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Blast Hazard Mitigation

Designing for Blast Loads Damage From Blast Wave
UBlast Windows and Doors
UUFC-DOD Requirements Blast pressure of over 15 PSI can rupture
E:‘(’:VA';‘:;;’VV\FI’EGE;L“ZRSEPESSUres ear drums and collapse the lungs or
ODOD-UFC 4-010-01 2003 & 2007 crush the skull.
QGlass Design
UFrame Design Oklahoma federal building bomb blast
B .nchiorsiand-BeSIEHELS . in 1995 was in the order of 4000 PSI.
QOverall Requirements for Design

UGSA, DOD Testing and Certification
UNo Short Cuts, LIFE Safety

RCGoyal




Collateral Damage

Loss of Life, Business Disruption, Property Damage

Building Inspection Area

Financial Institutions and Businesses

Blast Wave

Extreme Rapid Release of Energy
Peak Pressure

= Occurs instantaneously

= Dissipates exponentially

Positive Phase Duration

* Time the pressure acts positively on an object
Impulse (Cumulative Pressure over Time)

¢ Area under pressure-time curve

* Measure of the total energy acting on an object
Negative Phase Duration

* Rush of air to fill the void behind the blast wave
* Pulls the product and fragments to the exterior
»Energy is inversely proportional to distance cubed

Types of Blast Hazards

* Primary Fragments
—Flying Glass

* Fly at speeds greater than 200 ft/second (136
mph)

—Flying Building Debris
* Secondary Fragment

—Shrapnel

—Rocks, Dirt, Etc.

* Structural Collapse/Damage

Hazard From Flying Glass

Designing Structures to Resist Explosions
and Natural and Intentional Harm

¢ Terrorist bomb threats

¢ Accidental explosions (Refineries)
* Forced entry

* Hurricane, Typhoon, Wind, Seismic
¢ Air, Water, Structural

¢ Thermal, Acoustical

¢ RFI, Radio Frequency Interference
¢ Ballistics

* FER, Forced Entry Resistance

Threat Assessment

Threats: suitcase, backpack, small car, large truck,
semi-truck, etc.

The most effective protection is to keep the
explosives away from the building

— Bollards

— Parking control

— Traffic control (Controlled Parameter)
— Parking lot locations

— Physical security/surveillance

Impact of the threat on the building & people




Charge Weight and Standoff

Charge Weight

— Amount of explosives used (TNT equivalent)

Standoff

— Distance from point of detonation

How do they relate

— As charge weight increases, peak pressure increases

— Pressure decreases exponentially with standoff
distance

— As standoff distance increases, peak pressure
decreases, and duration & Impulse changes

Pressure/Duration/Impulse
Duration is Cumulative Pressure over Time

Typical Blast Wave

Identifying a Threat Level
Mid to High Rise Buildings

Height Above Ground (Lower Pressure)

Charge Weight
in Pounds

« TNT load equivalent
- Create Larger Standoff distance
- Height of glazing

DESIGNING STRUCTURES

TO RESIST EXPLOSIONS

Blast Resistant Glazing Standards
& Specifications

=Industry Standards "‘
+ASTMF1642-04
*AAMA 510-06
*15016933&15016934

= Government Standards
+General Services Administration (GSA)
DOD-UFC4-010-01 &2
*ASTME1300and ASTMF 2248

= Other Industry Standards

SPEOT ISEIE 0, TUIZE[D) DANDII0L]

HOGUYAL

I1SO 16933 & 16934

* Explosion Resistant Security Glazing

ot o

* Test and Classification for Arena-x Testing 1S016933
¢ Test and Classification for Shock Tube Testing
1S016934

Laminated architectural glass (LAG) provides
time to for assessment and action.




ASTM F1642 & AAMA 510

e ASTM F1642-04 - Standard Test Method for
Glazing and Glazing Systems Subject to
Airblast Loadings.

* AAMA 510-06 — Guide Specifications and
certification for blast hazard mitigation of
fenestration systems based on standard
testy sizes.

2009-2-27 RCGoyal

Energy & Sustainability

Building code requirements for U value and
solar heat gain affect security glazing

High performance coatings utilized

Insulating glass units with Warm Edge spacer
provide better thermal performance

Glazing provides day lighting and views

UFC 4-010-01 Standoff Distance Standoff Distance
33 Feet 82 Feet
gfaif:: of Rating Impulse Rating Duration
NT (1bs) (PSI) (PSI-MSEC) (PSI) (PSI-MSEC)
10 10.1 24.3 2.6 9.2
20 15.7 33.9 3.5 14.8
55 33.6 81.7 5.8 29.7
100 56.6 124.7 7.9 44.9
200 109.5 206.8 11.9 72.7
500 275 | 408.6 22.3 138.7

Data generated by ATBLAST By ARA

2009-2-27 RCGoyal

Proposed Changes to ASTM F2248

High Pressure — Low Impulse
e %” Lami w/0.060” PVB

¢ Minimal Hazard
* P=8.9psi
¢ | =42 psi-msec

e 1" screws at four jamb
corners — screws bending
- tearing in frame wall at
connections pushing
limits of ASTM F2248

2009-2-27 RCGoyal

Proposed Changes to ASTM F2248
Low Pressure-High Impulse

+ %" Lami w/0.060” PVB r m
* High Hazard — Blowout, g
frame hit wall, folded in %,

glazing retained, no tears in
PVB.

e P=7.7psi
¢ |=71 psi-msec
¢ HazL rupture threshold

e %" screws at four jamb
corners — failed in bending /
shear

2009-2-27 RCGoyal

ASTM F 1642-04

¢ Procedures for the evaluation of hazards of glazing
or glazing systems compared to specific air blast
loading

¢ Provides a rating system to evaluate the hazards of
the window for a specified blast loading

* Testing Requirements oy

»>Testing Facilities

» Testing Layout

> Reporting Processes
> Blast Level Scaling

RCGoyal




ASTM F 1642 Test Method
Hazard Classifications

1 No break Glazing does not fracture and no
damage to the framing system

2 |No hazard Glazing fractures but is fully retained
in the frame

3 |Minimum The glazing fractures and is not fully

a hazard retained in the frame

3 |Very Low The glazing fractures and is not fully

b Hazard retained in the frame

4 |Low Hazard |The glazing fractures and is mostly
retained in the frame

5 |High Hazard |Glazing fails catastrophically

GSA/ISC- Interagency Security Committee

Condition Description

Glazing Response

Glass not cracked, fully survived
and’for fully retained by frame
and no glass fragments either
inside or outside structure,

None

Glass may be cracked but is
retained in frame

No significant fragments. Dusting or very small
fragments near sill or on floor acceptable

Glass failed and not fully retained
inframe:

Yes - Lands on floor 00 more than 3.3 feet from
window:

Glass fajled and not fully retained
inframe

Yes - Lands on floor ng more than 10 feet from
window.

Glass failed and not fully retained
in frame

Yes - Lands on floor mere than 10 feet from
window and impacts a vertical surface located not
mere than 10 feet behind window no higher than
2 feet above fioor level

Glass falls catastrophically

o] R &

Yes - Lands on floor more than 10 feet from
window and impacts a vertical surface located not
more than 10 feet behind window above a height
of 2 feet.

Conditions to evaluate the hazards under blast loading to
determine how well the window performed B

ASTM F 1642 & ISC Hazard Classification

Injury Hazard Classification
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Arena Test Charge Weight and Distance

2009-2-27 RCGoyal

FPED5-Quantico, Va. April 21,2005
50 Lbs. TNT@ 55Ft.

2009-2-27 RCGoyal

Shock Tube

m—
Courtesy of Baker Engineering and Risk
San Antonio, Texas, USA
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Fixed 6800 Side View- Sacrificial
Standard Architectural Window- AW 80-AW130

020B2516-04 PLAY- 00005{0
: -0000 .1200sec
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Fixed 6800-(Passed) AW 80-AW 130 Modified
6PSI/40PSI-MSEC
m—r e,

Casement 6800 (Passed)- Redesigned AW 70
6PS_IL40P_SI-MSEC
——n.i‘__ 'I_ e = e =
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Fixed 6800 (Failed) at 10 PSI
AW 80-AW 130 Redesigned
T
=N
(v ]
Wwo
omN
@
o
B
o
o0
or
oD
. =C
(]
o
Mmoo
o0
wo
MmN
0

Disastrous Glass Failure @10psi
Progressive Design Process

2009-2-27 RCGoyal

6 PSI-42KPa Vs. 32 PSI/224KPa
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Basis of Protection

Laminated Glass is
weeeeeeeee. ThE Key to Protection

In minimizing hazardous flying debris,

....80-90% of injuries can be prevented.

UFC 4-010-01 Standard 10

¢ At a stand off distance of 82 feet (25
M) mandates a low level of
protection per UFC 4-010-01.

* At a standoff distance of 33 feet (10
M) mandates a blast mitigation at
higher levels.

v'Ask for Charge Weight and Standoff
Distance

UFC 4-101-01 Standard 10- LOP
DoD Level

Below AT
Standards

nd rebound ofT
frame

UFC 4-101-01 Standard 10 (LOP)

ing | Potential Door and | Potential Injury

Medium

cive superfic
juries.

Lower the Protection = Higher the Hazard

o = ASTM F1642
LOP : g & DoD

VL Low Hazard | 4 & 3b

M al 3a

2
rd

High No Break No Hazard

UFC 4-010-01 Oct.2003 Criteria

Must be structurally glazed if bite is 3/8” or the product
must have a minimum 1” glazing bite.

B-3.1, (Standard for windows, skylights, and glazed doors)
Applies to products up to 32SF.

B-3.1.2.1, (Frame member design) Equivalent static pressure
of 1PSI. Max. Deflection L/60

Simple 1 PSI (7kpa) static pressure product will not meet this
criteria, Must be Static equivalent of Dynamic load
B-3.1.2.3, (Connection Design) Connections including glazing
stop and hardware connections must meet

a. 10.8 PSI (75 KPa) for vision area less than 1-square
meter(10.8sf)

b. 4.4 PSI (30KPa) for vision areas between 10.8 SF (1SM) to
32 SF (3SM).




US-DOD UFC Blast Specifications

1 PSI (7KPa) Static Equivalent Design did Not
Mean 1 PSI ( 7KPa) Static Design Load

¢ The most misunderstood criteria

— UFC 4-010-01 Criteria, Oct. 2003
— (This was corrected in Jan. 2007 edition)

UFC Myths
Conventional construction standoff met; No need for
glazing protection
False (X)

Project specs do not list protection with conventional
standoff distance, No need for protection

False (X)

Bidders need not ask us for clarification when specs do
not mention UFC/ATFP requirements

False (X) (Request For Information- RFI)

UFC 4-010-01 Min. Criteria — Jan. 07
* See Standard 10, Change 1, UFC 4-010-01

* Purpose is to minimize hazards to personnel
caused by glazing

e Applies to windows, skylights and glazed
doors. Glazed doors moved to standard 12

* Applies to only new and existing inhabited
buildings covered by the standard and includes
discussion on leased facilities

 Applies even if conventional standoff distances
or greater distances for low level of protection
are provided

UFC 4-010-01 Jan 22, 2007

¢ Applicable to all projects after 2004 (BC Option)

* No reference to 7Kpa (1 PSI) load

¢ Glass pressures per ASTM F2248, 3 second response

* Glass design per ASTM E1300

¢ Minimum glass size %4” Laminated (.030” Interlayer )

* Frame design per UFC Criteria

¢ Connection calculations per UFC criteria

* Word “minimum standoff” deleted

* Residential, 13 houses or more must provide protection
v’ Based on Charge weight and Distance

Systems Approach
¢ Window system must be designed to prevent
deadly glass shards from flying into the room.
¢ Glass should remain in the frame.
* Frame must stay attached to the wall.
¢ Wall must remain intact to hold frame.

¢ Anchors must be evaluated for each product
application.

¢ Anchors must be evaluated for each wall
substrate.

* Designed to Absorb or Resist loads
* Explosive Testing and/or Design Calculations

Structural Glazing Requirement

Silicone Sealant

Width and Depth of Sealant
Determined by glass design

/;ﬂ i % SILL
P e

—————h




Analyzing Combination Windows
#1 and #2 must meet the Blast Loads

p— —

?

RCGoyal

High Pressure Products
The design criteria and test requirements for
high pressure windows are much different but
the procedures and cautions are same.
Must determine pressures and impulses from
the Charge weight and the Standoff distance.

GSA... 4 PSI/28 PSI-MSEC
DOJ... 6 PSI/42 PSI-MSEC OR 10 PSI/89 PSI-MSEC
DOS... AS NEED BASIS

Window Response to Blast Load

¢ Window response provided in terms of hazard to
personnel

e UFC uses hazard descriptions as provided by
definitions in ASTM F1642

e Other agencies use different criteria

* Well-established procedures exist for designing
windows against blast load without fracture (first
crack design)

e Current terrorist threats have created desire for
reducing hazards from window glazing fragments
caused by blast. Design to resist a blast load without
glazing fracture is cost prohibitive.

Therefore, the design philosophy is that glazing
may fracture but not cause hazards to personnel.

RCGoyal

UFC 4-010-01 Jan. 2007
Design Process

Determine LOP and Pressures for the Project
Determine Glass Pressure ASTM F2248
Determine Glazing design from E 1300
Determine framing system load

Determine Anchor loads

Determine loads to substrate

UFC 4-010-01 Glazing Requirements — 22 Jan 07

Table B-2. Laminated G




UFC 4-010-01 Glazing Criteria — Jan. 07
. Glazing:

- Only laminated glass addressed

— Design per ASTM F2248 and E1300, with
modification using tables B-2 and B-3, for very
low and low hazard levels

— Modifications necessary since ASTM F2248
procedure is for a minimal hazard rating =
medium level of protection

— Use minimum %-inch laminated glass pane
consisting of 2- panes of 1/8-inch AN and 0.030-
inch PVB interlayer

— Chart in ASTM F2248 has limited range therefore
refer to DoD Security Engineering Facilities
Drt‘esign Manual when outside the range of the
chart

UFC 4-010-01 Glazing Criteria — Jan. 07

- Glazing Frame Bite:

— Refer to requirements of ASTM F2248
— For structurally glazed windows use bead width
equal to 1 but not more than 2 times thickness
of glass to which it adheres, but no less than
3/8-inch
« For single pane glazing apply to both sides
« For IGU apply to inboard side
— For glazing tape use 2 times but not more than
4 times thickness of glass to which it adheres
— Criteria for dry glazed will be a minimum of 4
times thickness of glass, Still under
development

UFC 4-010-01 Frame Criteria —Jan. 07

« Frames:

— Aluminum or Steel —Per ASTM F2248 - limit
deflections to 1/160 of the length of the
supported glazing edge at allowable stress for

two times the glazing resistance

— Applies to all window and skylight components
¢ Frames
¢ Mullions
¢ Sashes

— May require serious modification for reuse of
existing frames in existing buildings

UFC 4-010-01 Connections— Jan. 07

.Connections:

— Applies to all connections within the window
and From window to the surrounding
structure

— Use 2x the equivalent glazing resistance,
Apply as a uniform load over the face of
window and frame

— Design at allowable stress levels for materials
eing connected

— Account for ﬁeometry and connection
configuration in calculating shear and
tensions loads

— May use connections demanstrated through
ynamic testing replicating the project
application

UFC 4-010-01 Supporting Structure

«Supporting Structural Elements:

- Design for flexure using nominal strength of the
surrounding structural wall / roof elements

- Design connection of supporting structural
elements based on nominal strength (phi = 1.0)

- Do not chase load past supporting structural
element connection

— Load based on tributary area of the window

- Load to be used is 8x the glazing resistance as
determined using E1300 in conjunction with F2248

UFC 4-010-01 Other Glazing—Jan 07

« Alternate Glazing — Refer to other sources. Loads
based on ultimate resistance of glazing being used.

¢ Alternate Method of Analysis - Dynamic analysis
permitted for any or all parts of window system

e Testing — In accordance with ASTM F1642.
Loads based on actual standoff but standoff may
not be greater than conventional construction
standoff distances

« Window Replacement Projects — Meet the

requirements ezgardless of meeting other triggers of
paragraph 1-6.

10



UFC 4-010-01 Alternate Glazing— Jan. 07
. Alternate Window Treatments

— Addresses use of fragment retention film, film as
part of a retrofit system or blast curtains

— Not allowed for buildings covered by these
standards, except for leased buildings

— Allowed in leased building if they provide the
appropriate level of protection and lease

agreement stipulates maintenance. Testing to be
inaccordance with ASTM F1642

— Other existing buildings not covered bz these
standards, film is allowed but should be,
evaluated to insure appropriate protection is
provided

RCGoyal

Design Criteria, Standard 10

* New three story barracks is to be constructed
on an existing installation with controlled
perimeter access

¢ The criteria indicates that only the DoD
minimum antiterrorism standards apply

¢ Review of the site plan shows the facility
distance to the installation perimeter is greater
than 330 feet. The distance to internal
installation parking and roadways is 115 feet

Design Problem

The facility criteria requires an IGU window that
will fit into a 5-ft x 4 -ft wall opening

Only UFC 4-010-01 requirements apply

¢ By observation, the standoff distances are
greater than conventional construction standoff.
Per Standard 10 of UFC 4-010-01, use
conventional construction standoff distance.
These are 148-ft and 82-ft

New billeting, therefore a Low level of
protection is required. This corresponds to a
very low hazard rating per ASTM F1642
(glazing falls within 1-meter)

Determine frame, connection, and supporting
element loads.

Design Process

¢ Use equivalent static design process in revised
Standard 10 of UFC 4-010-01.

¢ Perform analysis for explosive weight | at 148-ft
and then for explosive weight Il at 82-ft

¢ Assume frames are 2-inches wide — glazing panel
size is 56-inches by 44-inches

¢ Using BRGD software by Standards Design
Group to perform design as it complies with
static design process of Standard 10. Or use
manual procedure and charts in ASTM E 1300

BRGD Software

® Publicly available code by Standards
Design Group, Inc. — Blast Resistant
Glazing Design 2007

— Based on ASTM F 2248-04 and ASTM E
1300-04

— Limited to laminated glass
— Single pane and IGU configurations

— Design is to minimal hazard only (medium
Level of Protection)

SOFTWARE

BRGD 200

11



Load Summary
¢ Use lay-up provided by analysis. However, it
is possible to reduce thickness of outer pane
only, but cannot use software.
¢ Glazing Ru = 103-psf

¢ Window frame load = 207-psf (same for both
load cases) with L/160 limit

e Window connection load = 207-psf

¢ Supporting element load = 8 x 103 = 824-psf

Shell Point Condos

Fort Meyers, Fl.

Hurricane & Blast Resistant
Series 3400 DH

Prevention Of Hazard

g Requirements — 22 Jan 07
quivalent Load Chart

3.Secand Duratan Equivalent Design Load (kPa)
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UFC 4-010-01 Glazing Requi s — 22 Jan 07
ASTM E 1300 (Typical Non d Load Chart)
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AAMA 510-06
Voluntary Guide
Specification for

Blast Hazard Mitigation
for Fenestration Systems

Putting it altogether
WWW.AAMANET.ORG

MANUFACTURERS ASSOCIATION

12



Blast Fenestration System Certification

e “As the Responsible Party of blast hazard
mitigation fenestration system, we certify
that the system, including the frame(s)
hardware, glazing and anchoring system(s),
complies with the project drawings and
specifications”.

2009-2-27 RCGoyal

2

Security Fenwitration Rating snd Certilication Program
Notiee of Product Certification

B i
Graham Architectural Products
1451 Mlowat Kaie Avvss
Verk, PA 1703

2009-2-27 RCCova

Security Fenestration Rating and Certification

Two Certification Program Options

¢ Product Specific Certification

¢ Project Specific Certification

Bidding

* Window Size Issues

¢ Glazing & Frame Issues

¢ Combination Windows

* Stacks and Mullions

¢ Calculations for Glass Sizes
* Blast Test Certification

* Anchors and Fasteners

* Substrate Concerns

2009-2-27 RCGoyal
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Current Guideline Specifications

ASTM F 1642, Standard Test Method for Glazing and Glazing
Systems Subject to Air-blast Loadings

GSA-TS01-2003, Standard Test Method for Glazing and Window
Systems Subject to Dynamic Overpressure Loadings

UFC 4-010-01, Minimum Antiterrorism Standards for Buildings
ASTM E 1300, Standard Practice for Determining Load
Resistance of Glass in Buildings

ASTM F 2248, Practice for Specifying an Equivalent 3-Second
Duration for Blast Resistant Glazing with Laminated Glass
AAMA 510-06, Voluntary Guide Specification for Blast Hazard
Mitigation for Fenestration Systems

FEMA 426 and 452

PBS-P 100-2005

. SEI/ASCE, Blast Protection of Buildings

0. Physical Design Manual by Department of VA

2009-2-27 RCGoyal

Current Guideline Specifications
Continued

11.Balanced Window Design by Weidlinger Associates

12.12.Blast Safety of Building Envelope by Hinman

13.13.SO/FDIS 16933, Arena Air-blast Loading

14.1SO/FDIS 16934, Shock Tube Loading

15.UFGS, United Facilities Guide Specification

16.USACE/PDC, Protective Design Center

17.Structures to Resist Accidental Explosions, ARMY-
TM5-1300, NAVY-NAVFAC P-397, AIR FORCE-AFR
88-22

18.ASTM F 2247, Testing of Metal Doors

2009-2-27 RCGoyal
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Resources and Thanks

% www.aamanet.org

< www.absconsulting.com .
% www.ara.com “If I had 60 minutes to solve
% www.atf.treas.gov ,
% www.bakerrisk.com a prOblem, I'd Spend 55
< www.defenselink.mil

& wwwesagov minutes defining it, and 5

«  www.protectiveglazing.org mlnutes Sol\/Ing |t ”
<  www.umr.edu '

WWW.usace.army.mil

*  www.bombsecurity.com . .
BMAG, Blast Mitigation Action Group
ATBlast by ARA
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Goyal & Associates
Blast Mitigation Windows
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