Qe

BAKERRISK

Certified Test Report
BR604 Blast Resistant Glazing System

SHOCK TUBE TESTING OF WINDOWS
FOR BLAST RESISTANCE CERTIFICATION

BakerRisk Project No. 01-00750-002-00

Prepared for:
United States Aluminum Corp.

Prepared by:
Michael J. Lowak

September 8, 2004

Baker Engineering and Risk Consultants, Inc.

3330 Oakwell Court, Suite 100 @ San Antonio, TX 78218-3024 @ PH: (210) 824-5960 FX: (210) 824-5964




United States Aluminum Corp. (BR604 Blast Resistant Glazing System)  BakerRisk Project No. 01-00750-002-00
Shock Tube Testing of Windows for Blast Resistance Certification September 8, 2004

Notice

Baker Engineering and Risk Consultants, Inc. (BakerRisk) made every reasonable effort to
perform the work contained herein in a manner consistent with high professional standards.

The work was conducted on the basis of information made available to BakerRisk. Neither
BakerRisk nor any person acting on its behalf makes any warranty or representation, expressed
or implied, with respect to the accuracy, completeness, or usefulness of this information. All
observations, conclusions and recommendations contained herein are relevant only to the
project, and should not be applied to any other facility or operation.

Any third party use of this Report or any information or conclusions contained therein shall be at
the user's sole risk. Such use shall constitute an agreement by the user to release, defend and
indemnify BakerRisk from and against any and all liability in connection therewith (including
any liability for special, indirect, incidental or consequential damages), regardless of how such
liability may arise.

BakerRisk regards the work that it has done as being advisory in nature. The responsibility for
use and implementation of the conclusions and recommendations contained herein rests entirely
with the client.
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1.0 TEST INFORMATION

Test Sponsor: United States Aluminum Corp.
720 Cel-River Road
Rock Hill, South Carolina, 29730

Manufacturer: United States Aluminum Corp.
720 Cel-River Road
Rock Hill, South Carolina, 29730

Testing Agency: Baker Engineering and Risk Consultants, Inc. (BakerRisk)
3330 Oakwell Court, Suite 100
San Antonio, TX 78218

Window Model: BR604 Blast Resistant Glazing System

Test Load: Peak Blast Pressure = 4.3 psi
Positive Phase Impulse 32 psi-msec

Test Standard: ASTM F 1642 — 03 “Standard Test Method for Glazing and Glazing
Systems Subject to Airblast Loadings”

Baker Engineering & Risk Consultants, Inc. (BakerRisk) certifies that all information contained
in this document is accurate to the best of our knowledge, and that every attempt was made
during these tests to meet the requirements of the referenced test method.

Michael J. Lowak, Senior Consultant
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2.0 SPECIMEN DESCRIPTION

The Series BR604 Blast Resistant System units submitted for testing had overall dimensions of
96 inches in width and 96 inches in height. The units represented an 8-foot wide window wall
including four panes of glass as shown in Figure 1. Each lite was a 1 5/16-inch thick IGU
consisting of a s-inch thick glass exterior lite, a /2-inch air space, and a 2-inch thick laminated
annealed glass interior lite. The laminated lite included a 0.030-inch thick Butacite interlayer.
Panes A and C included annealed glass exterior lites, but panes B and D included tempered glass
exterior lites. The glass extended into the frame 0.562-inch on all sides, and a 1/4-inch wide by
7/16-inch deep Dow 995 silicone bead was provided on the interior face of the IGU.

The detailed drawings of the framing system are included in Appendix 3. The center vertical
mullion was reinforced with a steel insert to improve the flexural strength of the member.
Details of the insert are provided in Detail 8. All connections of horizontal members to vertical
members were made using the screw races that are part of the aluminum extruded shapes. The
perimeter frame members were attached to a steel test buck using 3/8-inch diameter, Grade 5
bolts at the spacings shown in the detail drawings. The vertical mullion insert was attached
directly to the test buck with two ’2-inch diameter Grade 5 bolts at each end.
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Figure 1. BR604 Test Specimen
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3.0 DISCUSSION OF RESULTS

Three Series BR604 Blast Resistant System specimens were tested to certify the level of blast
resistance for a test load having a peak applied pressure in excess of 4 psi and an applied impulse
in excess of 30 psi-msec. All tests resulted in ASTM “Minimal Hazard” or better window
responses. In Test UAS, the only breakage of glass observed was to the large glass pane. The
external monolithic lite shattered and fell to the floor on the non-protected side of the specimen.
The layer of glass on the non-protected side of the laminated glass also cracked, but the layer of
glass on the protected side of the window did not crack. No debris was generated in the test at
all. In Test UAG6, all layers of glass in the large pane shattered, with some dusting debris
generated, but no impacts or perforations were observed in the witness panel. In Test UA7, no
fracture of the glass was observed. In all tests, the framing members were observed to be
undamaged, and measurements indicated that permanent mid-span deformations were less than
1/16-inch, or within straightness tolerances. The worst level of debris hazard observed in Test
UAG is allowable under the ASTM “Minimal Hazard” rating and GSA Performance Condition 2.

A summary of the test results is provided in Table 1. The test setup and equipment are described
in Appendix 1. Detailed test information, pressure-time histories for the applied load, and a
limited photographic record for each test are included in Appendix 2. Each test was documented
using still photography, video, and high-speed video. All photographs, video footage, and high-
speed video footage taken of the tests are included on an accompanying compact disc along with
an electronic version of this report.

Table 1. Summary of Test Results

Test Specimen Pressure Impulse Duration
. . . . Response
No. Description (psi) (psi-msec) (msec)
Series BR604 GSA - Condition 2
UAS (96” x 96”) 4.3 32 19 ASTM - No Hazard
Series BR604 GSA - Condition 2
UA6 (96” x 96”) 44 33 19 ASTM - Minimal Hazard
Series BR604 GSA - Condition 1
UA7 (96” x 96”) 44 32 19 ASTM - No Break
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APPENDIX 1
TEST APPROACH AND SETUP
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Test Approach

The test program followed the general procedures and window performance criteria from the
ASTM F 1642-03 Standard Test Method for Glazing and Glazing Systems Subject to Airblast
Loadings. Also referenced is the General Services Administration (GSA) Standard Test Method
for Glazing and Glazing Systems Subject to Airblast Loadings. The two documents are very
similar, but have slightly different methods of reporting window performance. The ASTM
document provides descriptions of various Hazard Ratings, and the GSA document provides
descriptions of various Performance Conditions. Although the terminology is different, the two
systems are very comparable. A tabularized comparison of the two performance rating schemes
is provided in Appendix 1 - Table 1. A copy of the ASTM document can be obtained from
ASTM. The GSA document is available for public distribution and a copy of the document is
provided in Appendix 4.

The referenced test standards require the testing of three like specimens to certify performance of
a glazing or glazing system. This program was conducted as a combined certification and
research program. The window system was tested to various blast loads to determine the best
suited blast loading to use in the certification tests, and then additional repeat tests were
conducted to satisfy the repeatability requirement of the referenced test standards.
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Appendix 1 - Table 1. ASTM Hazard Ratings and GSA Performance Conditions

ASTM
Hazard
Rating

ASTM Description

Similar GSA
Performance
Condition

GSA Description

No Break

The glazing is observed not to fracture and there is
no visible damage to the glazing system.

Glazing does not break. No
visible damage to glazing or
frame.

No
Hazard

The glazing is observed to fracture but is fully
retained in the facility test frame or glazing system
frame, and the rear surface (the surface opposite the
airblast loaded side of the specimen) is intact.

Minimal
Hazard

The glazing is observed to fracture and the total
length of tears in the glazing plus the total length of
pullout from the edge of the frame is less than 20%
of the glazing sight perimeter. Also there are less
than 3 pinhole perforations and no fragment indents
anywhere in a vertical witness panel located 3 m
(120 in.) from the interior face of the specimen,
and there are fragments with a sum total united
dimension of 25 c¢cm (10 in.) or less on the floor
between 1 m (40 in.) and 3 m (120 in.) from the
interior face of the specimen. Glazing dust and
slivers are not accounted for in the rating.

Glazing cracks but is retained
by the frame. Dusting or very
small fragments near sill or on
floor acceptable.

3A

Glazing cracks. Fragments
enter space and land on floor no
further than 3.3 ft. from the
window.

Very
Low
Hazard

The glazing is observed to fracture and is located
within 1 m (40 in.) of the original location. Also,
there are three or less pinhole perforations and no
fragment indents anywhere in a vertical witness
panel located 3 m (120 in.) from the interior face of
the specimen and there are fragments with a sum
total united dimension of 25 cm (10 in.) or less on
the floor between 1 m (40 in.) and 3 m (120 in.)
from the interior face of the specimen. Glazing
dust and slivers are not accounted for in the rating.

Low
Hazard

The glazing is observed to fracture, but glazing
fragments generally fall between 1 m (40 in.) of the
interior face of the specimen and 0.5 m (20 in.) or
less above the floor of a vertical witness panel
located 3 m (120 in.) from the interior face of the
specimen. Also, there are ten or fewer perforations
in the area of a vertical witness panel located 3 m
(120 in.) from the interior face of the specimen and
higher than 0.5 m (20 in.) and none of the
perforations penetrate through the first layer of the
witness panel.

3B

Glazing cracks. Fragments
enter space and land on floor no
further than 10 ft. from the
window.

Glazing cracks. Fragments
enter space and land on floor
and impact a vertical witness
panel at a distance of no more
than 10 ft. from the window at a
height no greater than 2 ft.
above the floor.

High
Hazard

Glazing is observed to fracture and there are more
than ten perforations in the area of a vertical
witness panel located 3 m (120 in.) from the interior
face of the specimen and higher than 0.5 m (20 in.)
above the floor or there are one or more
perforations in the same witness panel area with a
fragment penetration into the second layer of the
witness panel.

Glazing cracks and window
sys-tem fails catastrophically.
Frag-ments enter space
impacting a vertical witness
panel at a dis-tance of no more
than 10ft. from the window at a
height greater than 2 ft. above
the floor.
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Test Apparatus

The dynamic tests of the windows were conducted in BakerRisk’s large shock tube. BakerRisk’s
shock tube is a test apparatus that consists of two major sections, a driver section and an
expansion section. Blast pressures are generated when a rupture diaphragm placed between the
two sections fails due to pressure in the driver section. A shock wave then travels down the
expansion section and loads the test specimen at the end of the expansion section. In this
particular test series, the driver was baffled to reduce the effects of reloading by reflections that
exist in the shock tube. A photograph of the shock tube is shown in Appendix 1 - Figure 1.

The shock tube has an 8-foot square target area. The test specimens were 66.5 inches wide and
92.5 inches tall and were mounted such that the specimen was centered in the target area of the
shock tube. An 8-foot wide by 10-foot deep room was placed behind the window specimens
with a witness panel mounted to the back wall of the room. A photograph illustrating the typical
mounting of a window specimen is shown in Appendix 1 - Figure 2. The witness room behind
the window was used to allow determination of the ASTM Hazard Ratings and GSA
Performance Conditions for each test. Appendix 1 - Figure 3 graphically depicts the ASTM
Hazard Rating System. Appendix 1 - Figure 4 graphically depicts the GSA Performance
Condition rating system.

=
|
|

-

Appendix 1 - Figure 1. Photograph of BakerRisk Large Shock Tube
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Appendix 1 - Figure 2. Mounted Specimen in Shock Tube
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Appendix 1 - Figure 3. Illustration of ASTM Hazard Rating System
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Appendix 1 - Figure 4. Illustration of GSA Performance Conditions

Active Instrumentation

The applied test load was measured in the test using three dynamic pressure transducers. The
transducers were located on the sidewalls and floor of the shock tube very near the target face in
order to record the applied pressure data. Baseline tests have been performed with a rigid plate
mounted over the shock tube target area and an additional pressure transducer mounted at the
center of the plate. These baseline tests were performed to determine the shock tube
configuration required to deliver specific loads for various threats and to serve as proof that the
side and floor-mounted transducers record loads similar to that recorded by the center mounted
transducer. The typical variation between transducer readings is approximately 5%. Another
dynamic pressure transducer was fielded in the sidewall of the witness room, five feet behind the
window specimen, to measure any blast pressure entering the protected space.

The data from the pressure transducers were recorded using a LeCroy - 6810, 16-channel 12-bit
waveform digitizer that is capable of sampling rates up to 5 Mhz; however, a 1 Mhz sample rate
was used for these tests. The voltage signals from the transducers were conditioned using a
PCB-483B07 multipurpose 12-channel amplifying power unit. Recorded data was saved to
computer disk for data plotting and interpretation. High-speed video, normal video, and digital
still photography were also used to document the tests. Video and photographic data
accompanies this report on CD. Several views were recorded using high-speed video cameras at
different times during the tests. In all cases, an overall view of the window was recorded with
normal and high-speed video. Other high-speed video views included a close-up view of the
intermediate horizontal members to document movement of the member or of the member
connections.



United States Aluminum Corp. (BR604 Blast Resistant Glazing System)  BakerRisk Project No. 01-00750-002-00
Shock Tube Testing of Windows for Blast Resistance Certification September 8, 2004

APPENDIX 2
DETAILED TEST DATA
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Test UAS

United States Aluminum Window Testing

Test Name UAS Test Date  6/24/2004 Temperature Information (°F)
Driver Length 60 Driver Pressure 18 psi Ambient 82
Witness Room Interior 85
RWE 24" At Glass Surface 87
Negative
Full Scale| Offset
Gauge Gauge Serial Voltage | Voltage | Conditioner Peak Maximum
Number Type Number | Sensitivity | (volts) (volts) Gain Pressure| Impulse | Duration
1 102M196| 18619 100.1 4 -1 1 4.3 32.0 19.5
2 102M196 | 18620 94.31 4 -1 1 4.1 32.6 17.4
3 102M196 | 21227 99.82 4 -1 1 4.4 32.5 20.1
4 102M196 | 21225 103 4 -1 1 0.1 0.9 15.7
5 353B18 60248 10.53 10 -2 0.5 1.56 19.6
6
7
8 | Averagle Airblast Data 4.3 32.4 19.0
9
10 Video Time Offset 0 msec
11
12
13
14
15
16
Window Description
United States Aluminum Series BR604 Blast Resistant Glazing System in an 8-foot by 8-foot window wall configuration with
door as shown in drawings labeled USA-2774, Sheets 1 through 15, dated 1/14/04.
Response Description
Only the large glass pane was fractured by the applied load. The exterior lited fracture and the fragments fell on the non-
protected side of the specimen, and the exterior layer of glass of the laminated lite was cracked. The interior lite was
uncracked. No glass dusting or any other debris was observed on the protected side of the window. No apparent damage to
framing members was observed. Less than 1/16-inch deflection was measured for the vertical mullion.

11
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Post-test Photographs of Test Specimen

14
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Dusting Debris on Floor of Witness Room

Post-test Photograph of Witness Panel

15
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Test UAG6

United States Aluminum Window Testing

Test Name UA6 Test Date  6/24/2004 Temperature Information (°F)
Driver Length 60 Driver Pressure 18 psi Ambient 87
Witness Room Interior 90
RWE 24" At Glass Surface 92
Negative
Full Scale| Offset
Gauge Gauge Serial Voltage | Voltage | Conditioner Peak Maximum
Number Type Number | Sensitivity | (volts) (volts) Gain Pressure| Impulse | Duration
1 102M196| 18619 100.1 4 -1 1 4.4 32.9 20.1
2 102M196 | 18620 94.31 4 -1 1 4.3 32.9 17.3
3 102M196 | 21227 99.82 4 -1 1 4.4 33.1 19.9
4 102M196 | 21225 103 4 -1 1 0.1 1.0 16.0
5 353B18 60248 10.53 10 -2 0.5 0.95 20.5
6
7
8 | Averagle Airblast Data 4.4 33.0 19.1
9
10 Video Time Offset 0 msec
11
12
13
14
15
16
Window Description
United States Aluminum Series BR604 Blast Resistant Glazing System in an 8-foot by 8-foot window wall configuration with
door as shown in drawings labeled USA-2774, Sheets 1 through 15, dated 1/14/04.
Response Description
Only the large glass pane was fractured by the applied load, including both glass layers of the laminated lite.Glass dusting
was generated on the protected side of the test specimen, but no impacts or punctures were observed in the witness panel.
No apparent damage to framing members was observed. Less than 1/16-inch deflection was measured for the vertical
mullion.

16
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Post-test Photographs of Test Specimen
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Dusting Debris on Floor of Witness Room

20
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Post-test Photograph of Witness Panel (Impact in Witness Panel occurred in Test UA3)
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Test UA7

United States Aluminum Window Testing

Test Name UA7 Test Date  6/24/2004 Temperature Information (°F)
Driver Length 60 Driver Pressure 18 psi Ambient 91
Witness Room Interior 94
RWE 24" At Glass Surface 96
Negative
Full Scale| Offset
Gauge Gauge Serial Voltage | Voltage | Conditioner Peak Maximum
Number Type Number | Sensitivity | (volts) (volts) Gain Pressure| Impulse | Duration
1 102M196| 18619 100.1 4 -1 1 4.2 31.6 19.9
2 102M196 | 18620 94.31 4 -1 1 4.3 31.9 17.0
3 102M196 | 21227 99.82 4 -1 1 4.6 32.0 19.7
4 102M196 | 21225 103 4 -1 1 0.1 1.3 20.1
5 353B18 60248 10.53 10 -2 0.5 1.56 19.0
6
7
8 | Averagle Airblast Data 4.4 31.8 18.9
9
10 Video Time Offset 0 msec
11
12
13
14
15
16
Window Description
United States Aluminum Series BR604 Blast Resistant Glazing System in an 8-foot by 8-foot window wall configuration with
door as shown in drawings labeled USA-2774, Sheets 1 through 15, dated 1/14/04.
Response Description
The test specimen was undamaged by the applied load. No glass breakage or permanent frame deformations were
observed. The door rebounded open in the test, but remained completely operational after the test.

22
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US General Services Administration (GSA)
Standard Test Method for Glazing and Glazing Systems

Subject to Airblast Loadings1

This gandard is a modified version of A3TM 1642-06. Modifications have been made to reflect the GSA s needs

The tests

performed for G3A4 and by contractors for G3A since 1996 have used this protocol. The tests have been performed in enclosed
concretereaction siructures.  Test charges hawe nominally been 500 LB of TNT equivalent.

INTRODUCTION

Historical records show that fragments from glazing that has failed as the result of intentional or
accidental explosions present a serious threat of personal injury. Glazing failure also allows blast
pressure to enter the interior of buildings thus resulting in additional threat of personal injury and
facility damage. These risks inerease in direct proportion to the amount of glazing used on the
building fagade. This test method addresses only glazing and glazing systems. It assumes that the
designer has wverified that other structural elements have been adequately designed to resist the

anticipated airblast pressures.

1. Scope

1.1 This test method sets forth procedures for the
evaluation of the resistance of glazing or glaring systems
against airblast loadings.

1.2 This test method allows for glazings to be tested
with or without framing systems.

1.3 This test methodis designed to test all glazings and
glazing systems, including those fabricated from glass,
plastic, glass-clad plastics, laminated glass, glass/plastic
glazing materials, and film-backed glass.

14 The values stated in inch-pound units are to be
regarded as the standard.

1.5 This standard does nat purport to address all of the
safety concerns, i any, assoctated with its use. I is the
respansibility of the wser of this standard to estublish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. See
Section 8 for specific hazards statements.

2. Referenced Document
21 G8A Security Document:
GSA Security Criteria, Final Working Version,
October 8, 1997.
22 ISC Security Criteria:
ISC Securiy Criteria for New Federal Office Buildings and
MMajor Renovation Projects, The Interagency Security
Compmtittee, May 28,2001,
2.3 ASTM Standard:
E 997 Test Method for Structural Performance of
Glass in Exterior Windows, Curtain Walls, and
Doors Under the Influence of Uniform Static Loads
by Destructive Methods?

3. Terminology

3.1 Defintions:

3.1.1 ambient temperature - 75 + 25° F.

3.1.2 Blast mat—a steel or concrete pad upon which
high explosive may be detonated to reduce the incidence of
ejecta.

TThis test method i9 under the jurisdiction of ASTM Comrmttee F-12 on
Security Systems and Equipment and is the direct responsibility of
Subcommities F12.10 on Systems, Products, and Services.

Current edition approwved March 10, 19%6. Published July 1096
Originally published as F 1642 — 95, Last previous edition F 1642 - 05
Ll Book of ASTA Stemdards, Val. 04-07

41

3.1.3 gffective pasitive phase duration (T)-the duration
of an idealized triangular pesitive phase reflected airblast
pressure time history, having an instantaneous rise to the
measured P, with a linear decay to ambient, such that the
impulse of the idealized pressure time history equals T of
the measured positive phase of the reflected airblast time
history.

3.1.3.1 Discussion—The idealized triangular airblast
wave is considered to provide a reliable standard measure
of the positive phase airblast intensity.

3.1.4 glozing—transparent  materials
windows, doors, or other panels.

3.1.5 glazing system—the assembly comprised of the
glazing, its framing system, and anchorage devices.

3.1.6 peak positive pressure (F)—the maximum
measured positive phase reflected airblast pressure, pounds
per square inch.

3.1.7 posgtive phase mpulse (T—the integral of the
measured positive phase reflected airblast pressure time

used  for

history, pounds per square inch-milliseconds (more
correctly called the specific positive phase tapulse).
3.1.8 reflected airblasi pressure—the  pressure

increase that a surface, oriented other than parallel to the
line from the detonation point to the surface, experiences
due to the detonation of a high explosive charge.

3.1.8.1 Discussion—The reflected airblast pressure time
history, as measured at a point on the surface, consists of
two separate phases. The positive phase is characterized by
a nearly instantancous rise to a maximum pressure followed
by an exponential decay to ambient pressure. In the
negative phase, which follows immediately the positive
phase, the pressure decreases below ambient for a period of
time before returning to ambient.

3.1.9 simply supported glazings—glazings supported
in accordance with Test Method E 997 with the edges of
the glass extending to a minimum of 1/8 in. beyond the
neoprene supports.

3.1.10 test director—the individual identified by the
independent testing laboratory as being responsible to
complete the specified tests as required and to document
the results in accordance with this test method.

4. Summary of Test Method
4.1 This test method preseribes the required apparatus,
procedures, specimens, and other requirements necessary to

BakerRisk Project No. 01-00750-002-00
September 8, 2004
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determine the airblast resistance capacity of a glazing or

glazing system. Performance Dretactian YHomard Description of Window
Condition Lavel Levd Glazing Response

5. Significance and Use

51 This test mdhod_ provides a lt:ructu.rcd proccdurc_ to 1 Sofe Hosie S?::iie;;z;izﬂ
establish the airblast resistance capacity and fragmentation glazing of frame
charactenisties of glazings and glazing systems. Such Glazing cracks but is
evaluations will allow comparison of the relative benefits retained by the frame
of the glazings and glazing systems on matigating hazards 2 Very High None Dusting or very small
to building occupants. Knowing the airblast resistance fragments near sill or on
capacity reduces the nisk of personal injury and facility floor acceptable
damage. Glazing cracks.

5.2 The airblast resistance capacity for a glazing or 3a High Very Low | Fragments enter space
glazing material does not imply that a single specimen will and land on floor no
resist the specific arblast for which it is rated with a :::th« ;hm 3k ok
probability of 1.0. The probability that a single glazing or G; Ty -
glazing construction specimen will resist the specific o]
airblast for which it is rated increases proportionally with o e

. s 3b High Low and land on floor ne
the number of test specimens that successfully resist the Eorther than 10 B froin
given level of airblast. s window

Glanng cracks
6. Performance Criteria Fragments enter space

6.1 The performance of the glazing or glazing system and land on floor and
shall be rated according to the GSA performance criteria as 4 Medium Medium unpact a vertical witness
illustrated in the following figure and table based on the panel at a distance of no
fragment hazard generated by the test specimen. The tested more than 106 from the
article is given a fragment hazard rating based on the wandow at a height no
location of fragments in and around the test reaction g;raaf;er thiwn 253 Whpve
structure. The GSA scheme was adopted from a similar Gleuizorcracks —
scheme developed in the United Kingdom for rating the mndﬁi S¥isen Tal
han._rd from glazing frngmmtal:_lon. A witness panel is catagtrophically
required no more than 10 ft behind the window to survey Fragments enter space
fragment impacts. 5 Low High impacting a vertical

witness panel aft a
diztance of no more than
10 ft. from the wandow at
a height greater than 2 ft
above the floor

Occupied Space 7. Apparatus

71 Test Facility—The test facility for qualifying a
product shall consist of either n shock tube or an open-mr
arena.  Subsequent development tests may use open-air
explosives or shock tubes or both, Open-air arenas should
be sited on clear and level terrain. The test facility shall be
situated, and be of sufficient size, to accommodate the
detonation of the required amount of explosives to provide
the desired peak positive pressure and positive phase
impulse. The test director shall ensure that potential
| environmental impact issues are determined and resolved
prior to testing. The test director shall ensure that testing 1s
conducted at ambient temperature in accordance with
Seetion 3.1.1.

72 High Explosive (HE) Charge—A high explosive
charge shall be used to generate the desired peak pressure
and the positive phase impulse on the test specimen. The
charge shall be hemispherical and detonated at ground
level. Other charge configurations ¢an be used. The
effects of using other charge configurations must be
accounted for and documented.

73 Blast Mat—If there is a possibility likelihood of
crater ejecta interfering with the test, the high explosive
charge shall be placed on a blast mat. The decision to use a
blast mat shall be at the diseretion of the test director,

3a 3h 4

331t 6.7 1t

Side view schematic of criteria
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T4 Test Frame—A test frame suitable for supporting
glazings or glazing systems shall be used. Glazing tested
without a specific framing system shall be supported in a
simple support subframe that is attached to the test frame.
If a glazing system is tested, the glazing system shall be
mounted to the test frame in a manner that closely models
the manner in which it will be mounted in the field. The
test frame shall be capable of resisting the airblast with
deflections that do not exceed L/360 along lines of support
for the simple support subframe or the glazing system. The
area immediately behind the test specimens shall be
enclosed to prevent airblast pressure from wrapping behind
the test specimens.

7.3 Simple Support Sibframe—A subframe, attachable
to the test frame, to support glazing in accordance with Test
Method E 997.

7.6 Instrumentation:

7.6.1 FPressure Transducers—A minimum of two
airblast pressure transducers shall be used on each test
reaction structure to measure the reflected pressure for
specimens tested in a face-on configuration and the incident
pressure for specimens tested in a side-on orientation. That
is, the pressure measured should be the pressure in
direction of loading and response of the glazing. A
minimum of one interior pressure transducer is required in
each test structure. If interior partitions are used to isolate
interior pressure environments for the test specimens, an
interior pressure transducer shall be used in each
partitioned volume containing one or more test specimens.
The airblast pressure transducers shall be capable of
defining the anticipated airblast pressure history within the
linear range of the transducer. The transducers shall have a
rise/response time and resolution sufficient to capture the
complete event.

7.6.2 Data Acguisition System {DAS)—The DAS shall
consist of either an analog or digital recording system with
a sufficient number of chamnels to accommodate the
pressure transducers and any other electronic measuring
devices. The DAS must operate at a sufficiently high
frequency to record reliably the peak positive pressure.
The DAS shall also incorporate filters to preclude alias
frequency effects from the data.

7.6.3 Fhatographic Eguipment—Photographic
equipment shall be available to document the test. High
Speed Photography (500 to 1000 frames per second),
normal speed video, and still photography is recommended.

T7.6.4 Temperature Measuring Device { TMD)—A TMD
shall be used to accurately measure glazing surface
temperatures.

7.6.5 Wiiness Panels—Witness panels shall consist of
a foam board with a thin aluminum sheet or paper to record
fragment impacts. The witness panel shall be mounted no
more than 10 feet from the pretest window location.

8. Hazards

8.1 Storage, handling, and detonation of high explosive
material should be conducted in accordance with applicable
state and federal statutes by experienced professionals.

9. Specimens

9.1 The test sponsor shall provide the test specimens.
The number of specimens provided shall consist of the
number of specimens to be tested. Extra samples should
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be prepared in case of breakage due to transportation and/or
installation.

92 The test director shall ensure that the test
specimens are handled and stored in compliance with
manufacturer’s instruetions.

93 Each specimen shall be marked with the
manufacturer’s model and serial numbers and the date of
manufacture.

9.4 Each specimen shall be marked clearly to indicate
its proper orientation to the explosive charge to preclude
improper installation in the test frame.

9.3 To ensure proper support of glazing system test
specimens, the test director shall obtain engineering
information on anchoring details from the manufacturer.

10. Preparation of Apparatus and Specimens

10.1 Instrumentation:

10.1.1 At least two pressure transducers shall be
installed on the test structure. The pressure transducers
shall be flush with the outer surface of the test structure.
The transducers should be located on the horizontal
centerline of the test specimens at a distance from the edge
of the test specimens not to exceed one half the shortest
dimension of the specimen. Alternate locations may also
be used.

10.1.2 The pressure transducers shall then be connected
to the DAS and tested to verify proper operation.

10.2  Test Frames:

10.2.1 The test specimens shall be installed in the test
frame. The face of the test frame with the test specimens
installed shall be approximately a plane surface. No
openings shall exist in this surface through which airblast
pressure can infiltrate behind the test specimens. The area
immediately behind the test specimens shall be enclosed to
prevent airblast pressure from wrapping behind the test
specimens.

103 Specimens:

103.1 The test director shall assign a number, and
mark accordingly, each test specimen.

103.2 Thickness measurements of the glazing material
should be made at each corner, 1 in. in from the edges, and
recorded. Measurements of the lengths of the edges of the
specimens shall be made and recorded.

104 Photography:

104.1 Prior to the test, a photographic record that
adequately portrays the test specimens, the test frame, and
the test configuration shall be made. This photographic
record shall consist of still photographs and may include
motion pietures or video.

104.2 If a photographic record of the response of the
test specimens during the test is desired, high speed motion
picture cameras or high speed video cameras, or both, shall
be setup.

10.5 Witness Panels:

10.5.1 Witness panels shall be put in place to record
spalling fragmentation from the test specimen.

11. Report

11.1 Upon completion of a test of glazing speciment(s),
the test director shall report the results of the test. Report
the following mandatory information:

11.1.1 Description of test glazing or glazing system
specimens, including pertinent dimensions, construction,
and glazing materials.
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11.1.2 Complete description of framing.

11.1.3 Number of specimens tested.

11.1.4 Ambient temperature should be measured
immediately prior to clearing the test range before the test.

11.1.5 Temperature of the glazing should be measured
immediately prior to clearing the test range before the test.

11.1.6 Peak positive pressure should be measured from
each reflected airblast pressure transducer on the reaction
structure supporting the test specimens.

11.1.7 Positive phase duration should be measured
from each reflected airblast pressure transducer on the
reaction structure supporting the test specimens.

11.1.8 Positive phase impulse, L.

11.1.9 The recorded airblast pressure history from each
pressure transducer.

11.1.10 Condition of the test specimens immediately
following the test.

11.1.11 Damage to the witness panels.

11.1.12 Status of the specimens (that is, the performance
condition according with6.1.)

112 The test report shall contain the photographic
record of the test setup in accordance with 104. In
addition, the test report shall contain detailed photographs
of each test specimen following the test. Each specimen
shall be labeled in the post-test photographs to allow for
clear identification,

113 If any motion picture records are made of the
petformance of the test specimens, such motion picture
records shall become part of the test report.

114 The original copy of the test report shall be
furnished to the sponsor of the test. The test director shall
keep a copy of the test report on file.

12. Precision and Bias

12.1 No statement is made concerning either the
precision or bias of this test method since the result merely
states the actual performance of a glazing or glazing system
subjected to an airblast loading.

13. Keywords

13.1 airblast rating; effective positive phase
duration; glazing; glazing systems; high explosive;
peak positive pressure; positive phase impulse;
airblast pressure.
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