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Foreword
(This foreword is not part of American National Safety Standard 226.1-1996.}

The American National Standard Safety Standard, Z26.1-1938, was developed by a sectional committee, national in scope, functioning under
the procedure of the American National Standards Association and under the joint sponsorship of the National Bureau of Casualty and Surety
Underwriters (now the American Insurance Association) and the National Bureau of Standards. Tt was the fisst of several separate standards to
be developed within the scope of Standards Committee Z26 on Specifications and Methods of Test for Safety Glazing Materials. That scope is
as follows:

Specifications and methods of test for safety glazing material (glazing material designed to promote safety and reduce or minimize the
likelikood of personal injury from flying glazing material when the glazing material is broken) as used for windshields, windows, and
partitions of land and marine vehicles and aircraft.

Since the original formulation of the American National Safety Standard, Z26.1-1938, the development of synthetic plastic materials has so
far advanced that a number of them appear to be practical for certain uses as safety glazing materials for glazing motor vehicles operating on land
highways; therefore, in the 1966 edition of this standard the forcword and code were modified to the extent necessary to include these synthetic
plastic materials along with glass under the general term of “safety glazing materials” reserving the use of the word "glass" as applying only to
the ceramic material, and of the word "plastic” as applying only to synthetic, organic, plastic materials.

Barly in its deliberations, the 226 Comimittee rccognizéd the fact that no one set of specifications or metheds of test coutd well apply to safety
glazing materials as used for alt purposes. Therefore, the members decided to prepare a separate standard for each of the major usages included
in the scope of the main project. In keeping with that decision, this standard, as its title indicates, pertains only to "Safety Gilazing Materals for
Glazing Motor Vehicles and Motor Vehicle Equipment Operating on Land Highways.” Such motor vehicles and motor vehicle equipment shall
include passenger cars, multipurpose passenger vehicles, trucks, buses, motorcycles, slide-in campers, pickup covers designed to carry persons
while in motion, motorhomes, and trailers,

It is hoped that the test procedures and performance requirements detailed in this standard may be uniformly adopted by motor vehicle
commissioners and other interested regulatory ofticials as the basis for their approval of the safety glazing materials in motor vehicles and motor
vehicle equipment coming within their jurisdiction, or for incorporation in their regulations; that they may serve as a guide to automobile
manufacturers as to the safety glazing materials which will be acceptable to such officials; and that they may enable the consumer (the
commercial operator and the general public) fo have assurance that the safety glazing materials in the motor vehicle that is purchased should
reduce, in comparison with glazing of ordinary types, the likelihood of injury to persons tiding in such motor vehicles and motor vehicle
equipment by these safety glazing materals whether they may be broken ot unbroken.

It is the fundamental purpose of this standard to prescribe the functional properties of safety glazing materials in such a manner that they can
be used in any place in motor vehicles and motor vehicle equipment for which they possess those mechanical or optical properties, or both, that
are requisite and appropriate. For example, safety glazing materials for windshields must pass a specified group of test requirements, all of which
currently ean be met only by certain laminated safety glazing; however, if and when other safety glazing materials are developed which possess
properties such that they, too, fulfiil the requirements of the prescribed tests for this location, they may also be used; and similar reasoning would
apply for other Jocations. This standard is designed to serve two purposes:- (1) to afford a basis for standards for adoption in regulations by
povernmental regulatory bodies; or (2) for use by motor vehicle commissioners or others as reference standards in such cases as they may have
disctetionary authority to adopt these or other standards in connection with the approval of safety glazing materials or other items of use in or on
motor vehicle equipment.

This standard does not state that safety glazing materials shall be used or to what extent they shall be used in glazing motor vehicles and
‘motor vehicle equipment. Such requirements rest with either the legislative or administrative authority. When by law or regulation escape ot
emergency egress openings are required and when such requirernent is met by use of glazed openings, Test 25 (see 5.25) is provided as a means
of measuring and establishing the escape value of the safety glazing material.

This standacd, which is the result of extended and careful consideration of available knowledge and experience on the subject, is intended to
provide minimum requirements that are recommended for use, adoption, and enforcement by federal, state, and local administrative authoritics.

Caution should be exercised not to make laws and regulations dealing with this subject so inflexible as to preclude subsequent adeption of
technological advancements in the developrment of safety glazing materials.



Except for special requirements for specified locations, safety glazing materials of seven general types can meet some or all requirements
detailed in this standard. All seven types are commercially feasible today. Each of them possesses its own distinctive safety characteristics. The
seven types are listed below and are described in Section 1.

(1) Laminated Glass ' (5) Multiple Glazed Unit (Class 1 and Class 2)
(2) Glass-Plastic Glazing Material {6) Bullet-Resistant Glazing
(3) Tempered Glass (D Bullet-Resistant Shield

(4) Plastic

The Z26 Committee and the Secretariat believe that this standard reflects the best cumrent technology in the art of automotive glazing. 1t is
recognized that new developments are to be expected in safety glazing materials, and that revisions of the standard will be necessary as the art
progresses and as further experience is gainad. It is felt, however, that uniform requirements are very much needed, that the standard in its
present form permits the use of the more desirable types of safety glazing materials now commercially available, and that it distinguishes
between the better and the poorer grades of those types, as well as prescribing and, in some cases, limiting the places at which certain types may
be used.

Definitions are provided in Section 1.

Footnotes to this standard are included for purposes of clarification.

Suggestions for improvement of this standard will be welcome. They should be sent to the Secretarial at the Society of Automotive
Engineers, Inc., 3001 W. Big Beaver Road, Suite 320, Troy, Michigan 48084.

This standard was processed and approved for submittal to ANSI by the Society of Antomotive Engineers/American National Standards
Committee on Specifications and Methods of Test for Safety Glazing Matedial, 226, Committee approval of the standard does not necessarily
imply that all committee members voted for its approval, At the time it approved this standard, the Z26 Committee had the following members:

R.1L. Mormison, Chainnan
J. Pokrzywa, Secretary
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1. Definitions

1.1  Bullet-Resistant Glazing

The termn “bullet-resistant glazing” means a glazing
material comprised of one or more layers of glass bonded
together with one or more layers of transparent plastic or
plastic material, solid or laminated, that can meet the
requirements for bullet resistance of this standard (Test 27,
Ballistics).

Bullet-resistant glazing for motor vehicles operating on
land highways is available in four types:

(1) Type MP glazing, ballistically resistant to 9 mm full
metal copper jacket with lead core medium-power
smafl arms ammunition; muzzle velocity 358 m/fs
(1175 fus).

(2) Type HP glazing, ballistically resistant to .357 Magnum
jacketed lead soft point high-power smrall arms
ammunition; muzzle velocity 381 m/s (1250 ft/s).

(3) Type SP glazing, ballistically resistant to .44 Magnum
lead semi-wadcutter gas checked super-power small
arms ammunition; muzzle velocity 411 m/s (1350 ft/s).

{4y Type RR glazing, ballistically resistant to high-power
rifle ammunition; .30 caliber rifle lead core soft point:
muzzle velocity 774 m/s (2540 fu/s). Laminates or
homogeneous glazing materials that meet the
appropriate requirements of this standard in the location
as specified may be used as bullet-resistant glazing for
the foregoing types provided that they satisfactorily
meet the requirements of 1.1 through 3.1 and 13.1
through 13.3 of UL 752 1993, Standard for Bullet-
Resistant Equipment.

1.2 Bullet-Resistant Shield

The term “hullet-resistant shield” means a shield or barricr

that is instalied completely inside a motor vehicle behind and
separate {rom glazing materials that mdepcndcmly comply
with the requirements of this st’md'xrd

1.3 Bus

The term “bus” means a motor vehicle with motive power
(except a trailer) designed to carry more than ten persons’.

1.4 ' Camper

The term “camper” means a structure designed to be
mounted in the cargo area of a truck, or attached to an
incomplete vehicle with motive power, for purposes of
providing shelter for persons.

1 . . -
“Persons” are every natural person, firm, co-parinership, association of
corporation.

1.5  Glass-Plastic Glazing Material

The term “glass-plastic glazing material” means a laminate
of one or more layers of glass and one or more layers of
plastic in which a plastic surface of the glazing faces inward
when the glazing is mounted in a vehicle.

1.6 Laminated Glass

The term “laminated glass” means two or more pieces of
sheet, plate, or float glass bonded together by an intervening
layer or layers of plastic material. Tt will crack or break under
sufficient impact, but the pieces of glass tend to adhere to the
plastic. If a hole is produced, the edges are likely to be less
jagged than would be the case with ordinary annealed glass.

1.7 Manufacturer

The term “manufacturer” means a person who fabricates,
faminates, or tempers safety glazing material.

1.8 Model Number

The term “model number” means a designation assigned
by a glazing manufacturer to a specific safety glazing material
and related by thal manufacturer to a detailed description of
that safety glazing material.

1.9 Motorhome

The term “motorhome” means a multipurpose passenger
vehicle that provides living accommodations for persons.

1.10 Motor Vehicle

The term “motor vehicle” means a vehicle driven or drawn
by mechanical power and manufactured primarily for use on
public ‘streets, roads, and highways, but does not mclude a
vehicle operated only on a rail line.

1.11  Multiple Glazed Unit

The term “multiple glazed unit” means two or more sheets
of glazing material separated by an airspace or spaces and
glazed in a common mounting. For the purposes of this
standard, multiple glazed units are divided into two classes:

{a) Class I comprises multiple glaged units in which each
component single layer or laminated layer complics
with the appropriate requirements of this standard.

(b) Class 2 comprises multiple glazed units in which any
component single layer or laminated layer does not
comply with the appropriate requirements of this
standard.
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1.12 Multipurpose Passenger Vehicle (MPV)

The term “multipurpose passenger vehicle (MPV)" means
a motor vehicle with motive power, except a trailer, designed
to carry ten persons or less which is constructed either on a
truck chassis or with special features for occasional off-road
operation.

1.13 Passenger Car

The term “passenger car™ means a motor velitcle with
motive power, except a multipurpose passenger vehicle,
motorcycle, or trailer, designed for carrying ten persons or
less.

1.14 Pickup Cover

The term “pickup cover” means a camper having a roof
and sides but without a floor, desigied to be mounted on and
removable from the cargo area of a truck by the user.

1.15 Plastic

The term “plastic” rmeans a material that contains as an
essential ingredient one or more organic polymeric substances
of large molecular weight, is solid in its finished state, and, at
some stage in its manufacture or processing into finished
articles, can be shaped by flow.

1.16 Readily Removable Windows

The term “readily removable windows” means windows
that can be quickly and completely removed from the motor
vehicle without tools. Readily removable windows in buses
having a GVWR of more than 4540 kg (10 000 tbs), which are
required to include push-out windows and windows mounted
in emergency exits that can be manually pushed out of their
location in the vehicle without the use of tools, regardless of
whether such windows remain hinged at one edge.

1.17 Safety Glass

The term “safety glass” means safety glazing materials
predominantly ceramic in character that meet the appropriate
requirements of this standard, including (but not limited to)
laminated glass and tempered glass.

1.18  Safety Glazing Materials

A product consisting of organic and/or inorganic materials
so constructed or treated to reduce, in comparison with
annealed sheet, plate, or float glass, the likelihood of injury to
persons as a result of contact with these safety glazing
materials when used in a vehicle, whether they may be broken
or unbroken, and for which special requirements regarding
visibility, strength and abrasion resistance are set-forth.

1.19  Safety Glazing Plastics

The term “safety glazing plastics” includes any safety
glazing material, predominantly synthetic organic in character,
that meets the appropriate requirements of this standard,

including single-ply and laminated products whether rigid or
flexible,

1.20 Slide-in Camper

The term “slide-in camper” means a camper having a roof,
floor, and sides, designed to be mounted on and removable
from the cargo area of a truck by the user.

1.21 Tempered Glass

The term “tempered glass” means a single piece of
specially treated sheet, plate, or float glass possessing
mechanical strength substantially higher than annealed glass,
When broken at any point, the entire piece breaks into small
pieces that have relatively dult edges as compared to those of
broken picces of anncaled glass,

noa

{Other terms such as “heat treated glass,” “toughened glass,”
“case hardened glass,” and “chemically tempered glass” are
used also).

1.22  Trailer

The term “trailer” means a motor vehicle with or without
motive power, designed for carrying persons or property and
for being drawn by another motor vehicle.

1.23 Truck

- The term “‘truck” means a motor vehicle with motive
power {except a trailer) designed primarily to transport
property or special purpose equipment.

2. General

2.1 Use of Descriptive Terms

As the definition indicates, safety glazing materials, in
comparison with annealed sheet glass, plate glass, or float
glass, are intended to reduce the likelihood of injury or the
severity of injury in the event of their breakage. Therefore,
terms  such  as  “nonbreakable,” ‘“nonscatterable,” and
“nonsplinterable” should not be interpreted by the driving
public as meaning that absolute protection is afforded to the
occupants of the vehicle by the safety glazing materials so
described, as the descriptive terms might seem to warrant. No
such terms are used in this standard. :

Bullet-resistant glazing should not be termed “bullet-
proof,” since no bullet-resistant glazing is completely resistant
to penetration by all types of missiles fired from all types of
armament,

2.2 Degree of Safety

One safety glazing material may be superior for protection
against one type of hazard, whereas another may be superior
against another type. Since accident conditions are not
standardized, no one type of safety glazing material can be
shown to possess the maximum degree of safety under all
conditions, against all conceivable hazards.
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2.3 Purpose of Tests

The tests described in Section 5 of this standard are for the
purpose of determining whether a safety glazing material has
certain desirable and obtainable qualities for its acceptance
under this standard. Many of the tests are of such severity that
even a satisfactory product will show occasional failures to an
extent limited by the requirements of the test.

2.4 Referénccd Standards

This standard is intended for use in conjunction with the
following standards:

ASTM D 362-84, Standard Specnﬁcanon for Industrial Grade
Toluenc’

ASTM D 618-95, Methods of Conditioning Plastics and
Electrical Insulating Materials for Testing®

ASTM D 100392, Method of Test for Haze and Luminous
Transmittance of Transparaut Plastics®

ASTM D 104494, Method of Test for Haze and Luminous
Transmittance of Transparent Plastics?

ASTM D 2240-91, Standard Method of Test for Durometer
Hardness of Rubber Property?

ASTM D 3699-92, Specification for Kerosene®

ASTM 12 4329-97 Standard Practice for Operating Light and
Water Apparatus (Fluorescent UV and Condations Type) for
Exposure of Plastics®

ASTM ¢ 53-88  Standard Practice for Operating Light and
Water  Exposure  Apparatus  (Fluorescent UV 'snd
Condensation Type) for Exposure of Nonmetallic Materials®

1985 Annual Book of ASTM Standards’
SAE 1673 APR93, Automotive Safety Glazing®

SAE J2020 JUN89 Accelerated Exposure of Automotive
Exterior Materials  Using a  Fluorescent UV and
Condensation Apparatus’

ISO 3536/1-92 Road vehicles - Safety glazing materials -
Vocabulary - Part 1*

ISO 3537-93 Road vehicles - Safety glazing materials - Test
methods for mechanical properties®

IS0 3538-78 Road vehicles - Safety glazing materials - Test
methods for optical properties®

1SO 3917-92 Road vehicles - Safety glazing materials - Test
methods for resistance to radiation, High temperature,
humidity, fire, and simulated weathering®

? Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA
19428 2959,

3 Available from Society of Automotive Engineers, Inc., 400 Commonwmith
Drive, Warrendale, PA 15096.
1 Available from ANSI, 11 West 42nd Street, New York, NY 100360-8002.

ISO 4892-1 Plastics—Methods of exposurc to laboratory light
sources—Part 1: General guidance*

ISO 4892-2 Plastics—Methods of exposure to laboratory light
sources—Part 2: Xenon-ar¢ sources

ISO 4893-3 Plastics—Methods of expasure to laboratory light
sources—Part 3: Fluorescent UV lamps®

IS0 4892-4:1994 Methods of exposure to laboratory light
sources—Part 4: Open-flame carbon-arc lamps*

FMVSS 210, 49 CFR 571.210 Seat Belt Assembly Anchorages®

OSHA Standard 29 CFR 1910.106 - “Handling Storage and Use
of Flammable Combustibie I_.iquids6

UL 752-1995, Safety Standard for Bullet Resistant
Equipment’ '

3. Specimens To Be Tested
3.1 General

3,11 Variation in Required Specimens. The speciimens
required vary according to the different groups of tests that must
be met by safety glazing materials. Sufficient specimens to
meet these various tests shall be furnishéd, as described in 3.2 to
3.9.

3.1.2  Requirements for ANl Specimens. All specimens of
safety glazing materials shall be furnished representative of the
mode! number with the edges finished, holes drilled where
necessary, and masked, if desired, in accordance with the
commercial practice of the manufacturer. The specimens shall
have the interior or exterior surface so identified if necessary to
identify mounted orientation in a vehicle.

3.2 Tempered Glass

3.2.1 The following specimens shall be subimitted in the case
of tempered glass:

(1) Twenty 305 mm x 305 mm (12 in x 12 in), substantially
flat specimens or, optionally, seventeen 305 mm X
305 mm (12 in x 12 in) and three 76 mm x 305 mm (3 in
% 12 in), substantially flat specimens.

# Available from the Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402,

& Available from OSHA Publication Office, Room S-4203, 200 Constitution
Avenue, NW, Washington, DC 20210.

7 Avaitable from Underwriters Laboralories Ine., Pubhcahons 333 Plingsten
Road, Northbrook, 1L 60062
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(2) Three 102 mm x 102 mm (4 in x 4 in), flat specimens®
having both surfaces substantially plane and parallel,
with a 6.35 mm (%4 in) diameter hole centrally drilled
therethrough. Where fixturing for mounting specimens
on a Taber Abraser is available, the 6.35 mum (% in) hole
is not necessary,

{3) Six production parts representing each model number
construction for Fracture, Test 7.

33 Laminated Glass

33.1  The following specimens shall be submitted in the case
of laminated glass for windshield use: ‘

(1) Thirty-six 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens or, optionally, thirty-three
305 mm x 305 mm (12 in x 12 in) and three 76 mm x
305 mm (3 in x 12 in), substantially flat specimens.

(2) Three 102 mm x 102 mum (4 in x 4 in), flat specimens
having both surfaces substantially plane and parallel,
with a 6.35 mm (% in} diameter hole centrally drilled
therethrough. Where fixturing for mounting specimens
on a Taber Abraser is available, the 6,353 mm (4 in) hole
1S not necessary. -

(3) Where curved laminated safety glass is proposed for use
in windshields, three additional specimens shall be
submitted.  These specimens shall be approximately
305 mm x 305 mun (12 in x 12 in) in size and shall be
cut from the windshield at the section of greatest
curvature (minimum radius).

332  The following specimens shall be submitted in the case
of laminated glass for glazing applications other than
windshields: '

(1) Twenty-six 305 mm x 305 mm ({2 in x 12 in),
substantially flat specimens, or, optionally, twenty-three
305 mm x 305 mm (12 in x 12 in) and three 76 mm x
305 mm (3 in x 12 in}, substantially flat specimens.

(2) Thrée 102 mm x 102 mm (4 in x 4 in), flat specimens
having both surfaces substantially plane and parallel,
with a 6.35 mm (14 in) diameter hole centrally drilled
therethrough. Where fixturing for mounting specimens
on a Taber Abraser is available, the 6.35 mm (% in) hole
is not necessary.

3.4  Glass-Plastic Glazing Materials’

341  The following specimens shall be submitted in the case
of glass-plastic glazing materials for windshield use:

(1) Thirty-eight 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens, or optionally, thirty-five

& Not required for glazings used in areas not requisite for driving visibility.
? The inward facing surface of each glass-plastic laminated glazing specimen
as mounted in the vehicle, shall be identified,

305mm x 305 mm (12 in x 12 in) and three 76 mm x
305mm (3 in x 12 in), substantially flat specimens.

(2) Six 102 mm x 102 mm (4 'in x 4 in), flat specimens
- having both surfaces substantially plane and parallel,
with a 6.35 mm (%4 in) diameter hole centrally drilled
therethrough. Where fixturing for mounting specimens
on 2 Taber Abraser is available, the 6.35 mumn (% in) hole

is not necessary.

(3) Three 102 mm x 102 mm {4 in x 4 in), flat specimens
representing the face that would be mounted to the
exterior of the vehicle.

(4y Ten 25 mm x 178 mm (1 in x 7 in), substantially flat
specimens. :

(5) Three 13 mm x 152 mm (1/2 in x 6 in), substantiaflly flat
specimens.

{6) Where curved glass-plastic glazing material is proposed
for use in windshields, three additional specimens shall
be submitted. These specimens shall be approximately
305 mm x 305 mm (12 in x 12 in) in size and shall be
cut from the windshield at the section of greatest
curvature {minimum radius).

3.4.2  The following specimens shall be submitted in the case
of glass-plastic materials for glazing applications other than
windshields:

3.4.2.1  In the case of glass-plastic glazing materials for use
in areas requisite for driving visibility.

(1) Twenty-eight 305 mm x 305 mun (12 in x 12 in),
substantially flat specimens or, optionally, twenty-five
305 mm x 305 mm (12 in x 12 in) and three 76 mm X
305 mm (3 in x 12 in), substantially flat specimens.

(2) Six 102 mm x 102 mm (4 in x 4 in), flat specimens
having both surfaces substantially plane and paralle],
with 2 6,35 mm (% in) diameter hole centrally drilled
therethrough. Where fixturing for mounting specimens
on a Taber Abraser is available, the 6.35 mm (V4 in) hole
1s nol necessary.

(3) Three 102 mm x 102 mm (4 in x 4 in), flat specimens
representing the face that would be mounted to the
exterior of the vehicle,

(4) Ten 25 mm x 178 mun (1 in x 7 in), substantially flat
specimens.

(5) Three 13 mm x 152 mm (1/2 in x 6 in), substantially flat
specimens.

(6) In addition, for tempered glass-plastic glazing materiz'lls,
for Fracture, Test 7, six production parts representing
each model construction shall be furnished for the test.
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3422  Inthe case of glass-plastic glazing materials for use
in areas not requisite for driving visibility.

(1) Twenty-five 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens.

(2) Three 102 mm x 102 mm (4 in x 4 in), flat specimens
representing the face that would be mounted to the
exterior of the vehicle.

(3) Ten 25 mm x 178 mm (1 in x 7 in), substantially flat
specimens.

(4) Three 13 mm x 152 mm (1/2 in x 6 in), substantiallty flat
specimens.

{5) In addition, for empered glass-plastic glazing materials,
for Fracture, Test 7, six production parts representing
each model construction shall be furnished for the test,

3.5  Multiple Glazed Units

In the case of multiple glazed units, which for the purposes
of this standard are divided into two classes, the specimens
descrihed in 3.5.1 and 3.5.2 shall be furnished as unitary
structures in accordance with the commercial practice of the
manufacturer,

351 Class 1. 1f each of the individual components of the
multiple glazed unit comply with this standard, the specimens
described in 3.5.1.1 and 3.5.1.2 are required.

3.5.1.1 For Windshield Use:

(1) Ten 305 mun x 305 mm (12 in x 12 in), substantially flat
specimens, or, optionally, seven 305 mm x 305 nun
(12in x 12 in) and three 76 mm x 305 mm (3 in x 12
in), substantially flat specimens shall be furnished.

(2) Where curved multiple glazed units are proposed for use
in windshields, three additional specimens shall be
furnished. These specimens shall be complete
windshields with an area approximately 305 mum x
305 mm (12 in x 12 in} outlined at the section of greatest
curvature (rninimuom radius).

35.1.2  For glazing applications other than windshields,
three 305 mm x 305 mum {12 in x 12 in), substantially flat
specimens, or, optionally, three 76 mm x 305 mm (3 in x 12 in),
“substantially flat specimens shall be furnished.

352  Class 2. If any of the individual components of the
multiple glazed unit do not comply with this standard, the
specimens described in 3.5.2.1 through 3.5.2.3 are required.

3521 For Windshield Use:

(1) Forty-five 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens shall be furnished, Where
multiple giazed units are nonsymmetrical in construction
rather than shape, twelve additional 305 mm x 305 mm
{12 in x 12 in), substantially flat specimens are required.

(2) Three 102 mm x 102 mm (4 in x 4 in), flat glazing
specimens representing the exterior component, in
relation to the vehicle, of the multiple glazed unit shall
be furnished. These specimens shall have both surfaces
substantially plane and parallel, with a 6.35 mm (% in)
diameter hole centrally drilled therethrough.  Where
fixturing for mounting specimens on a Taber Abraser is
available, the 6.35 mm (% in) hole is not necessary.

(3) Where curved multiple giazed unils are proposed for use
in windshields, three additional specimens shall be
furnished. These specimens shall be complete
windshields with an area approximately 305 mm x
305 mm (12 in x 12 1n) outlined at the section of greatest
curvature {(minimum radius),

3522 TFor Glazing Applications = Other Than
Windshields in the ¥irst Group Under Class 2;

(1} Thirty-five 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens shall be furnished. Where
nmuliiple glazed units are nonsymmetrical in construction
rather than shape, twelve additional 305 mm x 305 mm
{12 in x 12 in), substantially flat specimens are required.

(2) Three 102 mm x 102 mm (¢ in x 4 in), flat glazing
specimens fepresenting the exterior component, in
relation to the vehicle, of the multiple glazed unit shall
be furnished. These specimens shall have both surfaces
substantially plané and parallel, with a 6.35 mm (%4 in)
diameter hole centrally drilled theretbrough. Where
fixturing for mounting specimens on a Taber Abraser is
available, the 6.35 mum (¥ in) hole is not necessary.

3523 For Glazing Applications Other - Than
Windshields in the Second Group Under Class 2:

(1) Thirty-five 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens shall be furnished, Where
multiple glazed units are nonsymmetrical in construction
rather than shape, twelve additional 305 mm x 305 mm
(12in x 12 in), substantially flat specimens are required.

(2) Three 102 mm x 102 mm {4 in x 4 in), flat glazing
specimens representing  the exterior component, in
relation to the vehicle, of the multiple glazed unit shall
be furnished. These specimens shall have both surfaces
substantially plane and parallel, with a 6.35 mm (% in)
diameter hole cenually drilled thercthrough. Where
fixturing for mounting specimens on a Taber Abraser is
available, the 6.35 mun (V4 in) hole is not necessary.

(3) Six production parts representing each model number
construction for Fracture, Test 7.
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3.6

Plastics More Than 1.27 mm (0,050 in) in Thickness

For plastics more than 1.27 mm (0.050 in) in thickness, the
following specimens are required:

O

2

3
€y

(5

(6

3.7

Seventeen 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens,

Six (nine for Item 4A) 102 mm x 102 mm (4 in x 4 in),
flat specimens having both surfaces substantially plane
and parallel, with a 6.35 mm (% in) diameter hole
centrally drilled therethrough. Where fixturing for
mounting specimens on a Taber Abraser is available, the
6.35 mun (% in) hole is not necessary.

Eighteen 25 mm x 178 mm (1 in x 7 in), substantially flat
specimens.

Two 152 mm x 152 mm x 6.35 mm (6 in x 6 in x % in),
substantially flat specimens,

Three 13 rom x 152 mm (12 in x 6 in), substantially flat
specimens,

Three 102 rom x 102 mm (4 in x 4 in), flat épccimcns
represeating the face that would be mounted 1o the
exterior of the vehicle.

Flasties 1,27 num (0,050 in) in Thickness or Less

For plastics 1.27 mm (0.050 in} in thickness or less, the
following specimens are required:

(1

2
3
(4)

3.8

38.1
)

(2)

3

Three 102 mm x 102 mm (4 in x 4 in), flat specimens
representing the face that would be mounted to the
exterior of the vehicle, :

Eighteen 25 mm x 178 mm (1 in x 7 in), substantially flat
specimens.

Two 64 mm x 254 mm (2%2 in x 10 in), substantially flat
speclnens. T

Six 318 mm x 25 mm (12% in x [ in), substantially flat
specimens. : :

Bullet-Resistant Glazing

For Laminated Glass:

Twelve 305 mm x 305 mm (12 in x 12 in), substantially
flat specimens shall be furnished,

Where curved bullet-resistant glazings are proposed for
use in windshields, three additional specimens shall be
furnished. These specimens shall be complete
windshields with an area approximately 305 mm x
305 mum (12 in x 12 in) outlined at the section of greatest
curvature (minimum radius), or the outlined area itself
cut from the curved windshield.

Three 102 mm x 102 mm x 6.35 mm (4 in x 4 in x ¥ in),
flat specimens representing the face that would be
mounted to the exterior of the vehicle shall be furnished.
These specimens shall have both surfaces substantially
plane and parallel, with-a 6.35 mm (% in) diameter hole

382
(1)

(3)

4)

&y

(6)

3.83
(5

(2)

{(3)

centrally drilled therethrough. Where fixturing for
mounting specimens on a Taber Abraser is available, the
6.35 mm (% in) hole is not necessary.

For Plastic:

Ten 305 mm x 305 mm (12 in x 12 in), substantially flat
specimens shall be furnished, Where bullet-resistant
plastic glazing (see Item 11b) is of a monolithic
configuration, only five 305 mm x 305 mm (12 in x
12 in), specimens are required.

Three 102 mm x 102 mm (4 in x 4 i), flat glazing
specimens of 635 mm (% in), flat specimens
representing the face that would be mounted to the
exterior of the vehicle shall be furnished. These
specimens shall have both surfaces substantially plane
and parallel, with a 635mm (Y4 in) diameter hole
centrally dritled therethrough.  Where fixturing  for
mounting specimens on a Taber Abraser is available, the
6.35 mm (% in) hole is not necessary.

Three 102 inm x 102 mm (4 in x 4 in), flat specimens
representing the face that would be mounted o the
exterior of the vehicle.

Eighteen 25 mm x 178 mm (1 in x 7 in), substantially flat
representative specimens of 6,35 mm (Y4 in) thickness
shall be furnished.

Two 152 mm x 152 mm (6 in x 6 in), substantially flat
specimens shall be furnished. Where the bullet-resistant
glazing is of monolithic configuration, these specimens
shall be of 6.35 mm (1/4 in) thickness.

Three 152 mm x 152 mm x 6.35 mm (0 in % 6 in x Y in),
substantially flat -specimens shall be furnished. Where
the bullet-resistant glazing is of monolithic configuration,
these specimens shall be of 6.35 mm (Y4 in) thickness.

For Bullet-Resistant Shields:

Ten 305 mm x 305 mm (12 in x 12 in), substantially flat
specimens shall be furnished. Where bullet-resistant
shields (sec Item 11c) are of a monolithic configuration
only, five 305 mm x 305 mm (12 in x 12 in), specitnens
are required.

Whete curved bullet-resistant shields are proposed for
use in conjunction with windshields, three additional
specimens shall be furnished. These specimens shall be
complete  bullet-resistant  shields with an area
approximately 305 mm x 305 mm (12 in x 12 in)
outlined at the section of greatest curvature (minimum
radius}, or the outlined area itself cut from the curved
bullet-resistant shields.

Three 102 mm x 102 mm (4 in x 4 in), flat glazing
specimens of 635 mm (% in), flat specimens
representing the face that would be glazed to the outside
of the vehicle shall be furnished. These specimens shall
have both surfaces substantially plane and parallel, with a
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635 mm (% in) diameter hole centrally drilled
therethrough. Where fixturing for mounting specimens
on a Taber Abrager is available, the 6.35 mm (% in) hole
is not nécessary.

(4) Three 102 mm x 102 mm (4 in x 4 in), flat specimens
representing the face that would be mounted to the
exterior of the vehicle.,

(5) Twenty 25 mm x 178 mm (1 in x 7 in), substantially flat
representative specimens of 6,35 nun (84 in) thickness
shall e furnished.

{6) Two 152 mm x 152 mm (6 in x 6 in), substantially flat
specimens shall be furnished. Where the bullet-resistant
shield glazing is of monolithic configuration, these
specimens shall be of 6.35 mum (%4 in) thickness.

{7y Three 13 mum x 152 mm (1/2 in x 6 in), substantially fiat
specimens shall be furnished.

3.9 Specimens for Egress Test 25

When safety glazing material is to be tested for compliance
with Test 25 (see 5.25), five specimens of the safety glazing
material to be tested and five specimens of laminated safety
glass of identical size and shape and meeting the requirements
given In 5.25.2 are required. In addition, the vehicle body, a
section of vehicle body including the opening for which the
- specitnens are designed, or an cquivalent framing, rigidly
supportted, shall be provided.

4. Application of Tests

4.1 Condition of Specimens

Tests shall be applied to specimens only when in the condition
as shipped by the manufacturer, except that any protective
magsking material shall be removed prior to making the tests.

4.2  Grouping of Tests

The groups of tests listed in this subsection and shown in
Table 1, item by item, are deemed adequate for determining the
locations in the motor vehicle for which the various safety
glazing materials that qualify under this standard may be
suitable. The different characteristics of the various safety
glazing materials that qualify under this standard make specific
groupings of tests necessary, and individual tests in one group
may not be substituted for individual tests in another group.

Safety glazing materials in motor vehicles shall comply with
the applicable requirements listed in this subsection and shown
in Table I, item by item, in definite groupings of tests that are
appropriate for the safety glazing material in question, and the
location in the motor vehicle in which it is intended to be used.
Additionally, safety glazing materials shall comply with the
marking and labeling requirements appropriate for the given
safety glazing material as shown in Section 7, Marking of
Safety Glazing Materials.

Ytem 1.  Safety Glazing Material for Use Anywhere in
Motor Vehicle. Safety glazing materials that comply with the
following may be used anywhere in a motor vehicle:

(a) Tests 1,2'°,3,4,9,12,15, 18, and 26; or

(b) Multiple glazed units, Class 1", that comply with the sets
of tests designated in {a), and the assembled unit of
which complies with Tests 1, 2'° and 15; or

(c) Multiple glazed units, Class 2", that comply with Tests
1,2'°,3,5,9,12,14,15, 18, and 26.

Item 2. Safety Glazing Material for Use Anywhere in
Motor Vehicle Except Windshields. Safety glazing materials
that comply with the following may be used anywhere in a
motor vehicle except windshields:

(8} Tests 1,23, 4,9, 12, and 18; or
(b} Tests 1, 21 6.7, 8 and 18; or

(¢} Multiple glazed units, Class 1'', the individual
component units of which comply with one or another of
the sets of tests immediately above designated; and the
assembled unit of which complies with Tests 1 and 2%
or .

() Multiple glazed units, Class 2", that comply with Fests
1,2'3,5,9,12, 14, and 18; or Tests 1, 2", 3,5,6, 7, 8,
14, and 18,

Item 3.  Safety Glazing Material for Use Anywhere in
Motor Vehicle Except Windshields and Certain Specified
Locations. Safety glazing materials that comply with the tests
listed in {a), (b), (&), or {d) below may be used anywhere in a
motor vehicle except in windshields and in the following
locations at levels requisite for driving visibility,

(1)} Buses, Trucks, and Truck Tractors. Glazing of windows
to the immediate right and left of the driver and in
rearmost window if the latter is used for driving
visibility,

(2) Passenger Cars and Taxicabs. (Hazing of all windows,
including rear window, all interior partitions, and all
apertures created for window purposes.

(ay Tests1,3,4,9,and 12, 0r
(b} Tests 6,7, and 8; or

{c) Muliiple glazed units, Class 1", the individual
component units of which comply with one or

10 Glazing matedals that in a single sheet have some areas with a light
transmittance of less than 70 % and are intended for use at levels requisite for
driving visibility are 10 be permanently marked at the edge of the sheet to show
what portion of the material may be used at Jevels requisite for driving visibility.
The portion of the glazing materials intended for use at levels requisite for
driving visibility must comply with Test 2.

i Multiple glazed units are classified only for convenience in designating test
procedures. See §.11 for nuktiple glazed unit classification,
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aﬁother of the sets of tests designated in (a) and (b), .

and the assembled unit of which complies with Test
1;0r

(d) Multiple glazed units, Class 27 that comply with
Tests 1,3,5,9, 12 and 14; or Tests 1, 3, 5,6, 7, 8,
and 14,

Itemm 4.  Safety Glazing Materials for Use in Motor
Vehicles Only in the Following Specific Locations.  Safety
glazing materials that comply with Tests 2, 10, 13, 16, 17, 19,
20, 21, and 24 may be used in 4 motor vehicle only In the
following specific locations:

(a) Interior partitions and auxiliary wind deflectors.
(" Folding doors,
(¢) Standee windows in buses.

(d) Flexible curtains or readily removable windows or in
ventilators used in conjunction with readily removable
windows,

{c) Openings in the roof not requisite for driving visibility,
(f} ‘Trailers,

{¢) Glazing to the rear of the driver in trucks or truck
rractor cabs where other means of affording visibility
of the highway to the side and rear of the vehicle are
provided,

(h) The rear windows of convertible passenger car tops.
(i} The rear doors of taxicabs.

() Readily removable windows of buses having a GVWR
of more than 4540 kg (10 000 1b), which shall include
pushout windows and windows mounted in emergency
exits that can be manually pushed out of their location
in the vehicle without the use of tools, regardless of
whether such windows remain hinged at one edge.

(k) Windows and doors in motorhomes, except for the
windshields and windows to the immediate right or lefi
ofthe driver.

(1) Windows and doors in slide-in campers and pickup
COVCIS.

(m) Windows and doors in buses except for the
windshicld, windows to the immediate right or left of
the driver, and rearmost windows if used for driving
vistbility.

Item 4A, Safety Glazing Material for Use in Motor
Vehicles Only in the Following Specific Locations. Safety
glazing materials that compty with Tests 2, 10, 13, 16, 17, (on
the interior side only), 17 as modified in 5.17.4 (exterior side
only), 19, 20, 21, and 24 may be used in the following specific
locations: _ ' .

2 Multiple glazed units are classified only for convenience in designating test
procedures. See 1,11 for multiple glazed unit elassification. '

(2) Inall areas in which ltem 4 safety glazing may be used,

(b) In a vehicle whose rearmost designated seating position
is forward-facing and cannot be adjusted so that it is side
or rear-facing and, the forwardmost point on the visible
interior surface of the glazing, is rearward of the vertical
transverse plane that passes through the shoulder
reference point (as described in Figure 1 of 49 CFR §
reference point (as described in Figure 1 of 49 CER
§571.210 Seat belr assembly anchoroges) of that
rearmost seating position,

Item 5.  Safety Glazing Material for Use in Motor Vehicle
Only in the Following Specific Locations at Levels Not
Requisite for Driving Visibility. Safety glazing materials that
comply with Tests 10, 13, 16, 19, 20, 21, and 24 may be used in
a motor vehicle only in the following specific locations at levels
not requisite for driving visibility:

(3} Interior partitions and auxiliary wind deflectors,
(b) Folding doors.
(¢} Standee windows in buses.

(d) Flexible curtains or readily removable windows or in
ventilators used in conjunction with reéadily removable
windows,

(¢) Openings in the roof not requisite for driving visibility.
(f) Trailers.

{g) Glazing to the rear of the driver in trucks or truck
tractor cabs where other means of affording visibilily
of the highway to the side and rear of the vehicle are
provided.

(h) The rear windows of conventible passenger car tops.'
(i) Rear doors of taxicabs.

(j) Readily removable windows of buses having a GVWR
of more than 4540 kg (10 000 1b), which shall include
pushout windows and windows mounted in emergency
exits that can be manually pushed out of their location
in the vehicle without the use of tools, regardless of
whether such windows remain hinged at one edge.

(k) Windows and doors in motorhomes, except for the
windshields and windows to the immediate right or left
of the driver.

(I} Windows and doors in slide-in campers and pickup
COVEFS,

(m) Windows and doors in buses except for the
windshields, windows to the immediate right or left of
the driver, and rearmost windows if requisite for
driving visibility.

(n) For Ttem 5: Molorcycle windscreens below t.he
intersection of a horizontal plane 381 mm (15 in}
vertically abave the lowest sealing position.
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Item 6.  Safety Glazing Material for Use Only in Trailers,
Multipurpose Passenger Vehicles, Slide-Yn Campers, Pickup
Covers Designed to Carry Persons While in Motion,
Motorhomes, in the Rear Windows of Convertible
Passenger Car Tops, in Windscreens for Motorcycles, in
Flexible Curtains or Readily Removable Windows, or in
Ventilators Used in Conjunction with Readily Removable
Windows. Safety glazing materials that comply with Tests 2,
16, 19, 20, 22, and either 23 or 24 may be used in a motor
vehicle only in the following specific locations:

(a) Trailers.
{b) The rear windows of convertible passenger car tops.
(¢) Windscreens for motorcycles.

{d) Flexible curtains or readily removable windows or in
ventilators used in conjunction with readily removable
windows., :

{¢) Windows and doors in motorhomes, except for the
windshield, forward-facing windows, and windows to
the immediate right or left of the driver.

(B Windows, except forward-facing windows, and doors
in slide-in campers and pickup covers.

ltem 7.  Safety Glazing Material for Use Only in Trailers,
Multipurpose Passenger Vehicles, Slide-In Campers, Pickup
Covers Designed to Carry Persons While in Motion,
Motorhomes, and at Levels Not Requisite for Driving
Visibility in the Rear Window of Convertible Passenger Car
Tops, in Windscreens for Motorcycles, in Flexible Curtains
or Readily Removable Windows, or in Ventilators Used in
Conjunction with Readily Removable Windows. Safety
glazing materials that comply with Tests 16, 19, 20, 22, and
either 23 or 24 may be used in & motor vehicle only in house- or
property-carrying trailers and at levels not requisite for driving
visibility in the following specific locations:

(2} The rear windows of convertible passenger car tops.
{b) Windscreens for motorcycles.

(c) Flexible curtains or readily removable windows or in
ventilators used in conjunction with readily removable
windows.

(d) Windows and doors in motorhomes, except for the
windshield, forward-facing windows, and windows 1o
the immediate right or left of the driver.

{c} Windows, except forward-facing windows, and doors
in slide-in campers and pickup covers.

(D) Standee windows in buses.
(g) Interior partitions.

(h} Openings in the roof,

Item 8.  Safety Glazing Materials for Use Only in Folding
Doors, Standee Windows in Buses, Trailers, Multipurpose
Passenger Vehicles, Slide-In Campers, Pickup Covers
Designed to Carry Persons While in Motion, Motorhomes,
Rear of Driver in Truck or Truck Tractors, and Rearmost
Windows in Buses. Safety glazing materials in multiple glazed
units that comply with Tests 1, 2, 3, 5, 11, 14, and 18 may be
used in 2 motor vehicle only in the following specific locations:

(1) Folding doors.

(b)Y Standee windows in buses.

(¢} Trailers.

(d) Rear of driver in trucks and tmck tractors.
() . Rearinost windows in buses.

(1Y Windows and doors in motorhomes, except for the
windshield and windows to the immediate right or left
of the driver,

{#) Windows and doors in slide-in campers and pickup
covers.

Item 9. Safety Glazing Material for Use Only in Trailers,
Multipurpose Passenger Yehicles, Slide-in Campers, Pickup
Covers Designed to Carry Persons While in Motion,
Motorhomes, Standee Windows in Buses, and at Levels Not
Requisite for Driving Visibility in Folding Doors, Rear of
Driver in Trucks or Truck Tractors, and Rearmost
Windows in Buses. Safety glazing materials in multiple glazed
units that comply with Tests 1, 3, 5, 11, and 14, may be vsed in
a motor vehicle only in trailers, standee windows in buses, and
al levels not requisite for driving visibility in the following
specific locations:

(3} Folding doors.
(b) Rear of driver in trucks and truck tractors.
(c) Rearmost windows in buses.

. (d) Windows and doors in motorhomes, except for the
windshield, and windows to the immediate right or left
of the driver,

(e) Windows, apd doors in slide-in campers and pickup
COVETS,
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Item 10, Safety Glazing Material for Use Where Bullet
Resistance is Required Anywhere in Motor Vehicle.
Bullet-resistant glazings that comply with Tests 18", 27, 28, 29,
30, 31, and 32 may be used anywhere in a motor vehicle,

Item 11A.  Safety Glazing Material for Use Where Bullet
Resistance is Required in  Motor Vehicle Except
Windshields. Bullet-resistant glazings that comply with Tests
18", 27, 28, 29, 30, and 31 may be used anywhere in a motor
vehicle except windshields.

Ttemn 11B.  Safety Glazing Material for Use Where Bullet
Resistance is  Required in  Motor Vehicle Except
Windshields and Glazing of Windows to the Immediate
Right or Left of the Driver and in Rearmost Window if the
Latter is Requisite for Driving Visibility. Bullet-resistant
glazings that comply with Tests 19, 20", 211, 241,27, 28",
and 29" , may be used anywhere in a motor vehicle except
windshields, glazing of windows to the immediate right or left
of the driver, and in rearmost window if the latter is requisite for
driving visibility.

Item 11C.  Safety Glazing Material for Use in Bullet-
Resistant Shields.  Bullet-resistant glazing material that
ccomplies with Tests 2, 17, 19, 20, 21, 24, 27, 28, 29, 30, and 32
and the labeling requirements of Section 7 may be used only in
bullst-resistant shields that can be removed from the motor
vehicle easily for cleaning and maintenance. A bullet-resistant
shield may be used in arcas requisite for driving visibility only
if the combined parallel luminous - transmittance  with
perpendicular incldence through both the shicld and the
permanent vehicle glazing is at least 60 %.

Item 12. Rigid Plastics. Safety glazing materials that comply
with Tests 10, 13, 16, 19, 20, 21, and 24, with the exception of
the test for resistance to undiluted denatured alcoho! Formula
SD No. 30, and that comply with the labeling requirements of
section 7, may be used in a motor vehicle only in the following
specified locations at kevels not requisite for driving visibility.

{a) Windows and doors in slide-in campers and pickup
covers,

(b) Motorcycle windscreens below the intersection of a
horizontal plane 381 mm (15 in} vertically above the
lowest seating position,

{c) Swandee windows in buses.
(dy Interior partitions.

(e) Openings in the roof.

13 - . C
Hlat representative specimens of 6.35 mm (Y in) thickness are to be used.
. - . . .
Exeept for monolithic configurations, where specimens of 6.35 mun (%4 in)
thickness are to be used, the specimen thickness is to correspond to that used in
Test 27.

15 - fae : .
Test not required for monolithic configurations.
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() Flexible curtains or readily removable windows or in
ventilators used in conjunction with readily removable
windows.

(g) Windows and doors in motorhomes, except for the
windshield and windows to the immediate right or left
of the driver.

(h) Windows and doors in buses except for the windshield
and windows to the immediate right or left of the
driver,

Item 13, Flexible Plastics. Safety plastic materials that
comply with Tests 16, 19, 20, 22, and 23 or 24, with the
exception of the test for resistance to undiluted denatured
alcohot Formula SD No, 30, and that cormnply with the labeling’
requitements of Section 7, may be used in the following specific
focations at levels not requisite for driving visibility.

(a) Windows, except forward-facing windows, and doors
in slide-in campers and pickup covers.

{by Motorcycle windscreens below the intersection of a
hotizontal plane 381 mm (15 in) verdcally above the
lowest seating position,

(¢} Standee windows in buses,

{d) Interior patitions.
{e) Openings in the roof.

(f) Flexible curtains or readily removable windows or in
ventilators used in conjunction with readily removable
windows.

{(g) Windows and doors in motorhomes, except for the
windshield, forward-facing windows, and windows to
the immediate right or left of the driver.

Ttem 14.  Glass-Plastic Glazing Material for Use Anywhere
in a Motor Vehicle Except That It May Not be Used in the
Windshields of Any of the Following Vehicles: Convertibles,
Vehicles That Have No Roof or Vehicles Whose Roofs are
Completely Removable. Safety glazing materials that comply
with Tests 1, 2, 3,4, 9, 12, 15, 16, 17, 18, 19, 24, 26, and 28,
may be used anywhere in a motor vehicle except that they may
not be used in the windshiclds of the following vehicles
convertibles, vehicles that have no roof or vehicles whose roofs
are completely removable,

Ttem 15A.  Annealed Glass-Plastic for Use in All
Positions in a Vehicle Except the Windshield, Glass-plastic
glazing materials that comply with Tests 1, 2, 3, 4, 9, 12, 16,
17, 18, 19, 24, and 28 may be vsed anywhere in a motor
vehicle except the windshicld.

Item 15B. Tempered Glass-Plastic for Use in  All
Positions in a Vehicle Except the Windshield. Glass-plastic
glazing materials that comply with Tests 1, 2, 3, 4, 6, 7, 8, 16,
17, 18, 19, 24, and 28 may be used anywhere in a motot
vehicle except the windshicld,
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Item 16A. Annealed Glass-Plastie for Use in Al
Positions in a Vehicle Not Requisite For Driving Visibility,
Glass-plastic glazing materials that comply with Tests 3, 4, 9,
12, 16, 19, 24, and 28 may be used in a motor vehicle in all
locations not requisite for driving visibility.

Item 316B. Tempered Glass-Plastic For Use in Al
Positions in a Vehicle Not Requisite For Driving Visibility.
Glass-plastic glazing materials that comply with Tests 3, 4, 6,
7, 8, 16, 19, 24, and 28 may be used in a motor vehicle in all
locations not requisite for driving visibility.

5. Test Specifications

In many of the following test specifications it is indicated in
the test that specific safety glazing materials are under
consideration. At the time of writing, these specific safety
glazing materials are the only ones known to fulfill the
requirements of the specific test. It is intended that if and when
other safety glaving materials are developed which. possess
properties such that they, too, fullill the requirements of each of
the specific tests listed in one or another of the groups of tests
for the several items of Table 1, they may be used
interchangeably with any other safety glazing materials meeting
the requirements of the same group of tests.

The conditions of the test are, in each instance, designed to
show whether the safety glazing matertal under test conditions
approaches the most satisfactory combination of desirable
properties. To this end, some tests are written so that occasional
failure is allowed. Such tests are better adapted to indicate a
satisfactory product than less severe tests allowing no failures,

Unless otherwise specified, interpretation of results should
be made at the time the test is performed. This is necessary
because in the case of some of these tests the condition of the
specimen is subject to further change over a period of time.

Multiple glazed units shall be tested on both sides using
separate specimens for each side in Test 14.

5.1  Light Stability, Test 1

51.1  Purpose of Test. The purpose of this test is to
determine the regular (parallel) luminous transmitiance of the
safety glazing material or multiple glazed unit before and afier
irradiation, thereby indicating the suitability of the safety
glazing material and whether or not it is adversely affected by
exposure to simulated sunlight over an extended period of time.
512  Procedure

5121  Three 305 mm x 305 mm (12 in x 12 in) or three
76 mm x 305 mm (3 in x 12 in), substantially flat specimens as
submitted shall be tested for regular (parallel) luminous

i1

transmittance at normal incidence calculated to International
Commission on Illumination *Hluminant A."'®

51.2.2 After the regular (parallel) luminous transmittance
has been determined, the same three specimens shall be
subjected to ultraviolet radiation.'” About ¥4 of each specimen
shall be protected from the radiation. The operating exposure
conditions'® ** % shall be:

() Continuous Witraviolet radiation only (no moisture cycle)
(b Operating temperature at 44 °C £ 2 °C (110 °F £ 3 °F)
(¢} Duration 100 hours

{dy UV lamp{s) facing the specimen surface corresponding to
the vehicle exterior

(¢) Average trradiance at specimen(s) throughout the test shall
be 0.83 W/m2/nm & 7 % measured at 340 nm®’

{fy ¥ any irradiance deviales more than x= 15 % from
0.83 W/m¥nm at 340 nm, terminate the test until the cause
of the deviation has becn determined, corrected, and
documented.

(g) Maintain and calibrate the apparatus to the manulacturer’s
spectfications

3123 The irradiated specimens shall be tested again for
regular (paralleD) luminous transmittance at normal incidence
caloulated  to  International Commission  on . Illumination
“Hluminant A.”

' International Commission on Mlumination "Dluminant A* consists of a
tungsten larop operated at a correlated color temperature of 2856" K. Suitable
lamps properly aged and calibrated are obtainable from the Intertck Testing
Services, 3933 Route 11, Cortland, NY 13045-0950,

Y This irradiance can be achieved with {1} a Uviare test cabinet and an H12T3
famp, or with UVA-351 lamps or equivalent UV Jamps in {2) a QUV (Q Pancl
Lab Products Company) or {3) a BPW (Suga Scientific Instruments Company)
or {4) a UVCON (Atlas Electic Devices Company) Accelerated Weathering
Tester.

¥ Ref. SAE J2020 Accelerated Exposure of Automotive Exterior Materials
using 2 Fluorescent UV and Condensation Apparatus - Appendix B:
Measurement of Liradiance. o

¥ Ref. ASTM G 53 Standard Practice for Operating Light and Water Exposure
Apparatus  (Fluorescent’ UV and Coandensation Type) for Exposure of
Nonmetallic Materials. i

* Ref. ASTM D 4329 Standard Practice for Operating Light and Water
Apparatus (Fluorescent UV and Condensation Type) for Exposure of Plastics.

! The radiometer used 1o measure irradiance must have a deteetor which can be
placed in the specimen plane of the apparatus. The detector must be calibrated
for the specific lamp being used. A (1) CR10 (Q Pancl Lab Products Company)
or {2} ILI1350 (Istemational Light Company or equivalent neets this
requireiment,
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5.1.3  Interpretation of Results. The regular (parallel)
luminous transmittance of the exposed specimens shall be
reduced no more than 5 %. An increase in regular (parallel)
fuminous transmittance is acceptable. A very slight
discoloration, noticeable only when specimens are placed on a
white background, may develop, but defects other than this
discoloration shali not develop,

514  Additional Procedure. (This additional procedure is
notapplicable to multiple glazed units or tempered glass.) After
the transmission measurements have been made, the same three
irradiated specimens shall be immersed, vertically on edge, in
water at 66 °C (150 °F) for 3 minutes and then quickly
ransferred to and similarly immersed in boiling water, The
specimens shall be kept in the boiling water for 10 minutes and
then removed. The first immersion is intended to reduce the
possibility of thermal shock breakage and is optional.

51.5  Interpretation of Resulis of Additional Procedure.
No bubbles or other noticeable decomposition shall develop in
the irradiated portion,

52  Luminous Transmittance, Test 2

5.2.1  Purpose of Test. The purpose of this test is to
determine the regular (paratlel) luminous transmittance of safety
glazing material intended for use at levels in motor vehicles
requisite for driving vision.

522  Procedure. If safety gluss is being tested, the data
obtained from Test | through 5.1.3 shall be uvsed. If plastic is
being tested, the data obtained in Test 16 shall be used. No
additional samples other than those tested in Test 1 or 16 are
required in this test.

5.2.3  Interpretation of Results. Safety glazing materials or
multiple glazed units intended for use at levels requisite for
driving visibility in the motor vehicle shall show regular
{parallel) luminous transmitiance of not less than 70 % of the
light, at normal incidence, both before and after iradiation.”
For Item 11C - safety glazing material for use in bullet-resistant
shields, the combined regular (paraliel) luminous transmittance
at normal incidence through both the shield and the permanent
vehicle glazing must be at [east 60 %.

53  Humidity, Test 3

5.3.1. Porpose of Test. The purpose of this test is to
determine whether the safety glazing material will successfully
withstand the effect of moisture in the atmosphere over an
extended period of time.

* See Section 4 and Table 1 for locations in vehicles where glazing material
complying with this test is required,
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532  Procedure. Three 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens, as submitted, shall be kept for 2
weeks in a closed container over water. 'The temperature of the
air in the container shall be maintained within the limits of
49 °C and 54 °C (120 °F and 130 °F). {These conditions give a
relative humidity of about 100 %).

53.3  Interpretation of Results. No separation of materials
shall develop, except for occasional small spots, no one of
which shall extend inward from the adjacent edge of the
specimen to a depth of more than 6.35 mm (%4 in).

54  Boil, Test 4 (This test is not applicable to multiple
glazed vnits)

54,1  Purpose of Test. The purpose of this test is o
determine whether the safety glazing material will successfully
withstand exposure to tropical temperatures over an extended
period of time,

54.2  Procedure. Three 305 nun x 303 mm (12 in x 12 in},
substantially flal specimens, as submitted, shall be immersed,
vertically on edge, in water at 66 °C (150 °F) for 3 minutes and
then quickly transferred to and similarly immersed in boiling
water, The specimens shall be kept in the boiling water for
7 hours and then removed. The first immersion is intended to
reduce the possibility of thermal shock breakage and is optional.

54.3  Interpretation of Results. The glass itself may crack
in this test, but no bubbles or other defects shall develop more
than 13 mm (%2 in) from the outer edge of the specimen or from
any cracks that may develop. Any specimen in which the glass
cracks to an exteat confusing the result shall be discarded
without prejudice, and another specimen shall be tested in its
stead.

5.5  Bake, Test 5 (Multiple Glazed Uni¢ Only}

55.1  Purpose of Test. The purpose of this test is to
determine  whether the multiple pglazed  structure  will
successfully withstand exposure to tropical lemperatures over
an extended period of time.

552  Procedure. The 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens of multiple glazed unit after
irradiation as specified in Test I through 5.1.2 shall be heated to
100 °C (212 °F) in an-oven for 2 hours. If the structure having
an air or gas layer between layers of glass is hermetically
sealed, the seal shall be vented.

55.3  Interpretation of Results. The glass itself may crack
in this test, but no bubbles or other defects shall develop more
than 13 mm (%2 in) from the outer edge of the specimen or from
any cracks that may develop. Any specimen in which the glass
cracks to an extent confusing the result shall be discarded
without prejudice, and another specimen shall be tested in its
stead.



ANSI/SAE Z26.1-1996

Baltistics test
Temperature change
Impact, Ball 6.1 m (20 ft.)
Light Subility |
Lusminous transmittance
32 Deviation and distortion

26

Table 1
Grouping of Tests
Tem 1 Tem 2 Ttem 3 Tier 4 frem 4A
Safety Safesy
Safeiy Glazing Glazing Glazing
Safety Material for use Material Marerial
Glazing Anywhere in foruse ia for use in
Material for Mbtor Vehicle Maotor Motor
Safety Glazing use Anywhese Excepl Vehicle Vehicle
hiaterial for use in Motor Windshiclds and enly in anly in
Anywhers in Vehicte Except Certain Specified Specifie Specific
Motor Vehicla Windshiclds Locations Locations | Lotations
Multiple Glaged
Unit AMultiple Crlazsd Uinig Multiple Glazzy Unje
" Larui- . Lami- Tem- Class 2 Lami- Tem- Class 2
Test nated Class Class’ nated pezed Class Any nated pered Class Any Rigid Rigid
o, Test Name Glass 1 2 Glass Glass ; Group Glass Glass 1 Group Plastics Plastics
1 Light Stability 1 t 1 { 1 1 i 1 ! i 1 |
2 Tuminous transmittance 2 2 2 2 2 C2 2 2 2 2
3 Humidity test 3 3 3 3 1 3 3 )
4 Boil test 4 4 4
s Bake test 5 5 5 s 5
[ Irmpacy, Ball, 3.03 m (10 fL) [ 6 G 4]
? Fracture test 1 7 7 ?
8 Impact, Shot bag, 2.44 1 (8 1) 8 8 § 8
4 Impact, Dart, 9,14 1 (30 (¢ 9 9 g 9 9 9
10 Impazcr, Dan, 10 1{x)
1 Impact, Dart, 3.05 m (10 11.) .
12 Impact, Ball, 9.14 m {30 {1} k2 12 12 12 12 12
13 Impacy, Bail : 13 13(x)
14 Impact, Ball 14 14 14 11 14
15 Deviation and distortian 15 15 15
16 Weathering test 16 Velx)
17 Abrasion resistance 17 L7# (X%}
13 Abration resistance 18 18 18 8 111 18
19 Chemical resistance 19 19
20 Chetnical resistance 20 20
21 Dimensional stabiliry n 21
22 Flexibility test -
23 Tlammability test
b Flammability 1est 74 24
25 Egress test*¥
26 Penctration resistance 26
27
28
29
30
3

Now: For convenicnice, each column on this table {as well a5 the tox1 of the 1ests that foll

ow) designates the specific type of malerial that will mect the eaumerated tests if it is of satisfactory qualicy, 1f and

when other materials are developed that possess propenties 5o thal they also meet one or another of the prescribed groups of wsts, they may be used interchangeably with the corresponding materals spacified in

this. Lablc,
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Table 1 (Con't)

Grouping of Tests
fem § Item 6 ltem 7 Teem 8 Tiem 9 Tiem L0 fiem 1A Tem 118
Safety Glazing
Material for Use
Only in Trailers,
Multipurpose
Safety Glazing Passenper
Material for Use Yehicles, Slide-1n
Caly in Trailers, Campers, Pickup
Multipurpose Covers Designed
Passenger ta Catry Persons
Vehicles, §lide-in While in Motion, Safery Glaring
Cagpers, Pickup Matorhomes, and Matzrial for Use
Covess Designed at levels not " Balety Glazing Only in Trailess,
to Cany Persons requisite for Material for Use Multipurposs
Whits in Motion, Deiving Visibidity Only in Folding Passenger Vehicles, Safety Glazing
hMotarhomas, in the Rear Doors, Standee Slide-in Campers, Marerial for use
Reas Winduws of Windows of Windows in Pickup Covers where Bullet
. Convertible Converible Buses, Teailers, Dusigned o Carry Resistance Js
Passenger Car Passenper Car Mulipurpose Pessons Whils in Required
Tops, Tops, Passenger Motion, Anywhers in
Windscreans for Windscreens for Vehicies, Slide-in Moterthomes, Muotor Vehicle
Safary Matorcycles, Moloreycles, Campers, Pickup Standee Windows Except
Glazing Flexible Curtaing Fiexibile Curtains Cavers Designed in Buses, and a1 Safety Glazing Windshields and
Material for or Reatily or Readily 10 Carry Persons Tevels not Requisite Safety Glazing Material for use Glazing of
use in Maotor Removable Removable while in motion, for Driving Material for whare Builer Windows 8
Vehicle only Wintlows, or in Windows, or in Motorhames, Rear Visibiliey in Folding use where Resistance is Immediate Right
in Specific Ventifators used Venulaters used of Diiver in Truck Doors, Rear of Bullet Required or Left of Driver
Locatiens ai in conjunction in cenjunction of Truck Traclors, Diiver in Trucks or Resistance is Anywhese in and in Rearmos
Levels Mot with Readily with Readily and Rearmost Truck Tractors. and Required Motor Vehicle Windaw if Late
Requisite for Removable Removahle Windows in Rearmost Windows Anywhere in Except is requisite for
Driving Wintdows, Windows, Buses, in Buses. dotor Vehicle, Windshields. Driving Yisibiliy
VYisibitity, )
Muliiple Glazed Mualiple Glazed
Liait Lniy
Rigid Flexible Flexible Lainated
Plastics Plasiics Plastics Class 2 Class 2 Glass Plastics
1 |
2 2
3 3
5 5
e
: 11 1
13
H 14
16 15 HA
1% 18* 18*
i9: 19 19 19¢
pit] 20 20 20"
28 Al
2 22
23or2a 2oz
L 24t
217 27 27
28 28 28
i 29 294
30 30
3t k2l
L ] i1
* Flat répreseniative speciméns of 6,35 mm (%-in} thickness shall be used.

** Test 25 need not be performed on glazing that s 10 be used i a pushout window or in windows not designed or intendes for use as & means of ogress,

1 Except for monolithic configurations, where specimens of 6.35 mm (Y-in) thickness shall be used, specimen thickness shall correspord to that used in Test 27.
¥ Testnot required for monolithic configurations.

|3 e
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Table 1 (Con’t)
Grouping of Tests
Item 11C Ttem 12 Trem i3 ftem 14 Itermn 15A Tliem {38 Jem 164 ltem 168
Safery Glazing
Material for Use
Only in Doers
and Windows ia
Slide-In Campers
and Pickup Safety Glazing
Covers, Materia) for Use Only
Motorcycle in Slide-tn Camper and
Windscreens Pickup Cover
Below the Windows (ot
Interscction of a Forwasd-Facing or
Horizontal Plane Dooes), Motercycle
381 mm (15 in} Windscreens Below the
Vertically Above aie =tionofa
the Lowest Harizontal Plane
Seating Position, 381 mm {15 jn)
Standes Windows Vertically Above the
in Buses, Interior Lowest Seating
Partitions, Re >f Positon, Standee
Op<nings, Windows in Buses,
Flexible Curtains latedior Partitions, Safery
ot Readily Openings in the Reof, . Glazing
Removable Flexible Curnlaing or Material fur
Windaws or Readily Remavable Use
Ventlators USCd Windows ot In Anywherc in
in Cenjunction Ventilatoes Used In a Motos Safely
with Removable Conjunction with Vehicle, Glazing
Windows, Readily Removable except the Maerial for
Windows and Windows, Windaws windshield of UseAnywhere Safety Glazing
Safety Doaors in Metor and Doors in Motor convertibles, Safety Giazing in Motor Malerial for
Glazing Homes and Buscs Homes, Except for Use vehicles thay Safety Glazing for Uss Vehicle UseAnywhere in
Material for Except in Windshiclds, have no roof for Use Anywhere ina Except Motor Vehiele
use ia Windshicld and Forward -Facing of vehicles Anywhere in a Maotor Vehicle Windshieldy Except
Bullet- Body Glazing Windews and (he that are Motor Vehicle Except and Certain Windshields and
Resistant Directly 1o Right Windows 10 the completely Except Windshields, Specified Certain Specified
Shields and Eeft of Driver Immediate Right or removable. Windshiclds. Locations, Locations.
Lefe of the Driver.
Rigid Flexible Ghass Annealed Tempered Annealed Tempered Glass.
Plastics Plastics Plastics Plaslics Glags-Plastics Glass- Plastics Glass-Plasticy Plastics
1 1 1
2 2 2 2
3 3 3 3 i
3 4 4 4 4
6{x) 6 (x)
T (x} T{x)
B (x) 8 (x}
o (x) 9({x) 9
10
12(x) 12(x) 12
13
15
16 16 16 {x) 16 (2} I6{x} 16 15{x)
17 17 (3) 176 1743y
18 (x) 3 {x) 18 (x)
19 19 19 19 (1) 134} 19 (0 19 19 (0)
20 20 20
21 b1
22
Wor 24
24 24 24 (i} 24 (i} 241 24 (i 24 (i}
2600
by
28 28 8 28 28 28
29
30
32

(1) means Interior Surface

(x) means Exterior Surface

14
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5.6  Impact, Test 6 (Ball Drop, 3.05m (10 £t])

5.6.1  Purpose of Test. The purpose of this test is to
determine whether the safety glazing material has a certain
minimum strength to resist impact from exterior projectiles such
as stones.

5.6.2 Procedure. Twelve 305 mm x 305 mm (12 in x 12
in), substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
temperature of 21 °C to 29 °C (70 °F w0 85 °F) for at least
4 hours immediately preceding the test, thereby ensuring a
uniform temperature throughout each specimen when tested.
The specimen tested shall be supported in a steel frame made in
accordance with Fig, 1. The frame shall be so supported that
the plane of the specimen will be substantially horizontal at the
time of impact. A 224 g to 230 g (0.5 b + 0.1 oz) smooth, steel
sphere shall be dropped 3.05 m (10 f1), once, freely and from
rest, striking the specimen within 25 mm (1 in) of its center.
The steel sphere shall strike the face of the ,specimen
representing the face mounted to the exterior of the vehicle,

Dimensions are
mun (in}

0230 (11.4)
0260{10.2) -

Test Piece ]
\ By XN

AL SR TLN RN T ERIY TN T AN T KIS
b
nel
Rubber %é“’ ’
Gasket ~
1 %
7 i
10(0.39) 7 gl 150
(5.9}
g
/) /
2047
T
Shect of 3(0.12)
Rubber £ 350 (13.8) minimum

FIGURE 1
STEEL HOLDING FIXTURE FOR DROP TEST

Note: The rubber gasket shall be made of rubber 3 mm
(0.12 in) thick of hardness (50 # 5) IRHD (Intemational
Rubber Hardness Degrees).

5.6.3  Interpretation of Results. Nol more than two
specimens shall crack or break as a result of this test. (See Test
7
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5.7  Fracture, Test7

5.7.1  Purpose of Test. The purpose of this test is to verify
that the fragments produced by fracture of safety glazing
materials are such as to minimize the risk of injury.

572  Specimens to be Tested. Specimens shall be selected
from the range of glazing that a manufacturer produces or plans
to produce and shall represent the model number considering
the following: - ' '

(1) Thickness
() Color
(3) Conductors

The number of specimens selected from each model number
of glazing shall be six (6) and shall all be of the most difficult
part or pattern designation within the model number.

573 Procedure. The specimens to be tested shall not be
rigidly secured. Each may be placed horizontally in a support
frame or be taped to an identical specimen.

The fracture origin or break-point shall be 25 mm {1 in)
inboard of the edge at the mid-point of the longest edge of the
specitnen, In thé event that the specimen has two long edges of
equal length, the edge nearer the manufacturer's trademark shall
be chosen.

To obtain fracture, a spring-loaded center punch or a
hammer of about 75 g (2.65 0z), each with a point having a
radius of curvature of 0.2 mm = 0.05 mm (0.008 in £ 0.002 in),
shall be used.

The area of 75 mun (3 in) radius centered on the point of
impact and also a strip 20 mm (¥ in) around the periphery of
the specimen shall be excluded from examination.

NoTe: Photographic paper may be placed under the test
specimen for a permanent record of the fracture
pattern.

574  Interpretation of Results. No individual fragment

free from cracks and obtained within 3 minutes subsequent to
test shall weigh more than 4.25 g (0.15 oz).

58  Impact, Test 8 (Shot Bag)

5.8.1  Purpose of Test. The purpose of this test is to
determine whether the safety glazing material has a certain
minimum strength under impact by a large yielding object
representing parts of the body of an occupant of a vehicle.

58.2  Procedure. Five 305 mm x 305 mm (I2 in x 12 in),
substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
temperature of 21 °C to 29°C {70 °F to 85 °F) for at least
4 hours immediately preceding the test, thereby ensuring a
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uniform temperature throughout each specimen when tested.
The specimen tested shall be supported in a steel frame made in
accordance with Fig. 1. The frame shall be so supported that
the plane of the specimen will be substantially horizontal at the
time of impact.

A 499 kg (11 Ib) shot bag, made in accordance with Fig. 2,
shall be dropped 2.44 m (8 ft), once, freely and from rest, the
center of the bottom of the bag striking the specimen within
25 mm (! in) of its center. The shot bag shall strike the face of
the specimen representing the face mounted to the interior of the
vehicle,

5.8.3 Interpretation of Results. Not more than one specimen
shall crack or break as a result of this test.

5.9 Impact, Test 9 (Dart Drop, 9.14 m {30 ft})

5.9.1 Purpose of Test. The purpose of this test is to determine
the behavior of the safety glazing material material under
impact from a small, hard object.

5.9.2  Procedure. Five 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
temperature of 21 °C to 29 °C (70 °F to 85 °[) for at least
4 hours immediately preceding the test, thereby ensuring a
uniform temperature throughout each specimen when tested.
The specimen tested shall be supported in a stee] frame made in
accordance with Fig. 1. The frame shall be so suppqned that
the plane of the specimen will be substantially horizontal at the
time of impact.

I&w—« 76 mmf{3 in) DA~

152 mm (6in) /
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NOTE: Bag to be made of 0.79 - mm (1/32 in) thick flexible leather. Use lead shot,
BB size (4.57 mm in diameter). Total weight of bag and shot to be 4.961 10 5.0)8 kg

(11131 oz).

Figure 2

5 kg (111b) Shot-Bag Safety Glazing Material Tests
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A 196 g to 201 g (7 oz £ 0.1 oz} steel dart, made in accordance
with Fig. 3, shall be dropped 9.14 m (30 ), once, freely and
from rest, the nose of the dart striking the specimen within
25mm (1 in) of its center on that face of the specimen
representing the face mounted to the exterior of the vehicle.

5.9.3 Interpretation of Results. The dart may crack the
safety glazing material and may puncture the specimen.
However, the hole so produced in the specimen shall not be
sufficiently large to permit passage of the body of the dart
completely through the specimen.  Small particles may
disengage themselves from both sides of the specimen at and
immediately around the point of impact, but no loose or
detached pieces shall leave any area of the specimen exclusive
of the area punctured by the dart. Furthermore, the glass on
adjacent sides of each crack extending from the area punctured
by the dart shall be held in place by the reinforcing or
strengthening material, and no glass shall be freed from
reinforcing or strengthening material for a distance greater than
38 mm (1% in) from a crack. Spalling of the outer glass surface
opposite the point of impact and adjacent to the area of impact
is not to be considered a failure.

Naot more than one specimen shall break into separate large
pieces.

5.10 Impact, Test 10 (Dart Drop, Table 2 Heights)
5161 Purpose of Test. The purpose of this test is to
determine the behavior of the plastic under impact from a smali,

hard object.

5.10.2 Procedure. Five 305 mm x 305 mun (12 in % 12 in),

substantially flat specimens, as submitted, shall be tested.

Specimens to be tested sholl be separated and kept at a
temperature of 21 °C to 29°C (70 °F to 85 °F) for at least
4 hours immediately preceding the test, therchy ensuring a
uniform temperature throughout each specimen when tested.
The specimen tested shall be supported in a steel frame made in
accordance with Fig. 1. The frame shall be so supported that
the plane of the specimen will be substantially horizontal at the
time of impact.

A 196 g to 201 g (6.9 oz to 7.1 oz} steel dart, made in
accordance with Fig. 3, shall be dropped from a height in
accordance with Table 2, once, freely and from rest, the nose of
the dart striking the specimen within 25 mm (1 in) of its center.

5.310.3 Interpretation of Results, The dart may crack or
puncture the specimen, but not more than one specimen shall
break into separate large pieces. At the point immediately
opposite the point of impact, small fragments of plastic may
leave the specimen if laminated, the small area thus affected
shall expose less than 645 mm® (1 in®) of reinforcing or
strengthening material, the surface of which shall always be
well covered with particles of tightly adhering plastic. Total
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-accordance with Fig. 1.

separation of plastic from the remforcmg or strengthening
material shall not exceed 1935 mm?(3 in?) on either side.

511 Impact, TFest 11 (Dart Drop, 3.05 m {10 ft])

5111 Purpose of Test. The purpose of this test is to
determine the behavior of multiple glazed units under impact
from a small, hard object.

5.11.2 - Procedure. Five 305 mm x 305 mum {12 in x 12 in),
substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
temperature of 21 °C to 29 °C (70 °F to 85 °F) for at least
4 hours immediately preceding the test, thereby ensuring a
uniform temperature throughout each specimen when tested.
The specimen tested shatl be supported in a steel frame made in
The frame shall be so supported that
the plane of the specimen will be substantially horizontal at the
time of impact.

A 196 g to 201 g (6.9 oz to 7.1 oz} steel darl, made in
accordance with Fig. 3, shall be dropped 3.05 m (10 ft}, once,
freely and from rest, the nose of the dart siriking the specimen
within 25 mim (1 in) of its center.

5,11.3 Interpretation of Results, The dart may crack the
glass and may puncture the specimen, and sivall particles may
disengage themselves from both sides of the specimen at and
immediately around the point of impact, but no loose or
detached pieces shall feave any arca of the specimen exclusive
of the arca punctured by the dart. Furthermore, the glass on
adjacent sides of each crack extending from the area punctured
by the dart shall be held in place by the reinforcing or
strengthening material, and no glass shall be freed from
reinforcing or strengthening material for a distance greater than
38 mm (1¥2 in) from a crack.

TABLE 2
HEIGHT OF DROP FOR BALL AND DART IMPACT
TESTS OF PLASTIC SPECIMENS*

Nominal Thickness of

Plastic Spacimen Height of Drop

Millimeters Inches Meters Feot
3.18 or less 0.125 or less 1.83 3]
3.81 0.180 2.74 9
475 0.187 3.66 12
5.59 0.220 457 15
6.35 or more 5,49 18

0.250 or more

*For the purpose of defermining the height of drop to be used, thickness
of the plastic specimen measured 25 mm (1 in} from the edge at any
point shall not differ from the nominal thicknesses given in the table. The
height of drop for materials of nominal thicknesses between those listed
in the table shall be calculated proportionately to the adjacent values
given in the table.
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512 Impact, Test 12 (Ball Drop, 9.14 m (30 ft])

5.12.1 Purpose of Test. The purpese of this test is to
determine whether the safety glazing material has a certain
minimurm strength and whethér it is properly made.

5122 Procedure. Twelve 305 mm x 305 mm (12 in X
12 in), substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
temperature of 21 °C to 29 °C (70 °F to 85 °F) for at least 4
hours immediately preceding the test, thereby ensuring a
uniform temperature throughout each specimen when tested.
The specimen tested shall be supported in a steel frame made in
accordance with Fig. 1. The frame shall be so supported that
the plane of the specimen will be substantially horizontal at the
tirne of impact.

A 224 g10 230 g (0.5 b+ 0.1 oz) solid, smooth steel sphere
shall be dropped 9.14 m (30 f1), once, freely and from rest,
striking the specimen within 25 mm (1 in) of its center on the
face that would be mounted (o the exterior of the vehicle. The
ball shall be allowed to make only one impact with the
specimen.

5123 Interpretation of Results.  The impact may
produce a large number of cracks in the glass; not more than
two of the specimens shall break into scparate large pieces.
Furthermore, with no more than two of the remaining
specimens shall the ball produce a hole or fracture at any
location in the specimen through which the ball will pass.

At the point immediately opposite the point of impact, small
fragments of glass may leave the specimen, but the small area
thus affected shall- expose less than 645 mm® (1 in ) of
reinforcing or strengthening material, the surface of which shall
always be well covered with tiny particles of tightly adhering
glass,  Total separation of glass from the remfor(,m0 or
strengthening material shall not exceed 1935 mm® (3 in®) on
cither side.

Spalling of the outer glass surface opposite the point of
impact and adjacent to the area of impact is not to be considered
a failure.

5.13 Impact, Test 13 (Ball Drop, Table 2 Heights)

5131 Purpose of Test. The purpose of this test is to
determine whether the plastic has a certain minimum strength
and whether it is properly made.

513.2 Procedure. Twelve 305 mm x 305 mm, (12 in x
12 in) substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
ternperature of 21 °C to 29 °C (70 °F to 85 °F) for at least 4
hours immediately preceding the test, thereby ensuring a
uniform temperature throughout each specimen when tested.
The specimen tested shall be supported in a steel frame made in
accordance with Fig, 1. The frame shall be so supported that
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the plane of the specimen will be substantially horizontal at the
time of impact.

A224g1t0230g (0 Sbx0.1 oz) solid, smooth steel sphere
shall be dropped from a height in accordance with Table 2,
once, freely and from rest, striking the specimen within 25 mm
(1 in) of its center on the face that would be mounted to the
exterior of the vehicle. The ball shall be aliowed to make only
one impact wuh the specimen,

5.13.3 Interpretation of Results. The impact may
produce cracks in the plastic; not more than two of the
specimens shall break into separate large pieces, nor shall more
than two of the rematning specimens develop a fracture that can
be described as a hole through the body of the specimen..

At the point immediately opposite the point of impact, small
fragments of plastic may leave the specimen, but if lamtnated
the srm!l area thus affected shall expose less than 645 mm?
(1 m) of reinforcing or strengthening material, the surface of
which shall always be weli covered with tiny particles of tightly
adhering plastic.  Total separation of plastic from the
remforcmg or strengthening material shall not exceed 1935 mm?-
(3 in?) on either side.

5.14 Impact, Test 14 (Ball Drop, Variable) (Multiple
Glazed Unit, Class 2 Only)

5.14.1 Purpose of Test. The purpose of this test is to
determine  whether multiple glazed units have a certain
minimumn strength and whether they are properly made.

5.14.2 Procedure. Twelve 305 mm x 305 mm (12 in x
12 in), substantially flat specimens of multiple glazed units of
Class 2, as submitted, symmetrical in construction rather than in
shape, shall be tested in accordance with the technique of Test
12 and the test shall be contirued to fracture of all component
layers other than reinforcing or strengthening material in an
interlayer. The weight of the ball or the height of drop, or both,
may be increased to effect fracture of all component layers other
than reinforcing or strengthening material in an interlayer.

Twenty-four 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens of multiple glazed units of Class 2,
as submitted, nonsymmetrical in construction rather than in
shape, shall be tested on both sides, using a separate specimen
for impacting opposite sides.

5.14.3 Interpretation of Results. No single fragment of
glazing material free from cracks or separated fmm rcmforcmg
or strengthening m"ttenal shall exceed 1290 mm? (2 in?) in area.
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5.15  Optical Deviation and Visibility Distortion, Test 15

5.15.1 Purpese of Test. The purpose of this test is to
measure the optical deviation and visibility distortion effects of
flat or curved safety glazing materjals or both. To this end, the
procedure is divided into two parts:  Optical Deviation
(5.15.2.1) and Visibility Distortion (5.15.2.2).

5.15.2 Procedure. Ten 305 mm x 305 mm (12 in x 12 in),
substantially fiat specimens of the safety glazing material and in
the case of curved glazings, three approximately 305 mm x 305
mm (12 in x 12 in) additional curved specimens as described in
Section 3, Specimens to Be Tested, curved to the minimum
radius, shall be tested for optical deviation (see 5.15.2.1) and
visibility disiortion (see 5.15.2.2) before being subjected 1o
ather tests. That area of each specimen within 25 mum (1 in) of
any edge shall be covered with a suitable opaque mask.

5.152.1 Optical Deviation. The equipment for this test
consists of the illuminated box as shown in Fig. 4. The
itlluminated box shall be placed in a dark or semidark room so
that the secondary image and the white circle shall be distinctly
visible. The specimen shall be placed 7.62 m (25 ft) from the
face of the box and positioned so that the arca of the specimen
being examined will be normal to the line of vision between the
light sotrce and the examiner's eye (one eye only). The entire
unmasked area of the specimen shall be surveyed. In testing of
unsymunetrical  glazing materials, such as glass-plastic
laminates, the exterior surface of the specimens shall face the
illuminated box,

5152.2 Visibility Distortion. - The equipment for this test
consists of:

(1) A good quality, 500 W, lantern slide projector or a
similar assembly of light source and lenses that is
capable of projecting a sharply defined image on a screen
at a distance of 7.62 m (25 ft). The objective lens of this
system shall have an aperture approximately 51 mm (2
in) in diameter and a focal length of 305 mm (12 in).
The light source shall be not less than 500 W rating.

(2) A sguare, clean, matte, white projection screen that lies
substantially in one plane, measuring approximately
1.62 m (5 {t) on a side.

(3y A darkeoom of sufficient length to accommodate the
setup. ' )

The projection lantern shall be focused on the screen 7.62 m
(25 ft) distant.  The specimen shall be placed between the
fantern and the screen, close to and as nearly parallel with the
screen as may be possible. The specimen shall be positioned so
that the exterior surface faces the screen. The specimen shall be
moved toward the lantern in steps of 127 mm (5 in), always as
nearly paralle! to the screen as may be possible, and the shadow
on the screen observed, When light and dark patches begin to
appear throughout the entire area of the shadow, the distance
from the screen to the specimen shall be noted. The entire
unmasked area of the specimen shall be surveyed.

e mm {4.5 in ) )
INSIDE '“"305mm(l2.0m)-%=|
25 W LIGHT BULB DIAMETER >
i YELLOW RED GL.ASS
(SEE NOTE 1)
. . Y bt Snmiuay
&= = RO Tt o W EPDE SO
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)
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(2) Nor to scale,

L]
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FIGURE 4

OrTiCAL DEVIATION METHOD
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5.15.3 TInterpretation of Results. Throughout the area
surveyed under 5.15.2.1 there shall be no shift of the secondary
image beyond the point of tangency with the inside edge of the
circle, '

NoTE: An image shift to the point of tangency of the inside
edge of the 114 mm {4.5 in) circle represents a direct
vision deviation of 3.95 minutes of arc or 8.9 mm

(0.35 in) at 7.62 m (25 fv).

_ Under 5,15.2.2, no light and dark patches, existent over the
entire arca, shall appear in the shadow of the unmarked area of
the specimen before the specimen shall have been moved a
distance of a least 635 mum (25 in) from the screen.

Specimens shall comply with both 5.15.2.1 and 5.152.2 to
meet the requirements of this test.

5.16 Weathering, Test 16

516.1 Purpose of Test. The purpose of this test is to
determine whether the plastic or glass-plastic material glazing
will successfully withstand exposure to simulated weathering
conditions over an extended period of time,

5.16.2 Procedure

516.2.1 Apparatus. The exposure apparatus™ shall use a
long arc xenon lamp as the source of the radiation, which shalt
comply with ISO 4892 Part 2.2, Section 4, The long arc xenon
lamp can, when correctly filtered and maintained, yield a
spectrum closely approximating that of natural suniight. To this
end, the quartz xenon burner tube shall be fitted with suitable
borosilicate glass optical filter(s).>* The xenon lamps employed
shall be operated, from a suitable 50 Hz or 60 Hz power
supply, through suitable reactance transformers and electrical
equipment. :

The UV radiation distribution shall be as specified in ISO
4892 Part 2.2, Section 4.1.2, Table I, Relative spectral
irradiance for artificial weathering (Method A).

The exposure apparatus shall include equipment necessary -

for measuring and/or controlling the following:
(a) irradiance
(b) black standard temperature
' (c) water spray

{d) operating schedule or cycle.

B Such as Atas Ci or Xenotest Serics or Suga WEL-X Serics, These are
tradenames. This information is given for the convenicnce of users of this
standard and docs not constitute an endorsement of the product named,
Equivalent products may be used if they can be shown to lead to the same
results, .

M Borositicate glass filters such as Coming 7740 and Atlas Type § and Atlas
Suprax have been found satisfactory. (See Footnote 23 on tradenames).
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The exposure apparatus shall be made from inert materials
which do nol contaminate the water employed in the test,

Irradiance shall be measured at the specimen surface and
shall be controlled according to the recommendation of the
exposure apparatus manufacturer.

Total ultraviolet radiant” exposure, in joules per square
meter, shatl be measured or computed and shall be considered

the primary measure of specimen exposure.

5.16.2.2 Method of Test. Three 102 mm x 102 mm (4 in x
4in) flat specimens, as submitted, having both surfaces
substantially plane and parallel shall be tested for regular
(parailel) luminous transmittance (International Commission on
Humination “Tluminant A") at normal incidence. These
specimens shali then be exposed with their exterlor surfaces
facing the light source for a total ultraviolet irradiance of
306 MJ/m? as follows:

(1) The irradiance shall not vary more than + 10 % over the
whole specimen.

{2} At appropriate intervals, clean lamp filters by washing
with detergent and water. Xenon arc filters shall be
replaced according to the reconunendations of the
equipment manufacturer.

(3) The temperature within the exposure apparatus during
the dry portion of the cycle shall be controlled by
circulation of sufficient air to maintain a-constant black
standard temperature. This temperature shall be 67 °C to
73 °C (152 °F to 163 °F) as indicated by a Black
Standard  Thermometer™ or  equivalent, The
thermometer is preferably mounted on a support for a
test panel in such a way that it receives the same
radiation and cooling conditions as a specimen surface
on the same support. It may also be located at a fixed
distance position different from the specimen distance
and calibrated for temperature at the specimen distance,

(4) The relative humidity within the exposure apparatus shall
be controlied at 50 % + S % during the dry portions of
the ¢ycle.

(5) The deionized water used in the spray cycle shall contain
less than 1 ppm silicon dioxide solids and shali leave no
permanent deposit or residue on the specimens which
would interfere with subsequent measurements.

(6) The pH of the water shall be between 6.0 and 8.0, and
the conductivity shall be less than 5 mS.

(73 The temperature of the water in the line where it enters
the exposure apparatus shall be the ambient watet
temperature.

% Total uluaviotet is considered to be all radiation of waveleagth Jess than
400 nm.

26 The Black Standard Thermosmeter (BST) is defined by 1SO 4892 Part 1,
Section 4,1.5.
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(8) The water shall strike the specimens in the form of a fine
spray in sufficient volume to wet the specimens
uniformly, immediately upon impact. Water spray will
be directed only against the specimen surfaces facing the
light source. No recirculation of the spray water or
immersion of the specimens in the water shall be
permitted. :

{9) The specimens shall be rotated about the arc in order to
provide uniform distribution of light. All positions in the
exposure apparatus shall be filled with specimens or
surrogates to ensure that a uniform temperature
distribution is maintained. The speciméns shall be held
in frames with backs exposed to the cabinet environment,
However, reflections from cabinet walls shall not be
permitted to strike the back surface of the specimens. If
necessary, samples may be backed to block such
reflections; the backing must not be in direet contact with
the specimen and must not impede the free circulation of
air at the specimen sucface,

.

(10) The exposure apparatus shall be operated to provide
continuous light and intermittent water spray in 2 hour
cycles.  Each 2 hour cycle, in accordance with
ISO 4892, shall be divided into periods during which
the specimens are exposed to light without water spray
for 102 minutes and to light with water spray for
18 minutes.-

After exposure, the specimens may be cleaned, if necessary,
by a practice recommended by their manufacturer to remove
any residues present.  The irradiated specimens shall be
conditioned prior to testing for a minimum time of 48 hours at
22 °Cto 24°C (71 °F to 75 °F) and 50 % = 2 % relative
humidity. The irradiated specimens shall again be tested for
regular  (parallel) luminous transmittance (International
Commission on Illumination “[luminant A”) at normal
incidence. Following this, the plastic surfaces, whether coated
or uncoated, of the irradiated specimens shall be abraded
according to Test 17,

5.16.3 Interpretation of Results. The regular (parallel)
Iuminous transmittance of the expused specimens shall be
reduced no more that 5 %. Any increase in regular (parallel)
fuminous transmittance is acceptable. Some discoloration may
develop, but defects other than this discoloration shall not
develop. No bubbles or other noticeable decomposition shall
develop in the irradiated specimens,

The arithmetic mean of the percentages of light scattered by
the three specimens as a result of abrasion shall conform to the
requirements of 5.17.3 or 5.17.5, Test 17, whichever is
appropriate. '
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5.17 Abrasion Resistance, Test 17 (Plastics)

517.1 Purpose of Test. The purpose of this test is to
determine whether the plastic has a certain minimum resistance
to abrasion,

5.17.2 Procedure

5.17.2.1  Apparatus

(1) The ap aratus for the abrasion shall be the Taber
Abraser” or its equivalent. A load of 500 g shall be
employed on each wheel.

(2) The fine side of a Taber ST-11 refacing stone or disk and
a refacing disk holder shall be used for resurfacing the
abrasive wheels. It is important that the holder runs true
on the abraser and that the refacing stone or disk lies flat
on the holder,

(3) An abrasive wheel®® meeting the following requirements

at the time of the test shall be used:

{a) The wheel shall not be used after the date stamped
on it.

() The durometer hardness™ of the wheel shall be
measured on at least four points equally spaced on
the center of the abrading surface. The test shall be
made with the pressure applied vertically along a
diameter of the wheel, and reading taken 10 seconds
after full application of the pressure. Each wheel
shall have a durometer hardness of 72 £ 5.

(c) New wheels shall be broken in by 100 revolutions
on the ST-11 refacing stone or disk followed by
500 revolutions on the material to be tested,
followed by 25 revolutions on the ST-11 refacing
stone or disk before to starting the test on the
specimen.

(4) The turntable of the abraser shall rotate substantially in a
plane with a deviation at the distance of 1.59 mm (1/15 in)
from its periphery of not greater than ={.05mm
(+ 0.002 in).

(5) An integrating sphere, photoeleciric photomcterw
constructed essentially as shown in Fig. 5 or 6 and
conforming o the requirements shown below shall be
used to measure the light scattered by the abraded track.
A diaphragm shall be centratly inserted in the haze-
measuring apparatus 10 center the light beam on the
abraded track and limit it to a diameter of 7 mm + | mm
(028 in x 004 in} at the specimen. If haze
measurements are made with other devices or by other

7 pccording to ASTM D 1044-94, .

# Such as 2 Calibrase CS-10F-81 wheel or the equivalent.
¥ According to ASTM D 224091

¥ According to ASTM D 1003-92,
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methods, a correlation shall be established with the
results obtained with the apparatus and method
described as follows: '

(a) An integrating sphere shall be used to collect
transmitted flux; the sphere may be of any diameter
50 long as the total port area does not exceed 4.0 %
of the internal reflecting area of the sphere.

(b) Figs. 5 and 6 indicate possible arrangements of the
apparatus. The entrance and exit ports shail be
centered on the same great circle of the sphere and
there shall be at least 170 degrees of arc between
centers.  The exit port shall subtend an angle of 8
degrees at the center of the entrance port. The axis
of the irradiating beam shall pass through the centers
of the entrance and exit ports. The photocells shall
be positioned on the sphere 90 degrees = 10 degrees
from the entrance port. In the pivotable
modification of this type (Fig. 6) designed to use the
interior sphere wall adjacent to the exit port as the
reflectance standard, the angle of rotation shall not
exceed 10 degrees.

The specimen shall be illuminated by a substantially
unidirectional beam; the maximum angle that any
ray of this beam makes with the direction of its axis
siall not exceed 3 degrees. This beam shall not be
vignetted at either port of the sphere.

(<1} When the specimen is placed immediately against
the integrating sphere at the enwance port, the angle
between the normal to its surface and the axis of the

beam shall not exceed 8 degrees,

{¢) When the beam is unobstructed by a specimen, its
cross-section at the exit port shall be approximately
circular, sharply defined and concentric within the
exit port leaving an annulus of 1.3 degrees = 0.1

degrees subtended at the exit port.

(D) The surfaces of the interior of the integrating sphere,
baffles, and reflectance standard shall be of
substantially equal reflectance, matte, and highly
reflecting throughout the visible wavelengths.
Freshly smoked magnesium oxide is excellent for
this purpose, but highly reflecting matte paints are
more durable, '

For some measurements the standard at the exit port
is replaced by a light trap by actual removal of the
reflectance standard or by pivoting the sphere

(Fig.6). ‘The light trap shall absorb the beam
completely when no specimen is present,

{h} The radiant flux within the sphere shall be measured
by a photoelectric cell, the output measurements of
which shall be proportional within 1 % to the
incident flux over the range of intensity used,
Spectral conditions for source and receiver shall be
constant throughout the test of each specimen. The
design of the instrument shall be such that there shall
be no galvanometer deflection when the sphere is
dark,

Determine the four readings given in Table 3.

{1
(i) Repeat readings for T, Ts Ti and T, with.
additional specified positions of the specimen to

determine uniformity.
(%) Calculate total transmittance T, equal to To/T,

{I) Calculate diffuse transmittance Ty as follows:

T-‘i i T3 (T3 iIi_?_
Ty T

{(m) Calculate percentage haze, scattered Jight, or both as
follows:
T
percent = —45100
1

TABLE 3
. TRANSMITTANCE READINGS FOR ABRASION RESISTANCE
TEST
Light Reflectance
Reading Specimen  Trapin  Standard in Quantity
Designation  In Position  Position Position Represented
T, Mo Mo Yes Incidert light
. Taotal light
T, Yes [ Mo] Yes transmitted
by specimen
Light
T, No Ysas No scattered by
instrument
Light
T Yes Yes No scattered by
4 insteurment

and specimen

24



ANSI/SAE Z26.1-1996

CORDENSING

REFLECTOR

VENYT
(ADJ)

LENS

INTEGRATION SPHERE

POSITION X

TH]

R

POSITIONTT

REFLECTANCE
; STANDARD
LIGHT TRAP

§i13 ]
COLLIMATOR _
LAMP TUBE l_ ' | PHOTOCELL
= A L SPRING
s —Z RETAINER
TRANSFORMER A w;’u_ SPRING -
TRANSFORMER RETAINER L
. z 6 VOLT
VOLTAGE P8 pd TRANSFORMER
STABILIZER Hsv gﬁlbvgggsgmra
80 Hx
FIGURE 5
HAZEMETER
PIVOT ON WHICH

. SPHERE 15 ROTATED

ENTRANCE PHOTOCELL

WINDOW

e lfiGHpT
= RA

CONDENSER ~

e

SOURCE

T

FILTER

APERTURE

SPECIMEN

DASHED LINES SHOW POSITION OF
SPHERE FOR TOTAL TRANSMISSION

MEASUREMENTS

FIGURE 6

PIvOTABLE-SPHERE HAZEMETER

25



ANSI/SAE 726.1-1996

517.2.2 Specimens

(1) Three 102 mm x 102 mm (4 in x 4 in), flat specimens, as
submitted, having both surfaces substantially plane and
parallel, shall be tested.

(2) Before testing, any protective masking material shall be
removed, and the specimens shall be cleaned by a
practice recommended by the manufacturer,

(%) After cleaning, the specimens shall be handled only by
their edges and shall be stored in a suitable rack or in
clean envelopes 1o prevent damage to, or contamination
of, their surfaces. '

5.17.2.3 Conditioning of Specimens. The specimens shall
be conditioned prior to testing for a minimum time of 48 hours
at 22 °Cto 24 °C (71 °F 10 75 °F) and 50 % 2 % relative
humidity.!

5.17.2.4 Method of Test.
foliows:

(1) Level the Taber Abraser,

The test method sh\all be as

(2) The pair of abrasive wheels to be used shalt be mounted
on their respective flange holders (see Note), taking care
not to unduly handle them by their abrasive surfaces.
The load to be used is 500 g on each wheel.

NoTE: The wheels are marked "righthand” and “lefthand.”

(3) Using the refacing disk holder and the fine side of an $T-
11 refacing stone, reface the wheel 25 cycles before
abrading cach specimen.

(4) Measure the initial haze of the specimen at a minimum
of four equally spaced points in the unabraded area in
accordance with 5.17.2.1 {5) (m). The results shall be
averaged for each specimen. In liew of the four
measurements, an average value may be obtained by
rotating the specimen at three or more revolutions per
second,

(5) The specimen shall be mounted on the specimen holder
so that it rotates substantially in a plane and subjected to
abrasion for 100 cycles. Specimens shall be carefully
wiped after abrasion with dry lens paper {or its
equivalent).

(6) Measure the light scattered by the abraded track at a
minimum of four equally spaced points along the track in
accordance with 5.17.2.1 (5) (m). The resuits shall be
averaged for each specimen. In licu of the four
measurements, an average value may be obtained by
rotating the specimen at three or more revolutions per
second.

M according 0 ASTM D 618-95.
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The average initial haze determined by 5.17.2.4 (4) shall be
subtracted from the average total light scattered as measured by
5.17.2.4 (6). the difference representing the light scatter
resulting from abrading the specimen. o

5173 Interpretation of Results, The arithmetic mean of
the percentages of light scattered by the three specimens as a
result of abrasion shall not exceed 15.0 9. For glass-plastic
specimens, the arithmetic mean of the percentages of Light
scattered, on the plastic surface (whether coated or uncoated)
facing inward, by the three specimens as a result of abrasion
shall not exceed 4 %.

5174  Modified Procedure for Item 4A, Rigid Plastics

(1) The procedure for this test shall be as described 'm‘
Test 17 through 5.17.2.4 (6) and as follows.

(2) Afier the abrasion measurements have been completed in
5.17.2.4 (6), remount the specimen on the specimen
holder so that it rotates substantially in a plane and is
subjected to abrasion for an addittonal 400 cycles on the
same track already abraded for 100 cycles. Specimens
shall be carefully rinsed with distilled water following
the abrasion proceduore and wiped dry with lens paper (or
its equivalent).

(3) Measure the light scattered by the abraded wack at a
minimum of four equally spaced points along the track
and calculate percentage haze, scattered light, or both, in
accordance with 5.17.2.1 (5) {m). The results shall be
averaged for each specimen. In liew of the four
measurernents, an average value may be obtained by
rotating the specimen at three or more revolutions per

second. :
5.17.5 Interpretation of Results (For Item 4A), The
initial maximum haze level shall not exceed 1.0 %. The

arithmetic mean of the percentages of light scattered by the
three specimens shall not exceed 4.0 % after being subjected fo
abrasion for 100 cycles and 10.0 % after being subjected to
abrasion for 500 cycles.

5.18 Abrasion Resistance, Test
Material)

18 (Safety Glazing

518.1 Purpose of the Exterior Surface of Test. 'Ihe
purpose of this test is to determine whether safety glazing
material, as mounted in the vehicle, has a cerlain minimum
restétance to abrasion. ' :

5.18.2 Procedure. The procedure for this test shall be that
described in Test 17 except that the specimens of safety glazing
material for this test are to be subjected to abrasion for
1000 cycles. Three 102 mm x 102 mm, (4 in x 4 in) flat
specimens shall be tested.
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5.18.3 Interpretation of Results, The arithmetic mean of the
percentages of light scattered by the three specimens as a result
of abrasion shatl not exceed 2.0 %.

5.19 Chemical Resistance, Test 19 (Nonstressed)

5.19.1 Purpose of Test. The purpose of the test is to
determine whether nonstressed transparent plastic or glass-
plastic glazing material have a certain minimum resistance to
the following chemicals®, which are likely to be used for
cleaning purposes in motor vehicle service:

(1) One percent solution of nonabrasive soap in deicinized
water (i.e., potassium oleate or equivalent)

(2) Kerosene No. K-1 or K-2%
(3) Undiluted denatured alcohol (Formula SD No. 30)*!
(4 Gasoline”

(5} An agueous solution of isopropanol and glycol ether
solvents in concentration no greater than 10 9 or less
than 5§ % by weight each and ammonium hydroxide no
greater than 5 % or less than 1 % by weight each,
simulating typical commercial windshield cleaner.

5.19.2 Procedure. Two 25 mm x 178 mm (1 in x 7 in), flat
specimens, as submitted, shall be tested with each of the
chemicals prescribed in 5.19.1 using a new specimen for each
test with each chemical. Prior to testing, any protective
masking material shall be removed and the specimen shall be
cleaned by a practice recommended by the manufacturer.

Specimens shall be conditioned prior to testing for a
minimum time of 48 hours at 22 °C to 24 °C (71 "Ft0 75 °F)
and 50 % + 2 % rclative humidity. The tests shall be conducted
in an atmosphere maintained at 22 °C to 24 °C (71 *Fto 75 °F)
and 50 % x 2 % relative humidity. Specimens shall be
completely immersed in the fluid being tested, held for 1
minute, removed, immediately wiped with absorbent cotton,
and examined for evidence of softened or tacky surfaces.

* Cawtion should be observed #in the use of these materials, some of which are

toxic.

* As defined by ASTM D 3699-92

H One part 100 % methyl alcohol in 10 parts 190-proof ethyl alcohol by volume,
5 ASTM Reference Fuel C, which is composed of Isooctane 50 volume per-

centage and Toluene 50 volume percentage. Isooctane must conform to A2.7

in Annex 2 of the Motor Fuels Section of the 1985 Annnal Book of ASTM

Standards. Vol. 05.04, and Toluene must conform to ASTM D 362-84, Stan-

dard Specification for Industrial Grade Toluene, ASTM Reference Fuel C

must be vsed as specified in:

(1) Paragraph A2.3.2 and Annex 2 of Motor Fuels, Section 1 in the 1985
Annual Book of ASTM Standards; and

(2) OSHA Sundard 29 CFR 1910106 -
Flammable Combastible Liquids.”

“Handling Storage and Use of
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5193 Interpretation of Results.  There shall be no
tackiness, crazing, or apparent loss of transparency in the
specimens, For glass-plastic specimens only the plastic surface
(whether coated or uncoated) facing inward is subject to test and
evaluation.

£.20 Chemical Resistance, Test 20 (Stressed)

5.20.1 Purpose of Test. The purpose of this test is to
determine whether stressed plastic will have a certain minimum
resistance to the following chémicals™, which are likely to be
used for cleaning purposes in motor vehicle service:

(1) A 1% solution of a nonabrasive soap in deionized water
(i.c., potassium oleate or equivalent)

(2) Kerosene No. K-1 or K-2*
(3) Undiluted denatured alcohol (Formula SD No. 30)*
G)) Gasoline®

£.20.2 Procedure. Two 25 mm x 178 mm (1 in x 7 in),
substantially flat specimens, as submitted, shall be tested with
each of the chemicals prescribed in 520.1 using a new
specimen for each test with each chemical. Prior to testing, any
protective masking material shall be removed and the specimen
shall be cleaned by a practice recommended by the
manufacturer,

Specimens shall be conditioned prior to testing for a
minimum of 48 hours at 22 °C to 24 °C (71 °F to 75 °F) and
50 % =+ 2 % relative humidity. The tests shall be conducted in
an atmosphere maintained at 22 °C to 24 °C (71 °F to 75 °F)
and 50 % + 2 % relative humidity.

The specimens shall be set up as a Class T lever with the
fulerum 5} mm (2 in) from the stationary end and a load
SLlspcnded ata 102 mm (4 in) overhang from the fulcmm This
toad in grams (pounds) shall be equal to 28, 72 (417 } where t =
thickness in millimeters (inches) that will produce an outer fiber
stress of 6.9 MPa (1000 psi) in the plastic at the fulcrum point.
While the specimen is stressed, one of the prescribed chemicals
shall be applied to the top surface of the specimen above the
fulcrum point. The chemical shall be applied with a soft, 13
mm (V2 in) wide brush, wet before each stroke. Ten individual
strokes at one second intervals across the width of the specimen
shall be required. One minute after the last stroke the specimen
shall be wiped dry with clean absorbent cotton and immediately
examined for any evidence of surface defects, cracks, or crazing
while the specimen is maintained in the loaded state.

£20.3 Interpretation of Results. There shall be no
tackiness, crazing, or apparent loss of transparency in the
specimens.



ANSV/SAE Z26.1-1996

5,21 Dimensional Stability, Test 21 (Warpage)

5211 Purpose of Test. The purpose of this test is to
determine whether excessive shape changes occur in plastics
under conditions of high atmospheric temperature and humidity.

5.21.2 Procedure. Two 152 mm x 152 mm x 6.35 mm (6 in
x 6 in x % in), flat specimens, as submitied, edge-finished, shall
be tested. Prior to testing, any protective masking material shall
be removed and the specimens cleaned by a practice
recommended by the manufacturer,

Before testing, the specimens shall be conditioned on a
plane glass-plate surface for a minimum time of 48 hours at
22.°C to 24 °C (71 °F to 75 °F) and 50 % * 2 % relative
humidity.

The conditioned specimens shall be measured for initial
“off-flatness” by determining the preatest distance from a
straight edge connecting diagonally opposite corners 1o the near
surface of the plastic. This distance may be measured by means
of a dial micrometer, thickness gauge, or any other device
having an accuracy of 0.03 mm (0.001 in).

The conditioned and measured specimens, placed on the
plane glass-plate surfaces in the same orientation in which they
were conditioned, shall be exposed for 24 hours at 71 °C
(160 °F) and 70 % to 75 % relative humidity. Following this
the specimen shall be immediately transferred, while on the
plane glass-plate surface, Lo another container maintained at 70
% t0 75 % relative humidity and 22 °C to 24 °C (71 °Fto 75 °F)}
and held for 2 hours. The specimen shall be removed to a 22 °C
to 24 °C (71 °F to 75 °I) and 50 % = 2 % relative humidity
atmosphere, wiped dry, and immediately remeasured for
warpage by determining the greatest distance of the surface of
the plastic from a straight edge connecting diagonally opposite
corners, Warpage shall be reported as the greatest increase in
deviation from flatness in any of the specimens tested.

5.21.3 Interpretation of Results. The maximum warpage
shown by any of the specimens shall not exceed 1.27 mm
(0.050 in).

5.22 Flexibility, Test 22

5221 Purpose of Test. The purpose of this test is to
“ determine whether safety glazing plastics have satisfactory
flexibitity.

5222 Procedure. Two 254 mm x 64 mm (10 in x 2V2 in),
flat specimens, as submitted, shall be tested. Before testing, any
protective masking material shall be removed and the
specimens cleaned by a practice recommended by the
manufacturer.  Before testing, the specimens shall be
conditioned for a minimum time of 48 hours at 22 °Cto 24 °C
(71 °F to 75 °F) and 50 % % 2 % relative humidity. Afier
canditioning, the specimens shall be immediately bent over a
mandre] so that the entire length of the specimen shall conform
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to the surface of the mandrel, or it shall be bent 180 degrees
over the mandrel, with the longitudinal axis of the specimen
normal to the axis of the mandrel. The diameter of the mandrel
shall be equal to 80 times the thickness of the plastic material
being tested.

5223 Interpretation of Results. The safety glazing plastic
shall show no cracks, wrinkles, or surface impairment during or
after bending.

523 Flammability, Test 23 (1.27 mm [0.050 in] or Less in
Thickness)

§.23.1 Purpose of Test. The purpose of this test is to
determine the rate of burning of safety glazing plastics, 1.27
mm (0.050 in) or less in thickness.

5232 Procedure. Six 318 mm x 25 mm (122 in x 1 in), flat
specimens, as submitted, shall be tested. The specimen shall be
marked into squares 13 num (V2 in) on a side before the test is
started. This marking may be done by any convenient means,
provided the markings are still visible on the unburned portion
of the specimen after the test is completed.

The apparatus for the test shall consist of a shield
constructed from sheet metal or other fire-resistant material,
305 mm (17 in) in width, 305 mm (12 in) in depth, and 762 mm
(30 in) in height, and open at the top. The shield shall be so
constructed as to provide a ventilating opeuning approximately
25 mm (1 in) in height around the bottom and shall have
viewing window in one side, of sufficient size and in such a
position that the entire length of the specimen under test may be
observed. Because of danger due to breaking: glass, it may be
necessary to use heat-resistant glass for the viewing window,
One side of the shield shall be hinged (or some other suitable
form of construction used) so that the shield may be readily
opened and closed to facilitate the mounting and ignition of the
specimen. A spring type of paper clamp shall be used for
holding the specimen in a vertical position with 305 mm (12 in)
of the specimen exposed below the clamp. The holding clarp
shall be attached rigidly to the shield in such a manner that
when the specimen is clamped therein it is centered within the
shield facing the viewing window,

Qrdinary laboratory grade toluene (C;Hs) shall be used for
ignition. A drop of toluenc shall be placed on the specimen
approximately 6.35 mim (% in) above the lower edge of the
specimen, and allowed to run down to form a large drop on the
blunt end without dripping off. Within 7 seconds after
application to the specimen, this drop shall be ignited by either
of the following means: (1) a high-potential, low-energy spark
such as that delivered by an automobile ignition coil; or (2)a
safety match. Afler ignition, the door of the shield shall he
closed immediately. The time required for the flame either to
cenase or Lo completely burn the specimen shall be determined
by means of a stop watch or timer, started at the instant of
ignition. The arca of the specimen that is burned or charred
shall be measured to the nearest 161 mm?* (% in’). The
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markings on the specimen may be used for estimating the
amount of material burned. If material melts and drops from the
specimen, the area melted shall be included in the burned area.
The charred portion which drops off when touched with the
fingers or in handling shall also be included in the burned area.

8233 Interpretation of Results, The vertical burning rate
shall not exceed the limits indicated in Table 4.

TABLE4
VERTICAL BURNING RATES
Thickness Vertical Burnting Rate
mm in mm/s in*fs
0.13160.25 0.005 10 0.010 645 1.00
(.28 {0 0.38 0.011 10 0.015 323 Q.50
04110127 0.016 to 0.050 161 0.25

If the specimen does nol continue burning, it shall be
reported as non-sustaining.

5.24  Flammahility, Test 24 (More Than 1.27 mm {0.050 in]
in Thickness). .

5.24.1 Purpose of Test, The purpose of this test is to
determine the rate of burning of safety glazing plastics or
glass-plastic laminate glazing matevials over 1.27 mm (0.050 in)
in thickness.

5.24.2 Procedure. Three 152 mm x 13 mm, (6 in x V2 in) flat
specimens, as submitted, shall be tested. The specimen shatl be
marked by scribing two lines 25 mm (1 in) and 102 mm (4 in)
from one end of the specimen.

The test shall be conducted in a room or enclosure protected
from air currents, but provided with means for venting the
fumes from burning specimens. A hood may be used if its
exhaust fan is turned off during the test and allowed to run
periodically to clear out the fumnes between tests. The specimen
shall be clamped in a support, at the end farthest from the 25
mm (1 in) mark, with its inboard surface facing downward and
with its longitudinal axis horizontal and ils transverse axis
inclined at 45 degrees to the horizontal. Under the specimen
there shali be clamped a piece of 20 mesh per 25.4 mm Bunsen
burner gauze about 127 mm (5 in) square, in a horizontal
position 6.35 mm (% in) below the edge of the specimen, and
with about 13 mm (%2 in) of the specimen extending beyond the
edge of the gauze.

A Bunsen burner or an alcohol lamp with a flame 13 mn to
19 mm (% in to % in) in height shall be placed under the free
end of the specimen and adjusted so that the flame tip is just in
contact with the specimen. At the end of 30 seconds the flame
shall be removed and the specimen allowed to burn. A stop
“watch shall be started when the flame reaches the first mark,
25 mm (1 in) from the end, and the time observed when the
flame reaches the 102 mun (4 in) mark. In case the safety
glazing plastic or glass-plastic glazing material does not
continue to burn after the first ignition, the burner shall be
placed under the free end for a second period of 30 scconds
immediately following extinction of the flame. '
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5.24.3  Interpretation of Results. The horizontal burning
rate shall not exceed 1.48 mny/s (3.5 in/min). If the specimen
does not continue burning to the 102 mm (4 in) mark after the
second ignition, the specimen shall be reported as non-
sustaining. For glass-plastic specimens only the plastic surface
facing inward, whether coated or uncoated, is subject to test and
evaluation,

525 Egress, Test 25

5.25.1 Yurpose of Test. The purpose of this test is to
determine whether or not the safety glazing material will
provide an adequate means of egress from a motor vehicle
without resort fo "push-out" windows. This test need not be
performed on glazing that is to be used in push-out windows or
in windows not designed or intended for use as a means of
egess.

5.25.2 Procedure. A vehicle body, a section of a vehicle
body including the opening for which the specimens are
designed, or equivalent framing rigidly supported shall be
mounted so it is firmly held where 2 6.974 kg (15 Ib, 6 oz) shot
bag (Fig. 7), forming the bob of a pendulum the length of which
shall be not less than 3.053 m (10 ft) and that when freely swung
will strike the test specimen at its approximate center. If the
safety glazing material or multiple glazed unit is unsymmetrical
in structure, the material shall be tested fromw both sides,

A specimen of 6.35 mm (%4 in) nominal thickness laminated
safety glazing material’® of the identical size and shape as the
specimen to be tested shall be glazed in the opening by the
means designed for the safety glazing material or opening, or
both, and shall be impacted normal to surface or to the tangent
of its surface in the case of curved safety glazing materials. The
impact test shall be conducted by raising the approximate center
of gravity of the shot bag on the pendulum in increasing
increments of 152 mm (6 in) beginning at 305 mm (12 in} until
the 6.35 mm (4 in) nominal thickness laminated safety glazing
material’® is driven out of the frame or so broken as to be
readily removable by hand. The test shall then be repeated with
four similar spectmens of 6.35 mm (% in) nominal thickness
Jaminated safety glazing material.*®

Five specimens of the safety glazing material under test
shall then be glazed by the same means and tested successively
in the same manner, care being exercised to establish that the
frame is in an undamaged condition at the beginning of each
test. The shot bag shall then be dropped from the greatest
height arrived at in breaking the 6.35 mm (%4 in) nominal
thickness laminated safety glazing material. >

¥ The teer "6.35 mm (Y% in) nosninal thickness laminated safety glazing mate-
rial" ineans safety glazing material meeting the requiretnents of this standard and
comprising two sheets of 3,18 ram (' in) nominal thickness, soft annealed glass
laminated with a plasticized interlayer of polyvinyl butyml of 0.76 mm
0.030 in) nominal thickness. ’
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526 Penetration Resistance, Test 26

£.253 Interpretation of Results. Any safety glazing
materials shall be deenied to have failed this test if the average
drop height of the shot bag for the series of five tests is higher
than the average drop height of 635 mm (Y4 in} nominal
thickness laminated safety glazing material.

No provision of this test shall be so construed as to prohibit
in a push-out window the use of a safety glazing material not
meeting the requirements of this test.

30

526.1 Purpose of Test. The purpose of this test is to
determine whether the safety glazing material has satisfactory
penctration resistance.

5.26.2 Procedure. Ten 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens, as submitted, shall be tested.
Specimens to be tested shall be separated and kept at a
temperature of 21 °C to 29 °C (70 °F to 85 °F) for at least
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4 hours immediately preceding the test to ensure a uniform
temperature throughout each specimen when tested. The
specimen to be tested shall be supported in a steel frame made
in accordance with Fig. 1. The frame shall be so supported that
the plane of the specimen will be substantially horizontal,

When necessary to refain the specimen in the frame, the
specimen shall be clamped to ensure that the movement of the
specimen during the test will not exceed 2 mm (0.079 in) at any
point along the inside periphery of the frame.

A 2254 kg to 2.282 kg (5 1b + 0.5 oz} solid, smooth steel
sphere shall be dropped from a height of 3.66 m (12 fi), once,
freely and from rest, s0 as to strike the approximate center of the
surface that would be mounted to the interior of the vehicle.
The ball shall be allowed to make only one impact with each
test specimen.

5.26.3 Interpretation of Results, The impact may produce a
large number of cracks in the glass and may cause tears in
reinforcing interlayer material.  The impact furthermore may
produce a substantial permanent deformation in the shape of the
originally substantially flat specimen. However, with no more
than two of the specimens shall the ball pass completely through
the specimen within a 5 second interval after impact, either by
what could be described as a puncture of the specimen or by
means of the specimen fracturing into relatively large pieces
that subsequently fold aside to permit passage of the ball. For
glass-plastic glazing material, only the plastic surface
specimens, whether coated or uncoated, facing inward is subject
1o test and evaluation. '

When the specimen s clamped, the specimens during the
test exhibiting more than 2 mm (0.079 in) of movement at any
point along the inside periphery of the frame shall be discarded
and a new specimen substituted in its place.

5§27 Ballistics, Test 27

Bullet-resistant glazing and bullet-resistant shields of Type
MP, Type HP, Type SP, and Type RR shall com&)ly with the
baltistics requirements specified by UL 752-1995.°7 Evidence
of listing by Underwriters Laboratories, Inc., shall be considered
proof of compliance.

5.28 Resistance to Temperature Change, Test 28

5.28.1 Purpose of Test. The purpose of this test is to
determine whether or not the glazing material is capable of
withstanding changes in temperature without deterioration.

3 See Footnate 2.
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5282 Procedure. Two 305 mm x 305 mun (12 in x 12 in)
specimens shall be placed in air at a temperature of —45 °C to
35 °C (~49 °F to 31 °F) for a period of 6 hours, then placed in
still air at 22 °C to 24 °C (71 °F to 75 °F) for ] hour or until
temperature equilibiium has been attained in the specimens.
The specimens shall then be placed in circulating air at 70 °C to
74 °C (138 °F to 166 °F) for 3 hours. After removal to still air
at 21 °C to 27 °C (70°F to 81 °F) and cooling to this
temperature, the specimens shall be examined.

5.28.3 Interpretation of Results, The glazing specimens
shall show no evidence of cracking, clonding, delaminating, or
other evidence of deterioration.

5.29 Impact, Test 29 (Ball Drop, 6.10 m [20 ft]}

5.29.1 Purpose of Test. The purpose of this test is fo
determing whether the plies of bullet-resistant glazing are
satisfactorily bonded together. '

5.29.2  Procedure. The specimen shall be supported at its
edges in a horizontal position employing a steel frame made in
accordance with Fig. 1. The temperature of the specimen shall
be ~23 °C 1o ~12 °C (10 °F 10 +10 °F). The ball impact test
shall consist of the dropping of 2 2.254 kg to 2282 kg (5 1b =
0.5 oz} steel ball from a height of 6.10 m (20 ft) onto the test
specimen within 25 mtn (1 in) of the center. If all glass plies are
not broken on the first ball impact, the specimen shall be
reversed and the same test repeated on the opposite glass
surface. In tlic case of asymmetric laminates with only one
exterior glass surface, the specimen shall be impacted once on
each surface, starting on the glass side. In the case of laminates
with no exterior glass surfaces, the specimen shall be impacted
ance on each surface. Any impact not oceurring within 25 mm
{1 in) of the center of the assembly shall be disregarded and
another assembly tested. Two specimens 305 mm x 305 mm
(12 in x 12) shall be tested.

5293 Interpretation of Results, A specimen shall be
considered to fail the ball impact test when delamination oceurs
between any adjacent plies along any crack or fracture line that
extends more than 3 mm (/s in) normal to such crack or fracture
line. Any delamination exceeding 6.35 mm (¥4 in) in its largest
dimension shall also constitute failure. Delamination is a
visible parting of scparate lavers as obscrvable by reflected
light. Glass spall in the area of impact on the Impacted side or
the spalling off of a cone-shaped mass in the area opposite the
point of impact shall be disregarded.
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530 Light Stability, Test 30

5.30.1 Purpose of Test. The purpose of this test is to
determine the regular (parallel) luminous transmittance of the
bullet-resistant glazing before and after irradiation, thereby
indicating its suitability and whether or not it is adversely
affected by exposure to simulated sunlight or simulated
weathering conditions over an extended period of time.

5.30.2 Procedure. If laminated safety glazing material is
being tested, two 305 mm x 305 mm (12 in x 12 in) specimens
as submitted shall be tested by the procedure outlined in Test 1
through 5.1.2. If safety glazing plastic or glass-plastic glazing
materials are being tested, two 102 mun x 102 mm (4 in x 4 in)
specimens shall be tested by the procedure outlined in Test 16
through 5.16.2, abrasion procedure of Test 17 is excluded.

5.30.3 Interpretation of Results, The irradiated specimens
shall retain at least 70 % of the original fransmittance as
determined on the specimens as submitted. A vely slight
discoloration noticeable only when specimens are placed on a
white background may develop, but defects other than this
discoloration shall not develop.

5.31 Luminous Transmittance, Test 31

531.1  Purpose of Test. The purpose of this test is to
determine the regular (parallel) luminous transrittance of the
bullet-resistant glazing employed in motor vehicles.

5.31.2 Procedure. The data obtained in Test 30 through
5.30.2 on the regular (parallel) luminous transmittance at
normal incidence calculated to International Cornmission on
Tllumination "Hluminant A" shall be used. No additional
specimens other than those tested in Test 28 or 30 are required
in this test.

£.31.3 Interpretation of Resuolts. Bullet-resistant glazings
used in the motor vehicle shall show regular (parallel) luminous
transmittance of not less than 60 % of the light at normal
incidence both before and after irradiation,

5.32 Optical Deviation and Visihility Distortion, Test 32

5321 Purpose of Test. The purpose of this test is to
measure the optical deviation and visibility distortion effects of
flat or curved bullet-resistant glazings, or both. To this end, the
procedure is divided into two parts:  Optical Deviation
(5.32.2.1) and Visibility Distortion (5.32.2.2).

£.32.2 Procedure. Six 305 mm x 305 mm (12 in x 12 in),
substantially flat specimens of the bullet-resistant glass and, in
the case of curved bullet-resistant glazing, three additional,
approximately 305 mm x 305 mm (12 in x 12 in), curved
specimens (as described in Section 3, Specimens to Be Tested),
curved to the minimum radius, shall be tested for optical
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deviation (see 5.32.2.1} and visibility distortion (sce 5.32.2.2)
before being subjected to other tests, That area of the specimen -
within 25 mm {1 in) of any edge shall be covered with a suitable
opaque mask.

5.32.2.1 Optical Deviation, Described in 5.15.2.1.

£.32.2.2 Visibility Distortion. Described in5.15.2.2.

5,323, Interpretation of Results. Described in 5.15.3

6. Edges

In vehicles except school buses, exposed edges shall be
wreated in accordance with SAE J673 “Automotive Safety
Glazing.” In schoo!l buses, exposed edges shall be banded.

7. Marking of Safety Glazing Materials

In addition to any other markings required by law,
ordinance, or regulation, all safety glazing materials
reanufactured for use in accerdance with this standard shall be
legibly and permanently marked in letters and numerals at least
1.78 mm (0.070 in) in height, with the words American
Natiorial Standard or the characters AS and, in addition, with a
model number™ that will identify the type of construction of the
glazing material.  They shall also be marked with the
manufacturer's distinctive designation or rrademark. In addition
to the preceding markings and immediately adjacent tothe
words American National Standard or the characters AS,
each piece of safety glazing material shall further be marked in
numerals at least 1.78 mm (0.070 in) in height: if complying
with the requirements of Section 4, Application of Tests, Itern 1
with the numeral 1; if complying with the requirernents of
Section 4, Item 2, with the numeral 2; if complying with the
requirements of Section 4, Item 3, with the numeral 3; if
complying with the requirements of Section 4, Item 4, with the
rarneral 4; if complying with the requirements of Section 4,
Itemn 4 A, with the numeral and letter 4A; if complying with the
requirements of Section 4, Item 5, with the numeral 5; if
complying with the requirements of Section 4, Itemn 6, with the
numeral 6; if complying with the requirements of Section 4,
Ttem 7, with the numeral 7; if complying with the requirements
of Section 4, Itlem 8, with the numeral 8; if complying with the
requirements of Section 4, Item 9, with the numeral 9; if
complying with the requirements of Section 4, Item 10, with the
nureral 10; If complying with the requirements of Section 4,
Ttem 11A, with the numeral and letter 11A; if complying with
the requirements of Section 4, Itern 11B, with the numeral and
letter 11B; if complying with the requirements of Section 4,
Item 11C, with the numeral and letter 11C; if complying with
the requirements of Section 4, Item 12, with the numeral 32; if
complying with the requirements of Section 4, Item 13, with the

3% The model number shall be assigned by the manufacturer of the safety glazing
material and shall be related by the manufacturer to a detailed description of
a specific glazing material,
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numeral 13; if complying with the requirements of Section 4,
Item 14, with the numeral 14; i complying with the
requirements of Section 4, Item 15A, with the numeral and
letter 15A; if complying with the requirements of Section 4,
Ttern 15B, with the numeral and letter 15B; if complying with
the requirements of Section 4, Item 164, with the numeral and
letter 16A; if complying with the requirements of Section 4,
Ttemn 168, with the numeral and letter 16B. The characters, or
the words for which they stand, and the numerals as prescribed
in this paragraph shall be outside of, and separate from the
manufacturer's distinctive désignation or trademark, but in close
proximity thereto, preferably below,

If the manufacturer’s standard or date markings are used
outside the trademark, they shall be separated from any other
letters or characters by a space or hyphen to avoid confusion.
Any section of safety glazing material cut from a piece of safety
glazing material marked by the manufacturer as indicated in the
paragraph above shall be marked with the same words,
designation, characters, and numerals as the pigce from which it
was cut.

Bullet-resistant glazing shall be marked as required herein
except that following the letters AS and the numeral, the type
shall be designated, in letters at least 1.78 mm (0.070 in} in
height as specified in 1.1, subparagraph (4).

Glazing miterials, which in a single sheet of material are
intentionally made with an area having a luminous
transmittance of not less than 70% (Test 2), adjoining an area

a3

that has less than 70% luminous transmittance, shall be
permanently marked at the edge of the sheet to show the limits
of the arca that is intended to comply with Test 2. The
markings shall be ASI1, ASl14 or astz and so forth, the
direction of the arrow indicating the portion of the material that
complics with Test 2 and the number indicating the item with
which that portion of the sheet complies. This marking shall be
in addition to the marking previously described, which shall
also include the item number appropriate for that area-of sheet
having a luminous transmittance of not less than 70%.

Each manufacturer of glazing materials designed to meet
the requirements of Item 4A, Item 11C, Item 12, Itern 13, Itern
14, Itemm 15A, Item 15B, Item 16A or Item 16B shall affix a
label, removable by hand without tools, to each item of such
glazing materials.  The  label shall identify the product
involved, specify instructions and agents for cleaning the
material that will minimize the loss of transparency, and
instructions for removing frost and ice and, at the option of the
manufacturer, refer owners to the vehicle's Owner's Manual for
more specific cleaning and other instructions. Further, each
manufacturer of glazing materials designed to meet the
requirements of Item 14, Item 15A, Ttem 15B, Item 10A and
Item 16B may permanently and indelibly mark the lower
center of each item of such glazing material, in letters not less
than 4.8 mm (/14 in) nor more than 6,35 mm (%) in) high,
with the following words, “GLASS PLASTIC MATERIAL -
SEE OWNER'S MANUAL FOR CARE INSTRUCTIONS.”
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App@ndix but is included for information purposes only.)

TABLE Al
’ , GLAZING MATERIAL APPLICABLE WHEN MARKED WITH “AS” DESIGNATION INDICATED BELOW
Vehicle Type Glazing Location in Vehicle At Levels Requisite for Driving ’ﬁr'isil')ifitj,”’2 At Levels Not Requisite for Driving ¥ isibi}ityl
Passenger cars Windshields 1, 16 1nCh et —
Intedior partitions, auxiliary wind deflectors 1,2,4,4A, 10, 11A, 11C7, 14, 154, I5B —

Flexible curtains, readily removable windows, ventilators
used in comjunction with readily removable windows, rear
windows in tops of convertible cars 1,2,4,4A,6,10, 11A, 11C°, 14,154, ISB —

Openings in roofs not required for driving visibility — ’ LA 4,445 10 A TIB, VIC, 12,14, 15A, 15B, 16A, 168

Side windows between the “C" and “D” pillars in any ;
station wagon and hatehback if not laterally adjacent 10 an ) —_

outhoard designated seating position 1,244, 10, [1A, 11C7, 14, [5A. 1SR
Ail other glazing except as listed above 1,2, 10, LA LG, 14, 13A, 15B j < L2330 1A 1B, 11, 14, 15A, 1SB. 16A, {6R
Taxicabs | Windshields h ' ' gt et ' ! _
Int.crior panitions..auxi%iary wind deflectars, windows in o : —
rear doors L2,4,4A, 10, 11A, 11CY 14, 15A. 15T ﬁ
Openings in roofs not required for driving visibility - i L34, 44,510, LIA, TIB, 11C 12, 14, 15A, 1SB, 18A, 168
Flexible curtains, rexdily removable windows, ventilntors i
used in conjunction with readily removzble windows 1,2,4,4A,6, 10, H1A, 1T, 14, 1534, 158 ! —_
All other glazing except as listed above 1,210, 11A, 1IC, 14,154, 158 | 1,23, 10, 11A, 11C, 14, 15A, I5B, 164, 16B
Trucks and Windshields ' 1,10, ¢, 14 g _
truck tractocs Glazing to immediate right and left of driver 1,210, 11A, 11CY 14, 154, 158 i —
Rearmost window if used for driving visibility 1,28, 10, 1A, 11CY 14, 154, 15D : —_
Openings in roofs not required for driving visibility — , 1,2,3,4,44, 5,10, 11A, LIB, [IC, 12,13, 14, 15A, ISR, 164, 168

Glazing to rear of driver where other means to afford

visibility of the highways is provided — LELEA4A, 58,9, 10, 11A, 1B, LI, 14, 15A, 15B, 164, 16B

e )

20304044589, 10, HIA, TIB, HIC, 14, 154, 1513, 16A, 16B
1,2,3, 10, 1A, TIC, 14, 15A, 13B, (6A, 168

Folding doors 124,04, 8,10, 1A, (1G04, 154, 15

Alf other plazing except as listed above 1,2,10, 11A,11C7, 14, 15A, 15B

* The numbers shown are item aumbers as desenbed in Section 4, Application of Tests, and as used in Table L. )
? Glazing material that is intentionally made so that only a portion of a single sheet has 2 fuminous iransmittance of not fess than 70 % shall be marked a1 the edge of the sheet to show the limits of the area that may be used at

tevels requisite for driving visibility. The marks ASL 1, a5T2, ASL14. etc., shall be used, with the amrow pointing to the portion of the sheet having a luminous transmittance of not less than 70 %, and the number

indicating the item with which that pontion of the sheet complies.
? The combined paraile! luminous transmittance with perpendicufar incidence through both the shield and the permanent vehicle glazing is to be at feast 60 %.
¢ May not be used in windshields of any of the following vehicles: convertibles, vehicles that have no roof, vehicles whose roofs are completely removable.
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TABLE Al {CON'T)

GLAZING MATERIAL APPLICABLE WHEN MARKED WITH “AS" DESIGNATION INDICATED BELOW

Vehicie Type Glaring Location in Vehicle At Levels Requisite for Driving Visibi.lity"z At Levels Not Requiside for Driving Visibility'
Buses Windshields : b0, 1107, 147 —_
Glazing to immediate right and left of the driver 3 50,100 1A, 1ICT 14, 154, 158 —
Rearmost window if used for driving visibility LR L TiAL 10T 18 15A, 15 ) —
Rearmost window if niot used for driving visibHity J . 35,810, 1AL IR, TIC, 120 14, 15A, 1513
Intericr partitions ; 1,24, 44, 10, 114, 1107, 14, 15A, 158 1,2,3.4,44A,5, 10, 11A, 11B, 11C, 12, 13, 14, 15A, 15B, 164, 16B
Auxiliary wind deflectors 1,2,4.4A, 10, 11CY 11A, 14, 13A,15B 1.2 3,4.4A,5,. i0, 1A, 11B, 11C, 12, 14, 134, 15B, 164, 16B
Felding doors {,2,4.4A, 8,10, 114, [1C7, 14, 154, 15B 1,2,3,4,44,5,8, 9,19, 1 1A, 11B, 11C, 12, 14, 134, 138, 164, 16B
Standes windows ’ — C1,2,3,4,4A,5, 8,9, 10, 11A, LIB, 11C, 12, 13, 14, 15A, 158, 16A, 16B
Opcenings ir roofs not required for driving visibility - L2, 3 44A,5, 10, 1TAL 1R, 111G, 12, 14, 15A, I5B, 164, 16B
Flexible curlains, readily removable windows, ventilators . )
used in conjunction with readily removable windows 12,4, 44,6, 10, 11A. LIC, 14, 15A, 15B 1.2.3,4,4A,5.6,7, 10, 11A, 1B, 11C 12, 13. 14, I5A,. 15B, 16A, 168
All sther glazing except us listed above 1,210, V1A, 1ICY 14, 15A, 158 L2310 1A IB, T1C. 12, 14 15A. I5E. 16A, 16R
Motorhomes Windshiclds Lo, et 14 —
Glazing to immediale right and left of driver L2100 1AL TICE 14, 15A, 15B —

Forward-facing windows ——— 1,2.3,4,4A, 5,10, L1A, 11B, 11C, 12, 14, I5A, 15B, 16A, 16B

Windows and doors other than the windshield, forward-
facing windows, and glazing o immediate right and left

of the driver : — 1,2,3,4,4A,5,6,7.8,9, 10, 11A, 11B, 11C, 12, 13, 14, [5A, 15B. 16A. 16B
All other plazing excent as listed above 12,10, 1A, 1IC% 14, 15A, i5B 12,3, 10, 11A, 12,13, 14. 15A, 15B, 164, 16B

Frailers All glazing 123, 4 4A. 5. 6.7.8,9, 10, TEA, TIB, 1IC, 12, 13, 14, 15A, 1513, 16A, 161

Motorcycles Windscreens i 16,10 i1A. 1:1C 1,5,6.7.10. 11C% 12. 13, 14

Stide-in Campers | Forward-facing windows r [L2.3,4.4A, 5,5, 9,10, 11A, L1B, 11T, 12, 14, 15A, 158, 164, 168

;?fkup Covers All other glazing except as lisied above % 1.2,3,4,44,5,6,7,8,9, 10, 1A, 11B, [1C, 12, 13, 14, I5A, 15B, 184, i6B

' The numbers shown are ilemn numbers as deseribed in Section 4, Application of Tests, and as used in Table 1.
* Glazing material that is intentionaily madc so that only a portion of a single shoet has 2 uminous transmittanes of not fess than 70 % shall be marked af the edge of the sheet (o show the limits of the arca that may be used at

T

levels requisite for driving visibility. The matks ASl1, AST2 AS 14, cic, shell be used. with the arrow poining to the portion of the sheet having 3 Juninous transmittance of not less than 70 %, and the number
indicating the item with which that portion of the sheet complies.
* The combined parallel luminous transmittance with perpendicular incidence through both the shisld and the permanent vehicle glazing is to be at least 60 %,

* May not be used in windshields of any of the following vehicles: conventbles, vehicles that have no roef, vehicies whose roofs are compleicly remevable.
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