed)
130 mph 80 mph (61%) 52 mph (40%)
Glazing construction standards | |10 o0 84 mph (52.5%) | 64 mph (40%)
TI'his portion of the article examines :
how ICC 500-08 compares and 200 mph 90 mph (45%) | 80 mph (40%) |
contrasts 'w1th the various glazing ke Confinertal
construction standards. U.s.
|
FBC and IBC H225 /T250 100 mph (40%) | 90 mph (40%)
The FBC-07 adopted IBC-06, but i f
differs in a few respects. For example, : '
FBC-07 includes special code H250 /T250 100 mph (40%) 100 mph {40%)
consideration for high-velocity 7 ' 5,
; 2 Various wind and missile speeds.

hurricane zones (HVHZ)—Broward
and Miami-Dade wind zone areas, wind speed, structural, and ICC 500 08 missiles
along with hospitals.* (Insurance impact testing (i.e. Missiles A, A storm shelter hurricane
companies, owners, or architects D,? and E°® versus ICC 500 missile is a 4.08-kg (9-1b) 2x4,
may require HVHZ codes in other ~ missiles). ICC 500 storm tested at 40 percent of the
areas as well.) Figure 1 provides a shelters must satisfy the FBC shelter design wind speed.
comparison between FBCand IBC  and IBC, as well as the ICC A storm shelter tornado missile
versus the ICC 500 with respect to 500 code. . isa 6.8-kg (15-1b) 2x4, tested
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‘ Figure 4

EFS ICC 500 Examples

: Missile speed Wind load
De_s'%" H:4.08kg (Olb) | Zone 4
[PeS T:68kg(15) | @ 16.76m (65/f)
H: 362 km/h | H: 145 km/h H: 874/-840 kg/m?
Miami {225 mph) (90 mph) (179/-172 psf)
V| 1302 kmmh | T 145 kmith T. 688/-664 kg/m?
(200 mph) (90 mph) (141/-136 psf)
. s 2
H: 257 keo/h | H: 108 kmv/h a0 280 g m
(160 mph) (64 mph) (8078 pet)
Topeka | 1. 4ok | T: 161 kvh I‘g}ﬁfg" e
{250 mph) (100 mph) (221/-212 psf)

Parameters for essential facilities.

at a fraction of the tornado wind speed (but it is not
linear as with the hurricane missile). Under ICC 500-08,
hurricane missile impacts are subsequently cycled
whereas tornado missile impacts are not. Figure 2

(page 37) shows storm shelter wind speeds related

to missile speeds.

Wind speed

The 2007 FBC and 2009 IBC are based on three-
second gust wind charts from the American Society

of Civil Engineers (ASCE) 7-0, Minimum Design Loads
for Buildings and Other Structures, which assume the
worst wind speed in 50 years. ICC 500 hurricane and
tornado three-second-gust charts assume the worst
wind speeds in 10,000 years, which reduces the
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probability of exceeding ‘worst’ wind speeds from two
to 0.01 percent,

[CC 500’s maximum tested hurricane wind speed is
362 km/h (225 mph). This exceeds a Cat-5 hurricane
that has wind speeds greater than 305 km/h (190 mph).
The maximum tested tornado wind speed is 402 km/h
(250 mph), which corresponds to an F4 tornado with
wind speeds of between 337 and 420 km/h (210 and
261 mph), or an EF5 tornado with wind speeds over
322 km/h (200 mph). Between 1950 and 2006,

99.89 percent of all tornadoes did not exceed the

F4 tornado wind speed. (The ‘EF’ refers to ‘enhanced
Fujita.” For more on the classification of wind events,
see “Hurricanes and Tornadoes,” page 44.)

Figure 3 graphs the relationship between wind and
missile speeds—the X-axis is the former and the Y-axis
is the latter, Immediately below the X-axis is the wind
speed considered by the relevant building code
(i.e. ‘Standard”). Below “Standard’ are the Saffir-
Simpson categories for hurricanes and the Fujita
categories for tornadoes. Above the X’ line are the
Y values for relevant missile speeds.

FBC and ASTM indicate maximum large missile
speeds at 34 mph (Missile D) and 50 mph (Missile E),
respectively. To the right of these missile lines is ICC
500’s storm shelter zone, with one line for 9-1b
hurricane missiles and another for 15-1b tornado
missiles. Without ICC 500 construction requirements,
essential facilities (including hospitals) remaining
open during a Cat-4 to 5 or F3 to 4 storm will
potentially have neither the structural nor debris-
impact-resistant qualities required to survive,



‘ Figure 5

ICC 500 TESTED CURTAIN WALL

Type system:
Type glass:

Framing parameters:
Mullion dimension
Tested frame size
Largest lite (daylight)
Smallest lite (daylight)

Test parameters:
Design load:

Structural load:

Hurricane impact:
Tornado impact:

Hurricane cycling:

Unitized and Preglazed
[monolithic (laminated)] AND [insulated (laminated)]

Width x Height - cm Width x Height - inches

6.35 18.42 [21/2"x7 1/4"]
152.4  365.76 [60" x 144"]
146.05  243.84 [57 1/2" x 96"]
91.44 91.44 [36" x 36"]

1,074 kg / m® (+/-) [2201b / sf (+/-_]
1,289 kg / m” (+/-) [264 b / sf (+/-)]
Note: loads applied to "Tested frame size"

4.08 kg [9 Ib] 2x4 161 km/h
6.80 kg [15 Ib] 2x4 161 km/h
Note: impacts applied to "Smallest lite"

[100 mph]
[100 mph]

basedon 1,074kg/m?*(+/-)  [2201b/ sf (+/- ]

A new type of curtain wall design.

EFS examples
Typical community storm shelters are like bomb bunkers,
whereas hospitals have more glass and height. In this regard,
the following assumptions are made for the EFS examples
in Figure 4 (page 38):
* flat roof;
¢ height = 19.8 m (65 ft);
e length = 18,3 m (60 ft);
e width = 9.1 m (30 ft); and
e large-missile impact-resistant curtain wall 3.1 x 3.1 m
(10 x 10 ft) located on windward and leeward sides, sitting
at 16.8 m (55 ft). The wind load pressures are based on
ICC 500 parameters applied to ASCE 7: Occupancy = IV,
Exposure = C, Importance = 1, and Enclosure = Partial.
The two EFS examples in the figure are:
* Miami, Florida (ICC 500-08 EFS, maximum ICC 500
hurricane and tornado wind condition); and
¢ Topeka, Kansas (ICC 500-08 EFS, maximum [CC 500
tornado wind condition).
The Miami shelter design must consider both hurricane and
tornado. In Miami, a Cat-5 hurricane missile momentum’
is 2.6 times more than the missile tested under FBC while
tornado missile momentum would be 4.4 times greater. The
Miami Cat-5 wind load pressure would be 2.7 times greater
than what is tested under FBC.
In Topeka, the tornado missile has a momentum almost
five times greater than an [BC large missile. The wind load
is calculated at 10.6 kPa (221 psf). The wind speed of a Topeka
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tornado could be 402 km/h (250 mph) versus IBC’s wind
speed of 145 km/h (90 mph). ICC 500-08 establish life
protection against a Cat-5 hurricane or an F4 tornado.

ICC 500-08 test requirements

FBC testing for glass follows TAS202 (structural), TAS201

(missile impact), and TAS203 (cycling) whereas ICC 500

follows a parallel but modified testing program.® FBC, IBC,

and ICC 500 follow:

e ASTM E 330-02, Standard Test Method for Structural
Performance of Exterior Windows, Doors, and Skylights and
Curtain Walls by Uniform Static Air Pressure Difference, for
structural testing; and

* ASTM E 1886, Standard Test Method for Performance of
Exterior Windows, Curtain Walls, Doors, and Impact
Protective Systems Impacted by Missile(s) and Exposed to
Cyelic Pressure Differentials, for impact and cycle tests.

However, there are numerous differences in the application

of these standards.

Structural test

There is an ICC 500-08 structural test that parallels TAS 202:

1. One specimen is required (two permitted) for pressure
testing and impact/cycling testing. The 2007 FBC requires
three specimens. '

2. ASTM E 330-02 is incorporated within ICC 500-08, the
2009 [BC, and 2007 FBC. Whereas the ICC 500-08 uniform
structural load test pressure is 1.2 times the shelter design
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Curtain wall test.

The last 6.8-kg (15-Ib) missile impact on monolithic glass.

Photos courtesy West Tampa Glass

load, the 2009 IBC or 2007 FBC structural
test is 1.5 times. There are neither design
deflection nor water tests under ICC 500-
08, but it has a 76.2-mm (3-in.) maximum
permanent deformation test. Under 2009
IBC and 2007 FBC, there is reliance and
reference to ASTM E 1300-04, Standard
Practice for Determining Load Resistance of
Glass in Buildings. However, there is no
such reference under ICC 500-08.
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3. The hurricane structural test requirement
is 1.2 times the design load, as previously
described. However, the tornado structural
test requirement is at the design pressure
unless the fenestration product is deemed
a protective device (as assumed by this
author), in which case it also must be
tested to 1.2 times the design pressure.
The pass/fail criteria require the framing
and glass to remain intact and not result
in a permanent deformation in excess
of 76.2 mm (3 in.).

4. There is no air or water test required
by ICC 500.

Missile test

An ICC 500-08 missile impact requirement
parallels TAS 201—both rely on ASTM E
1886-04. The missile wood is different than
under TAS 201 (e.g. spruce rather than
pine). If the fenestration product is being
tested for the worst storm conditions, then
the hurricane missile test is a 4.08-kg (9-1b)
2x4 (2.44 m £ 101.6 mm [8 ft +4 in.])
traveling at 160.93 km/h (100 mph). The
tornado missile test is a 6.8-kg (15-1b) 2x4
(4.11 m + 152.4 mm [13.5 ft £ 6 in.])
traveling at 160.93 km/h (100 mph).

There are impacts for the glass that occur
at the center and corner of the smallest
glazed (no less than 1.2 x 1.2-m [4 x 4-ft])
section. If there is an intermediate mullion,
there is also one impact at the center and
a second at the base of that mullion. The
product fails if there is:

e perforation by any missile past the glass’
interior surface;
e permanent deformation in excess of

76 mm (3 in.); or
e impacted glass shard able to tear a

31.75-kg (70-1b) kraft paper 127 mm

(5 in.) behind the unit (unless a ‘spall

warning zone’ is defined).

Cyele test

There is a cycle requirement paralleling
TAS203, applicable only to a hurricane-
impacted specimen. The test procedures
follow ASTM E 1886-04. The design
pressures identified under “Structural
Test Requirements” are incorporated

in the procedure for cycling.
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These hurricane and tornado wind maps for FEMA 361 and ICC 500 are one and the same.

HURRICANES AND TORNADOES

In basic terms, the Fujita scale (F-Scale) rates

the intensity of & tornado based on the damage

inflicted on both structures and vegetation.

In 2007, the Enhanced Fujita scale (EF-Scale)

was introduced with alternative wind speeds

and descriptions. -

 FO: 72 to 126 km/h (45 to 78 mph}—minor
e.g. branches broken off trees, and sign
boards damagedy;

e F1: 127 to 188 km/h (79 to 117 mph}—
moderate (e.g. roof surfaces peeled off, mobile
homes pushed off foundations, and moving cars
pushed off roads);

 F2: 189 to 259 km/h (118 to 161 mph}—
considerable (e.g. roofs torn off frame houses,
large trees snapped, high-rise windows broken,
and light-object missiles generated),

* F3: 260 to 836 km/h (162 to 209 mphj—
eritical (e.g. roofs and some walls torn off
well-constructed houses, most trees in forest
uprooted, skyscrapers twisted and deformed:
with massive destruction of exteriors, and
heavy cars lifted off ground);

* F4: 337 to 420 km/h (210 to 261 mph)—
severe (e.g. well-constructed houses leveled,
structures with weak foundations blown away,
trains overturned, cars thrown, and high-rises
toppled); and 2

» [5; 421 to 510 km/h (262 to 317 mphj—
devastating (e.g. strong frame houses lifted off
foundations and carried considerable distances
to disintegrate, automobile-sized missiles, trees
debarked, and steel-reinforced concrete
structures badly damaged).”

The Saffir-Simpson hurricane categories are:

« Cai-1: 143 to 187 km/h (89 1o 116 mph)—
very dangerous winds produce some damage
(e.g. older mobile homes destroyed, poorly
constructed frame homes damaged, windows
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broken by debris, and most shallow-rooted

trees toppled);

e Cat-2: 188 to 216 km/h (117 to 134 mph)}—
extremely dangerous winds cause extensive
damage (e.g. roof and siding damage to homes
and non-residential projects, high-rise windows
broken by debris, trees snapped or uprooted,
and near-total power loss);

Cat-3: 217 to 256 km/h (135 to 159 mph)}—
devastating damage (e.g. high risk of death due
to debris, well-built homes experiencing roof
failures and wall collapse, windows blown out
of high rises, and electricity and water
unavailable for several days to a few weeks);
Cat-4: 257 to 304 kmv/h (160 to 189 mph)—
catastrophic damage oceurs (e.g. mabile
homes destroyed, very high risk of injury or
death, structural damage to top floors.

of high-rises, steel frames collapse, most
windows blow olt, and areas rendered
uninhabitable for weeks or months); and

Cat-5: >305 km/h (+190 mph}—catastrophic
damage eccurs (e.g. high percentage of frame
homes, industrial buildings, and low-rises
completely destroyed, most unreinforced
masonry fails, nearly all windows blow out, and
areas rendered uninhabitable for months),** GS

* Note: The three-second gust wind speeds in
this article are taken from Tables 4-1 and 4-2
of Federal Emergency Management Agency
(FEMA) 861-08, Design and Construction
Guidance for Community Safe Rooms.
Examples taken from National Oceanic and
Atmospheric Administration’s (NOAAS) Storm
Prediction Center site. Visit www.spa.noaa,gov/
fag/tornado/f-scale.html.

“* Examples taken from NOAA's National
Hurricane Center, Visit www.nhe.noaa.gov.

Moving into the future

The curtain wall test described
in Figure 5 (page 40) is believed
to be the first such tested
assembly to successfully pass all
glazing requirements listed in
ICC 500-08 at a laboratory with
International Accreditation
Service (1AS) certification.

It was also subjected to an
optional water test before the
structural test, following ASTM
E 331-02 procedures at 303 kPa
(44 psf), which is 20 percent of
1511 kPa (220 psf). Separate
specimens were furnished and
tested for the smallest lites. All
testing complied with the ICC
500-08 test protocol.

The curtain wall was tested
under ICC 500-08 as a single
span. Under previous testing,
(i.e. HVHZ/Miami Dade NOA
testing and arena bomb blast
testing), this curtain wall was
tested as a twin span. Figure 6
(page 42) identifies how this
curtain wall has been tested
under the Florida Building Code
(Missiles D and E) and then
under ICC 500-08 requirements.

In 2008, the International
Code Council made a major
advance in building codes
with the publication of the
ICC 500, thanks to the efforts
of numerous agencies and
many prominent individuals.’













