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PREFACE 
 
 
Applied Research Associates, Inc. (ARA) conducted four high-explosive tests from 

September 20 - 21, 2004 to evaluate the glass fragment hazard mitigation characteristics of 

window systems developed by CPFilms, Inc.  Four high-explosive tests were conducted with 

four windows evaluated in each test. 

The tests were performed at the Energetic Materials Research and Testing Center 

(EMRTC) located in Socorro, New Mexico. The test site is jointly operated by the New Mexico 

Institute of Mining and Technology and Applied Research Associates, Inc.  

The Security Engineering Group of ARA provided test structures, test design, test 

planning, and documentation of the results.  Mr. James T. Brokaw was the principal investigator 

and the field test engineer for this effort.  The ARA team assigned to this project included Mr. 

Kenneth W. Herrle and Mr. Ryan D. Wade.  The Shock Physics Division and Rocky Mountain 

Division of ARA, under the direction of Mr. Donald Cole and Mr. Larry Brown, respectively, 

were responsible for test bed preparation, construction, test instrumentation, data collection, and 

test execution. 

This work was sponsored by CPFilms, Inc.  The support and effort provided by Mr. 

Andres A. Vasquez, CPFilms’ point of contact, are greatly appreciated. 
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EXECUTIVE SUMMARY 
 

In response to the heightened concern about terrorism, the US Government and private 

industry are developing and testing new technologies to mitigate hazards to people in the vicinity 

of a terrorist bombing.  Propelled by the forces of a terrorist bomb, glass fragments cause serious 

injuries to large numbers.   

The US General Services Administration (GSA) developed a comprehensive security 

criteria (GSA Security Criteria, October 8, 1997) that includes physical security, electronic 

security, and many other criteria for blast considerations.  These criteria formed the basis for the 

Interagency Security Committee (ISC) Security Criteria (October 31, 2003). The GSA has 

indicated that manufacturers must test their window products against the criteria to evaluate the 

performance of these products in blast if they want to be considered for use in GSA buildings. 

Actual window designs are then performed with the GSA computer program WINGARD 

(Window Glazing Analysis Response and Design). 

CPFilms commissioned ARA to perform open-air high-explosive tests from September 

20 - 21, 2004.  Four high-explosive tests were conducted with four windows evaluated in each 

test.  The test used the GSA standard test protocol (GSA-TS01-2003) which will be included in 

the final report.  The window systems were mounted in enclosed concrete reaction structures.  

The response of the window systems was captured with high-speed film and still photography.  

An exterior, high-speed camera and an exterior, normal-speed video camera were used to capture 

the view of the structures and the explosive detonation for the test.  The reaction structures were 

instrumented with pressure gauges to measure the exterior reflected pressure on the specimens 

and the internal pressure in the structures.  

The test charge was 600 lb of Ammonium Nitrate and Fuel Oil (ANFO), which is 

equivalent to 500 lb of TNT.  The standoff distance to the test structures was 165 ft.  The ANFO 

charge was hemispherical and was detonated at ground level. 

The nominal total window size for the test was 48 inches wide by 66 inches high.  The 

glass types used for the tests were both monolithic annealed glass (AG) and thermally tempered 

glass (TTG).  The vision opening of the windows was measured to be 44 1/2 inches wide by 63 

inches high.  The windows were tested in typical commercial aluminum frames.  The windows 
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were anchored to the test structure using 1/2-inch diameter Grade 5 steel bolts spaced at 6 inches 

on center around the window perimeter. 

The ISC performance conditions for windows are presented graphically in the figure and 

described in the table below.  The ISC approach compares potential hazards based on the type 

and location of glass fragments interior and exterior to the test cubicle.  These criteria indirectly 

reflect the velocity (hence hazard level) of fragments based on their distance from the original 

window position.  

 The results of the test are documented in Tables 2 - 5 and Figures 2 - 17.  As tested, all 

windows can be developed to provide a high level of protection or greater against the GSA Level 

C (ISC Medium) loading of 4 psi and 28 psi-msec.  Quality control during installation is very 

important and could drastically affect window response.  The CPFilms’ window number 

designation for each window tested is provided in Table 6.  A sketch of the Frame/lok® 

mechanical attachment system used in Test 1 and 2 is shown in Figure 35.  A sketch of the 

Tremco Proglaze® SSG wet-glazed attachment system used in Test 3 and 4 is shown in Figure 

36. 
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Figure 1.  Glazing protection levels based on fragment impact locations. 

 

 

Table 1.  Glazing protection levels based on fragment impact locations. 
 

Performance 
Condition 

Protection 
Level 

Hazard 
Level 

Description of Window Glazing Response 

1 Safe None Glazing does not break. No visible damage to glazing 
or frame. 

2 Very High None 
Glazing cracks but is retained by the frame.  Dusting 
or very small fragments near sill or on floor 
acceptable. 

3a High Very 
Low 

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

3b High Low Glazing cracks.  Fragments enter space and land on 
floor no further than 10 ft. from the window. 

4 Medium Medium 

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. 

5 Low High 

Glazing cracks and window system fails 
catastrophically.  Fragments enter space impacting a 
vertical witness panel at a distance of no more than 10 
ft. from the window at a height greater than 2 ft. above 
the floor. 
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TEST 1 SUMMARY 

Date:        20 September 2004 
Nominal Charge Weight, lb ANFO:     600 
Standoff to structure, ft:      165 
Avg. Measured Peak Pressure, psi:     4.69 
Avg. Measured Positive Impulse, psi-msec:    30.58 
Time of Detonation:      12:31 pm 
Ambient Temperature, deg F:     75 
 

Table 2.  Test 1 window summary. 
Test Article Window 1 Window 2 Window 3 Window 4 

Specimen 
Description 

1/4-inch monolithic 
TTG, mechanically 

attached 8-mil 
security film(7) 
(SCL-SR-PS8) 

1/4-inch monolithic 
AG, mechanically 

attached 8-mil security 
film(7)  

(SCL-SR-PS8) 

1/4-inch monolithic 
AG, mechanically 

attached 8-mil security 
film(7)  with mirror-

tinted finish  
(R20-SR-PS8) 

1/4-inch monolithic 
TTG, mechanically 

attached 8-mil security 
film(7)  

(R20-SR-PS8) 

Damage 
Description 

Glazing cracked but 
remained in frame.  

No failure of film or 
mechanical 

attachment.  No 
visible frame 
deformation. 

Glazing cracked. Film 
remained attached to 
the frame.  Tear in 
center of film and 

small tear in lower left 
corner of film.  No 

visible frame 
deformation. 

Glazing cracked. Film 
remained attached to 

the frame.  Slight 
separation between 

mechanical attachment 
system and window 
film in the upper left 
corner.  No visible 
frame deformation. 

Glazing cracked. Film 
remained attached to 

the frame.  Large 
separation between the 
mechanical attachment 
system and the left side 

of the frame.  No 
visible frame 
deformation. 

Window 
Glazing 

Response 

A small amount of 
glass was stripped 
from the center of 

the film and landed 
exterior to the test 

structure. No 
fragments visible 

inside of test 
structure. 

Most of the glass was 
stripped from the film 
and landed exterior to 

the test structure.  
Small fragments 
entered the 3a-3b 

performance condition 
region. No impacts 
visible on witness 

panel. 

Most of the glass was 
stripped from the film 
and landed exterior to 

the test structure. Light 
dusting of glass on sill. 
No impacts visible on 

witness panel. 

Some of the glass was 
stripped from the film 
and landed exterior to 

the test structure.  Small 
fragments entered the 

3a-3b performance 
condition region. No 

impacts visible on 
witness panel. 

Hazard 
Level None Low None Low 

Protection 
Level Very High High Very High High 

Performance 
Condition 2 3b 2 3b 

 
 
Test Notes: 
1) The window system was mounted in a standard commercial fixed aluminum frame. 
2) The window system was anchored to the test structure with 1/2-inch Grade 5 steel bolts at 6 inches on center. 
3) Witness panels were located approximately 120 inches behind window. 
4) The tests site is at an altitude of 6200 ft above sea level. 
5) AG = annealed glass, TTG = tempered glass 
6) Window edges (left and right) are based on a person standing interior to the window looking outside. 
7) Frame/lok® mechanical attachment system used on all four sides of the window frame.  
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TEST 2 SUMMARY 

 
Date:        20 September 2004 
Nominal Charge Weight, lb ANFO:     600 
Standoff to structure, ft:      165 
Avg. Measured Peak Pressure, psi:     4.36 
Avg. Measured Positive Impulse, psi-msec:    30.49 
Time of Detonation:      4:31 pm 
Ambient Temperature, deg F:     82 
 

Table 3.  Test 2 window summary. 
Test Article Window 1 Window 2 Window 3 Window 4 

Specimen 
Description 

1/4-inch AG (outer), 
1/2-inch air gap, 

1/4-inch AG (inner), 
mechanically attached 
8-mil security film(7) 

with mirror-tinted 
finish (R20-SR-PS8) 

1/4-inch TTG (outer), 
1/2-inch air gap, 

1/4-inch TTG (inner), 
mechanically 
attached 8-mil 
security film(7)  
(R20-SR-PS8) 

1/4-inch TTG (outer), 
1/2-inch air gap, 

1/4-inch TTG (inner), 
mechanically attached 
8-mil security film(7) 

(SCL-SR-PS8) 

1/4-inch AG (outer), 
1/2-inch air gap, 

1/4-inch AG (inner), 
mechanically attached 
8-mil security film(7) 

(SCL-SR-PS8) 

Damage 
Description 

Outer glazing failed 
with fragments landing 

outside of test 
structure.  Inner 

glazing cracked but 
remained in frame.  No 

failure of film or 
mechanical 

attachment.  No visible 
frame deformation. 

No damage to outer 
and inner glazing.  

Slight film bubbling 
along the top center 

of the interior 
glazing.  No failure 

of film or mechanical 
attachment.  No 

visible frame 
deformation. 

No damage to outer 
and inner glazing.  

Slight film bubbling 
along the top and right 

side of the interior 
glazing.  No failure of 

film or mechanical 
attachment.  No 

visible frame 
deformation. 

Outer glazing failed 
with fragments landing 

outside of test 
structure.  Inner 

glazing cracked but 
remained in frame.  No 

failure of film or 
mechanical attachment.  

No visible frame 
deformation. 

Window 
Glazing 

 Response 

No fragments visible 
inside of test structure. No visible damage. No visible damage. No fragments visible 

inside of test structure. 

Hazard 
 Level None None None None 

Protection 
Level Very High Safe Safe Very High 

Performance 
Condition 2 1 1 2 

 
 
Test Notes: 
1) The window system was mounted in a standard commercial fixed aluminum frame. 
2) The window system was anchored to the test structure with 1/2-inch Grade 5 steel bolts at 6 inches on center. 
3) Witness panels were located approximately 120 inches behind window. 
4) The tests site is at an altitude of 6200 ft above sea level. 
5) AG = annealed glass, TTG = tempered glass 
6) Window edges (left and right) are based on a person standing interior to the window looking outside. 
7) Frame/lok® mechanical attachment system used on all four sides of the window frame.



 
CPFilms Test Report 
Quick-Look Report 

Proprietary Information 
Limited Distribution Only 

Page 15 

Test Conducted 
September 20 – 21, 2004 

 

TEST 3 SUMMARY 
 
Date:        21 September 2004 
Nominal Charge Weight, lb ANFO:     600 
Standoff to structure, ft:      165 
Avg. Measured Peak Pressure, psi:     4.48 
Avg. Measured Positive Impulse, psi-msec:    30.49 
Time of Detonation:      12:41 pm 
Ambient Temperature, deg F:     82 
 

Table 4.  Test 3 window summary. 
Test Article Window 1 Window 2 Window 3 Window 4 

Specimen 
Description 

1/4-inch outer AG, 
1/2-inch air gap, 

1/4-inch inner AG, 
wet-glazed 8-mil 
security film(7) 
(R20-SR-PS8) 

1/4-inch outer AG, 
1/2-inch air gap, 

1/4-inch inner AG, wet-
glazed 8-mil security 

film(7)  (SCL-SR-PS8) 

1/4-inch outer TTG, 
1/2-inch air gap, 

1/4-inch inner TTG, 
wet-glazed 8-mil 
security film(7) 
(SCL-SR-PS8) 

1/4-inch outer TTG, 
1/2-inch air gap, 

1/4-inch inner TTG, 
wet-glazed 8-mil 
security film(7) 

with mirror-tinted 
finish (R20-SR-PS8) 

Damage 
Description 

Outer glazing failed 
with fragments landing 

outside of test 
structure. Inner glazing 
cracked but remained 
in frame. No failure of 

film or wet-glazed 
attachment.  No visible 

frame deformation. 

Outer glazing failed 
with fragments landing 
outside of test structure.  
Inner glazing cracked. 

Film remained attached 
to the frame.  No failure 

of film or wet-glazed 
attachment.  No visible 

frame deformation. 

No visible damage to 
glazing.  No failure 

of film or wet-glazed 
attachment.  No 

visible frame 
deformation. 

Outer glazing 
cracked but remained 
in frame.  No visible 

damage to inner 
glazing.  No visible 
frame deformation. 

Window 
Glazing 

 Response 

Inner glazing cracked 
but remained in frame.  
No fragments visible 

inside the test structure. 

Some of the interior 
glass was stripped from 

the film and landed 
exterior of the test 

structure.  No fragments 
visible inside the test 

structure. 

No visible damage to 
glazing.  No 

fragments visible 
inside the test 

structure. 

No visible damage to 
inner glazing.  No 
fragments visible 

inside the test 
structure. 

Hazard 
 Level None None None None 

Protection 
Level Very High Very High Safe Very High 

Performance 
Condition 2 2 1 2 

 
Test Notes: 
1) The window system was mounted in a standard commercial fixed aluminum frame. 
2) The window system was anchored to the test structure with 1/2-inch Grade 5 steel bolts at 6 inches on center. 
3) Witness panels were located approximately 120 inches behind window. 
4) The tests site is at an altitude of 6200 ft above sea level. 
5) AG = annealed glass, TTG = tempered glass 
6) Window edges (left and right) are based on a person standing interior to the window looking outside. 
7) Tremco Proglaze® SSG wet-glazed attachment system (3/4-inch by 3/4-inch silicone contact lengths) used on all 
four sides.  
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TEST 4 SUMMARY 

Date:        21 September 2004 
Nominal Charge Weight, lb ANFO:     600 
Standoff to structure, ft:      165 
Avg. Measured Peak Pressure, psi:     4.43 
Avg. Measured Positive Impulse, psi-msec:    30.34 
Time of Detonation:      3:48 pm 
Ambient Temperature, deg F:     84.9 
 

Table 5.  Test 4 window summary. 
Test Article Window 1 Window 2 Window 3 Window 4 

Specimen 
Description 

1/4-inch 
monolithic 

TTG, wet-glazed 
8-mil security 

film(7)  
(R20-SR-PS8) 

1/4-inch monolithic 
AG, wet-glazed 8-mil security 

film(7)  
(SCL-SR-PS8) 

1/4-inch monolithic 
TTG, wet-glazed 8-mil 

security film(7)  
(SCL-SR-PS8) 

1/4-inch monolithic 
AG, wet-glazed 8-mil 
security film(7) (R20-

SR-PS8) 

Damage 
Description 

No visible damage 
to glazing.  No 

failure of film or 
wet-glazed 

attachment.  Slight 
film bubbling at 

top center of 
glazing. 

No visible frame 
deformation. 

Glazing cracked but remained 
partially in frame due to wet-

glazed attachment of film. The 
film tore from the attachment 

completely along the right side 
and a significant length along 

the top and bottom of the 
frame.  Large tear located in the 
center of the window film.  No 

visible frame deformation. 

Glazing cracked but 
remained partially in frame 

due to wet-glazed 
attachment of film. The film 

tore from the attachment 
completely along the right 

side and a significant length 
along the bottom of the 
frame.  No visible frame 

deformation. 

Glazing cracked. Film 
remained attached to 
the frame. Slight tear 
in bottom right corner 

of film.  No visible 
frame deformation. 

Window 
Glazing 

 Response 

No visible damage 
to glazing.  No 

fragments visible 
inside the test 

structure. 

Much of the glass was stripped 
from the film and landed 

exterior of the test structure.  
Several fragments entered the 
3a-3b performance condition 

region. No impacts evident on 
witness panel. 

Some of the glass was 
stripped from the film and 
landed exterior of the test 

structure.  Several fragments 
entered the 3a-3b 

performance condition 
region. No impacts evident 

on witness panel. 

Some of the glass was 
stripped from the film 
and landed exterior of 
the test structure.  One 
small fragment entered 

the 3b performance 
condition region. No 
impacts evident on 

witness panel. 
Hazard 
 Level None Low Low Low 

Protection 
Level Very High High High High 

Performance 
Condition 1 3b 3b 3b 

 
Test Notes: 
1) The window system was mounted in a standard commercial fixed aluminum frame. 
2) The window system was anchored to the test structure with 1/2-inch Grade 5 steel bolts at 6 inches on center. 
3) Witness panels were located approximately 120 inches behind window. 
4) The tests site is at an altitude of 6200 ft above sea level. 
5) AG = annealed glass, TTG = tempered glass 
6) Window edges (left and right) are based on a person standing interior to the window looking outside. 
7) Tremco Proglaze® SSG wet-glazed attachment system (3/4-inch by 3/4-inch silicone contact lengths) used on all 
four sides.  
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Table 6.  CPFilms window number summary. 

 

Test 
Test  

Structure 

CPFilms 

Window 

Number 

1 3 
2 11 
3 15 

1 

4 7 
1 31 
2 23 
3 19 

2 

4 27 
1 29 
2 25 
3 17 

3 

4 21 
1 5 
2 9 
3 1 

4 

4 13 
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Pressure gauges were installed in each reaction structure to measure the pressure levels 

that the window systems experienced in the explosive test.  There were a total of 12 gauges used 

during this series.  Figure 18 shows the location of each gauge.   

 

Test Stand 1

1A 1B

1C
(mounted on 
witness panel)

Test Stand 1

1A 1B

1C
(mounted on 
witness panel)

Test Stand 2 and 3

2A 2B 3B3A

3C
(mounted on
back wall)

2C
(mounted on
back wall)

Test Stand 2 and 3

2A 2B 3B3A

3C
(mounted on
back wall)

2C
(mounted on
back wall)

Test Stand 4

4A 4B

4C
(mounted on 
witness panel)

Test Stand 4

4A 4B

4C
(mounted on 
witness panel)

Pressure gauge  
Figure 18.  Illustration of pressure gauge locations. 

 

 Waveforms for each of the gauges are shown in Figure 19 - 34.  It should be noted that 

when attempting to determine the peak pressure and impulses, obvious noise (spikes) in the 

waveforms were ignored. 
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Figure 19.  Test 1 exterior pressure gauges.
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Figure 20.  Test 1 exterior impulse gauges. 
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Figure 21.  Test 1 interior pressure gauges. 
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Figure 22.  Test 1 interior impulse gauges.



 
CPFilms Test Report 
Quick-Look Report 

Proprietary Information 
Limited Distribution Only 

Page 31 

Test Conducted 
September 20 – 21, 2004 

 

10/22/2004

Time, msec

P
re

ss
u

re
, p

si

CPFilms Window Tests
Test 2 - September 20, 2004
Exterior Gauges - Pressure

60 90 120 150 180 210 240
-1.5

0

1.5

3

4.5

6

7.5

Gauge 1A (Press)
Gauge 1B (Press)
Gauge 2A (Press)
Gauge 2B (Press)
Gauge 3A (Press)
Gauge 3B (Press)
Gauge 4A (Press)
Gauge 4B (Press)

 

Figure 23.  Test 2 exterior pressure gauges.
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Figure 24.  Test 2 exterior impulse gauges.
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Figure 25.  Test 2 interior pressure gauges.
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Figure 26.  Test 2 interior impulse gauges.
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Figure 27.  Test 3 exterior pressure gauges.
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Figure 28.  Test 3 exterior impulse gauges.
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Figure 29.  Test 3 interior pressure gauges.
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Figure 30.  Test 3 interior impulse gauges.
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Figure 31.  Test 4 exterior pressure gauges.



 
CPFilms Test Report 
Quick-Look Report 

Proprietary Information 
Limited Distribution Only 

Page 40 

Test Conducted 
September 20 – 21, 2004 

 

10/25/2004

Time, msec

Im
pu

ls
e,

 p
si

-m
se

c

CPFilms Window Tests
Test 4 - September 21, 2004
Exterior Gauges - Impulse

60 90 120 150 180 210 240
-8

0

8

16

24

32

40

Gauge 1A (Imp)
Gauge 1B (Imp)
Gauge 2A (Imp)
Gauge 2B (Imp)
Gauge 3A (Imp)
Gauge 3B (Imp)
Gauge 4A (Imp)
Gauge 4B (Imp)

 

Figure 32.  Test 4 exterior impulse gauges.



 
CPFilms Test Report 
Quick-Look Report 

Proprietary Information 
Limited Distribution Only 

Page 41 

Test Conducted 
September 20 – 21, 2004 

 

10/22/2004

Time, msec

P
re

ss
u

re
, p

si

CPFilms Window Tests
Test 4 - September 21, 2004
Interior Gauges - Pressure

60 90 120 150 180 210 240
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

Gauge 1C (Press)
Gauge 2C (Press)
Gauge 3C (Press)
Gauge 4C (Press)

 

Figure 33.  Test 4 interior pressure gauges.
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Figure 34.  Test 4 interior impulse gauges. 
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Figure 35.  Frame/Lok attachment system. 
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Figure 36.  Wet-glazed attachment system. 
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