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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® DOCUMENTS
NOTICE AND DISCLAIMER OF LIABILITY CONCERNING THE USE OF NFPA DOCUMENTS

NFPA® codes, standards, recommended practices, and guides (“NFPA Documents”), of which the document
contained herein is one, are developed through a consensus standards development process approved by the
American National Standards Institute. This process brings together volunteers representing varied viewpoints and
interests to achieve consensus on fire and other safety issues. While the NFPA administers the process and
establishes rules to promote fairness in the development of consensus, it does not independently test, evaluate, or
verify the accuracy of any information or the soundness of any judgments contained in NFPA Documents.

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever,
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of,
or reliance on NFPA Documents. The NFPA also makes no guaranty or warranty as to the accuracy or completeness
of any information published herein.

In issuing and making NFPA Documents available, the NFPA is not undertaking to render professional or other
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent judgment
or, as appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any
given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA
Documents. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with
this document. Any certification or other statement of compliance with the requirements of this document shall not
be attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.
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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA DOCUMENTS
ADDITIONAL NOTICES AND DISCLAIMERS

Updating of NFPA Documents

Users of NFPA codes, standards, recommended practices, and guides (“NFPA Documents”) should be aware that these documents may be
superseded at any time by the issuance of new editions or may be amended from time to time through the issuance of Tentative Interim Amendments.
An official NFPA Document at any point in time consists of the current edition of the document together with any Tentative Interim Amendments
and any Errata then in effect. In order to determine whether a given document is the current edition and whether it has been amended through the
issuance of Tentative Interim Amendments or corrected through the issuance of Errata, consult appropriate NFPA publications such as the National
Fire Codes® Subscription Service, visit the NFPA website at www.nfpa.org, or contact the NFPA at the address listed below.

Interpretations of NFPA Documents

A statement, written or oral, that is not processed in accordance with Section 6 of the Regulations Governing Committee Projects shall not be
considered the official position of NFPA or any of its Committees and shall not be considered to be, nor be relied upon as, a Formal Interpretation.

Patents

The NFPA does not take any position with respect to the validity of any patent rights referenced in, related to, or asserted in connection with an
NFPA Document. The users of NFPA Documents bear the sole responsibility for determining the validity of any such patent rights, as well as the risk
of infringement of such rights, and the NFPA disclaims liability for the infringement of any patent resulting from the use of or reliance on NFPA
Documents.

NFPA adheres to the policy of the American National Standards Institute (ANSI) regarding the inclusion of patents in American National
Standards (“the ANSI Patent Policy”), and hereby gives the following notice pursuant to that policy:

NOTICE: The user’s attention is called to the possibility that compliance with an NFPA Document may require use of an invention covered by
patent rights. NFPA takes no position as to the validity of any such patent rights or as to whether such patent rights constitute or include essential
patent claims under the ANSI Patent Policy. If, in connection with the ANSI Patent Policy, a patent holder has filed a statement of willingness to
grant licenses under these rights on reasonable and nondiscriminatory terms and conditions to applicants desiring to obtain such a license, copies of
such filed statements can be obtained, on request, from NFPA. For further information, contact the NFPA at the address listed below.

Law and Regulations

Users of NFPA Documents should consult applicable federal, state, and local laws and regulations. NFPA does not, by the publication of its
codes, standards, recommended practices, and guides, intend to urge action that is not in compliance with applicable laws, and these documents may
not be construed as doing so.

Copyrights

NFPA Documents are copyrighted by the NFPA. They are made available for a wide variety of both public and private uses. These include both
use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the promotion of safe practices and methods. By
making these documents available for use and adoption by public authorities and private users, the NFPA does not waive any rights in copyright to
these documents.

Use of NFPA Documents for regulatory purposes should be accomplished through adoption by reference. The term “adoption by reference”
means the citing of title, edition, and publishing information only. Any deletions, additions, and changes desired by the adopting authority should be
noted separately in the adopting instrument. In order to assist NFPA in following the uses made of its documents, adopting authorities are requested
to notify the NFPA (Attention: Secretary, Standards Council) in writing of such use. For technical assistance and questions concerning adoption of
NFPA Documents, contact NFPA at the address below.

For Further Information

All questions or other communications relating to NFPA Documents and all requests for information on NFPA procedures governing its codes
and standards development process, including information on the procedures for requesting Formal Interpretations, for proposing Tentative Interim
Amendments, and for proposing revisions to NFPA documents during regular revision cycles, should be sent to NFPA headquarters, addressed to the
attention of the Secretary, Standards Council, NFPA, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02169-7471; email: stds_admin@nfpa.org

For more information about NFPA, visit the NFPA website at www.nfpa.org.
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This edition of NFPA 1971, Standard on Protective Ensembles for Structural Fire Fighting and
Proximity Fire Fighting, was prepared by the Technical Committee on Structural and Proximity
Fire Fighting Protective Clothing and Equipment, released by the Technical Correlating
Committee on Fire and Emergency Services Protective Clothing and Equipment, and acted
on by NFPA at its June Association Technical Meeting held June 11-14, 2012, in Las Vegas, NV.
It was issued by the Standards Council on August 9, 2012, with an effective date of August 29,
2012, and supersedes all previous editions.

Tentative interim amendments (TIAs) to Sections 2.3 and 8.10 were issued on August 9,
2012. For further information on tentative interim amendments, see Section 5 of the NFPA
Regulations Governing Committee Projects available at: http://www.nfpa.org/assets/files/
PDF/CodesStandards/TIAErrataFI/ TIARegs.pdf.

This edition of NFPA 1971 was approved as an American National Standard on August 29,
2012.

Origin and Development of NFPA 1971

The original work on this project was done by the Sectional Committee on Protective
Equipment for Fire Fighters that was a part of the Committee on Fire Department Equip-
ment. In 1973, the Sectional Committee released a tentative standard, NFPA 19A-T, Tentative
Standard on Protective Clothing for Fire Fighters. The Sectional Committee continued its work, and
with the cooperation of the Program for Fire Services Technology of the National Bureau of
Standards, developed NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting.
NFPA 1971 was adopted as a standard at the Fall Meeting in Pittsburgh, PA, on November 18,
1975.

Since that time, the Sectional Committee has been removed from the Committee on Fire
Department Equipment and made a full Technical Committee.

The 1981 edition of NFPA 1971 represented a complete editorial reworking of the 1975
edition to make the document more usable by both the fire service and protective clothing
manufacturers. The 1981 edition was acted on at the Annual Meeting in Dallas, TX, on May
19, 1981.

The 1986 edition incorporated a complete revision of the document to include more
performance requirements and fewer specifications. Separate performance and testing chap-
ters were written. The 1986 edition was acted on at the Annual Meeting in Atlanta, GA, on May
19-22, 1986.

Following the 1986 edition, the Committee was renamed from the Technical Committee
on Protective Equipment for Fire Fighters to the Technical Committee on Fire Service Pro-
tective Clothing and Equipment.

The 1991 edition incorporated third party certification, labeling, and listing for the pro-
tective clothing. A new chapter was added to address interface items, specifically the protec-
tive hood and protective wristlets. Appendix material was developed on cleaning of garments
and evaluating how materials can affect heat stress. The 1991 edition, the fourth edition, was
presented to the NFPA membership at the Annual Meeting in Boston, MA, on May 19-23,
1991, and was issued with an effective date of August 16, 1991.

In October 1994, the NFPA Standards Council reorganized the Technical Committee on
Fire Service Protective Clothing and Equipment as the Project on Fire and Emergency Ser-
vices Protective Clothing and Equipment operating with seven technical committees and a

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169.
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technical correlating committee. NFPA 1971 is now the responsibility of the Technical Committee on Structural and
Proximity Fire Fighting Protective Clothing and Equipment.

The 1997 edition of NFPA 1971, the fifth edition, combined four former standards on structural fire fighting
protective clothing: NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, NFPA 1972, Standard on Helmets
for Structural Fire Fighting; NFPA 1973, Standard on Gloves for Structural Fire Fighting; and NFPA 1974, Standard on Protective
Footwear for Structural Fire Fighting, into a single document entitled NFPA 1971, Standard on Protective Ensemble for Struc-
tural Fire Fighting.

The 2000 edition was the sixth edition and represented a complete revision to the fifth (1997) edition. Among
other changes, the edition introduced new requirements for evaporative heat transfer through garments through a
total heat loss test, for evaluating thermal insulation in areas of garments that are most likely to become compressed
through a conductive and compressive heat resistance test, for evaluating hand dexterity with gloves through a new
hand function test, and for evaluating the durability of barrier materials through additional preconditioning prior to
selected physical tests of the barrier materials.

The sixth edition was presented to the Association membership at the 1999 Fall Meeting in New Orleans, LA, on
November 17, 1999, and issued by the Standards Council with an effective date of February 11, 2000.

The 2007 edition of NFPA 1971, the seventh edition, represented a complete revision. The requirements of two
former standards, the 2000 (sixth) edition of NFPA 1971, Standard on Protective Ensemble for Structural Fire Fighting, and
the 2000 (second) edition of NFPA 1976, Standard on Protective Ensemble for Proximity Fire Fighting, were combined into a
single document entitled NFPA 1971, Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting.

Other than combining the two documents, the major changes represented in the 2007 edition were the optional
requirements for protection from CBRN terrorism agents (specified chemicals, biological agents, and radiological par-
ticulate) that could be released as a result of a terrorism attack. These optional requirements can be selected by fire
departments that are concerned about first response of their personnel to such WMD incidents where “normal” fire
fighting protective ensembles offer little or no protection from CBRN terrorism agents, and where supplementary
protective ensembles that are certified as compliant with NFPA 1994, Standard on Protective Ensembles for First Responders
to CBRN Terrorism Incidents, for protection from CBRN terrorism agents are unlikely to be provided to the vast majority
of fire fighting first responders.

The CBRN optional protection can be applied only to an entire ensemble, including the specified CBRN SCBA for
that ensemble, and cannot be applied to individual ensemble elements. The design and performance of the entire
ensemble including the CBRN SCBA provides the CBRN protection for the wearer and depends on the proper use of
the entire ensemble to accomplish this protection. No combination of individual ensemble elements short of the
entire assembled ensemble will give CBRN protection.

These optional CBRN requirements that apply to both structural fire fighting protective ensembles and proximity
fire fighting protective ensembles are built into the construction of the “basic” fire fighting protective ensemble
elements so that nothing has to be added to or subtracted from the basic fire fighting protective clothing in order to
achieve the protection from CBRN terrorism agents. The optional CBRN requirements do not decrease any of the
protection for the fire fighting environments in which these ensembles are used.

The 2007 edition was presented to the Association membership at the 2006 Association Annual Meeting in Orlando,
Florida, on June 7, 2006, and issued by the Standards Council with an effective date of August 17, 2006.

The 2013 edition of NFPA 1971 represents a complete revision of the document, incorporating many technical and
editorial changes. In addition to several new definitions and revised labeling requirements, changes have been made
to the performance requirements in Chapter 7, including those for garment zippers, fastener tape, and helmets.
Performance requirements for the radiant reflective protective areas of proximity fire fighting protective glove ele-
ments also have been added. A number of tests in Chapter 8 have been revised, including glove test areas, the flame
resistance test procedure, the glove hand function test procedure, and the slip resistance test. The chemical perme-
ation test and the man-in-simulant test (MIST) also have been completely revised. New tests have been added to
Chapter 8, including a torque test, transmitted and stored thermal energy test, fastener tape strength test, and a glove
tool test.

In Memoriam, 11 September 2001

We pay tribute to the 343 members of FDNY who gave their lives to save civilian victims on 11 September 2001, at the
World Trade Center. They are true American heroes in death, but they were also American heroes in life. We will keep
them in our memory and in our hearts. They are the embodiment of courage, bravery, and dedication. May they rest in
peace.

2013 Edition
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Technical Correlating Committee on Fire and Emergency Services Protective Clothing and Equipment

Les Boord, Chair
National Institute for Occupational Safety & Health, PA [E]

Eric J. Beck, Secretary
Mine Safety Appliances Company, PA [M]
Rep. Compressed Gas Association

Jason L. Allen, Intertek Testing Services, NY [RT]

Leslie Anderson, U.S. Department of Agriculture, MT [E]
Roger L. Barker, North Carolina State University, NC [SE]
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Steven D. Corrado, Underwriters Laboratories Inc.,

NC [RT]

Nicholas J. Curtis, Lion Apparel, Inc., OH [M]

Richard M. Duffy, International Association of Fire
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Rep. TC on Emergency Medical Services PC & E
Stephen J. King, Babylon, NY [SE]

Rep. TC on Structural and Proximity Fire Fighting PC

& E

David G. Trebisacci, NFPA Staff Liaison

James S. Johnson, Lawrence Livermore National
Laboratory, CA [RT]
David G. Matthews, Fire & Industrial (P.P.E) Ltd., United
Kingdom [SE]
Rep. International Standards Organization
Gary L. Neilson, Sparks, NV [U]
Rep. NFPA Fire Service Section
Jeffrey O. Stull, International Personnel Protection, Inc.,
TX [SE]
William A. Van Lent, Veridian Ltd., Inc., IA [M]
Rep. Fire & Emergency Manufacturers & Services
Association
Richard H. Young, DuPont Protection Technologies,
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(Alt. to N. J. Curtis)
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Rick L. Swan, IAFF Local 2881/CDF Fire Fighters, CA [L]
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This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time,
changes in the membership may have occurred. A key to classifications is found at the back of the document.

NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on the design, perfor-
mance, testing, and certification of protective clothing and protective equipment manufactured for fire and
emergency services organizations and personnel, to protect against exposures encountered during emer-
gency incident operations. This Committee shall also have the primary responsibility for documents on the
selection, care, and maintenance of such protective clothing and protective equipment by fire and emer-

gency services organizations and personnel.
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(Alt. to D. P. Fanning)

Mark J. Dolim, L.N. Curtis & Sons, CA [IM]
(Alt. to P. F. Curtis)

Richard C. Ford, II, Chicago Fire Department, IL [E]
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David G. Trebisacci, NFPA Staff Liaison
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Alt. to W. R. Hamilton

This list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time,
changes in the membership may have occurred. A key to classifications is found at the back of the document.

NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on special operations
protective clothing and protective equipment, except respiratory equipment, that provides hand, foot, torso,
limb, head, and interface protection for fire fighters and other emergency services responders during inci-
dents involving special operations functions including, but not limited to, structural collapse, trench rescue,
confined space entry, urban search and rescue, high angle/mountain rescue, vehicular extraction, swift
water or flooding rescue, contaminated water diving, and air operations.
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PROTECTIVE ENSEMBLES FOR STRUCTURAL FIRE FIGHTING AND PROXIMITY FIRE FIGHTING

NFPA 1971
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Protective Ensembles for Structural Fire
Fighting and Proximity Fire Fighting

2013 Edition

IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material
on the paragraph can be found in Annex A.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (®) between the paragraphs that
remain.

Information on referenced publications can be found in
Chapter 2 and Annex B.

Chapter 1 Administration

1.1* Scope.

1.1.1 This standard shall specify the minimum design, perfor-
mance, testing, and certification requirements for structural
fire fighting protective ensembles and ensemble elements that
include coats, trousers, coveralls, helmets, gloves, footwear,
and interface components.

1.1.2 This standard shall specify the minimum design, perfor-
mance, testing, and certification requirements for proximity
fire fighting protective ensembles and ensemble elements that
include coats, trousers, coveralls, helmets, gloves, footwear,
and interface components.

1.1.3* This standard shall also specify additional optional re-
quirements for structural fire fighting protective ensembles and
proximity fire fighting protective ensembles that will provide lim-
ited protection from specified chemicals, biological agents, and
radiological particulates (CBRN) terrorism agents.

1.1.3.1%* This standard shall establish requirements for a single
exposure wearing of protective ensembles for limited protec-
tion from specified CBRN terrorism agents.

1.1.4 This standard shall specify requirements for new struc-
tural fire fighting protective ensembles, new proximity fire fight-
ing protective ensembles, or new elements for both ensembles.

1.1.5% This standard shall not specify requirements for any
accessories that could be attached to the certified product, but
are not necessary for the certified product to meet the require-
ments of this standard.

\
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1.1.6 Other than for the certification of structural or proximity
protective ensembles to the optional CBRN requirements, this
standard shall not specify the respiratory protection that is neces-
sary for proper protection with both protective ensembles.

1.1.7 Certification of compliant structural fire fighting protec-
tive ensembles, compliant proximity fire fighting protective en-
sembles, and compliant elements of both ensembles to the re-
quirements of this standard shall not preclude certification to
additional appropriate standards where the ensemble or en-
semble element meets all the applicable requirements of each
standard.

1.1.8 This standard shall not be construed as addressing all of
the safety concerns associated with the use of compliant pro-
tective ensembles or ensemble elements. It shall be the re-
sponsibility of the persons and organizations that use compli-
ant protective ensembles or ensemble elements to establish
safety and health practices and determine the applicability of
regulatory limitations prior to use.

1.1.9 This standard shall not be construed as addressing all of
the safety concerns, if any, associated with the use of this stan-
dard by testing facilities. It shall be the responsibility of the
persons and organizations that use this standard to conduct
testing of protective ensembles or ensemble elements to estab-
lish safety and health practices and determine the applicability
of regulatory limitations prior to using this standard for any
designing, manufacturing, and testing.

1.1.10 Nothing herein shall restrict any jurisdiction or manu-
facturer from exceeding these minimum requirements.

1.2* Purpose.

1.2.1 The purpose of this standard shall be to establish mini-
mum levels of protection for fire fighting personnel assigned to
fire department operations including but not limited to struc-
tural fire fighting, proximity fire fighting, rescue, emergency
medical, and other emergency first responder functions.

1.2.1.1 To achieve this purpose, this standard shall establish
minimum requirements for structural fire fighting protective
ensembles and ensemble elements designed to provide fire
fighting personnel limited protection from thermal, physical,
environmental, and bloodborne pathogen hazards encoun-
tered during structural fire fighting operations.

1.2.1.2 To achieve this purpose, this standard shall establish
minimum requirements for proximity fire fighting protective
ensembles and ensemble elements designed to provide fire
fighting personnel limited protection from thermal exposures
where high levels of radiant heat as well as convective and
conductive heat are released, and from physical, environmen-
tal, and bloodborne pathogen hazards encountered during
proximity fire fighting operations.

1.2.2 The purpose of this standard shall also be to establish a
minimum level of protection for structural and proximity fire
fighting personnel from specified CBRN terrorism agents in
vapor, liquid splash, and particulate environments during CBRN
terrorism incidents as an option for compliant structural fire
fighting ensembles and for compliant proximity fire fighting en-
sembles, and for compliant elements for both ensembles.

1.2.3* Controlled laboratory tests used to determine compli-
ance with the performance requirements of this standard shall
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not be deemed as establishing performance levels for all situ-
ations to which personnel can be exposed.

1.2.4 This standard shall not be utilized as a detailed
manufacturing or purchasing specification but shall be per-
mitted to be referenced in purchase specifications as mini-
mum requirements.

1.3 Application.

1.3.1 This standard shall apply to the design, manufacturing,
testing, and certification of new structural fire fighting protective
ensembles, new proximity fire fighting protective ensembles, and
new elements of both ensembles for protection from thermal,
physical, environmental, and bloodborne pathogen hazards en-
countered during structural fire fighting operations.

1.3.2* This standard shall apply to the design, manufacturing,
testing, and certification of new structural fire fighting protective
ensembles, new proximity fire fighting protective ensembles, and
new elements of both ensembles for the additional optional pro-
tection from specified CBRN terrorism agents.

1.3.3 This standard shall not apply to any protective ensembles,
ensemble elements, or protective clothing for any other types of
fire fighting operations.

1.3.4 This standard shall not apply to structural fire fighting
protective ensembles manufactured according to previous
editions of NFPA 1971, Standard on Protective Ensembles for Struc-
tural Fire Fighting and Proximity Five Fighting.

1.3.5 This standard shall not apply to structural fire fighting
protective clothing and equipment manufactured according
to past editions of NFPA 1971, Standard on Protective Ensembles
Sfor Structural Fire Fighting and Proximity Fire Fighting; NFPA 1972,
Standard on Helmels for Structural Fire Fighting; NFPA 1973, Stan-
dard on Gloves for Structural Fire Fighting; and NFPA 1974, Stan-
dard on Protective Footwear for Structural Fire Fighting.

1.3.6 This standard shall not apply to proximity fire fighting
protective ensembles manufactured according to previous
editions of NFPA 1976, Standard on Protective Ensemble for Prox-
imaty Fire Fighting.

1.3.7 This standard shall not apply to proximity fire fighting
protective clothing and equipment manufactured according
to past editions of NFPA 1976, Standard on Protective Ensemble for
Proximity Fire Fighting.

1.3.8* This standard shall not apply to any accessories that
could be attached to the certified product, before or after pur-
chase, but are not necessary for the certified product to meet
the requirements of this standard.

1.3.9 This standard shall not apply to the use of structural fire
fighting protective ensembles, proximity fire fighting protec-
tive ensembles, or elements of these ensembles since these
requirements are specified in NFPA 1500, Standard on Fire De-
partment Occupational Safety and Health Program.

1.4 Units.

1.4.1 In this standard, values for measurement are followed
by an equivalent in parentheses, but only the first stated value
shall be regarded as the requirement.

1.4.2 Equivalent values in parentheses shall not be consid-
ered as the requirement, as these values are approximate.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be con-
sidered part of the requirements of this document.

2.2 NFPA Publications. National Fire Protection Association,
1 Batterymarch Park, Quincy, MA 02169-7471.

NFPA 1500, Standard on Fire Department Occupational Safety
and Health Program, 2013 edition.

NFPA 1981, Standard on Open-Circuit Self-Contained Breathing
Apparatus (SCBA) for Emergency Services, 2007 edition.

NFPA 1983, Standard on Life Safety Rope and Equipment for
Emergency Services, 2012 edition.

2.3 Other Publications.

2.3.1 AATCC Publications. American Association of Textile
Chemists and Colorists, P.O. Box 12215, Research Triangle
Park, NC 27709.

AATCC 35, Water Resistance: Rain Test, 2000.

AATCC 42, Test Method for Water Resistance: Impact Penetration
Test, 2000.

AATCC 61, Colorfastness to Laundering, Home and Commercial:
Accelerated, 2010.

AATCC 70, Test Method for Water Repellency: Tumble Jar Dy-
namic Absorption Test, 2005.

AATCC 135, Dimensional Changes in Automatic Home Launder-
ing of Woven and Knit Fabrics, 2004.

2.3.2 ANSI Publications. American National Standards Insti-
tute, Inc., 25 West 43rd Street, 4th Floor, New York, NY 10036.

ANSI/ISEA 787.1, Occupational and Educational Personal Eye
and Face Protection Devices, 2010.

Subsections 2.3.3 and 2.3.9 were revised by a tentative
interim amendment (TIA). See page 1.

2.3.3 ASTM Publications. ASTM International, 100 Barr Har-
bor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM A 666, Standard Specification for Annealed or Cold
Worked Austenitic Stainless Steel Sheet, Strip, Plate, and Flat Bar,
2003.

ASTM B 117, Standard Method of Salt Spray (Fog) Testing,
2003.

ASTM B 152, Specification for Copper Sheet, Strip Plate, and
Rolled Bar, 2000.

ASTM D 471, Standard Test Method for Rubber Property-Effect of
Liquids, 1998e2.

ASTM D 747, Standard Test Method for Apparent Bending
Modulus of Plastics by Means of a Cantilever Beam, 2002.

ASTM D 751, Standard Test Methods for Coated Fabrics,
2000el.

ASTM D 1003, Standard Test Method for Haze and Luminous
Transmittance of Transparent Plastics, 2000.

ASTM D 1683, Standard Test Method for Failure in Sewn Seams
of Woven Fabrics, 2004.

ASTM D 1776, Standard Practice for Conditioning Textiles for
Testing, 1996.
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ASTM D 2582, Standard Test Method for Puncture Propagation
Tear Resistance of Plastic Film and Thin Sheeting, 2003.

ASTM D 3884, Standard Guide for Abrasion Resistance of Textile
Fabrics (Rotary Platform, Double-Head Method), 2001e1l.

ASTM D 3940, Standard Test Method for Bursting Strength
(Load) and Elongation of Sewn Seams of Knit or Woven Stretch Textile
Fabrics, 1983.

ASTM D 4157, Standard Test Method for Abrasion Resistance of
Textile Fabrics (Oscillatory Gylinder Method), 2002.

ASTM D 4966, Standard Test Method for Abrasion Resistance of
Textile Fabrics, 1998 (2004).

ASTM D 5034, Standard Method for Breaking Strength and
Elongation of Textile Fabrics (Grab Test), 1995 (2001).

ASTM D 5169, Standard Test Method for Shear Strength (Dy-
namic Method) of Hook and Loop Touch Fasteners, 1998 (2010).

ASTM D 5170, Standard Test Method for Peel Strength (“T”
Method) of Hook and Loop Touch Fasteners, 1998 (2010).

ASTM D 5587, Standard Test Method for the Tearing Strength of
Fabrics by the Trapezoidal Procedure, 2005.

ASTM D 6413, Standard Test Method for Flame Resistance of
Textiles (Vertical Test), 1999.

ASTM D 6775, Standard Test Method for Breaking Strength and
Llongation of Textile Webbing, Tape and Braided Material, 2002e1.

ASTM D 6797, Standard Test Method for Bursting Strength of
Fabrics Constant-Rate-of-Extension (CRE) Ball Burst Test, 2007.

ASTM E 809, Standard Practice for Measuring Photometric Char-
acteristics of Retroreflectors, 2002.

ASTM E 991, Standard Practice for Color Measurement of Fluo-
rescent Specimens, 1998.

ASTM E 1164, Standard Practice for Obtaining Spectrometric
Data for Object Color Evaluation, 2002.

ASTM E 2152, Standard Practice for Computing the Colors of
Fluorescent Objects from Bispectral Photometric Data, 2001.

ASTM E 2153, Standard Practice for Obtaining Bispectral Pho-
tometric Data _for Evaluation of Fluorescent Color, 2001; Edition 3.

ASTM F 392, Standard Test Method for Flex Durability of Flexible
Barrier Materials, 1993 (2004).

ASTM F 903, Standard Test Method for Resistance of Protective
Clothing Materials to Penetration by Liquids, 2003 (2004).

ASTM F 1060, Standard Test Method for Thermal Protective Per-
formance of Materials for Protective Clothing for Hot Surface Contact,
2005.

ASTM F 1342, Standard Test Method for Protective Clothing Ma-
terial Resistance to Puncture, 2005.

ASTM F 1359, Standard Practice for Evaluating the Liquid-
Tight Integrity of Chemical Protective Clothing, 1999a (2004).

ASTM F 1671, Standard Test Method for Resistance of Materials
Used in Protective Clothing to Penetration by Blood-Borne Pathogens
Using Phi-X-174 Bacteriophage as a Test System, 2003.

ASTM F 1790, Standard Test Methods for Measuring Cut Resis-
tance of Materials Used in Protective Clothing, 2005.

ASTM F 1868, Standard Test Method for Thermal and Evapora-
tive Resistance of Clothing Materials Using a Sweating Hot Plate,
2002.
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ASTM F 1939, Standard Test Method for Radiant Heat Resis-
tance of Flame Resistant Clothing Materials with Continuous Heat-
ing, 2008.

ASTM F 2010, Standard Test Method for Evaluation of Glove
Lffects on Wearer Hand Dexterity Using a Modified Pegboard est,
2000 (2005).

ASTM F 2412, Standard Test Methods for Foot Protection, 2005.

ASTM F 2413, Performance Requirements for Protective (Safety)
Toe Cap Footwear, 2011.

ASTM F 2731, Standard Test Method for Measuring the Trans-
mitted and Stored Energy in Fire Fighter Protective Clothing Systems,
2010.

ASTM G 155, Standard Practice for Operating Xenon Arc Light
Apparatus for Exposure of Non-Metallic Materials, 2005a.

2.3.4 CIE Publications. U.S. National Committee of the
Comission Internationale de I'Eclairage CIE, ¢/o Mr. Thomas
M. Lemons, TLA — Lighting Consultants, Inc., 7 Pond Street,
Salem, MA 01970-4819.

1ISO/CIE 10526, Calorimetric Illuminants, 1999.

2.3.5 CSA Publications. Canadian Standards Association,
5060 Spectrum Way, Mississauga, ON, L4W 5N6, Canada.

CSA 7195, Protective Footwear, 2002.

2.3.6 EN Publications. European Standard, BSI, Linford
Wood, Milton Keynes MK14 6LE, UK.

EN 471, Specification for High Visibility Warning Clothing,
2004.

2.3.7 FIA Publications. Footwear Industries of America, 1420
K Street, NW, Suite 600, Washington, DC 20005.

FIA 1209, Whole Shoe Flex, 1984.

2.3.8 GSA Publications. U.S. General Services Administra-
tion, 1800 F Street, N.W., Washington, DC 20405.

Federal Test Method Standard 191A, Textile Test Methods, 20
July 1978.

2.3.9 ISO Publications. International Organization for Stan-
dardization, 1, rue de Varembé, Case postale 56, CH-1211 Gen-
eve 20, Switzerland.

ISO Guide 27, Guidelines for corrective action to be taken by a
certification body in the event of misuse of ils mark of conformity,
1983.

ISO Guide 62, General requirements for bodies operating assess-
ment and certification/registration of quality systems, 1996.

ISO Guide 65, General requirements for bodies operating product
certification systems, 1996.

ISO 4649, Rubber vulcanized or thermoplastic — Determination of
abrasion resistance using a rotating cyclindrical drum device, 2010.

ISO 9001, Quality management systems — Requirements, 2000.

ISO 13287, Personal protective equipment — footwear — lest
method for slip resistance, 2006.

1SO 17011, Conformity assessment — General requirements for
accreditation bodies accrediting conformity assessment bodies, 2004.

ISO 17025, General requirements for the competence of calibration
and testing laboratories, 2005.
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ISO 17492, Clothing for protection against heat and flame —
Determination of heat transmission on exposure to both flame and
radiant heat, 2003.

ISO 17493, Clothing and equipment for protection against heat
— test method for convective heat resistance using a hot air circulating

oven, 2000.

2.3.10 SAE Publications. Society of Automotive Engineers,
400 Commonwealth Drive, Warrendale, PA 15096.

SAE J211, Instrumentation for Impact Test, 1988.

2.3.11 U.S. Department of Defense Publications. Standard-
ization Document Order Desk, Building 4/D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

A-A-55126B, Commercial Item Description, Fastener Tapes, Hook
and Loop, Synthetic, 2006.

A-A-55634, Commercial Item Description, Zippers (Fasteners,
Slide, Interlocking), March 23, 2004.

2.3.12 U.S. Government Publications. U.S. Government
Printing Office, Washington, DC 20402.

Title 29, Code of Federal Regulations, Part 1910, “Personal
Protective Equipment,” 1994.

Title 42, Code of Federal Regulations, Part 84, Approval of
Respiratory Protective Devices, 2004. Statement of Standard for
NIOSH CBRN SCBA Testing, 2003.

2.3.13 U.S. Military Publications. U.S. Army Developmental
Test Command (DTC), ATTN: CSTE-DTC-TT-S, Aberdeen
Proving Ground, MD 21005-5055.

Assessment of the U.S. Army Chemical and Biological De-
fense Command Report 1, “Technical Assessment of the Man-
In-Simulant Test (MIST) Program,” National Research Coun-
cil Report, 1997.

Federal Specification CCC-C-419, Cloth, Duck, Unbleached,
Plied-Yarns, Army and Numbered, 1985.

Stoll, A. M., and M. A. Chianta, “Method and Rating System
for Evaluation of Thermal Protection,” Aerospace Medicine, vol.
40, 1968, pp. 1232-1238.

Test Operations Procedure (TOP 8-2-501), Permeation and
Penetration of Air-Permeable, Semipermeable, and Impermeable Mate-
rials with Chemical Agents or Simulants, 1997.

The Technical Cooperation Program, Chemical Biological
Defence Technical Panel 11 on Low Burden, Integrated Pro-
tective Clothing, “Final Report: Development of a Standard
Vapour Systems Test to Assess the Protection Capability of NBC
Individual Protective Ensembles,” Appendix G, Defence Re-
search Establishment Suffield Report, April 1997, Unclassified.

2.3.14 Other Publications.

Merriam-Webster’s — Collegiate — Dictionary, 11th  edition,

Merriam-Webster, Inc., Springfield, MA, 2003.
2.4 References For Extracts in Mandatory Sections (Reserved)

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall

be defined using their ordinarily accepted meanings within
the context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Approved. Acceptable to the authority having jurisdic-
tion.

3.2.2* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the require-
ments of a code or standard, or for approving equipment,
materials, an installation, or a procedure.

3.2.3 Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an orga-
nization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or mate-
rials, and by whose labeling the manufacturer indicates com-
pliance with appropriate standards or performance in a
specified manner. (See also definition 3.3.86, Product Label.)

3.2.4%* Listed. Equipment, materials, or services included in a
list published by an organization that is acceptable to the au-
thority having jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic evalu-
ation of services, and whose listing states that either the equip-
ment, material, or service meets appropriate designated stan-
dards or has been tested and found suitable for a specified
purpose.

3.2.5 Shall. Indicates a mandatory requirement.

3.2.6 Should. Indicates a recommendation or that which is
advised but not required.

3.2.7 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions are not to be consid-
ered a part of the requirements of a standard and shall be
located in an appendix, annex, footnote, informational note,
or other means as permitted in the Manual of Style for NFPA
Technical Committee Documents.

3.3 General Definitions.

3.3.1 Arch. The bottom curve of the foot from the heel to the
ball.

3.3.2 Barrier Material. The part of the composite that limits
transfer from the face of the layer to the other side.

3.3.3 Basic Plane. The anatomical plane that includes the
superior rim of the external auditory meatus, the upper edge
of the external openings of the ear, and the inferior margin of
the orbit, which is the lowest point of the floor of the eye
socket.

3.3.4 Belt. An equipment item configured as a device that
fastens around the waist only and is designated as a ladder belt
or an escape belt.

3.3.5 Biological Terrorism Agents. Liquid or particulate agents
that can consist of biologically derived toxin or pathogen to in-
flict lethal or incapacitating casualties.

(3]
2013 Edition Neer



1971-12

PROTECTIVE ENSEMBLES FOR STRUCTURAL FIRE FIGHTING AND PROXIMITY FIRE FIGHTING

3.3.6* Bitragion Coronal Arc. The arc between the right and
left tragion as measured over the top of the head in a plane
perpendicular to the midsagittal plane.

3.3.7* Bitragion Inion Arc. The arc between tragion as mea-
sured over the inion.

3.3.8 Body Fluid-Borne Pathogen. An infectious bacterium
or virus carried in human, animal, or clinical body fluids, or-
gans, or tissue.

3.3.9 Body Fluids. Fluids that are produced by the body in-
cluding, but not limited to, blood, semen, mucus, feces, urine,
vaginal secretions, breast milk, amniotic fluid, cerebrospinal
fluid, synovial fluid, and pericardial fluid.

3.3.10 Bootie. A sock-like extension of the garment or suit
leg that covers the entire foot.

3.3.11 Brim. A part of the shell of the helmet extending
around the entire circumference of the helmet.

3.3.12 Brim Line. A horizontal plane intersecting the point
of the front opening of the helmet at the midsagittal plane.

3.3.13 Cargo Pockets. Pockets located on the protective gar-
ment exterior.

3.3.14 CBRN. An abbreviation for chemicals, biological
agents, and radiological particulates hazards. (See also
3.3.16, CBRN Terrorism Agents. )

3.3.15* CBRN Barrier Layer. The part of the composite that is
intended to provide protection against CBRN terrorism
agents.

3.3.16* CBRN Terrorism Agents. Chemicals, biological agents,
and radiological particulates that could be released as the result
of a terrorist attack. (See also 3.3.20, Chemical Terrorism Agents;
3.3.5, Biological Terrorism Agents; and 3.3.110, Radiological Particu-
late Terrorism Agents.)

3.3.17 Certification/Certified. A system whereby a certifi-
cation organization determines that a manufacturer has
demonstrated the ability to produce a product that com-
plies with the requirements of this standard, authorizes the
manufacturer to use a label on listed products that comply
with the requirements of this standard, and establishes a
follow-up program conducted by the certification organiza-
tion as a check on the methods the manufacturer uses to
determine continued compliance of labeled and listed
products with the requirements of this standard.

3.3.18 Certification Organization. An independent, third-party
organization that determines product compliance with the re-
quirements of this standard with a labeling/listing/follow-up
program.

3.3.19 Char. The formation of a brittle residue when mate-
rial is exposed to thermal energy.

3.3.20 Chemical Terrorism Agents. Liquid, solid, gaseous, and
vapor chemical warfare agents and toxic industrial chemicals
used to inflict lethal or incapacitating casualties, generally on
a civilian population, as a result of a terrorist attack. (See also
3.3.21, Chemical Warfare (CW) Agents, and 3.3.143, Toxic Indus-
trial Chemicals.)

3.3.21 Chemical Warfare (CW) Agents. Liquid, solid, and gas-
eous chemical agents (most are liquids) traditionally used dur-
ing warfare or armed conflict to kill or incapacitate an enemy.
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3.3.22 Chin Strap. An adjustable strap for the helmet that fits
under the chin to secure the helmet to the head.

3.3.23 Coat. See 3.3.125, Structural Fire Fighting Protective
Coat, and 3.3.100, Proximity Fire Fighting Protective Coat.

3.3.24 Collar. The portion of the coat or coverall that en-
circles the neck.

3.3.25 Collar Lining. The part of collar fabric composite that is
next to the skin when the collar is closed in the raised position.

3.3.26 Compliance/Compliant. Meeting or exceeding all ap-
plicable requirements of this standard.

3.3.27 Component(s). Any material, part, or subassembly
used in the construction of the compliant product.

3.3.28 Composite. The layer or layers of materials or com-
ponents.

3.3.29 Coronal Plane. The anatomical plane perpendicular to
both the basic and midsagittal planes and containing the mid-
point of a line connecting the superior rims of the right and left
auditory meatuses.

3.3.30 Coverall. See 3.3.126, Structural Fire Fighting Protec-
tive Coverall, and 3.3.101, Proximity Fire Fighting Protective
Coverall.

3.3.31 Crown. The portion of the helmet that covers the
head above the reference plane.

3.3.32 Crown Straps. The part of the helmet suspension that
passes over the head.

3.3.33 Dielectric Test Plane. A plane that runs diagonally
through the headform from the intersection of the test line
and midsagittal plane in the front of the headform to the
intersection of the reference plane and midsagittal plane in
the rear of the headform.

3.3.34 Drip. To run or fall in drops or blobs.

3.3.35 Ear Covers. An interface component of the protective
helmet element that provides limited protection to the
helmet/coat interface area.

3.3.36 Element(s). See 3.3.39, Ensemble Elements.

3.3.37 Energy Absorbing System. Materials or systems used to
attenuate impact energy.

3.3.38 Ensemble. See 3.3.127, Structural Fire Fighting Pro-
tective Ensemble, and 3.3.102, Proximity Fire Fighting Protec-
tive Ensemble.

3.3.39 Ensemble Elements. The compliant products that pro-
vide protection to the upper and lower torso, arms, legs, head,
hands, and feet.

3.3.40* Entry Fire Fighting. Extraordinarily specialized fire
fighting operations that can include the activities of rescue,
fire suppression, and property conservation at incidents in-
volving fires producing extreme levels of radiant, conductive,
and convective heat.

3.3.41* Faceshield. The component of the helmet that pro-
vides limited protection to a portion of the wearer’s face.

3.3.42 Faceshield/Goggle. The term that applies to the hel-
met component that is a faceshield, or goggle, or both.

3.3.43 Facial Feature Headform. The medium size reference
headform specified in ANSI/ISEA Z787.1, Occupational and

Educational Personal Eye and Face Protection Devices.
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3.3.44 Flame Resistance. The property of a material whereby
combustion is prevented, terminated, or inhibited following
the application of a flaming or nonflaming source of ignition,
with or without subsequent removal of the ignition source.
Flame resistance can be an inherent property of a material, or
it can be imparted by specific treatment. (See also 3.3.67, Inher-
ent Flame Resistance.)

3.3.45 Fluorescence. The process by which radiant flux of
certain wavelengths is absorbed and reradiated, nonthermally
in other, usually longer, wavelengths.

3.3.46 Follow-Up Program. The sampling, inspection, tests,
or other measures conducted by the certification organization
on a periodic basis to determine the continued compliance of
labeled and listed products that are being produced by the
manufacturer to the requirements of this standard.

3.3.47* Footwear. See 3.3.129, Structural Fire Fighting Pro-
tective Footwear, and 3.3.104, Proximity Fire Fighting Protec-
tive Footwear.

3.3.48 Functional. The ability of an element or component of
an element to continue to be utilized for its intended purpose.

3.3.49 Garment(s). See 3.3.130, Structural Fire Fighting Pro-
tective Garments, and 3.3.105, Proximity Fire Fighting Protec-
tive Garments.

3.3.50 Gauntlet. An interface component of the protective
glove element that provides limited protection to the coat/
glove interface area.

3.3.51 Glove. See 3.3.131, Structural Fire Fighting Protective
Gloves, and 3.3.106, Proximity Fire Fighting Protective Gloves.

3.3.52 Glove Body. The part of the glove that extends from
the tip of the fingers to the wrist crease or to a specified dis-
tance beyond the wrist crease.

3.3.53 Glove Liner. The innermost component of the glove
body composite that comes into contact with the wearer’s skin.

3.3.54 Glove Wristlet. See 3.3.150, Wristlet.

3.3.55 Goggles. The component of the helmet that provides
protection to the wearer’s eyes and a portion of the wearer’s
face.

3.3.56 Grading. The process of proportioning components
for construction of an element.

3.3.57* Gusset. The part of the protective footwear that is a
relatively flexible material joining the footwear upper (quar-
ter) and the tongue, which is intended to provide expansion
of the footwear front to enable donning of the footwear while
maintaining continuous moisture integrity of the footwear.

3.3.58 Hardware. Nonfabric components of the protective
clothing and equipment including, but not limited to, those
made of metal or plastic.

3.3.59 Harness. An equipment item; an arrangement of ma-
terials secured about the body used to support a person.

3.3.60 Hazardous Materials Emergencies. Incidents involving
the release or potential release of hazardous materials.

3.3.61 Headband. The portion of the helmet suspension that
encircles the head.

3.3.62 Headform. A device that simulates the configuration
of the human head.

3.3.63 Helmet. See 3.3.132, Structural Fire Fighting Protec-
tive Helmet, and 3.3.107, Proximity Fire Fighting Protective
Helmet.

3.3.64 Helmet Cover. A removable helmet component that
offers radiant reflective protection to the exterior of the hel-
met shell.

3.3.65 Helmet Shroud. The component element of the hel-
met that provides limited protection to the helmet/coat SCBA
interface area.

3.3.66 Hood. See 3.3.133, Structural Fire Fighting Protective
Hood.

3.3.67 Inherent Flame Resistance. Flame resistance that is de-
rived from the essential characteristic of the fiber or polymer.

3.3.68 Insole. The inner component of the footwear upon
which the foot rests.

3.3.69 Interface Area. An area of the body where the protec-
tive garments, helmet, gloves, footwear, or SCBA facepiece
meet. Interface areas include, but are not limited to, the coat/
helmet/SCBA facepiece area, the coat/trouser area, the coat/
glove area, and the trouser/footwear area.

3.3.70 Interface Component(s). Any material, part, or subas-
sembly used in the construction of the compliant product that
provides limited protection to interface areas.

3.3.71 Ladder Shank. See 3.3.120, Shank.

3.3.72 Liquid Borne Pathogen. See 3.3.8, Body Fluid-Borne
Pathogen.

3.3.73 Lower Torso. The area of the body trunk below the
waist, excluding the legs, ankles, and feet.

3.3.74 Major A Seam. See 3.3.117.
3.3.75 Major B Seam. See 3.3.117.

3.3.76 Manufacturer. The entity that directs and controls any
of the following: compliant product design, compliant prod-
uct manufacturing, or compliant product quality assurance;
or the entity that assumes the liability for the compliant prod-
uct or provides the warranty for the compliant product.

3.3.77 Melt. A response to heat by a material resulting in
evidence of flowing or dripping.

3.3.78 Midsagittal Plane. The plane, perpendicular to the ba-
sic and coronal planes, that bisects the head symmetrically.

3.3.79 Minor Seam. See 3.3.117.4.

3.3.80 Model. The collective term used to identify a group of
elements or items of the same basic design and components
from a single manufacturer produced by the same manufac-
turing and quality assurance procedures that are covered by
the same certification.

3.3.81 Moisture Barrier. The component of an element or
item that principally prevents the transfer of liquids.

3.3.82 Nape Device. A component used to aid in helmet re-
tention.

3.3.83 Outer Shell. The outermost component of an element
or item not including trim, hardware, reinforcing material,
pockets, wristlet material, accessories, fittings, or suspension
systems.

(3]
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3.3.84* Particulates. Finely divided solid matter that is dis-
persed in air.

3.3.85 Percent Inward Leakage. The ratio of vapor concentra-
tion inside the ensemble versus the vapor concentration out-
side the ensemble expressed as a percentage.

3.3.86 Product Label. A marking provided by the manufac-
turer for each compliant product containing compliant state-
ments, certification statements, manufacturer or model informa-
tion, or similar data. The product label is not the certification
organization’s label, symbol, or identifying mark; however, the
certification organization’s label, symbol, or identifying mark is
attached to or part of the product label.

3.3.87 Protective Clothing. See 3.3.127, Structural Fire Fight-
ing Protective Ensembles, and 3.3.102, Proximity Fire Fighting
Protective Ensemble.

3.3.88 Protective Coat. See 3.3.125, Structural Fire Fighting
Protective Coat, and 3.3.100, Proximity Fire Fighting Protec-
tive Coat.

3.3.89 Protective Coverall. See 3.3.126, Structural Fire Fight-
ing Protective Coverall, and 3.3.101, Proximity Fire Fighting
Protective Coverall.

3.3.90 Protective Ensemble. See 3.3.127, Structural Fire
Fighting Protective Ensemble, and 3.3.102, Proximity Fire
Fighting Protective Ensemble.

3.3.91 Protective Footwear. See 3.3.129, Structural Fire Fight-
ing Protective Footwear, and 3.3.104, Proximity Fire Fighting
Protective Footwear.

3.3.92 Protective Garment. See 3.3.130, Structural Fire Fight-
ing Protective Garments, and 3.3.105, Proximity Fire Fighting
Protective Garments.

3.3.93 Protective Gloves. See 3.3.131, Structural Fire Fight-
ing Protective Glove, and 3.3.106, Proximity Fire Fighting Pro-
tective Glove.

3.3.94 Protective Helmet. See 3.3.132, Structural Fire Fight-
ing Protective Helmet, and 3.3.107, Proximity Fire Fighting
Protective Helmet.

3.3.95 Protective Hood. See 3.3.133, Structural Fire Fighting
Protective Hood.

3.3.96 Protective Trousers. See 3.3.134, Structural Fire Fight-
ing Protective Trousers, and 3.3.108, Proximity Fire Fighting
Protective Trousers.

3.3.97 Protective Wristlet. See 3.3.150, Wristlet.

3.3.98* Proximity Fire Fighting. Specialized fire fighting op-
erations that can include the activities of rescue, fire suppres-
sion, and property conservation at incidents involving fires
producing high levels of radiant heat as well as conductive and
convective heat.

3.3.99 Proximity Fire Fighting Protective Clothing. See
3.3.102, Proximity Fire Fighting Protective Ensemble.

3.3.100 Proximity Fire Fighting Protective Coat. The element
of the protective ensemble that provides protection to upper
torso and arms, excluding the hands and head.

3.3.101 Proximity Fire Fighting Protective Coverall. The ele-
ment of the protective ensemble that provides protection to
the torso, arms, and legs, excluding the head, hands, and feet.
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3.3.102 Proximity Fire Fighting Protective Ensemble. Multiple
elements of compliant protective clothing and equipment
that when worn together provide protection from some risks,
but not all risks, of emergency incident operations.

3.3.103 Proximity Fire Fighting Protective Ensemble with Op-
tional CBRN Terrorism Agent Protection. A compliant proxim-
ity fire fighting protective ensemble that is also certified as an
entire ensemble to meet the optional requirements for protec-
tion from specific chemical, biological, and radiological par-
ticulate terrorism agents.

3.3.104 Proximity Fire Fighting Protective Footwear. The ele-
ment of the protective ensemble that provides protection to
the foot, ankle, and lower leg.

3.3.105 Proximity Fire Fighting Protective Garment. The coat,
trouser, and coverall elements of the protective ensemble.

3.3.106 Proximity Fire Fighting Protective Glove. The element
of the protective ensemble that provides protection to the
hand and wrist.

3.3.107 Proximity Fire Fighting Protective Helmet. The ele-
ment of the protective ensemble that provides protection to
the head.

3.3.108 Proximity Fire Fighting Protective Trousers. The ele-
ment of the protective ensemble that provides protection to
the lower torso and legs, excluding the ankles and feet.

3.3.109 Puncture-Resistant Device. A reinforcement to the
bottom of protective footwear that is designed to provide
puncture resistance.

3.3.110* Radiological Particulate Terrorism Agents. Particles
that emit ionizing radiation in excess of normal background
levels, used to inflict lethal or incapacitating casualties, gener-
ally on a civilian population, as a result of terrorist attack.

3.3.111 Recall System. Procedures by which a manufacturer
identifies a product, provides notice or safety alert, and repairs
or withdraws the product as the corrective action.

3.3.112 Reference Plane. A dimensionally defined plane par-
allel to the basic plane that is measured from the top of the
applicable headform or the basic plane.

3.3.113 Retention System. The complete assembly by which
the helmet is retained in position on the head.

3.3.114 Retroreflection/Retroflective. The reflection of light
in which the reflected rays are preferentially returned in the
direction close to the opposite of the direction of the incident
rays, with this property being maintained over wide variations
of the direction of the incident rays.

3.3.115 Retroreflective Markings. A material that reflects and
returns a relatively high proportion of light in a direction
close to the direction from which it came.

3.3.116 Sample. (1) The ensemble, element, component, or
composite that is conditioned for testing. (2) Ensembles, ele-
ments, items, or components that are randomly selected from
the manufacturer’s production line, from the manufacturer’s
inventory, or from the open market.

3.3.117 Seam. Any permanent attachment of two or more
materials in a line formed by joining the separate material
pieces.

3.3.117.1 Major Seam. Seam assemblies where rupture ex-
poses the wearer to immediate danger.
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3.3.117.2* Major A Seam. Outermost layer seam assemblies
where rupture could reduce the protection of the garment
by exposing the garment’s inner layers.

3.3.117.3 Major B Seam. Inner layer seam assemblies where
rupture could reduce the protection of the garment by expos-
ing the next layer of the garment, the wearer’s station/work
uniform, other clothing, or skin.

3.3.117.4 Minor Seam. Remaining seam assemblies that
are not classified as Major, Major A, or Major B seams.

3.3.118 Seam Assembly. The structure obtained when materi-
als are joined by means of a seam.

3.3.119 Separate/Separation. A material response evidenced
by splitting or delaminating.

3.3.120 Shank. The component of footwear that provides ad-
ditional support to the instep.

3.3.121 Shell. See 3.3.83, Outer Shell.

3.3.122 Specimen. The conditioned ensemble, element, item,
or component that is tested. Specimens are taken from samples.
(See also 3.3.116, Sample.)

3.3.123 Structural Fire Fighting. The activities of rescue, fire
suppression, and property conservation in buildings, enclosed
structures, vehicles, marine vessels, or like properties that are
involved in a fire or emergency situation.

3.3.124 Structural Fire Fighting Protective Clothing. See
3.3.127, Structural Fire Fighting Protective Ensemble.

3.3.125 Structural Fire Fighting Protective Coat. The element
of the protective ensemble that provides protection to the up-
per torso and arms, excluding the hands and head.

3.3.126 Structural Fire Fighting Protective Coverall. The ele-
ment of the protective ensemble that provides protection to
the torso, arms, and legs, excluding the head, hands, and feet.

3.3.127* Structural Fire Fighting Protective Ensemble. Mul-
tiple elements of compliant protective clothing and equip-
ment that when worn together provide protection from some
risks, but not all risks, of emergency incident operations.

3.3.128 Structural Fire Fighting Protective Ensemble with Op-
tional CBRN Terrorism Agent Protection. A compliant struc-
tural fire fighting protective ensemble that is also certified as
an entire ensemble to meet the optional requirements for pro-
tection from specific chemical, biological, and radiological
particulate terrorism agents.

3.3.129 Structural Fire Fighting Protective Footwear. The ele-
ment of the protective ensemble that provides protection to
the foot, ankle, and lower leg.

3.3.130 Structural Fire Fighting Protective Garment(s). The
coat, trouser, and coverall elements of the protective ensemble.

3.3.131 Structural Fire Fighting Protective Glove. The element
of the protective ensemble that provides protection to the
hand and wrist.

3.3.132 Structural Fire Fighting Protective Helmet. The ele-
ment of the protective ensemble that provides protection to
the head.

3.3.133 Structural Fire Fighting Protective Hood. The inter-
face element of the protective ensemble that provides limited
protection to the coat/helmet/SCBA facepiece interface area.

3.3.134 Structural Fire Fighting Protective Trousers. The ele-
ment of the protective ensemble that provides protection to
the lower torso and legs, excluding the ankles and feet.

3.3.135 Suspension. The energy-attenuating system of the
helmet that is made up of the headband and crown strap.

3.3.136 Sweatband. That part of a helmet headband, either
integral or attached, that comes in contact with the wearer’s
forehead.

3.3.137 Textile Fabric. A planar structure consisting of yarns
or fibers.

3.3.138 Thermal Barrier. The component of an element or
item that principally provides thermal protection.

3.3.139 Toe Cap. Areinforcement to the toe area of footwear
designed to protect the toes from impact and compression.

3.3.140* Tongue. The part of the protective footwear that is
provided for lace up protective footwear with a closure that
extends from the vamp to the top line of the footwear between
sides of the footwear upper and is exposed to the exterior
environment when the footwear is correctly donned.

3.3.141 Top. The intersection between the midsagittal plane
and the coronal plane extended to the helmet surface.

3.3.142 Top Line. The top edge of the protective footwear
that includes the tongue, gusset, quarter, collar, and shaft.

3.3.143 Toxic Industrial Chemicals. Highly toxic solid, liquid,
or gaseous chemicals that have been identified as mass casu-
alty threats that could be used to inflict casualties, generally on
a civilian population, during a terrorist attack.

3.3.144 Trim. Retroreflective and fluorescent materials at-
tached to the outermost surface of the protective ensemble for
visibility enhancement. Retroreflective materials enhance night-
time visibility, and fluorescent materials enhance daytime visibil-
ity. “Trim” is also known as “visibility markings.”

3.3.145 Trouser. See 3.3.134, Structural Fire Fighting Protec-
tive Trousers, and 3.3.108, Proximity Fire Fighting Protective
Trousers.

3.3.146* Upper. The part of the protective footwear includ-
ing, but not limited to, the toe, vamp, quarter, shaft, collar,
and throat, but excluding the sole with heel, puncture-
resistant device, and insole.

3.3.147 Upper Torso. The area of body trunk above the waist
and extending to the shoulder, excluding the arms and wrists,
and hands.

3.3.148 Wear Surface. The bottom of the footwear sole, in-
cluding the heel.

3.3.149 Winter Liner. An optional component layer that pro-
vides added insulation against cold.

3.3.150 Wristlet. The interface component of the protective
element or item that provides limited protection to the pro-
tective coat/glove interface area.

Chapter 4 Certification

4.1 General.

4.1.1 The process of certification for product as being com-
pliant with NFPA 1971 shall meet the requirements of Section
4.1, General; Section 4.2, Certification Program; Section 4.3,
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Inspection and Testing; Section 4.4, Recertification; Section
4.5, Manufacturers’ Quality Assurance Program; Section 4.6,
Hazards Involving Compliant Product; Section 4.7, Manufac-
turers’ Investigation of Complaints and Returns; and Section
4.8, Manufacturers’ Safety Alert and Product Recall Systems.

4.1.2 All compliant products that are labeled as being com-
pliant with this standard shall meet or exceed all applicable
requirements specified in this standard and shall be certified.

4.1.2.1 The certification organization shall only permit the
certification of complete protective ensembles, which include
protective garments, protective helmet, protective gloves, pro-
tective footwear, interface components where necessary for
certification, and protective hood where the hood is not part
of the protective garments, to the optional requirements for
protection against CBRN terrorism agents.

4.1.2.2 The certification organization shall further require
that the protective ensemble manufacturer specify the respira-
tory protection component of the ensemble by manufacturer,
type, and model in order for the ensembles to be certified to
the optional requirements for protection against CBRN ter-
rorism agents.

4.1.2.3 The respiratory protection shall be a specific model
self-contained breathing apparatus (SCBA) that is certified as
compliant with NFPA 1981, Standard on Open-Circuit Self-Contained
Breathing Apparatus (SCBA) for Emergency Services, and also certified
by NIOSH as CBRN SCBA compliant with the Statement of Stan-
dard for NIOSH CBRN SCBA esting.

4.1.3 All certification shall be performed by a certification
organization that meets at least the requirements specified in
Section 4.2, Certification Program, and that is accredited for
personal protective equipment in accordance with ISO Guide
65, General requirements for bodies operating product certification sys-
tems. The accreditation shall be issued by an accreditation
body operating in accordance with ISO 17011, Conformity as-
sessment — General requirements for accreditation bodies accrediting
conformity assessment bodies.

4.1.4%¥ Manufacturers shall not claim compliance with por-
tions or segments of the requirements of this standard and
shall not use the NFPA name or the name or identification of
this standard, NFPA 1971, in any statements about their re-
spective products unless the products are certified as compli-
ant to this standard.

4.1.5 All compliant products shall be labeled and listed.

4.1.6 All compliant products shall also have a product label
that meets the requirements specified in Section 5.1, Product
Label Requirements.

4.1.7 The certification organization’s label, symbol, or iden-
tifying mark shall be part of the product label, shall be at-
tached to the product label, or shall be immediately adjacent
to the product label.

4.1.8 The certification organization shall not issue any new
certifications to the 2007 edition of NFPA 1971, Standard on
Protective Ensembles for Structural Fire Fighting and Proximity Fire
Fighting, on or after the NFPA effective date for the 2013 edi-
tion, which is August 29, 2012.

4.1.9 The certification organization shall not permit any
manufacturer to continue to label any products that are certi-
fied as compliant with the 2007 edition of NFPA 1971, Standard
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on Protective Ensembles for Structural Fire Fighting and Proximity Fire
Fighting, on or after August 29, 2013.

4.1.10 The certification organization shall require manufac-
turers to remove all certification labels and product labels in-
dicating compliance with the 2007 edition of NFPA 1971, Stan-
dard on Protective Ensembles for Structural Fire Fighting and
Proximity Fire Fighting, from all products that are under the
control of the manufacturer on August 29, 2013, and the cer-
tification organization shall verify this action is taken.

4.2 Certification Program.

4.2.1*% The certification organization shall not be owned or
controlled by manufacturers or vendors of the product being
certified.

4.2.2 The certification organization shall be primarily engaged
in certification work and shall not have a monetary interest in the
product’s ultimate profitability.

4.2.3 The certification organization shall be accredited for
personal protective equipment in accordance with ISO Guide
65, General requirements for bodies operating product certification sys-
tems. The accreditation shall be issued by an accreditation
body operating in accordance with ISO 17011, Conformity as-
sessment — General requirements for accreditation bodies accrediting
conformity assessment bodies.

4.2.4 The certification organization shall refuse to certify prod-
ucts to this standard that do not comply with all applicable re-
quirements of this standard.

4.2.5* The contractual provisions between the certification or-
ganization and the manufacturer shall specify that certifica-
tion is contingent on compliance with all applicable require-
ments of this standard.

4.2.5.1 The certification organization shall not offer or con-
fer any conditional, temporary, or partial certifications.

4.2.5.2 Manufacturers shall not be authorized to use any la-
bel or reference to the certification organization on products
that are not compliant with all applicable requirements of this
standard.

4.2.6* The certification organization shall have laboratory fa-
cilities and equipment available for conducting proper tests to
determine product compliance.

4.2.6.1 The certification organization laboratory facilities shall
have a program in place and functioning for calibration of all
instruments, and procedures shall be in use to ensure proper
control of all testing.

4.2.6.2 The certification organization laboratory facilities shall
follow good practice regarding the use of laboratory manuals,
form data sheets, documented calibration and calibration rou-
tines, performance verification, proficiency testing, and staff
qualification and training programs.

4.2.7 The certification organization shall require the manu-
facturer to establish and maintain a quality assurance program
that meets the requirements of Section 4.5, Manufacturers’
Quality Assurance Program.

4.2.7.1* The certification organization shall require the
manufacturer to have a product recall system specified in Sec-
tion 4.8, Manufacturers’ Safety Alert and Product Recall Sys-
tems, as part of the manufacturer’s quality assurance program.
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4.2.7.2 The certification organization shall audit the manu-
facturer’s quality assurance program to ensure that the quality
assurance program provides continued product compliance
with this standard.

4.2.8 The certification organization and the manufacturer
shall evaluate any changes affecting the form, fit, or function
of the compliant product to determine its continued certifica-
tion to this standard.

4.2.9*% The certification organization shall have a follow-up in-
spection program of the manufacturer’s facilities of the compli-
ant product with at least two random and unannounced visits per
12-month period to verify the product’s continued compliance.

4.2.9.1 As part of the follow-up inspection program, the cer-
tification organization shall select sample compliant product
at random from the manufacturer’s production line, from the
manufacturer’s in-house stock, or from the open market.

4.2.9.2 Sample productshall be evaluated by the certification
organization to verify the product’s continued compliance in
order to assure that the materials, components, and manufac-
turing quality assurance systems are consistent with the mate-
rials, components, and manufacturing quality assurance that
were inspected and tested by the certification organization
during initial certification and recertification.

4.2.9.3 The certification organization shall be permitted to
conduct specific testing to verify the product’s continued
compliance.

4.2.9.4 For products, components, and materials where prior
testing, judgment, and experience of the certification organi-
zation have shown results to be in jeopardy of not complying
with this standard, the certification organization shall conduct
more frequent testing of sample product, components, and
materials acquired in accordance with 4.2.9.1 against the ap-
plicable requirements of this standard.

4.2.10 The certification organization shall have in place a series
of procedures, as specified in Section 4.6, Hazards Involving
Compliant Product, that address reports of situations in which a
compliant product is subsequently found to be hazardous.

4.2.11 The certification organization’s operating procedures
shall provide a mechanism for the manufacturer to appeal
decisions. The procedures shall include the presentation of
information from both sides of a controversy to a designated
appeals panel.

4.2.12 The certification organization shall be in a position to
use legal means to protect the integrity of its name and label.
The name and label shall be registered and legally defended.

4.3 Inspection and Testing.

4.3.1 For both initial certification and recertification of com-
pliant products, the certification organization shall conduct
both inspection and testing as specified in this section.

4.3.2 All inspections, evaluations, conditioning, and testing
for certification or for recertification shall be conducted by a cer-
tification organization’s testing laboratory that is accredited in
accordance with the requirements of ISO 17025, General require-
ments for the competence of testing and calibration laboratories.

4.3.2.1 The certification organization’s testing laboratory’s
scope of accreditation to ISO 17025, General requirements for the
competence of lesting and calibration laboratories, shall encompass
testing of personal protective equipment.

4.3.2.2 The accreditation of a certification organization’s
testing laboratory shall be issued by an accreditation body
operating in accordance with ISO 17011, Conformity assess-
ment — General requirements for accreditation bodies accrediting
conformity assessment bodies.

4.3.3 A certification organization shall be permitted to utilize
conditioning and testing results conducted by a product or
component manufacturer for certification or recertification
provided the manufacturer’s testing laboratory meets the re-
quirements specified in 4.3.3.1 through 4.3.3.5.

4.3.3.1 The manufacturer’s testing laboratory shall be ac-
credited in accordance with the requirements of ISO 17025,
General requirements for the competence of testing and calibration
laboratories.

4.3.3.2 The manufacturer’s testing laboratory’s scope of ac-
creditation to ISO 17025, General requirements for the competence
of testing and calibration laboratories, shall encompass testing of
personal protective equipment.

4.3.3.3 The accreditation of a manufacturer’s testing laboratory
shall be issued by an accreditation body operating in accordance
with ISO 17011, Conformity assessment — General requirements for
acereditation bodies accrediting conformity assessment bodies.

4.3.3.4 The certification organization shall approve the
manufacturer’s testing laboratory.

4.3.3.5 The certification organization shall determine the level
of supervision and witnessing of the conditioning and testing for
certification or recertification conducted at the manufacturer’s
testing laboratory.

4.3.4* Sampling levels for testing and inspection shall be es-
tablished by the certification organization and the manufac-
turer to ensure a reasonable and acceptable reliability at a
reasonable and acceptable confidence level that products cer-
tified to this standard are compliant, unless such sampling
levels are specified herein.

4.3.4.1% For certification of structural fire fighting helmet ele-
ments, a test series shall consist of 14 helmets.

4.3.4.1.1 A minimum of three test series shall be required for
certification.

4.3.4.1.2 Each helmet shall be subjected to the specified en-
vironmental conditioning and test or tests.

4.3.4.2% For certification of proximity fire fighting helmet ele-
ments, a test series shall consist of 14 helmets.

4.3.4.2.1 Aminimum of three test series shall be required for
certification.

4.3.4.2.2 Each helmet shall be subjected to the specified en-
vironmental conditioning and test or tests.

4.3.4.3* For certification of any ensembles with the optional
CBRN requirements, the ensembles and components shall
be subjected to the specified environmental conditioning
and test or tests.

4.3.5 Inspection and evaluation by the certification organiza-
tion shall include a review of all product labels to ensure that

(3]
2013 Edition Neer



1971-18

PROTECTIVE ENSEMBLES FOR STRUCTURAL FIRE FIGHTING AND PROXIMITY FIRE FIGHTING

all required label attachments, compliance statements, certifi-
cation statements, and other product information are at least
as specified for the products identified in Section 5.1, Product
Label Requirements for Both Ensembles, Section 5.2, Addi-
tional Product Label Requirements for Structural Fire Fight-
ing Ensemble Elements Only, and Section 5.3, Additional
Product Label Requirements for Proximity Fire Fighting En-
semble Elements Only.

4.3.6 Inspection and evaluation by the certification organiza-
tion shall include an evaluation of any symbols and pictorial
graphic representations used on product labels or in user in-
formation, as permitted in 5.1.5 to ensure that the symbols are
clearly explained in the product’s user information package.

4.3.7 Inspection and evaluation by the certification organiza-
tion shall include a review of the user information required by
Section 5.4, User Information Requirements for Both En-
sembles, to ensure that the information has been developed
and is available.

4.3.8 Inspection and evaluation by the certification organiza-
tion for determining compliance with the design require-
ments specified in Chapter 6 shall be performed on whole or
complete products.

4.3.9 Testing to determine product compliance with the per-
formance requirements specified in Chapter 7 shall be con-
ducted by the certification organization in accordance with
the specified testing requirements of Chapter 8.

4.3.9.1 Testing shall be performed on specimens representa-
tive of materials and components used in the actual construc-
tion of the compliant product.

4.3.9.2 The certification organization also shall be permitted
to use sample materials cut from a representative product.

4.3.10 The certification organization shall accept from the
manufacturer, for evaluation and testing for certification, only
product or product components that are the same in every
respect to the actual final product or product component.

4.3.11 The certification organization shall not allow any modifi-
cations, pretreatment, conditioning, or other such special pro-
cesses of the product or any product component prior to the
product’s submission for evaluation and testing by the certifica-
tion organization.

4.3.12 The certification organization shall not allow the sub-
stitution, repair, or modification, other than as specifically
permitted herein, of any product or any product component
during testing.

4.3.13 The certification organization shall not allow test speci-
mens that have been conditioned and tested for one method to
be reconditioned and tested for another test method unless spe-
cifically permitted in the test method.

4.3.14 The certification organization shall test an ensemble
element with the specific ensemble(s) with which it is to be
certified.

4.3.15 Any change in the design, construction, or material of
a compliant product shall necessitate new inspection and test-
ing to verify compliance to all applicable requirements of this
standard that the certification organization determines can be
affected by such change. This recertification shall be con-
ducted before labeling the modified product as being compli-
ant with this standard.
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4.3.16 The manufacturer shall maintain all design and perfor-
mance inspection and test data from the certification organiza-
tion used in the certification of the manufacturer’s compliant
product. The manufacturer shall provide such data, upon re-
quest, to the purchaser or authority having jurisdiction.

4.4 Recertification.

4.4.1 All individual elements of the protective ensemble that
are labeled as being compliant with this standard shall un-
dergo recertification on an annual basis. This recertification
shall include the following:

(1) Inspection and evaluation to all design requirements as
required by this standard on all manufacturer models and
components.

(2) Testing to all performance requirements as required by
this standard on all manufacturer models and compo-
nents with the following protocol:

(a) Where a test method incorporates testing both be-
fore and after laundering preconditioning specified
in 8.1.2 and the test generates quantitative results,
recertification testing shall be limited to the condi-
tioning that yielded the worst-case test result during
the initial certification for the model or component.

(b) Where a test method incorporates testing both be-
fore and after laundering preconditioning specified
in 8.1.2 and the test generates non-quantitative re-
sults (e.g., pass/fail for melt/drip), recertification
shall be limited to a single conditioning procedure in
any given year. Subsequent annual recertifications
shall cycle through the remaining conditioning pro-
cedures to ensure that all required conditionings are
included over time.

(c) Where a test method requires the testing of three speci-
mens, a minimum of one specimen shall be tested for
annual recertification.

(d) Where a test method requires the testing of five or more
specimens, a minimum of two specimens shall be tested
for annual recertification.

4.4.2 At least one sample of each compliant product and
component shall be tested for overall performance as speci-
fied in Chapter 7 according to the following protocol:

(1) Where a test method incorporates testing both before
and after laundering preconditioning specified in 8.1.2
and the test generates quantitative results, recertification
testing shall be limited to the conditioning that yielded
the worst-case test result during the initial certification for
the model or component.

(2) Where a test method incorporates testing both before
and after laundering preconditioning specified in 8.1.2
and the test generates non-quantitative results (e.g., pass/
fail for melt/drip), recertification shall be limited to a
single conditioning procedure in any given year. Subse-
quent annual recertifications shall cycle through the re-
maining conditioning procedures to ensure that all re-
quired conditionings are included over time.

(3) Where a test method requires the testing of less than five
specimens, a minimum of one specimen shall be tested
for annual recertification.

(4) Where a test method requires the testing of five or more
specimens, a minimum of two specimens shall be tested
for annual recertification.

(5) For CBRN protective ensembles, permeation testing shall
be performed on all the specified chemicals each year.
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4.4.3 Any change that affects the element’s performance un-
der the design or performance requirements of this standard
shall constitute a different model.

4.4.4 For the purpose of this standard, models shall include
each unique pattern, style, or design of the individual element.

4.4.5 Samples of manufacturer models and components for
recertification shall be acquired as part of the follow-up pro-
gram in accordance with 4.2.7 and shall be permitted to be
used toward annual recertification.

4.4.6 The manufacturer shall maintain all design and perfor-
mance inspection and test data from the certification organi-
zation used in the recertification of manufacturer models and
components. The manufacturer shall provide such data, upon
request, to the purchaser or authority having jurisdiction.

4.5 Manufacturers’ Quality Assurance Program.

4.5.1 The manufacturer shall provide and operate a quality
assurance program that meets the requirements of this section
and that includes a product recall system as specified in 4.2.7.1
and Section 4.8, Manufacturers’ Safety Alert and Product Re-
call Systems.

4.5.2 The operation of the quality assurance program shall
evaluate and test compliant product production to the re-
quirements of this standard to assure production remains in
compliance.

4.5.3 The manufacturer shall be registered to ISO 9001,
Quality management systems — Requirements.

4.5.3.1 Registration to the requirements of ISO 9001, Quality
management systems — requirements, shall be conducted by a reg-
istrar that is accredited for personal protective equipment in
accordance with ISO Guide 62, General requirements for bodies
operating assessment and certification/registration of quality systems.
The registrar shall affix the accreditation mark on the ISO
registration certificate.

4.5.3.2 The scope of the ISO registration shall include at least
the design and manufacturing systems management for the
type of personal protective equipment being certified.

4.5.4% Any entity that meets the definition of manufacturer
specified in Section 3.3, and therefore is considered to be the
“manufacturer” but does not manufacture or assemble the
compliant product shall meet the requirements specified in
Section 4.5.

4.5.5% Where the manufacturer uses subcontractors in the
construction or assembly of the compliant product, the loca-
tions and names of all subcontractor facilities shall be docu-
mented and the documentation shall be provided to the manu-
facturer’s ISO registrar and the certification organization.

4.5.6 Where manufacturers construct custom sized or special
fitting gloves for accommodating the special needs of indi-
vidual firefighters, the manufacturer shall employ the same
manufacturing methods as used in the construction of required
glove sizes.

4.5.6.1 The manufacturer shall notify the certification orga-
nization as required in 4.2.8 and shall obtain written approval
from the certification organization prior to proceeding with
any modifications to an existing certified glove design.

4.5.6.2 Custom fitting gloves shall be individually evaluated
to verify the integrity of the glove moisture barrier using air or

other similar method to ensure that the glove is constructed in
a leak-free manner.

4.6 Hazards Involving Compliant Product.

4.6.1 The certification organization shall establish procedures
to be followed where situation (s) are reported in which a compli-
ant product is subsequently found to be hazardous. These proce-
dures shall comply with the provisions of ISO Guide 27, Guidelines
for corrective action to be taken by a certification body in the event of misuse
of its mark of conformity, and as modified herein.

4.6.2* Where a report of a hazard involved with a compliant
product is received by the certification organization, the valid-
ity of the report shall be investigated.

4.6.3 With respect to a compliant product, a hazard shall be a
condition or create a situation that results in exposing life,
limb, or property to an imminently dangerous or dangerous
condition.

4.6.4 Where a specific hazard is identified, the determination
of the appropriate action for the certification organization
and the manufacturer to undertake shall take into consider-
ation the severity of the hazard and its consequences to the
safety and health of users.

4.6.5 Where it is established that a hazard is involved with a
compliant product, the certification organization shall deter-
mine the scope of the hazard including products, model num-
bers, serial numbers, factory production facilities, production
runs, and quantities involved.

4.6.6 The certification organization’s investigation shall in-
clude, but not be limited to, the extent and scope of the problem
as it might apply to other compliant products or compliant prod-
uct components manufactured by other manufacturers or certi-
fied by other certification organizations.

4.6.7 The certification organization shall also investigate re-
ports of a hazard where compliant product is gaining widespread
use in applications not foreseen when the standard was written,
such applications in turn being ones for which the product was
not certified, and no specific scope of application has been pro-
vided in the standard, and no limiting scope of application was
provided by the manufacturer in written material accompanying
the compliant product at the point of sale.

4.6.8 The certification organization shall require the manu-
facturer of the compliant product, or the manufacturer of the
compliant product component if applicable, to assist the cer-
tification organization in the investigation and to conduct its
own investigation as specified in Section 4.7, Manufacturers’
Investigation of Complaints and Returns.

4.6.9 Where the facts indicating a need for corrective action
are conclusive and the certification organization’s appeal pro-
cedures referenced in 4.2.11 have been followed, the certifica-
tion organization shall initiate corrective action immediately,
provided there is a manufacturer to be held responsible for
such action.

4.6.10 Where the facts are conclusive and corrective action is
indicated, but there is no manufacturer to be held responsible,
such as when the manufacturer is out of business or the manufac-
turer is bankrupt, the certification organization shall immedi-
ately notify relevant governmental and regulatory agencies and
issue a notice to the user community about the hazard.

4.6.11* Where the facts are conclusive and corrective action is
indicated, the certification organization shall take one or
more of the following corrective actions:
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(1) Notification of parties authorized and responsible for is-
suing a safety alert when, in the opinion of the certifica-
tion organization, such a notification is necessary to in-
form the users.

(2) Notification of parties authorized and responsible for is-
suing a product recall when, in the opinion of the certifi-
cation organization, such a recall is necessary to protect
the users.

(3) Removing the mark of certification from the product.

(4) Where a hazardous condition exists and it is not practical
to implement 4.6.11(1), (2), or (3); or the responsible
parties refuse to take corrective action; the certification
organization shall notify relevant governmental and regu-
latory agencies and issue a notice to the user community
about the hazard.

4.6.12 The certification organization shall provide a report to
the organization or individual identifying the reported haz-
ardous condition and notify them of the corrective action in-
dicated or that no corrective action is indicated.

4.6.13* Where a change to an NFPA standard(s) is felt to be
necessary, the certification organization shall also provide a
copy of the report and corrective actions indicated to the
NFPA and shall also submit either a Public Input for a pro-
posed change to the next revision of the applicable standard
or a proposed Temporary Interim Amendment (TIA) to the
current edition of the applicable standard.

4.7 Manufacturers’ Investigation of Complaints and Returns.

4.7.1 Manufacturers shall provide corrective action in accor-
dance with ISO 9001, Quality management systems — Requirements,
for investigating written complaints and returned products.

4.7.2 Manufacturers’ records of returns and complaints re-
lated to safety issues shall be retained for at least 5 years.

4.7.3 Where the manufacturer discovers, during the review of
specific returns or complaints, that a compliant product or
compliant product component can constitute a potential
safety risk to end users that is possibly subject to a safety alert
or product recall, the manufacturer shall immediately contact
the certification organization and provide all information
about their review to assist the certification organization with
their investigation.

4.8 Manufacturers’ Safety Alert and Product Recall Systems.

4.8.1 Manufacturers shall establish a written safety alert sys-
tem and a written product recall system that describes the pro-
cedures to be used in the event that it decides, or is directed by
the certification organization, to either issue a safety alert or to
conduct a product recall.

4.8.2 The manufacturer safety alert and product recall system
shall provide the following:

(1) The establishment of a coordinator and responsibilities
by the manufacturer for the handling of safety alerts and
product recalls

(2) A method of notifying all dealers, distributors, purchas-
ers, users, and the NFPA about the safety alert or product
recall that can be initiated within a 1 week period follow-
ing the manufacturer decision to issue a safety alert or to
conduct a product recall, or after the manufacturer has
been directed by the certification organization to issue a
safety alert or conduct a product recall
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(3) Techniques for communicating accurately and under-
standably the nature of the safety alert or product recall
and in particular the specific hazard or safety issue found
to exist

(4) Procedures for removing product that is recalled and for
documenting the effectiveness of the product recall

(5) Aplan for either repairing, or replacing, or compensating
purchasers for returned product

Chapter 5 Labeling and Information

5.1 Product Label Requirements for Both Ensembles.

5.1.1* Each element of both protective ensembles shall have
at least one product label permanently and conspicuously lo-
cated inside each element when the element is properly as-
sembled with all layers and components in place.

5.1.2 Multiple label pieces shall be permitted in order to carry
all statements and information required to be on the product
label. However, all label pieces comprising the product label shall
be located adjacent to each other.

5.1.3% The certification organization’s label, symbol, or iden-
tifying mark shall be permanently attached to the product la-
bel or shall be part of the product label. All letters shall be at
least 2.5 mm (%z2 in.) high. The label, symbol, or identifying
mark shall be at least 6 mm (% in.) in height and shall be
placed in a conspicuous location.

5.1.4 All worded portions of the required product label shall
be printed at least in English.

5.1.5 Symbols and other pictorial graphic representations
shall be permitted to be used to supplement worded state-
ments on the product label(s).

5.1.6 The compliance statements specified in Section 5.2 for
structural fire fighting protective ensemble elements and in
Section 5.3 for proximity fire fighting protective ensemble el-
ements shall be printed legibly on the product label.

5.1.7 The following information shall also be printed legibly
on each product label with all letters at least 1.5 mm (V6 in.)
in height:

(1) Manufacturer’s name, identification, or designation

(2) Manufacturer’s address

(3) Country of manufacture

(4) Manufacturer’s element identification number, lot num-
ber, or serial number

(5) Month and year of manufacture, not coded

(6) Model name, number, or design

(7) Size or size range

(8) Principal material(s) of construction include at least the
identification of the fiber or material type used in the
outer shell, moisture barrier, thermal liner, glove lining,
gauntlet, and wristlet

(9) Where the principal material of construction used in a
garment is a component that is listed, the component
name under which it is listed shall be identified.

(10) Cleaning precautions

5.1.8 For garments only, where the thermal liner, moisture
barrier, and outer shell are separable, each separable layer
shall also have a label containing the information required in
5.1.7(4) through 5.1.7(9).



LABELING AND INFORMATION

1971-21

5.1.9% For principal materials of construction of boots, at least
the outer shell, moisture barrier, and thermal liner shall be
listed. Generic names of materials shall be used. Additional
materials that are used throughout the majority of the boot
shall also be listed on the label.

5.1.10%* For principal materials of construction of helmets, ge-
neric terminology for the shell material shall be provided.

5.1.11* For principal materials of construction of gloves, at
least outer shell, moisture barrier, thermal liner, and wristlet
shall be listed. Generic names of materials shall be used. The
type of leather shall be listed, such as cow leather, elk leather,
and so forth. Additional materials that are used throughout
the majority of the glove body shall also be listed on the label.

5.2 Additional Product Label Requirements for Structural
Fire Fighting Ensemble Elements Only.

5.2.1 The following compliance statement shall be printed leg-
ibly on the product label for each structural fire fighting protec-
tive ensemble element, unless the requirements in 5.2.1.1 pre-
vail. The appropriate term for the element type — garment,
helmet, glove, footwear, hood — shall be inserted in the compli-
ance statement text where indicated. All product label letters and
figures shall be at least 2.5 mm (%2 in.) in height.

“THIS STRUCTURAL FIRE FIGHTING
PROTECTIVE (insert appropriate element term here)
MEETS THE (insert appropriate element term here)
REQUIREMENTS OF NFPA 1971, 2013 EDITION.

DO NOT REMOVE THIS LABEL.”

5.2.1.1 Where an entire ensemble is also certified as compli-
ant with the optional requirements for protection against
CBRN terrorism agents, each element of the entire ensemble
shall have at least the additional following compliance state-
ment on the product label in place of the compliance state-
ment specified in 5.2.1. The appropriate term for the element
type — garment, helmet, glove, footwear, hood — shall be
inserted in the compliance statement text where indicated.
Other than the words “CBRN PROTECTIVE ENSEMBLE,” all
product label letters and figures shall be at least 2.5 mm
(%2 in.) in height. The letters of “CBRN PROTECTIVE EN-
SEMBLE” shall be at least 10 mm (%% in.) in height.

“CBRN PROTECTIVE ENSEMBLE

THIS ELEMENT IS NOT INTENDED AS PART OF A
HAZARDOUS MATERIALS PROTECTIVE
ENSEMBLE.

THIS STRUCTURAL FIRE FIGHTING
PROTECTIVE (insert appropriate element term here)
MEETS THE (insert appropriate element term here)
REQUIREMENTS OF NFPA 1971, 2013 EDITION,
AND THE OPTIONAL REQUIREMENTS FOR
CBRN PROTECTION WHEN WORN TOGETHER
WITH THE OTHER SPECIFIED ELEMENTS AND
INTERFACE COMPONENTS OF THE ENSEMBLE.

DO NOT REMOVE THIS LABEL.”

5.2.1.2 The garment element of the ensemble meeting the
optional requirements for protection against CBRN terrorism
agents shall list those items of the certified ensemble by manu-
facturer name and model number on the product label.

5.2.2 Where other protective item(s) or detachable compo-
nents must be used with structural fire fighting protective en-

semble elements in order for an element to be compliant with
this standard, at least the following statement and information
shall also be printed legibly on the product label. All letters
shall be at least 2.5 mm (%2 in.) high. The appropriate term
for the element type — garment, helmet, glove, footwear,
hood — shall be inserted in the statement text where indi-
cated. Following this statement, the additional protective
items or detachable components shall be listed by type, iden-
tification, and how properly assembled.

“FOR COMPLIANCE WITH THE STRUCTURAL
FIRE FIGHTING (insert appropriate element term
here) REQUIREMENTS OF NFPA 1971, THE
FOLLOWING PROTECTIVE ITEMS MUST BE
WORN IN CONJUNCTION WITH THIS [insert
appropriate element term here]:

(List additional items or detachable components here.)
DO NOT REMOVE THIS LABEL.”

5.2.3 For helmets only, the helmet manufacturer shall place a
unique manufacturer’s part number, the symbol of the certifi-
cation organization, and the words “NFPA 1971, 2013 ED.”
permanently on each replaceable performance critical part of
the goggle lens or faceshield.

5.2.4 For hoods only, where the hood is designed to interface
with a specific SCBA facepiece(s), the hood manufacturer
shall add an item to the items specified in 5.1.7.

5.2.4.1 The hood manufacturer shall designate the specific
SCBA facepiece(s), model(s) and size(s) in the new item of
5.1.7.

5.2.4.2 Where the hood is designed to be used with a specific
SCBA facepiece(s), the hood manufacturer shall add to the
hood product label the following statement:

“FOR COMPLIANCE WITH THE STRUCTURAL
FIRE FIGHTING REQUIREMENTS OF NFPA 1971,
THIS HOOD CAN ONLY BE USED WITH THE
FOLLOWING NOTED SCBA FACEPIECE(S) [insert
SCBA facepieces(s), model(s), and size(s) here].”

5.2.5 For garments only, the garment manufacturer shall place
a manufacturer’s identification number, lot number or serial
number, the size or size range, the symbol of the certification
organization, and the words “NFPA 1971, 2013 ED.” on the drag
rescue device (DRD).

5.3 Additional Product Label Requirements for Proximity
Fire Fighting Ensemble Elements Only.

5.3.1 The following compliance statement shall be printed leg-
ibly on the product label for each proximity fire fighting protec-
tive ensemble element. The appropriate term for the element
type — garment, helmet, glove, footwear — shall be inserted in
the compliance statement text where indicated. All product label
letters and figures shall be at least 2.5 mm (%2 in.) in height.

“THIS PROXIMITY FIRE FIGHTING PROTECTIVE
[insert appropriate element term here] MEETS THE
[insert appropriate element term here]
REQUIREMENTS OF NFPA 1971, 2013 EDITION.

DO NOT REMOVE THIS LABEL.”
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5.3.1.1 Where an entire ensemble is also certified as compli-
ant with the optional requirements for protection against
CBRN terrorism agents, each element of the entire ensemble
shall have at least the additional following compliance state-
ment on the product label in place of the compliance state-
ment specified in 5.3.1. The appropriate term for the element
type — garment, helmet, glove, footwear, shroud — shall be
inserted in the compliance statement text where indicated.
With the exception of the words “CBRN Protective Ensemble,”
all product label letters and figures shall be at least 2.5 mm
(%21n.) in height. The letters of “CBRN Protective Ensemble”
shall be at least 10 mm (%% in.) in height.

“CBRN PROTECTIVE ENSEMBLE

THIS ELEMENT IS NOT INTENDED AS PART OF A
HAZARDOUS MATERIALS PROTECTIVE
ENSEMBLE.

THIS PROXIMITY FIRE FIGHTING PROTECTIVE
[insert appropriate element term here] MEETS THE
[insert appropriate element term here]
REQUIREMENTS OF NFPA 1971, 2013 EDITION,
AND THE OPTIONAL REQUIREMENTS FOR
CBRN PROTECTION, WHEN WORN TOGETHER
WITH THE OTHER SPECIFIED ELEMENTS AND
INTERFACE COMPONENTS OF THE ENSEMBLE.

DO NOT REMOVE THIS LABEL.”

5.3.1.2 The garment element of the ensemble meeting the
optional requirements for protection against CBRN terrorism
agents shall list those items of the certified ensemble by manu-
facturer name and model number on the product label.

5.3.2 Where other protective item(s) or detachable compo-
nents must be used with proximity fire fighting protective en-
semble elements in order for an element to be compliant with
this standard, at least the following statement and information
shall also be printed legibly on the product label. All letters
shall be at least 2.5 mm (%2 in.) high. The appropriate term
for the element type — garment, helmet, glove, footwear —
shall be inserted in the statement text where indicated. Follow-
ing this statement, the additional protective items or detach-
able components shall be listed by item/component, identifi-
cation, or part number, and where applicable, how properly
assembled.

“FOR COMPLIANCE WITH THE PROXIMITY FIRE
FIGHTING (insert appropriate element term here)
REQUIREMENTS OF NFPA 1971, THE
FOLLOWING PROTECTIVE ITEMS MUST BE
WORN IN CONJUNCTION WITH THIS [insert
appropriate element term here]:

[List additional items or detachable components here.]

DO NOT REMOVE THIS LABEL.”

5.3.2.1 For proximity fire fighting helmets, the list of additional
items or detachable components shall include, as a minimum,
the shroud, cover (except where the helmet cover is part of the
shroud), and faceshield.

5.3.3 For helmets only, the helmet manufacturer shall place a
unique manufacturer’s part number, the symbol of the certifi-
cation organization, and the words “NFPA 1971, 2013 ED.”
permanently on each replaceable performance critical part of
the faceshield.
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5.3.4% For the helmet shroud and cover (except where the
helmet cover is part of the shroud), the manufacturer shall
place a label on the shroud and cover (except where the hel-
met cover is part of the shroud) with a unique manufacturer’s
part number or identification and the following statement.
The appropriate term for the item, shroud or cover, shall be
inserted in the statement text where indicated.

““FOR COMPLIANCE WITH THE PROXIMITY FIRE
FIGHTING REQUIREMENTS OF NFPA 1971-2013,
THIS [insert appropriate item term here] CAN ONLY
BE USED WITH THE FOLLOWING NOTED
HELMET (S) AND ADDITIONAL ITEM(S): [insert
helmet manufacturer’s name and specific helmet
model ; and item name (shroud or cover) and shroud
or cover part number, or identification where
applicable].”

5.3.5 For garments only, the garment manufacturer shall place
a manufacturer’s identification number, lot number or serial
number, the size or size range, the symbol of the certification
organization, and the words “NFPA 1971, 2013 ED.” on the DRD.

5.4 User Information Requirements for Both Ensembles.

5.4.1 The manufacturer shall provide at least the user infor-
mation that is specified in 5.4.4 with each structural and prox-
imity fire fighting element.

5.4.2 The manufacturer shall attach the required user informa-
tion, or packaging containing the user information, to the ele-
ment in such a manner that it is not possible to use the element
without being aware of the availability of the information.

5.4.3 The required user information, or packaging contain-
ing the user information, shall be attached to the element so
that a deliberate action is necessary to remove it. The manu-
facturer shall provide notice that the user information is to be
removed only by the end user.

5.4.4% The manufacturer shall provide at least the following
instructions and information with each element:

(1) Pre-use information
(a) Safety considerations
(b) Limitations of use
(c) Marking recommendations and restrictions
(d) Astatement that most performance properties of the
element cannot be tested by the user in the field
(e) Warranty information
(2) Preparation for use
(a) Sizing/adjustment
(b) Recommended storage practices
(3) Inspection frequency and details
(4) Don/doff
(a) Donning and doffing procedures
(b) Sizing and adjustment procedures
(¢) Interface issues
(5) Proper use consistent with NFPA 1500, Standard on Fire
Department Occupational Safety and Health Program, and 29
CFR 1910.132, General Requirements of Subpart I, “Per-
sonal Protective Equipment”
(6) Maintenance and cleaning
(a) Cleaning instructions and precautions with a state-
ment advising users not to use an element that is not
thoroughly cleaned and dried
(b) Inspection details
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(c) Maintenance criteria and methods of repair where
applicable

(d) Decontamination procedures for both chemical and
biological contamination

(7) Retirement and disposal criteria and considerations

5.4.5 For the DRD only, the manufacturer shall provide spe-
cific information on the use, inspection, maintenance, clean-
ing, and retirement of the DRD. Additional instructions shall
be provided on the removal and reinstallation of the DRD into
the garment.

5.4.6 For footwear only, the manufacturer shall establish and
provide, upon request, a size conversion chart for each model
or style footwear element based on toe length, arch length,
and foot width as measured on a Brannock Scientific Foot
Measuring Device.

5.4.7 For protective ensembles certified to the optional CBRN
requirements, the manufacturer shall provide the following addi-
tional instruction and information with the ensemble:

(1) A statement that only the ensemble and the specific ele-
ments with which the ensemble has been certified must
be worn together to ensure that the optional CBRN pro-
tection is provided.

(2) Alist of the specific elements and interface components
that must be worn as part of the CBRN ensemble, includ-
ing each type of CBRN SCBA that the ensemble has been
certified with.

(3) Specific limitations associated with the use of the ensemble
for a response involving CBRN hazards, including but not
limited to a statement that protection against radiological
and nuclear hazards is limited to particulates only.

(4) Specific care and maintenance provisions associated with
properly maintaining the unique performance properties
of the ensemble, its elements, or interface components.

(5) Astatement that if the ensemble is used in an emergency
involving CBRN hazards that the ensemble be retired
from use and not be further used.

(6) When the optional requirements for CBRN protection
necessitate a specific action to engage interface areas,
the manufacturer shall provide details explaining those
procedures.

Chapter 6 Design Requirements

6.1* Protective Garment Element Design Requirements for
Both Ensembles.

6.1.1 Protective garment elements shall have at least the ap-
plicable design requirements specified in this section where
inspected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.1.1.1 For coveralls, the portion of the coverall that corre-
sponds to the coat shall meet all garment requirements and all
requirements specified for coat elements of this section.

6.1.1.2 For coveralls, the portion of the coverall that corre-
sponds to the trouser shall meet all garment requirements and
all requirements specified for trouser elements of this section.

6.1.2* Garments shall consist of a composite of an outer shell,
moisture barrier, and thermal barrier.

6.1.2.1 The composite specified in 6.1.2 shall be permitted to
be configured as a single layer or multiple layers.

6.1.2.2 Supplemental garments that are provided to meet the
performance requirements of this standard but are not in-
tended to be worn continuously with the wearing of the gar-
ment element shall not be permitted.

6.1.3* Garments shall have a means of securing the moisture
barrier and thermal barrier to the outer shell.

6.1.4 Garment moisture barriers and thermal barriers, or ma-
terials meeting the performance requirements of these com-
ponents, shall extend at least to the neckline seam of coats, at
least to the waistline seam of trousers, and shall extend at least
towithin 75 mm (3 in.) of the bottom outer shell hems of both
coats and trousers.

6.1.4.1 For coats, the moisture barriers and thermal barriers,
or materials meeting the performance requirements of these
components, shall extend at least to within 25 mm (1 in.) of
the sleeve ends of the outer shell and shall be attached at or
adjacent to the end of the coat sleeves, unless those barrier
layers terminate in a garment-glove interface.

6.1.4.2 For trousers, moisture barriers and thermal barriers,
or materials meeting the performance requirements of these
components, shall be attached to the trouser legs, unless those
barrier layers terminate in booties.

6.1.4.3 Any mechanism used to attach the liner system to the
coat sleeves or trouser legs shall not be greater than 25 mm
(1 in.) between the attachment points, and the mechanism
and attachment points shall not be expandable.

6.1.5 Garments and their closure systems, including the coat
front and the trouser fly, shall be constructed in a manner that
provides continuous moisture and thermal protection.

6.1.5.1 Such closure systems shall be secured with positive
locking fasteners including, but not limited to, hooks and dees
or zippers.

6.1.5.2 Nonpositive fasteners, such as snaps or hook and pile
tape, shall not be used as positive locking fasteners but shall be
permitted to be utilized as supplementary garment closure
devices.

6.1.6 All garment hardware finishes shall be free of rough
spots, burrs, or sharp edges.

6.1.7 All sewing thread utilized in the construction of gar-
ments and the drag rescue devices (DRDs) shall be made of an
inherently flame-resistant fiber.

6.1.8% Garment cargo pockets, where provided, shall have a
means to drain water and shall have a means of fastening in
the closed position.

6.1.9 Coats shall be designed to provide protection to the
upper torso, neck, arms, and wrists, excluding the hands and
head.

6.1.9.1 Each coat element shall have a DRD installed in the
upper torso portion of the element.

6.1.9.1.1 The DRD shall be accessible from the exterior of
the garment.

6.1.9.1.2 The DRD shall be easily accessible for deployment,
shall be designed to minimize the risk of accidental deploy-
ment, and shall allow for visual inspection.
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6.1.9.1.3 The DRD shall be fully functional and shall not re-
quire any subsequent actions in order to be used, other than
deploying the DRD, when the garment is donned in accor-
dance with the manufacturer’s instructions.

6.1.9.1.4 The DRD shall be designed to allow deployment
and operation of the DRD while the incapacitated fire fighter
is wearing an SCBA.

6.1.9.1.5 The DRD shall be designed so that when deployed,
the DRD secures the fire fighter by the upper torso or shoul-
ders so that the DRD pulls directly on the body and shall not
pull only the garment.

6.1.9.2* Each coat sleeve shall have a protective wristlet or other
interface component permanently attached to the coat sleeve.

6.1.9.2.1 The wristlet or other garment sleeve interface com-
ponent shall be designed so that it will not permit a gap in
thermal protection.

6.1.9.2.2 The wristlet or other garment sleeve interface com-
ponent shall meet the requirements specified in Section 6.15,
Protective Wristlet Interface Component Design Require-
ments for Both Ensembles.

6.1.9.3 Coats shall have a composite collar at least 75 mm
(3 in.) in height at any point when measured from the top of
the collar down.

6.1.9.3.1 The collar shall incorporate a closure system.

6.1.9.3.2 The collar and closure system shall consist of an outer
shell, a moisture barrier, and a thermal barrier, or of a composite
that meets all applicable performance requirements specified in
Section 7.1, Protective Garment Performance Requirements for
Both Ensembles.

6.1.9.3.3 Where a hood is permanently attached to the coat, a
collar shall not be required.

6.1.9.3.4 Where a hood is permanently attached to the coat,
it shall meet the requirement of 6.1.9.3.1 and at least the bot-
tom 75 mm (3 in.) of the hood shall meet the requirement of
6.1.9.3.2.

6.1.9.4 Coat hardware shall not penetrate through the outer
shell, moisture barrier, and thermal barrier to contact the
wearer’s body when the coat is worn with the closures fas-
tened, unless the hardware is completely covered by external
closure flaps.

6.1.10 Trousers shall be designed to provide protection to
the lower torso and legs, excluding the ankles and feet.

6.1.10.1 Trousers shall be permitted to include integrated
booties to protect the wearer’s feet in conjunction with outer
footwear.

6.1.10.2 Where trousers incorporate booties, the booties shall
be designed as an extension of the trouser leg and shall cover the
entire foot and ankle.

6.1.10.3 Trouser hardware shall not penetrate through the
outer shell, moisture barrier, and thermal barrier to come into
contact with the wearer’s body when the trouser is worn with
the closures fastened, unless the hardware is located on or
above the waistline or hardware is completely covered by ex-
ternal closure flaps.
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6.1.11* In order to label a coat, trouser, or coverall as compliant
with this standard, the manufacturer shall provide coats, trousers,
or coveralls in the size ranges specified in Table 6.1.11.

6.1.11.1 The sizing increments for the ranges specified in
Table 6.1.11 for men’s and women’s chest sizes shall be in
increments no greater than 50 mm (2 in.), sleeve lengths shall
be in increments no greater than 25 mm (1 in.), men’s and
women’s waist sizes shall be in increments no greater than
50 mm (2 in.), and inseam lengths shall be in increments no
greater than 50 mm (2 in.).

6.1.11.2 Men’s and women’s sizing shall be accomplished by
men’s and women’s individual patterns.

6.1.12* When life safety harnesses, escape belts, and ladder
belts penetrate the outer shell, are incorporated as part of a
garment closure system, or are temporarily or permanently
attached to the garment, the harness or belt components shall
meet the applicable requirements of NFPA 1983, Standard on
Life Safety Rope and Equipment for Emergency Services, and the
optional requirements for flame resistant life safety harnesses
or optional requirements for flame resistant belts.

6.2 Additional Design Requirements for Structural Fire Fight-
ing Protective Garment Elements Only.

6.2.1 Structural fire fighting protective garment elements
shall also have at least the applicable design requirements
specified in this section in addition to the design require-
ments specified in Section 6.1, Protective Garment Element
Design Requirements for Both Ensembles, where inspected
and evaluated by the certification organization as specified in
Section 4.3, Inspection and Testing.

6.2.2% Garments shall have fluorescent and retroreflective
trim permanently attached to the outer shells of garments to
meet visibility requirements.

6.2.2.1 Trim shall be at least 50 mm (2 in.) wide and shall
have both retroreflective and fluorescent surfaces.

6.2.2.2 The retroreflective surface of trim shall be at least
16 mm (% in.) wide.

6.2.2.3 Trim used to meet the minimum trim pattern require-
ments shall have a minimum fluorescent surface of 50 mm?/
linear mm (2 in.?/linear in.) of trim.

6.2.2.4 The fluorescent and retroreflective areas of trim
specified in 6.2.2.2 and 6.2.2.3 shall appear to be continuous
ata distance of 30.5 m (100 ft) for the length of the trim, with
gaps of not more than 3 mm (% in.).

6.2.2.5 Trim used in excess of that required by the minimum
trim pattern requirements specified and illustrated in Figure
6.2.3 shall be permitted to not meet the minimum fluorescent
surface of 50 mm?/linear mm (2 in.?/linear in.) of trim and
shall be permitted to be obscured by components including
but not limited to pockets, storm flaps, and reinforcing
patches as long as the minimum trim pattern is not obscured.

6.2.3* Coat trim configuration shall be in accordance with
Figure 6.2.3. No vertical stripes of trim shall be permitted on
the front of the coat.

6.2.3.1 The coat minimum trim pattern shall have one cir-
cumferential band of trim or a staggered 360-degree visibility
pattern meeting or exceeding the surface area of a continuous
circumferential band around the bottom of the coat. The
front of the coat shall also have at least one band of horizontal
trim at the chest level located within 75 mm (3 in.) above or
below the sleeve-to-body underarm garment seam.
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Table 6.1.11 Available Coat/Trouser Size Ranges
Men ‘Women Increment
Dimension mm in. mm in. mm in.
Chest 865-1525 34-60 710-1270 28-50 50 2
Sleeve 820-965 32-38 710-865 28-34 25 1
Waist 760-1525 30-60 710-1270 28-50 50 2
Inseam 660-915 26-36 610-865 24-34 50 2
6.2.3.5 The minimum trim configuration for each sleeve
shall be one circumferential band, or a staggered 360-degree
OR visibility pattern meeting or exceeding the surface area of a
continuous circumferential band, between the wrist and el-
bow level.
6.2.3.5.1 Where trim on the coat intersects a zipper or where
the trim intersects the innermost seam of each sleeve, a maxi-
Front View Front View mum gap in the trim of 25 mm (1 in.) shall be permitted.
(option 1) (option 2) . . X .
6.2.4* Trouser trim configuration shall be in accordance with
Figure 6.2.4.
OR
Back View Back View
(option 1) (option 2)
Front/Back View
OR
FIGURE 6.2.4 Minimum Required Structural Fire Fighting
Trouser Trim Patterns.
Back View Back View
(option 3) (option 4) 6.2.4.1 The minimum trim pattern for the trousers shall consist

FIGURE 6.2.3 Minimum Required Structural Fire Fighting
Coat Trim Patterns.

6.2.3.2 The lower edge of the circumferential band on the
lower part of the coat shall be within 25 mm (1 in.) of the coat
hem’s highest point.

6.2.3.3 Where a staggered pattern is used in the lower cir-
cumferential trim band, the lower edge of the upper trim
piece shall not be higher than the upper edge of the lower
trim piece.

6.2.3.4 The back of the coat shall also have a minimum of
either two vertical stripes of trim, perpendicular to the bottom
band and with one strip located on both the left and right
sides of the back of the coat, or a minimum of one horizontal
band of trim at the chest/shoulder blade level located within
75 mm (3 in.) above or below the sleeve-to-body underarm
garment seam.

of two circumferential bands of trim, with one band around each
leg between the bottom hem and knee areas.

6.2.4.2 Where trim on the trouser element intersects a zipper
or where the trim intersects the innermost seam of each trou-
ser leg, a maximum gap in the trim of 25 mm (1 in.) shall be
permitted.

6.3 Additional Design Requirements for Proximity Fire Fight-
ing Protective Garment Elements Only.

6.3.1 Proximity fire fighting protective garment elements shall
also have at least the applicable design requirements specified in
this section in addition to the design requirements specified in
Section 6.1, Protective Garment Element Design Requirements
for Both Ensembles, where inspected and evaluated by the
certification organization as specified in Section 4.3, Inspec-
tion and Testing.

6.3.2 Garments shall not have materials that do not meet the
radiant reflective requirements specified in 7.3.2 affixed to the
outer shell radiant reflective surfaces of the garments unless
such materials are covered in 6.3.3.
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6.3.3 Reinforcing materials that do not meet the radiant re-
flective requirements specified in 7.3.2 shall be permitted to
be affixed only to the garment outer shell radiant reflective
surfaces as reinforcement of the sleeve cuffs and trouser leg
cuffs where the following requirements are met:

(1) The reinforcing materials shall meet the flame resistant
requirements specified in 7.1.3.

(2) The reinforcing materials shall meet the heat resistance
requirements specified in 7.1.5.

(3) Reinforcement areas shall not cover the radiant reflective
surfaces of the garment by more than 25 mm (1 in.) when
measured from the edge of the cuff back along the sleeve
or leg.

6.3.4 The collar lining material shall not be reflective material.

6.4 Protective Helmet Element Design Requirements for
Both Ensembles.

6.4.1 Protective helmet elements shall have at least the appli-
cable design requirements specified in this section where in-
spected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.4.2 No openings shall penetrate the helmet shell other
than those provided by the manufacturer for mounting en-
ergy absorbing systems, retention systems, and accessories.

6.4.3 The helmet retention system shall include a chin strap
and a nape device. The chin strap shall have a minimum width
of 19 mm (% in.).

6.4.4 All sewing thread used in the construction of helmets
shall be made of inherently flame-resistant fiber.

6.4.5 The helmetfaceshield or the faceshield/goggle compo-
nent, when deployed, shall provide at least the following field
of vision:

(1) Dihedral angle of at least 85 degrees
(2) Upper dihedral angle of at least 10 degrees
(3) Lower dihedral angle of at least 40 degrees

6.4.5.1 The field of vision shall be measured from the center
of the eye.

6.4.5.2 The helmet with the faceshield or the faceshield/
goggle component deployed shall be positioned in accor-
dance with the HPI as described in 8.1.14 on a facial feature
headform as defined in 3.3.43. Where the crown clearance of
the helmet is adjustable, the helmet shall be mounted with the
least amount of clearance.

6.4.6 The helmet faceshield or the faceshield/goggle compo-
nentin the stowed position as described in 8.1.17 shall provide
peripheral vision clearance of at least 94 degrees to each side.

6.4.6.1 The peripheral vision clearance shall be measured from
the center of the eye, with the helmet positioned in accordance
with the helmet positioning index (HPI) as described in 8.1.14
on a facial feature headform as defined in 3.3.43. Where the
crown clearance of the helmet is adjustable, the helmet shall be
mounted with the least amount of clearance.

6.4.7 Where helmets are provided with an SCBA facepiece
that is attached or integrated with the helmet, the helmet with
the SCBA facepiece installed shall meet all applicable design
and performance requirements of this standard.

6.5 Additional Design Requirements for Structural Fire Fight-
ing Protective Helmet Elements Only.

6.5.1 Structural fire fighting protective helmet elements shall
also have at least the applicable design requirements specified
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in this section in addition to the design requirements speci-
fied in Section 6.4, Protective Helmet Element Design Re-
quirements for Both Ensembles, where inspected and evalu-
ated by the certification organization as specified in Section
4.3, Inspection and Testing.

6.5.2% Helmets shall consist of at least all of the following as-
sembled components:

(1) Shell

(2) Energy absorbing system

(3) Retention system

(4) Fluorescent and retroreflective trim
(5) Ear covers

(6) Afaceshield or goggles, or both

6.5.2.1 Where a faceshield is selected in accordance with
6.5.2(6), the faceshield component shall be attached to the
helmet.

6.5.2.2 Where the goggle component is selected in accor-
dance with 6.5.2(6), the goggles shall be permitted to be unat-
tached, not assembled, to the helmet.

6.5.3 Helmets shall have fluorescent and retroreflective trim
on the shell exterior.

6.5.3.1 A minimum of 2580 mm?® (4 in.?) of the retroreflective
and fluorescent trim shall be visible above the reference plane
when the helmet, with the faceshield/goggle component in the
stowed position as described in 8.1.17, is viewed at the following
positions:

(1) Leftintersection of the coronal and reference planes at a
distance of 2.4 m (8 ft)

(2) Right intersection of the coronal and reference planes at
a distance of 2.4 m (8 ft)

(3) Rear intersection of the midsagittal and reference planes
at a distance of 2.4 m (8 ft)

6.5.3.2 A minimum of 2580 mm? (4 in.?) of the retroreflec-
tive and fluorescent trim shall be visible when the helmet, with
the faceshield/goggle component in the stowed position as
described in 8.1.17, is viewed at the intersection of the midsag-
ittal plane and the coronal plane at a distance of 2.4 m (8 ft).

6.5.3.3 The entire surface of the trim shall be permitted to be
both fluorescent and retroreflective.

6.5.4 Helmet ear covers or the portion of the helmet provid-
ing the coverage of the ears, when deployed, shall provide at
least the following coverage:

(1) 95 mm (3% in.) measured 50 mm (2 in.) forward of the
coronal plane

(2) 120 mm (4% in.) measured 25 mm (1 in.) forward of the
coronal plane

(3) 130 mm (5% in.) measured at the coronal plane

(4) 130 mm (5% in.) measured at the midsagittal plane at the
rear of the headform

6.5.4.1 The helmet, with the ear covers or the portion of the
helmet providing the ear coverage deployed, shall be posi-
tioned according to the HPI as described in 8.1.14 on an ISO J
headform. Where the crown clearance of the helmet is adjust-
able, the helmet shall be mounted with the most amount of
clearance.

6.5.4.2 1In this position, the ear coverage shall be measured
downward from the reference plane to the lower edge of the
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ear coverage at the specified points to determine the coverage
specified in 6.5.4.

6.5.4.3 Where the helmet incorporates a ratchet-style head-
band, an opening in the covering surrounding the ratchet
knob shall be permitted. The opening shall not extend more
than 13 mm (%2 in.) in any direction around the perimeter of
the adjustment device.

6.5.5 Faceshield/goggle components shall meet the respec-
tive requirements for goggles or faceshields and be marked
“Z87+” in accordance with ANSI/ISEA Z87.1, Occupational and
Educational Personal Eye and Face Protection Devices.

6.6 Additional Design Requirements for Proximity Fire Fight-
ing Helmet Elements Only.

6.6.1 Proximity fire fighting protective helmet elements shall
also have at least the applicable design requirements specified
in this section in addition to the design requirements speci-
fied in Section 6.4, Protective Helmet Element Design Re-
quirements for Both Ensembles, where inspected and evalu-
ated by the certification organization as specified in Section
4.3, Inspection and Testing.

6.6.2 Helmet elements shall consist of at least the following
assembled components:

(1) Shell

(2) Energy absorbing system

(3) Retention system

(4) Faceshield

(5) Shroud

(6) Cover (where separate from the shroud)

6.6.3 Helmet faceshields shall be attached to the helmet.

6.6.4 Helmets shall be permitted to have an outer cover to
provide the radiant reflective protection for the exterior of the
helmet shell, including the upper surface of the brim, and the
brim edge.

6.6.4.1 The helmet outer cover shall be permitted to be re-
movable.

6.6.4.2 The helmet, and helmet outer cover where provided,
shall be permitted to have fluorescent and retroreflective trim
on the helmet exterior and on the helmet outer cover.

6.6.4.3 Identification markings or material including, but
not limited to, trim, lettering, patches, name or number sten-
cils, emblems, and paint shall be permitted only on the helmet
outer cover, provided such materials are located above the
corresponding helmet test line.

6.6.5 The shroud shall be attached to the helmet and shall be
designed to cover and provide continuous radiant reflective
protection for the head, face, and neck areas that do not re-
ceive primary protection from the helmet or faceshield.

6.6.5.1 Shrouds shall provide at least the following coverage:

(1) 230 mm (9% in.) on each side measured downward from
the reference plane at the coronal plane

(2) 330 mm (13 in.) in the back measured downward from
the reference plane at the rear midsagittal plane

(3) 295 mm (11%in.) in the front measured downward from
the reference plane at the front midsagittal plane, includ-
ing the gap of material where the face opening is located

6.6.5.2 The shroud shall be permitted to be a part of a helmet
outer cover, where provided.

6.6.5.3 The shroud shall be designed to interface with a spe-
cific helmet.

6.6.5.4 The helmet shroud, when deployed, shall provide at
least the following field of vision:

(1) Dihederal angle of at least 85 degrees
(2) Upper dihedral angle of at least 7 degrees
(3) Lower dihederal angle of at least 40 degrees

6.6.5.4.1 The field of vision shall be measured from the cen-
ter of the eye.

6.6.5.4.2 The helmet with the shroud attached shall be posi-
tioned according to the HPI as described in 8.1.14 on a facial
feature headform as defined in 3.3.43. Where the crown clear-
ance of the helmet is adjustable, the helmet shall be mounted
with the least amount of clearance.

6.6.6 No openings shall be permitted in the helmet shroud
other than to meet the requirements of 6.6.5.

6.6.7 When the hood interface component is integrated with
the protective garment, the shroud shall be permitted to con-
sist of only the outer reflective layer and those other layers
necessary to meet the requirements in 7.13.2 for thermal pro-
tective performance (TPP).

6.7 Protective Glove Elements Design Requirements for Both
Ensembles.

6.7.1 Protective glove elements shall have at least the appli-
cable design requirements specified in this section when in-
spected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.7.2 Gloves shall consist of a composite meeting the perfor-
mance requirements of Section 7.7, Protective Glove Element
Performance Requirements for Both Ensembles.

6.7.2.1 The composite shall be permitted to be configured as
a continuous or joined single layer or as continuous or joined
multiple layers.

6.7.2.2 Supplemental gloves that are provided to meet the
performance requirements of this standard but are not in-
tended to be worn continuously with the wearing of the gloves
shall not be permitted.

6.7.2.3 Where a glove is made up of multiple layers, all layers
of the glove shall be individually graded per size.

6.7.2.4 Where the coat sleeve end terminates in a garment-
glove interface and the interface demonstrates liquid integrity
and continuous thermal protection in accordance with Sec-
tion 7.16, Protective Wristlet Interface Component Perfor-
mance Requirements for Both Ensembles, gloves shall not be
required to meet the requirements in 6.7.3 through 6.7.3.4.

6.7.3 The glove shall consist of a glove body.

6.7.3.1 The glove shall extend from the tip of the fingers to at
least 50 mm (2 in.) beyond the wrist crease.

6.7.3.2 The portion of the glove that extends from the tip of
the fingers to 50 mm (2 in.) beyond the wrist crease shall be
considered to be the glove body and shall meet the glove body
requirements in Sections 7.7, Protective Glove Elements Per-
formance Requirements for Both Ensembles; 7.8, Additional
Performance Requirements for Structural Fire Fighting Pro-
tective Glove Elements Only; and 7.9, Additional Performance
Requirements for Proximity Fire Fighting Protective Glove El-
ements Only, as applicable.
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6.7.3.3 The portion of the glove that extends greater than
50 mm (2 in.) beyond the wrist crease but less than or equal to
125 mm (5 in.) beyond the wrist crease, where present, shall
be considered to be the glove interface component and shall
meet the glove interface component requirements in Sections
7.7,7.8,and 7.9, as applicable.

6.7.3.4 The portion of the glove that extends greater than
125 mm (5 in.) beyond the wrist crease up to the end of the
entire glove, where present, shall be considered to be the
glove extension and shall meet the glove extension require-
ments in Sections 7.7, 7.8, and 7.9, as applicable.

6.7.3.5 The location of the wrist crease shall be determined
as shown in Figure 6.7.3.5.

Glove
body

<— Wrist crease

Glove
75 mm interface
l components
Glove
extension

FIGURE 6.7.3.5 Location of Wrist Crease.

6.7.3.5.1 The location of the wrist crease shall be determined
by first placing the glove on a measurement board palm down
and securing (locking) the fingertips down onto the board.

6.7.3.5.2 A1 Ib weight shall be attached to the end of the
glove body, gauntlet glove interface component, or glove ex-
tension. The weight shall not be attached to a knitted wristlet
glove interface component. The weight shall be applied evenly
across the glove.

6.7.3.5.3 The weight shall be allowed to hang freely for
60 seconds prior to taking any measurements.

6.7.3.5.4* Two points shall be marked on the back side of the
glove. The location of the points shall be determined by mea-
suring down the following distances, which are provided ac-
cording to glove size, from the finger crotch of digit two and
from the finger crotch of digit three:

(1) XS:9.46 cm (3.72 in.)
(2) S:10.04 cm (3.95 in.)
(3) M:10.68 cm (4.20 in.)
(4) L:11.21 cm (4.42 in.)
(5) XL: 11.78 cm (4.62 in.)
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6.7.3.5.5 Astraight line shall be drawn on the back side of the
glove using the two points. This line shall be drawn around the
side edges of the glove.

6.7.3.5.6 The glove shall be removed from the measurement
board. A line shall be drawn on the palm side of the glove by
connecting the lines from the side edges of the glove.

6.7.3.5.7 The resulting straight line around the circumfer-
ence of the glove shall be the location of the wrist crease.

6.7.4 All sewing thread utilized in the construction of gloves
shall be made of an inherently flame-resistant fiber.

6.7.5 For selection of proper glove size, the dimensions for
hand circumference and the hand length shall be measured as
shown in Figure 6.7.5.

FIGURE 6.7.5 Method of Measuring Hand Dimensions for
Selection of Proper Glove.

6.7.5.1 Hand circumference shall be measured by placing a
measuring tape on a table or other flat surface with the numer-
als facing downward.

6.7.5.1.1 The subject shall place the right hand, palm down
and fingers together, in the middle of the tape so that the tape
can pass straight across the metacarpal knuckles.

6.7.5.1.2 The circumference shall be measured to the nearest
3 mm (% in.) as shown in Figure 6.7.5.

6.7.5.2 Finger circumference shall be measured at the proxi-
mal interphalangeal joint (first knuckle).

6.7.5.3 Finger length shall be measured from the tip of the
finger to the base of the finger crease on the palm side.

6.7.5.4 Hand length shall be measured by placing the sub-
ject’s hand, palm down, on a piece of paper with the fingers
together and the hand and arm in a straight line.

6.7.5.4.1 The thumb shall be fully abducted, extended away
from the palm as far as possible.

6.7.5.4.2 The paper shall be marked at the tip of the third, or
middle, finger. A pencil mark shall be placed in the notch at
the base of the thumb where the thumb joins the wrist.
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6.7.5.4.3 The straight line distance between the two points
shall be measured to the nearest 3 mm (%% in.) as shown in
Figure 6.7.5.

6.7.6 In order to label or otherwise represent a glove as com-
pliant with the requirements of this standard, the manufac-
turer shall provide gloves in the following sizes:

(1) Extra, extra small (XXS)
(2) Extra small (XS)

(8) Small (S)

(4) Medium (M)

(5) Large (L)

(6) Extralarge (XL)

(7) Extra, extra large (XXL)

6.7.6.1 The glove sizes from XS through XL indicated on the
label shall be determined by the hand dimensions given in
Table 6.7.6.1(a) through Table 6.7.6.1(e).

Table 6.7.6.1(a) Sizing for Extra Small (XS) Glove

6.7.6.2 The sizes for XXS shall be smaller than the sizing
indicated in Table 6.7.6.1(a), and Size XXL shall be larger
than sizes indicated in Table 6.7.6.1(e).

6.7.6.3 Manufacturers shall be permitted to provide deviations
in glove design from the indicated sizing tables for accommodat-
ing the special needs of individual fire fighters with specific sizing
and fit issues, such as missing fingers. Where custom sized or
special fitted gloves are provided, these gloves shall be subject to
the quality assurance evaluation established in 4.5.6.

6.7.7* The glove size indicated on the label shall be deter-
mined by the hand dimensions given in Table 6.7.6.1(a)
through Table 6.7.6.1(e).

6.7.7.1 Where custom sized or specially fitted gloves are pro-
vided, the glove size indicated on the label shall be determined
by the closest hand dimensions given in Table 6.7.6.1 (a) through
Table 6.7.6.1(e), followed by the word “Custom.”

mm in.
Range for hand length: 16.25-17.25 6.40-6.79
Range for hand circumference: 16.25-20.25 6.40-7.97

Mid-Size Value Range to Be Accommodated
cm in. cm in.
Digit 1 circumference 6.17 2.43 5.60-6.74 2.20-2.65
Digit 2 circumference 6.06 2.39 5.50-6.63 2.17-2.61
Digit 3 circumference 6.08 2.39 5.53-6.63 2.18-2.61
Digit 4 circumference 5.69 2.24 5.12-6.26 2.02-2.46
Digit 5 circumference 5.00 1.97 4.48-5.52 1.76-2.17
Digit 1 length 4.94 1.94 4.36-5.52 1.72-2.17
Digit 2 length 6.44 2.54 5.75-7.12 2.26-2.80
Digit 3 length 7.29 2.87 6.71-7.87 2.64-3.10
Digit 4 length 6.78 2.67 6.13-7.42 2.41-2.92
Digit 5 length 5.09 2.00 4.52-5.66 1.78-2.23
Hand circumference 18.25 7.19 16.34-20.16 6.43-7.94
Hand length 16.75 6.59 16.27-17.23 6.41-6.78
Table 6.7.6.1(b) Sizing for Small (S) Glove
mm in.
Range for hand length: 17.25-18.25 6.79-7.19
Range for hand circumference: 17.25-21.25 6.79-8.37
Mid-Size Value Range to Be Accommodated
cm in. cm in.
Digit 1 circumference 6.40 2.52 5.82-6.97 2.29-2.74
Digit 2 circumference 6.29 2.48 5.73-6.85 2.26-2.70
Digit 3 circumference 6.31 2.48 5.76-6.87 2.27-2.70
Digit 4 circumference 5.92 2.33 5.35-6.49 2.11-2.56
Digit 5 circumference 5.22 2.06 4.70-5.74 1.85-2.26
Digit 1 length 5.31 2.09 4.74-5.89 1.87-2.32
Digit 2 length 6.89 2.71 6.21-7.57 2.44-2.98
Digit 3 length 7.71 3.04 7.13-8.30 2.81-3.27
Digit 4 length 7.19 2.83 6.55-7.03 2.58-3.08
Digit 5 length 5.44 2.14 4.87-6.01 1.92-2.37
Hand circumference 19.25 7.58 17.34-21.16 6.83-8.33
Hand length 17.75 6.99 17.27-18.23 6.80-7.18
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Table 6.7.6.1(c) Sizing for Medium (M) Glove

mm in.
Range for hand length: 18.25-19.25 7.19-7.58
Range for hand circumference: 18.25-22.25 7.19-8.76
Mid-Size Value Range to Be Accommodated
cm in. cm in.
Digit 1 circumference 7.01 2.76 6.36-7.65 2.50-3.01
Digit 2 circumference 6.82 2.69 6.31-7.32 2.48-2.88
Digit 3 circumference 6.83 2.69 6.26-7.40 2.46-2.91
Digit 4 circumference 6.34 2.50 5.78-6.90 2.28-2.72
Digit 5 circumference 5.63 2.22 5.09-6.17 2.00-2.43
Digit 1 length 5.63 2.22 5.00-6.26 1.97-2.46
Digit 2 length 7.11 2.80 6.50-7.72 2.56-3.04
Digit 3 length 8.07 3.18 7.55-8.58 2.97-3.38
Digit 4 length 7.61 3.00 7.14-8.08 2.81-3.18
Digit 5 length 5.78 2.28 5.16-6.41 2.03-2.52
Hand circumference 20.25 7.97 18.34-22.16 7.22-8.72
Hand length 18.75 7.38 18.27-19.23 7.19-7.57
Table 6.7.6.1(d) Sizing for Large (L) Glove
mm in.
Range for hand length: 19.25-20.25 7.58-7.97
Range for hand circumference: 19.25-23.25 7.58-9.15
Mid-Size Value Range to Be Accommodated
cm in. cm in.
Digit 1 circumference 7.26 2.86 6.62-7.91 2.61-3.11
Digit 2 circumference 7.03 2.77 6.53-7.54 2.57-2.97
Digit 3 circumference 7.10 2.80 6.53-7.66 2.57-3.02
Digit 4 circumference 6.60 2.60 6.04-7.16 2.38-2.82
Digit 5 circumference 5.85 2.30 5.31-6.39 2.09-2.52
Digit 1 length 5.87 2.31 5.24-6.50 2.06-2.56
Digit 2 length 7.49 2.95 6.88-8.10 2.71-3.19
Digit 3 length 8.54 3.36 8.03-9.06 3.16-3.57
Digit 4 length 8.03 3.16 7.56-8.50 2.98-3.35
Digit 5 length 6.13 2.41 5.51-6.75 2.17-2.66
Hand circumference 21.25 8.37 19.34-23.16 7.61-9.12
Hand length 19.75 7.78 19.27-20.23 7.59-7.96
Table 6.7.6.1(e) Sizing for Extra-Large (XL) Glove
mm in.
Range for hand length: 20.25-21.25 7.97-8.37
Range for hand circumference: 20.25-24.25 7.97-9.55
Mid-Size Value Range to Be Accommodated
cm in. cm in.
Digit 1 circumference 7.52 2.96 6.87-8.16 2.70-3.21
Digit 2 circumference 7.25 2.85 6.74-7.76 2.65-3.06
Digit 3 circumference 7.36 2.90 6.79-7.93 2.67-3.12
Digit 4 circumference 6.86 2.70 6.30-7.42 2.48-2.92
Digit 5 circumference 6.06 2.39 5.52-6.60 2.17-2.60
Digit 1 length 6.11 241 5.48-6.75 2.16-2.66
Digit 2 length 7.86 3.09 7.26-8.47 2.86-3.33
Digit 3 length 9.02 3.55 8.561-9.54 3.35-3.76
Digit 4 length 8.44 3.32 7.97-8.91 3.14-3.51
Digit 5 length 6.48 2.55 5.85-7.10 2.30-2.80
Hand circumference 22.25 8.76 20.34-24.16 8.01-9.51
Hand length 20.75 8.17 20.27-21.23 7.98-8.36
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6.8 Additional Design Requirements for Structural Fire Fight-
ing Protective Glove Elements Only. (Reserved)

6.9 Additional Design Requirements for Proximity Fire Fight-
ing Protective Glove Elements Only.

6.9.1 Proximity fire fighting protective glove elements shall
also have at least the applicable design requirements specified
in this section in addition to the design requirements speci-
fied in Section 6.7, Protective Glove Element Design Require-
ments for Both Ensembles, where inspected and evaluated by
the certification organization as specified in Section 4.3.

6.9.2 Gloves shall not be permitted to have any hardware.

6.9.3 The outer shell of the back and portions of the sides of
the glove body including the back of the digits shall be a radi-
ant reflective material.

6.9.3.1 Glove fingers, thumb, and the back shall have radiant
reflective protection of 210 degrees, +20°/-0°. The radiant
reflective material shall provide coverage from 0 degrees to
105 degrees, +10°/—-0°, and then from 255 degrees, +10°/-0°,
to 360 degrees as specified in Figure 6.9.3.1.

0/360° Back — Radiant protective
material total 210° (+ 20°/-0°)

-105° +105°

270° 90°

255° 105°

E £
%
N o\
Gy, o (10
"Ib surface 159" ¢
|
180°

o

0/360°

Back — Radiant protective material

270° 90°

e

/
195°
(+10°/-0°)

Palm —Grip surface

180°

FIGURE 6.9.3.1 Glove Radiant Reflective Protection Areas.

6.9.3.2 The radiant reflective material shall provide coverage
for the finger/thumb tip of at least 195 degrees, +10°/-0°, as
specified in Figure 6.9.3.1.

6.9.3.3 The portion of the finger, thumb, and palm surfaces
that are not covered by the radiant reflective protection shall
be the gripping surface of the glove.

6.9.4 The outer shell of the glove interface component and
glove extension, where provided, shall be a radiant reflective
material, with the exception of a knitted wristlet as the inter-
face component.

6.10 Protective Footwear Elements Design Requirements for
Both Ensembles.

6.10.1 Protective footwear elements shall have at least the
applicable design requirements specified in this section where
inspected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.10.2 Footwear shall consist of at least the following assembled
components: a sole with a heel, an upper with lining, a puncture
resistant device, an insole, a ladder shank or whole sole equiva-
lent, and an impact- and compression-resistant toe cap.

6.10.2.1 Where booties are incorporated as a component of
the pant and are specified by the manufacturer as removable
for laundering or replacement only, the booties component
shall meet the performance requirements of 7.1.12, 7.1.13,
7.1.14,7.1.15,7.1.16, and 7.1.17.

6.10.2.2 Where booties are incorporated as a component of
the footwear, the combination of the bootie component incor-
porated in the footwear shall meet the performance require-
ments of 7.10 with the exception of 7.10.4 and 7.10.5.

6.10.2.3 Where booties are used, the outer footwear shall not
be required to have a liner in the upper.

6.10.2.4 Supplemental footwear that is provided to meet the
performance requirements of this standard but is not in-
tended to be worn continuously with the wearing of the foot-
wear element shall not be permitted.

6.10.3 Footwear height shall be a minimum of 250 mm
(10in.).

6.10.3.1 The footwear height shall be determined by measur-
ing inside the footwear from the center of the insole at the
heel up to a perpendicular reference line extending across
the footwear at the lowest point of the top line, excluding the
tongue and gusset.

6.10.3.2 Removable insoles shall not be removed prior to
measurement.

6.10.3.3 Thermal, physical, and moisture protection shall be
continuous circumferentially to within 50 mm (2 in.) of the
footwear top line at all locations, with the exception of the
area inside of and within 13 mm (%% in.) around pull-up holes
that fully penetrate the footwear from outside to inside. The
height of thermal, physical, and moisture protection at all lo-
cations of the boot shall be no less than 25.4 cm (10 in.) when
measured as described in 6.10.3.1.

6.10.4 The footwear heel breast shall not be less than 13 mm
(Y2 in.) nor more than 25 mm (1 in.).

6.10.4.1 The heel breasting angle shall not be less than
90 degrees nor more than 135 degrees.

6.10.4.2 The heel edges shall not extend more than 13 mm
(Y2 in.) laterally from the upper at any point.

6.10.4.3 The width of the footwear heel shall be equal to or
greater than the width of the sole at the intersection of the
heel breast and the sole bottom, excluding any calendar roll
where present.

6.10.5 The puncture-resistant device shall cover the maxi-
mum area of the insole as specified in Section 3.3 of CSAZ195,
Protective Footwear.

(3]
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6.10.6 All hardware and external fittings shall be free of
rough spots, burrs, or sharp edges that could tear primary
materials.

6.10.6.1 Metal parts shall not penetrate from the outside into
the lining or insole at any point.

6.10.6.2 No metal parts, including but not limited to nails or
screws, shall be present or utilized in the construction or at-
tachment of the sole with heel to the puncture-resistant de-
vice, insole, or upper.

6.10.7 All sewing thread utilized in the construction of foot-
wear shall be made of an inherently flame-resistant fiber.

6.10.8 In order to label or otherwise represent footwear as
compliant with the requirements of this standard, the manu-
facturer shall have footwear available in all of the following
sizes:

(1) Men’s 5-16, including half sizes and a minimum of three
widths

(2) Women’s 5-10, including half sizes and a minimum of
three widths

6.10.8.1 Manufacturers shall be required to establish and pro-
vide upon request a size conversion chart for each model or style
of protective footwear based on toe length, arch length, and foot
width as measured on the Brannock Scientific Foot Measuring
Device.

6.10.8.2 Full and half sizes in each of the three required
widths shall be accomplished by individual and unique men’s
and women’s lasts to provide proper fit. Dual sizing of the
same pair of boots to cover men’s and women’s boot styles
shall not be acceptable.

6.10.9 Footwear shall meet the performance requirements as
specified in ASTM F 2413, Performance Requirements for Prolective
(Safety) Toe Cap Footwear, for impact, compression, and puncture-
resistance, with the exception that flex resistance to cracking
shall be evaluated at 1,000,000 cycles.

6.11 Additional Design Requirements for Structural Fire
Fighting Protective Footwear Only. (Reserved)

6.12 Additional Design Requirements for Proximity Fire
Fighting Protective Footwear Only. (Reserved)

6.13 Protective Hood Interface Component Design Require-
ments for Both Ensembles.

6.13.1 Hood interface components shall have at least the ap-
plicable design requirements specified in this section where
inspected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.13.2 Hoods shall be permitted to be integrated with the
protective coat.

6.13.3 The hood shall be designed to cover and provide the
limited protection, as specified within this section, to the
head, face, and neck areas but not including the face opening
specified in 6.13.6.

6.13.3.1 Where the hood is integrated with the protective
coat, the hood shall not be required to meet the design re-
quirement specified in 6.13.5.
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6.13.4 All sewing thread utilized in the construction of hoods
shall be made of an inherently flame-resistant fiber.

6.13.5 The hood shall be donned properly, in accordance
with the manufacturer’s instructions for wearing, on the ISO
size ] headform specified in Figure 8.16.4.1.

6.13.5.1 In this position, the hood shall provide a full cover-
age above the reference plane on each side measured down-
ward from the reference plane at the coronal plane of 225 mm
(9 in.), shall provide a minimum coverage in the back mea-
sured downward from the reference plane at the rear midsag-
ittal plane of 330 mm (13 in.), and shall provide a minimum
coverage in the front measured downward from the reference
plane at the front midsagittal plane, including the face open-
ing, of 305 mm (12 in.).

6.13.6 Hoods shall be designed with a face opening.

6.13.6.1 Other than where the hood face opening is de-
signed to interface with a specific SCBA facepiece, the hood
face opening shall measure 145 mm, +0/-25 mm (5% in.,
+0/-1 in.) in any direction when the hood is laid out in a
relaxed condition on a flat surface, smoothed out, and with
the face opening facing upward.

6.13.6.2 Other than where the hood face opening is designed
to interface with a specific SCBA facepiece, or where the hood
face opening is designed to be adjustable, the hood face open-
ing shall be able to be stretched to a circumference of at least
800 mm (31 in.).

6.13.6.3 Where the hood face opening is designed to inter-
face with a specific SCBA facepiece, the hood face opening
shall overlap the outer edge of the specific SCBA facepiece-to-
face seal perimeter by not less than 13 mm (%2 in.).

6.13.6.4* The interface and integration of the selected respi-
rator with the protective ensemble shall not invalidate the
NIOSH certification of the respective respirator.

6.14 Additional Design Requirements for Proximity Fire
Fighting Protective Hood Interface Components Only. (Re-
served)

6.15 Protective Wristlets Interface Component Design Re-
quirements for Both Ensembles.

6.15.1 Wristlet interface components shall have at least the
applicable design requirements specified in this section where
inspected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.15.2* Wristlets shall be designed to cover and provide lim-
ited protection to the wrist areas.

6.15.3 Wristlets shall be permanently attached to the protec-
tive coat sleeve in a manner that will not permit a gap in the
thermal protection.

6.15.4 All sewing thread utilized in the construction of wrist-
lets shall be made of an inherently flame-resistant fiber.

6.16 Additional Design Requirements for Structural Fire Fight-
ing Protective Wristlet Interface Components Only. (Reserved)

6.17 Additional Design Requirements for Proximity Fire Fight-
ing Protective Wristlet Interface Components Only. (Reserved)

6.18 Reserved.
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6.19 Optional Design Requirements for Protection from
CBRN Terrorism Agents.

6.19.1 CBRN Protective Ensemble Design Requirements for
Both Ensembles.

6.19.1.1 CBRN ensembles shall have at least the applicable
design requirements specified in this section where inspected
and evaluated by the certification organization as specified in
Section 4.3, Inspection and Testing.

6.19.1.2 CBRN ensembles, including SCBA, shall be de-
signed to protect the wearer’s upper and lower torso, head,
arms, legs, hands, and feet.

6.19.1.3 CBRN ensemble elements shall include garments,
helmet, gloves, footwear, interface components, and hood
when the hood is not already part of the protective garment.

6.19.1.4 The manufacturer shall specify each SCBA that is
part of the CBRN protective ensemble. All SCBA specified by
the ensemble manufacturer for inclusion in the ensemble
shall be certified to NFPA 1981, Standard on Open-Circuit Self-
Contained Breathing Apparatus (SCBA) for Emergency Services, and
shall be certified by NIOSH as CBRN SCBA compliant with the
Statement of Standard for NIOSH CBRN SCBA Testing.

6.19.1.5 CBRN ensembles shall be designed to accommodate
the SCBA specified by the manufacturer for the specific en-
semble.

6.19.2 Additional CBRN Design Requirements for Structural
Fire Fighting Protective Ensembles Only. (Reserved)

6.19.3 Additional CBRN Design Requirements for Proximity
Fire Fighting Protective Ensembles Only. (Reserved)

6.19.4 CBRN Protective Garment Element Design Require-
ments for Both Ensembles.

6.19.4.1 CBRN garments shall have at least the applicable
design requirements specified in this subsection where in-
spected and evaluated by the certification organization as
specified in Section 4.3, Inspection and Testing.

6.19.4.2 CBRN garments shall be designed and configured to
protect at least the wearer’s upper and lower torso, arms and
legs, but excluding the hands, feet, and head.

6.19.4.2.1 CBRN garments shall be permitted to include in-
tegrated hoods to protect the wearer’s head in conjunction
with the SCBA specified by the ensemble manufacturer.

6.19.4.3 All hardware and external fittings shall be free of
rough spots, burrs, or sharp edges that could tear primary
materials.

6.19.5 Additional CBRN Design Requirements for Structural
Fire Fighting Protective Garment Elements Only. (Reserved)

6.19.6 Additional CBRN Design Requirements for Proximity
Fire Fighting Protective Garment Elements Only. (Reserved)

6.19.7 CBRN Protective Helmet Elements Design Require-
ments for Both Ensembles.

6.19.7.1 Helmets shall have at least the applicable design re-
quirements specified in this subsection where inspected by the
certification organization as specified in Section 4.3, Inspec-
tion and Testing.

6.19.7.2 Where the CBRN barrier layer is provided in the
protective hood and provides an interface with the CBRN

SCBA specified by the ensemble manufacturer, the helmet
shall not be required to incorporate a CBRN barrier layer.

6.19.7.3 Where the helmet is not required to demonstrate
compliance with the CBRN design and performance require-
ments, the manufacturer shall not specify a specific helmet as
part of the CBRN protective ensemble.

6.19.8 Additional CBRN Design Requirements for Structural
Fire Fighting Protective Helmet Elements Only. (Reserved)

6.19.9 Additional CBRN Design Requirements for Proximity
Fire Fighting Protective Helmet Elements Only. (Reserved)

6.19.10 CBRN Protective Glove Elements Design Require-
ments for Both Ensembles.

6.19.11 Additional CBRN Design Requirements for Structural
Fire Fighting Protective Glove Elements Only. (Reserved)

6.19.12 Additional CBRN Design Requirements for Proxim-
ity Fire Fighting Protective Glove Elements Only. (Reserved)

6.19.13 CBRN Protective Footwear Elements Design Require-
ments for Both Ensembles.

6.19.14 Additional CBRN Design Requirements for Structural
Fire Fighting Protective Footwear Elements Only. (Reserved)

6.19.15 Additional CBRN Design Requirements for Proximity
Fire Fighting Protective Footwear Elements Only. (Reserved)

6.19.16 CBRN Protective Hood Interface Component Design
Requirements for Both Ensembles.

6.19.16.1 CBRN hood interface components shall have at least
the applicable design requirements specified in this subsection
where inspected by the certification organization as specified in
Section 4.3, Inspection and Testing.

6.19.16.2 CBRN hood interface components shall be designed
and configured to protect the wearer’s head, neck, and face ar-
eas, excluding the portion of the face covered by the facepiece of
the SCBA specified by the ensemble manufacturer.

6.19.16.3 CBRN hood interface components shall be permit-
ted to be integrated with the protective garment.

6.19.17 CBRN Protective Hood Interface Component Design
Requirements for Structural Fire Fighting Ensembles.

6.19.18 CBRN Protective Shroud Interface Component De-
sign Requirements for Proximity Fire Fighting Ensembles.
(Reserved)

Chapter 7 Performance Requirements

7.1 Protective Garment Elements Performance Requirements
for Both Ensembles.

7.1.1* Protective garment elements composite consisting of
outer shell, moisture barrier, and thermal barrier shall be
tested for thermal insulation as specified in Section 8.10, Ther-
mal Protective Performance (TPP) Test, and shall have an av-
erage TPP of not less than 35.0.

7.1.2 Garments shall be tested for overall liquid penetration
resistance as specified in Section 8.47, Whole Garment and
Ensemble Liquid Penetration Test, and shall allow no liquid
penetration.
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7.1.3 Garment outer shells, moisture barriers, thermal barri-
ers, collar linings, winter liners where provided, drag rescue
devices (DRDs), trim, lettering, and other materials used in
garment construction including, but not limited to, padding,
reinforcement, interfacing, binding, hanger loops, emblems,
and patches shall be individually tested for resistance to flame
as specified in Section 8.2, Flame Resistance Test 1, and shall
not have a char length of more than 100 mm (4 in.) average,
shall not have an afterflame of more than 2.0 seconds average,
and shall not melt or drip.

7.1.3.1 Labels shall meet the performance requirements speci-
fied in 7.1.3 only where placed on the exterior of the garment.

7.1.3.2 Zippers and seam-sealing materials shall meet the per-
formance requirements specified in 7.1.3 only where located
on the exterior of the garment or located where they will di-
rectly contact the wearer’s body.

7.1.3.3 Elastic and hook and pile fasteners shall meet the
performance requirements specified in 7.1.3 only where lo-
cated where they will directly contact the wearer’s body.

7.1.3.4 Small specimens such as hanger loops and emblems
or patches that are not large enough to meet the specimen
size requirements in 8.2.2.1 shall be tested for resistance to
flame as specified in Section 8.2, Flame Resistance Test 1, and
shall not be totally consumed, shall not have an afterflame of
more than 2.0 seconds average, and shall not melt or drip.

7.1.3.5 Life safety harnesses, escape belts, and ladder belts shall
meet the performance requirements specified in 7.1.3 only when
they penetrate the outer shell, are incorporated as part of a gar-
ment closure system, or are attached to the garment.

7.1.4 Garment outer shells, moisture barriers, thermal barri-
ers, winter liners where provided, and collar linings shall be
individually tested for resistance to heat as specified in Section
8.6, Heat and Thermal Shrinkage Resistance Test, and shall
not shrink more than 10.0 percent in any direction.

7.1.5 Garment outer shells, moisture barriers, thermal barri-
ers, collar linings, winter liners where provided, DRDs, trim,
lettering, and other materials used in garment construction,
including, but not limited to, padding, reinforcement, labels,
interfacing, binding, hanger loops, emblems, or patches, but
excluding elastic and hook and pile fasteners where these
items are placed so that they will not directly contact the wear-
er’s body, shall be individually tested for resistance to heat as
specified in Section 8.6, Heat and Thermal Shrinkage Resis-
tance Test, and shall not melt, separate, or ignite.

7.1.6 The garment composite from the shoulder areas and the
knee areas shall be tested for resistance to heat transfer as speci-
fied in Section 8.50, Conductive and Compressive Heat Resis-
tance (CCHR) Test, and shall demonstrate passing performance.

7.1.7 Garment moisture barrier seams shall be individually
tested for resistance to heat as specified in Section 8.6, Heat
and Thermal Shrinkage Resistance Test, and shall not drip or
ignite.

7.1.8 Garment outer shells and collar linings shall be individu-
ally tested for resistance to heat as specified in Section 8.6, Heat
and Thermal Shrinkage Resistance Test, and shall not char.

7.1.9 All garment hardware, excluding hook and pile fasten-
ers, where placed so that they will not directly contact the
wearer’s body, shall be individually tested for resistance to heat
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as specified in Section 8.6, Heat and Thermal Shrinkage Resis-
tance Test, and shall not ignite and shall remain functional.

7.1.10 All sewing thread utilized in the construction of gar-
ments and DRDs shall be tested for resistance to melting as
specified in Section 8.11, Thread Melting Test, and shall not
melt at or below 260°C (500°F).

7.1.11 Garment outer shells and collar linings shall be indi-
vidually tested for resistance to tearing as specified in Section
8.12, Tear Resistance Test, and shall have a tear strength of not
less than 100 N (22 1bf).

7.1.12 Garment moisture barriers, thermal barriers, and win-
ter liners, where provided, shall be tested for resistance to tear-
ing as specified in Section 8.12, Tear Resistance Test, and shall
have a tear strength of not less than 22 N (5 1bf).

7.1.13  All garment seam assemblies shall be tested for strength
as specified in Section 8.14, Seam-Breaking Strength Test.

7.1.13.1 Woven garment seam assemblies and specimens of
seam assemblies that contain at least one woven material shall
demonstrate a sewn seam strength equal to or greater than
667 N (150 Ibf) force for Major A seams, 334 N (75 1bf) force
for Major B seams, and 180 N (40 1bf) force for Minor seams
when tested using the method specified in 8.14.3.2.1.

7.1.13.2 Seam breaking strength shall be considered accept-
able where the fabric strength is less than the required seam
strength specified in 7.1.13.1, providing the fabric fails with-
out failure of the seam below the applicable forces specified in
7.1.13.1.

7.1.13.3 All knit or stretch woven garment seam assemblies
shall demonstrate a sewn seam strength equal to or greater
than 180 N (40 Ibf) when tested using the method specified in
8.14.3.2.2.

7.1.13.4 All combination woven and knit or stretch knit seam
specimens shall meet the requirements specified in 7.1.13.1.

7.1.14 Garment moisture barriers shall be tested for resis-
tance to water penetration as specified in Section 8.26, Water
Penetration Resistance Test, and shall have a minimum water
penetration resistance of 172 kPa (25 psi).

7.1.15*% Garment moisture barrier materials and seams shall
be tested for resistance to liquid penetration as specified in
Section 8.27, Liquid Penetration Resistance Test, and shall
show no penetration of the test liquids for at least 1 hour.

7.1.16 Garment moisture barriers and moisture barrier
seams shall be tested for resistance to liquid or bloodborne
pathogens as specified in Section 8.28, Viral Penetration Resis-
tance Test, and shall allow no penetration of the Phi-X-174
bacteriophage for at least 1 hour.

7.1.17 Garment moisture barriers, thermal barriers, winter
liners where provided, and collar linings shall be individually
tested for resistance to shrinkage as specified in Section 8.24,
Cleaning Shrinkage Resistance Test, and shall not shrink more
than 5 percent in any direction.

7.1.18 Garment outer shells and collar linings shall be indi-
vidually tested for resistance to water absorption as specified
in Section 8.25, Water Absorption Resistance Test, and shall
not have more than 30 percent water absorption.

7.1.19 All garment metal hardware and specimens of all gar-
ment hardware that include metal parts shall be individually
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tested for resistance to corrosion as specified in Section 8.29,
Corrosion Resistance Test, and shall have metals that are in-
herently resistant to corrosion including but not limited to
stainless steel, brass, copper, aluminum, and zinc show no
more than light surface-type corrosion or oxidation, shall have
ferrous metals show no corrosion of the base metal, and shall
have all hardware remain functional.

7.1.20 Labels shall be tested for durability and legibility as
specified in Section 8.41, Label Durability and Legibility Test
1, shall remain in place, and shall be legible.

7.1.21 DRD materials, seams, splices, and joints shall be
tested for material strength as specified in Section 8.57, Drag
Rescue Device (DRD) Materials Strength Test, and shall have a
minimum tensile strength of 7 kN (1573 1bf).

7.1.22 Garments with the DRD installed shall be tested for
functionality as specified in Section 8.58, Drag Rescue Device
(DRD) Function Test, and shall allow for the mannequin to be
dragged for a minimum of 2.5 m (98 in.), the DRD shall be
deployed within 10 seconds, the SCBA shall not move higher
on the torso from the donned position, and the SCBA shall
not separate from the mannequin.

7.1.23 Garment moisture barrier materials shall be tested for
resistance to light degradation as specified in Section 8.61,
Light Degradation Resistance Test, and water shall not appear
on the surface of the specimen.

7.1.24 Garment zippers shall be tested for crosswise breaking
strength of chain; crosswise breaking strength of separating unit;
holding strength of stops, retainers, and separating units; operat-
ing force; and slider lock strength requirements of A-A-55634A,
Commercial Item Description, Zippers (Fasteners, Slide, Interlocking).

7.1.25 Fastener tape shall be tested for breaking strength as
specified in Section 8.7.3, Fastener Tape Strength Tests, and
shall meet or exceed the minimum breaking strength require-
ments as established in Table 1 of A-A 55126B, Commercial Item
Description, Fastener Tapes, Hook and Loop, Synthetic.

7.1.26 Fastener tape shall be tested for shear strength as
specified in Section 8.7.3, Fastener Tape Strength Tests,
and shall meet or exceed the minimum shear strength re-
quirements as established in Table 1 of A-A 55126B, Commer-
cial Item Description, Fastener Tapes, Hook and Loop, Synthetic.

7.1.27 Fastener tape shall be tested for peel strength as speci-
fied in Section 8.7.3, Fastener Tape Strength Tests, and shall
meet or exceed the minimum peel strength requirements as
established in Table 1 of A-A 551268, Commercial Item Descrip-
tion, Fastener Tapes, Hook and Loop, Synthetic.

7.2 Additional Performance Requirements for Structural Fire
Fighting Protective Garment Elements Only.

7.2.1 Structural fire fighting protective garment elements
shall also meet the performance requirements specified in this
section in addition to the performance requirements speci-
fied in Section 7.1, Protective Garment Elements Performance
Requirements for Both Ensembles.

7.2.2* Garment composite consisting of the outer shell, mois-
ture barrier, and thermal barrier shall be tested for evapora-
tive heat transfer as specified in Section 8.33, Total Heat Loss
(THL) Test, and shall have a THL of not less than 205 W/m?.

7.2.3 Garment trim shall be tested for retroreflectivity and
fluorescence as specified in Section 8.45, Retroreflectivity and

Fluorescence Test, and shall have a coefficient of retroreflec-
tion (R,) of notless than 100 cd/lux/m? (100 cd/fc/ft?), and
shall have the color be fluorescent yellow-green, fluorescent
orange-red, or fluorescent red.

7.2.4 Garment outer shells shall be individually tested for
resistance to shrinkage as specified in Section 8.24, Cleaning
Shrinkage Resistance Test, and shall not shrink more than
5 percent in any direction.

7.2.5 Garment outer shells and collar linings shall be indi-
vidually tested for strength after washing as specified in Sec-
tion 8.49, Breaking Strength Test, and shall have a breaking
strength of not less than 623 N (140 1bf).

7.2.6 Where garment element sleeve composites contain en-
hancements such as visibility markings, and other materials
used in construction, including but not limited to, padding,
reinforcements, emblems, patches, and logos, but excluding
reinforcement materials that do not extend more than 25 mm
(1 in.) when measured from the edge of the cuff along the
sleeve, exterior to the outer shell. The enhanced composite
shall be tested for transmitted and stored thermal energy as
specified in Section 8.71, Transmitted and Stored Thermal
Energy Test, and shall have an average predicted time to sec-
ond degree burn of 130 seconds or greater.

7.3 Additional Performance Requirements for Proximity Fire
Fighting Protective Garment Elements Only.

7.3.1 Proximity fire fighting protective garment elements
shall also meet the performance requirements specified in this
section, in addition to the performance requirements speci-
fied in Section 7.1, Protective Garment Elements Design Re-
quirements for Both Ensembles.

7.3.2 Garment outer shells shall be tested for radiant reflec-
tive capability as specified in Section 8.51, Radiant Protective
Performance Test, and shall have an intersect time of not less
than 20 seconds.

7.3.3 Garment outer shells shall be tested for resistance to
delamination as specified in Section 8.53, Wet Flex Test, and
shall show no signs of cracking on the face or delamination.

7.3.4 Garment outer shells shall be tested for adhesion dura-
bility as specified in Section 8.54, Adhesion After Wet Flex—
Tape Method, and shall show no evidence of separation of the
coating or laminate from the base material.

7.3.5 Garment outer shells shall be tested for flex durability
as specified in Section 8.55, Flex at Low Temperature Test, and
shall show no evidence of breaking, shattering, or cracking of
the coating, laminate, or fabric.

7.3.6 Garment outer shells shall be tested for blocking durabil-
ity as specified in Section 8.56, Resistance to High-Temperature
Blocking, and shall show no blocking.

7.4 Protective Helmet Elements Performance Requirements
for Both Ensembles.

7.4.1 Protective helmet elements shall be tested for resis-
tance to impact as specified in Section 8.15, Top Impact Resis-
tance Test (Force), and shall have no sample transmit a force
of more than 3780 N (850 1bf).

7.4.2 Helmets shall be tested for resistance to impact as speci-
fied in Section 8.16, Impact Resistance Test (Acceleration),
and shall have no specimen exceed the maximum accelera-
tion specified in Table 7.4.2. Any acceleration above 200 Gn
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shall not exceed a duration of 3 milliseconds, and an accelera-
tion above 150 Gn shall not exceed a duration of 6 millisec-
onds. Helmets shall maintain sufficient structural integrity to
withstand impacts in all five locations.

Table 7.4.2 Impact Acceleration

Impact Maximum
Location Acceleration m - sec/sec ft-sec/sec
Top 150 x Gn 1471.5 4830
Front 300 x Gn 2943.0 9660
Sides 300 x Gn 2943.0 9660
Back 300 x Gn 2943.0 9660

Note: Gn denotes gravitational acceleration, which is defined as
9.81 m - sec/sec (32.2 ft - sec/sec).

7.4.3 Helmets shall be tested for resistance to penetration as
specified in Section 8.19, Physical Penetration Resistance Test,
and shall exhibit no electrical or physical contact between the
penetration test striker and the headform.

7.4.4 Helmets shall be tested for resistance to heat as speci-
fied in Section 8.6, Heat and Thermal Shrinkage Resistance
Test. The following results shall be considered unacceptable:

(1) Parts of the complete helmet assembly that do not contact
the headform before this test come in contact with the
headform as a result of this test

(2) Distortion of the back of the helmet shell extending more
than 40 mm (1% in.) below the original position of the
helmet shell

(3) Distortion of the front and sides of the helmet shell ex-
tending more than 30 mm (1% in.) below the original
position of the helmet shell

(4) Separation, melting, or dripping of the retention system,
energy absorption system, or ear covers

(5) Dysfunctional chin strap closure device

(6) Ignition of any part of the helmet assembly

(7) Ignition or melting of the product labels

(8)*Any component of the helmet assembly extending more
than 30 mm (1% in.) below the initial lowest point of the
helmet shell in the front area, both before and after oven
exposure

(9) Dripping of the faceshield/goggle component

7.4.5 Helmets shall be tested for resistance to flame as speci-
fied in Section 8.3, Flame Resistance Test 2, Procedures A and
C, and shall not show any visible afterflame or glow 5.0 sec-
onds after removal from the test flame in each test.

7.4.6 Helmet ear covers and helmet shrouds shall be tested
for thermal insulation as specified in Section 8.10, Thermal
Protective Performance (TPP) Test, and shall have an average
TPP rating of at least 20.0.

7.4.7 Helmets shall be tested for retention ability as specified
in Section 8.34, Retention System Test, without any break oc-
curring and without any resulting slip or stretch of more than
20 mm (¥ in.).

7.4.8 Helmet suspension systems shall be tested for retention
ability as specified in Section 8.35, Suspension System Reten-
tion Test, and shall not separate from the helmet.
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7.4.9 Helmets shall be tested for shell retention ability as
specified in Section 8.43, Shell Retention Test, and shall not
have the helmet shell separate from the helmet suspension
and retention systems.

7.4.10 All materials utilized in the construction of helmet chin
straps, excluding elastic and hook and pile fasteners where these
items are placed so that they will not directly contact the wearer’s
body or hood, shall be individually tested for resistance to flame
as specified in Section 8.2, Flame Resistance Test 1, and shall not
have a char length greater than 100 mm (4 in.), shall not show
any visible afterflame 2.0 seconds after removal from the test
flame, and shall not melt or drip.

7.4.11 All materials utilized in the construction of helmet chin
straps, excluding elastic and hook and pile fasteners where these
items are placed so that they will not directly contact the wearer’s
body or hood, shall be individually tested for resistance to heat as
specified in Section 8.6, Heat and Thermal Shrinkage Resistance
Test, and shall not shrink more than 10 percent in any direction,
and shall not melt, separate, or ignite. Helmet chin strap material
shall meet the thermal shrinkage requirement for the length di-
mension only.

7.4.12 All sewing thread used in the construction of helmets
shall be tested for melting resistance as specified in Section
8.11, Thread Melting Test, and shall not melt below 260°C
(500°F).

7.4.13 All helmet metal hardware and specimens of all hel-
met hardware that include metal parts shall be individually
tested for resistance to corrosion as specified in Section 8.29,
Corrosion Resistance Test, and shall have metals that are in-
herently resistant to corrosion including but not limited to
stainless steel, brass, copper, aluminum, and zinc show no
more than light surface-type corrosion or oxidation, shall have
ferrous metals show no corrosion of the base metal, and shall
have all hardware remain functional.

7.4.14 Labels shall be tested for durability and legibility as
specified in Section 8.42, Label Durability and Legibility
Test 2, shall remain in place, and shall be legible.

7.4.15 Faceshield/goggle components shall be tested for re-
sistance to impact as specified in Section 8.17, Faceshield/
Goggle Component Lens Impact Resistance Test, Tests One
and Two, and shall not have any faceshield/goggle compo-
nent contact an “eye” of the headform, and shall not have any
parts or fragments be ejected from the component that could
contact the eye of the headform.

7.4.16 Faceshield/goggle components shall be tested for
flame resistance as specified in Section 8.3, Flame Resistance
Test 2, Procedure B, and shall not show any visible afterflame
5.0 seconds after removal of the test flame.

7.5 Additional Performance Requirements for Structural Fire
Fighting Protective Helmet Elements Only.

7.5.1 Structural fire fighting protective helmet elements shall
also meet the performance requirements specified in this sec-
tion in addition to the performance requirements specified in
Section 7.4, Protective Helmet Elements Performance Re-
quirements for Both Ensembles.

7.5.2 All fabrics utilized in construction of faceshield/goggle
components shall be tested for flame resistance as specified in
Section 8.2, Flame Resistance Test 1, and all fabrics shall not
have a char length of more than 100 mm (4 in.) average, and
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shall not have an afterflame of more than 5.0 seconds average
after removal of the test flame.

7.5.3 Faceshield/goggle component lenses shall be tested for
resistance to scratching as specified in Section 8.22, Faceshield/
Goggle Component Lens Scratch Resistance Test, and shall not
exhibit a delta haze of greater than 25 percent.

7.5.4 Faceshield/goggle component lenses shall be tested for
transmittance of light as specified in Section 8.44, Luminous
(Visible) Transmittance Test, and shall have clear lenses trans-
mit a minimum of 85 percent of the incident visible radiation,
and shall have colored lenses transmit a minimum of 43 per-
cent of the incident visible radiation.

7.5.5 Where provided, the faceshield/goggle component at-
tachment hardware shall be tested for flame resistance as
specified in Section 8.3, Flame Resistance Test 2, Procedure D,
and shall not show any visible afterflame 5.0 seconds after re-
moval of the test flame.

7.5.6 Helmets shall be tested for resistance to electricity as
specified in both Procedure A and Procedure B of Section
8.30, Electrical Insulation Test 1, and shall not have leakage
current exceeding 3.0 mA in each test.

7.5.7 All materials utilized in the construction of helmet ear
covers, excluding elastic and hook and pile fasteners where
these items are placed so that they will not directly contact the
wearer’s body or hood, shall be individually tested for resis-
tance to flame as specified in Section 8.2, Flame Resistance
Test 1, shall not have a char length greater than 100 mm
(4 in.), shall not show any visible afterflame 2.0 seconds after
removal from the test flame, and shall not melt or drip.

7.5.8 All materials utilized in the construction of helmet ear
covers, excluding elastic and hook and pile fasteners where
these items are placed so that they will not directly contact the
wearer’s body or hood, shall be individually tested for resis-
tance to heat as specified in Section 8.6, Heat and Thermal
Shrinkage Resistance Test, and shall not shrink more than
10 percent in any direction, and shall not melt, separate, or
ignite. Helmet chin strap material shall meet the thermal
shrinkage requirement for the length dimension only.

7.5.9 Helmet visibility markings shall be tested for retrore-
flectivity and fluorescence as specified in Section 8.45, Ret-
roreflectivity and Fluorescence Test, and shall have a coeffi-
cient of retroreflection (Ra) of not less than 100 cd/lux/m?
(100 cd/fc/ft?), and shall have the color be fluorescent
yellow-green, fluorescent orange-red, or fluorescent red.

7.6 Additional Performance Requirements for Proximity Fire
Fighting Helmet Elements Only.

7.6.1 Proximity fire fighting protective helmet elements shall
also meet the performance requirements specified in this sec-
tion in addition to the performance requirements specified in
Section 7.4, Protective Helmet Elements Performance Re-
quirements for Both Ensembles.

7.6.2 Helmets shall be tested for radiant heat resistance as
specified in Section 8.52, Radiant Heat Resistance Test 3, and
shall not have a temperature rise of more than 25°C (45°F).

7.6.3 Helmet shrouds shall be tested for radiant reflective
capability as specified in Section 8.51, Radiant Protective Per-
formance Test, and shall have an intersect time of not less than
20 seconds.

7.6.4 Helmet shrouds with a laminate base fabric shall be
tested for resistance to delamination as specified in Section
8.53, Wet Flex Test, and shall show no signs of cracking on the
face or delamination.

7.6.5 Helmet shrouds shall be tested for adhesion durability
as specified in Section 8.54, Adhesion After Wet Flex—Tape
Test, and shall show no evidence of separation of the coating
or laminate from the base material.

7.6.6 Helmet shrouds shall be tested for flex durability as
specified in Section 8.55, Flex at Low Temperature Test, and
shall show no evidence of breaking, shattering, or cracking of
the coating, laminate, or fabric.

7.6.7 Helmet shrouds shall be tested for blocking durability
as specified in Section 8.56, Resistance to High-Temperature
Blocking Test, and shall show no blocking.

7.6.8 All materials utilized in the construction of proximity
helmet covers and shrouds, excluding elastic and hook and
pile fasteners where these items are placed so that they will not
directly contact the wearer’s body or hood, shall be individu-
ally tested for resistance to heat as specified in Section 8.6,
Heat and Thermal Shrinkage Resistance Test, and shall not
shrink more than 10 percent in any direction, and shall not
melt, separate, or ignite. Helmet chin strap material shall
meet the thermal shrinkage requirement for the length di-
mension only.

7.6.9 Helmet shroud outer shell material shall be individually
tested for resistance to tearing as specified in Section 8.12,
Tear Resistance Test, and shall have a tear strength of not less
than 100 N (22 1bf).

7.6.10 Helmet faceshield component lenses shall be tested
for transmittance of light as specified in Section 8.44, Lumi-
nous (Visible) Transmittance Test, and shall transmit not less
than 30 percent of the incident visible radiation.

7.6.11 Helmet faceshields shall be tested for radiant reflective
capability as specified in Section 8.51, Radiant Protective Per-
formance Test, and shall have an intersect time of not less than
30 seconds.

7.6.12 Helmet outer covers, where provided, shall be tested
for radiant reflective capability as specified in Section 8.51,
Radiant Protective Performance Test, and shall have an inter-
sect time of not less than 20 seconds.

7.6.13 Helmet outer covers, where provided, shall be tested
for resistance to delamination as specified in Section 8.53, Wet
Flex Test, and shall show no signs of cracking on the face or
delamination.

7.6.14 Helmet outer covers, where provided, shall be tested for
adhesion durability as specified in Section 8.54, Adhesion After
Wet Flex—Tape Method Test, and shall show no evidence of sepa-
ration of the coating or laminate from the base material.

7.6.15 Helmet outer covers, where provided, shall be tested
for flex durability as specified in Section 8.55, Flex at Low
Temperature Test, and shall show no evidence of breaking,
shattering, or cracking of the coating, laminate, or fabric.

7.6.16 Helmet outer covers, where provided, shall be tested for
blocking durability as specified in Section 8.56, Resistance to
High-Temperature Blocking Test, and shall show no blocking.
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7.6.17 Helmet outer covers, where provided, shall be tested for
resistance to tearing as specified in Section 8.12, Tear Resistance
Test, and shall have a tear strength of not less than 22 N (5 1bf).

7.6.18 All materials utilized in the construction of proximity
helmet covers and shrouds, excluding elastic and hook and
pile fasteners where these items are placed so that they will not
directly contact the wearer’s body or hood, shall be individu-
ally tested for resistance to flame as specified in Section 8.2,
Flame Resistance Test 1, and shall not have a char length
greater than 100 mm (4 in.), shall not show any visible after-
flame 2.0 seconds after removal from the test flame, and shall
not melt or drip.

7.7 Protective Glove Elements Performance Requirements
for Both Ensembles.

7.7.1 The glove body composite shall be tested for thermal
insulation as specified in Section 8.10, Thermal Protective Per-
formance (TPP) Test, and shall have an average TPP rating of
at least 35.0.

7.7.2 The glove interface component composite shall be
tested for thermal insulation as specified in Section 8.10. Ther-
mal Protective Performance (TPP) Test, and shall have an av-
erage TPP rating of at least 20.0.

7.7.3 Gloves shall be tested for resistance to heat as specified
in Section 8.6, Heat and Thermal Shrinkage Resistance Test,
and shall not melt, separate, or ignite; shall not shrink more
than 8 percent in length or width; shall be donnable; and shall
be flexible.

7.7.3.1 Hook and pile fasteners on gloves shall be excluded
from these requirements where these items are placed such
that they will not directly contact the wearer’s body.

7.7.3.2 Where hook and pile fasteners are placed on the
gloves such that they will directly contact the wearer’s body,
they shall not melt, separate, or ignite when tested as part of
the whole glove.

7.7.4 The glove lining materials of the glove body shall be
individually tested for resistance to heat as specified in Section
8.6, Heat and Thermal Shrinkage Resistance Test, and shall
not melt, separate, or ignite.

7.7.5 The glove body composite shall be tested for thermal
insulation as specified in Section 8.7, Conductive Heat Resis-
tance Test 1, and shall have a second-degree burn time of not
less than 10.0 seconds, and shall have a pain time of not less
than 6.0 seconds.

7.7.6 The glove body composite, including, but not limited
to, trim, external labels, and external tags, but excluding hard-
ware, and excluding hook and pile fasteners that do not di-
rectly contact the wearer’s body, shall be tested for resistance
to flame as specified in Section 8.4, Flame Resistance Test 3,
and shall not have an average char length of more than
100 mm (4 in.), shall not have an average afterflame of more
than 2.0 seconds, shall not melt or drip, and shall not have the
amount of consumed materials exceed 5 percent.

7.7.7 The glove interface component composite, including,
but not limited to, trim, external labels, and external tags, but
excluding hardware and hook and pile fasteners that do not
directly contact the wearer’s body, shall not have an average
afterflame of more than 2.0 seconds, shall not melt or drip,
and shall not have the amount of consumed materials exceed
5 percent.

7.7.8 The glove extension composite, including, but not lim-
ited to, trim, external labels, and external tags, but excluding
hardware and hook and pile fasteners that do not directly con-
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tact the wearer’s body, shall not have an average afterflame of
more than 2.0 seconds, shall not melt or drip, and shall not
have the amount of consumed materials exceed 5 percent.

7.7.9% All sewing thread utilized in the construction of gloves
shall be tested for melting resistance as specified in Section
8.11, Thread Melting Test, and shall not melt at or below
260°C (500°F).

7.7.10 The glove body seams shall be tested for resistance to
liquid-borne or blood-borne pathogens as specified in Section
8.28, Viral Penetration Resistance Test, and shall allow no pen-
etration of the Phi-X-174 bacteriophage for at least 1 hour.

7.7.11* Glove body seams shall be tested for resistance to lig-
uid penetration as specified in Section 8.27, Liquid Penetra-
tion Resistance Test, and shall allow no penetration of test
liquids for at least 1 hour.

7.7.12 The glove body composite shall be tested for resis-
tance to cut as specified in Section 8.21, Cut Resistance Test,
and shall have a distance of blade travel of more than 20 mm
(0.8 in.).

7.7.13 The glove interface component shall be tested for re-
sistance to cut as specified in Section 8.21, Cut Resistance Test,
and shall have a distance of blade travel of more than 20 mm
(0.8 in.).

7.7.14 The glove body composite shall be tested for resis-
tance to puncture as specified in Section 8.20, Puncture Resis-
tance Test, and shall not be punctured under an average ap-
plied force of 40 N (8.8 1bf).

7.7.15% Gloves shall be tested for hand function as specified in
Section 8.37, Glove Hand Function Test, and shall have an aver-
age percent of barehanded control not exceeding 220 percent.

7.7.16 Knit glove wristlet material(s) shall be tested for mate-
rial strength as specified in Section 8.13, Burst Strength Test,
and shall have a burst strength of not less than 225 N (50 1bf).

7.7.17 Glove body to glove interface component major seams
shall be tested for seam strength as specified in Section 8.14,
Seam-Breaking Strength Test, and shall have a burst strength
of not less than 182 N (41 1bf).

7.7.18* Gloves shall be tested for resistance to leakage as speci-
fied in Section 8.32, Overall Liquid Integrity Test 1, and shall
show no leakage.

7.7.19* Gloves shall be tested for ease of donning as specified
in Section 8.36, Glove Donning Test, and shall have the dry
hand donning time not exceed 10 seconds, shall have the wet
hand donning time not exceed 30 seconds, shall have no de-
tachment of the inner liner, shall have no detachment of the
moisture barrier, and shall allow full insertion of all digits.

7.7.20 Gloves shall be tested for retention of the glove liner as
specified in Section 8.62, Liner Retention Test, and shall have
no detachment of the inner liner or moisture barrier.

7.7.21 Labels shall be tested for durability and legibility as
specified in Section 8.41, Label Durability and Legibility Test
1, shall remain in place, and shall be legible.

7.7.22 Gloves shall be tested for grip as specified in Section
8.38, Grip Test, and shall not have a drop of more than 30
percent from the peak pull force value.
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7.7.23 Gloves shall be tested using the torque test as specified
in Section 8.72, Torque Test, and shall have an average per-
cent of barehanded control not less than 80 percent.

7.7.24 Gloves shall be tested for hand function as specified in
Section 8.74, Glove Tool Test, and shall have an average per-
cent of barehanded control not exceeding 175 percent.

7.8 Additional Performance Requirements for Structural Fire
Fighting Protective Glove Elements Only.

7.8.1 Structural fire fighting protective glove elements shall
also meet the performance requirements specified in this sec-
tion in addition to the performance requirements specified in
Section 7.7, Protective Glove Elements Performance Require-
ments for Both Ensembles.

7.8.2 All glove metal hardware and all glove hardware that
include metal parts shall be individually tested for resistance
to corrosion as specified in Section 8.29, Corrosion Resistance
Test, and shall have metals that are inherently resistant to cor-
rosion including but not limited to stainless steel, brass, cop-
per, aluminum, and zinc show no more than light surface-type
corrosion or oxidation, shall have ferrous metals show no cor-
rosion of the base metal, and shall have all hardware remain
functional.

7.9 Additional Performance Requirements for Proximity Fire
Fighting Protective Glove Elements Only.

7.9.1 Proximity fire fighting protective glove elements shall
also meet the performance requirements specified in this sec-
tion in addition to the performance requirements specified in
Section 7.7, Protective Glove Elements Performance Require-
ments for Both Ensembles.

7.9.2 The radiant reflective protective areas as required in
Section 6.9, Additional Design Requirements for Proximity
Fire Fighting Protective Glove Elements Only, of the glove
body, glove interface component, and glove extension shall be
tested for radiant reflective capability as specified in Section
8.52, Radiant Protective Performance Test, and shall have an
intersect time of not less than 20 seconds.

7.9.3 The radiant reflective protective areas as required in
Section 6.9, Additional Design Requirements for Proximity
Fire Fighting Protective Glove Elements Only, of the glove
body, glove interface component, and glove extension shall be
tested for resistance to delamination as specified in Section
8.54, Wet Flex Test, and shall show no signs of cracking on the
face or delamination.

7.9.4 The radiant reflective protective areas as required in
Section 6.9, Additional Design Requirements for Proximity
Fire Fighting Protective Glove Elements Only, of the glove
body, glove interface component, and glove extension shall be
tested for adhesion durability as specified in Section 8.54, Ad-
hesion After Wet Flex-Tape Method Test, and shall show no
evidence of separation of the coating or laminate from the
base material.

7.9.5 The radiant reflective protective areas as required in
Section 6.9, Additional Design Requirements for Proximity
Fire Fighting Protective Glove Elements Only, of the glove
body, glove interface component, and glove extension shall be
tested for flex durability as specified in Section 8.55, Flex at
Low Temperature, and shall show no evidence of breaking,
shattering, or cracking of the coating, laminate, or fabric.

7.9.6 The radiant reflective protective areas as required in
Section 6.9, Additional Design Requirements for Proximity
Fire Fighting Protective Glove Elements Only, of the glove
body, glove interface component, and glove extension shall be
tested for blocking durability as specified in Section 8.56, Re-
sistance to High-Temperature Blocking Test, and shall show
no blocking.

7.10 Protective Footwear Elements Performance Require-
ments for Both Ensembles.

7.10.1 Protective footwear elements shall be tested for ther-
mal insulation as specified in Section 8.8, Conductive Heat
Resistance Test 2, and the temperature of the insole surface in
contact with the foot shall not exceed 44°C (111°F).

7.10.2 Footwear, with components in place, shall be tested for
resistance to flame as specified in Section 8.5, Flame Resistance
Test 4, shall not have an afterflame of more than 5.0 seconds,
shall not melt or drip, and shall not exhibit any burn-through.

7.10.3 All sewing thread utilized in the construction of foot-
wear shall be tested for melt resistance as specified in Section
8.11, Thread Melting Test, and shall not melt below 260°C
(500°F).

7.10.4 The footwear upper material composite and footwear
seams shall be tested for resistance to liquid penetration as speci-
fied in Section 8.27, Liquid Penetration Resistance Test, and shall
allow no penetration of the test liquids for at least 1 hour.

7.10.5 The footwear upper material composite and footwear
seams shall be tested for resistance to liquid- or blood-borne
pathogens as specified in Section 8.28, Viral Penetration Resis-
tance Test, and shall allow no penetration of the Phi-X-174
bacteriophage for at least 1 hour.

7.10.6 Footwear shall be tested for resistance to puncture as
specified in Section 8.20, Puncture Resistance Test , and shall
not puncture the footwear upper under an average applied
force of 60 N (13 Ibf).

7.10.7 Footwear uppers shall be tested for resistance to cut as
specified in Section 8.21, Cut Resistance Test, and shall have a
cut distance resistance of more than 20 mm (0.8 in.).

7.10.8 Footwear shall be tested for slip resistance as specified
in Section 8.40, Slip Resistance Test, and shall have a coeffi-
cient of friction of 0.40 or greater.

7.10.9 Footwear soles and heels shall be tested for resistance
to abrasion as specified in Section 8.23, Abrasion Resistance
Test, and the relative volume loss shall not be greater than
200 mm”.

7.10.10* Footwear shall be tested for resistance to electricity as
specified in Section 8.31, Electrical Insulation Test 2, and shall
have no current leakage in excess of 3.0 mA.

7.10.11 Footwear ladder shanks or whole sole equivalents
shall be tested for resistance to bending as specified in Section
8.39, Ladder Shank Bend Resistance Test, and shall not deflect
more than 6 mm (% in.).

7.10.12 Footwear stud posts and eyelets shall be tested for
attachment strength as specified in Section 8.48, Eyelet and
Stud Post Attachment Test, and shall have a minimum detach-
ment strength of 294 N (66 1bf).

(3]
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7.10.13 All footwear metal hardware and specimens of all
footwear hardware that include metal parts, including, but not
limited to, toe cap, ladder shank, puncture-resistant device,
and components shall be individually tested for resistance to
corrosion as specified in Section 8.29, Corrosion Resistance
Test, and shall have metals that are inherently resistant to cor-
rosion including but not limited to stainless steel, brass, cop-
per, aluminum, and zinc show no more than light surface-type
corrosion or oxidation, shall have ferrous metals show no cor-
rosion of the base metal, and shall have all hardware remain
functional.

7.10.14 Labels shall be tested for durability and legibility as
specified in Section 8.41, Label Durability and Legibility Test
1, and shall remain in place, and shall be legible to the un-
aided eye.

7.10.15 Footwear shall be tested for resistance to heat as speci-
fied in Section 8.6, Heat and Thermal Shrinkage Resistance Test,
and shall not have any part of the footwear melt, separate, or
ignite; shall show no water penetration; and shall have all compo-
nents remain functional.

7.11 Additional Performance Requirements for Structural
Fire Fighting Protective Footwear Elements Only.

7.11.1 Structural fire fighting protective footwear elements
shall also meet the performance requirements specified in this
section in addition to the performance requirements speci-
fied in Section 7.10, Protective Footwear Elements Perfor-
mance Requirements for Both Ensembles.

7.11.2 Footwear shall be tested for thermal insulation as
specified in Section 8.9, Radiant Heat Resistance Test 1, and
the temperature of the upper surface in contact with the skin
shall not exceed 44°C (111°F).

7.11.3 Footwear shall be tested for thermal insulation as
specified in Section 8.7, Conductive Heat Resistance Test 1,
and the temperature of the upper lining surface in contact
with skin shall have a second-degree burn time of not less than
10.0 seconds, and shall have a pain time of not less than
6.0 seconds.

7.12 Additional Performance Requirements for Proximity
Fire Fighting Protective Footwear Elements Only.

7.12.1 Proximity fire fighting protective footwear elements
shall also meet the performance requirements specified in this
section in addition to the performance requirements speci-
fied in Section 7.10, Protective Footwear Elements Perfor-
mance Requirements for Both Ensembles.

7.12.2 Footwear shall be tested for thermal insulation as
specified in Section 8.59, Conductive Heat Resistance Test 3,
and the temperature of the upper lining surface in contact
with skin shall not reach 44°C (111°F) in 10 minutes or less.

7.12.3 Footwear shall be tested for thermal insulation as
specified in Section 8.60, Radiant Heat Resistance Test 2, and
the temperature of the upper lining surface in contact with
the skin shall not exceed 44°C (111°F).

7.13 Protective Hood Interface Component Performance Re-
quirements for Both Ensembles.

7.13.1 Fire fighting protective hood face openings that are
not designed for interface with a specific SCBA facepiece shall

\
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be tested for shape retention as specified in Section 8.46,
Hood Opening Size Retention Test, and shall not exceed
110 percent of the original face opening size.

7.13.1.1 Where hood face openings are designed to interface
with a specific SCBA facepiece, specimens of such hood face
openings shall be tested for shape retention as specified in
Section 8.46, Hood Opening Size Retention Test, and shall
overlap the outer edge of the specific SCBA facepiece-to-face
seal perimeter by not less than 13 mm (Y% in.).

7.13.2 Hoods shall be tested for thermal insulation as specified
in Section 8.10, Thermal Protective Performance (TPP) Test,
and shall have an average TPP rating of not less than 20.0.

7.13.3 Hood material(s), including labels but excluding
hook and pile fasteners and elastic when not placed in direct
contact with the body, shall be individually tested for resis-
tance to flame as specified in Section 8.2, Flame Resistance
Test 1, and shall not have a char length of more than 100 mm
(4 in.) average, shall not have an afterflame of more than
2.0 seconds average, and shall not melt or drip.

7.13.4 Hoods, excluding labels, hook and pile fasteners, and
elastic, shall be individually tested for resistance to heat as
specified in Section 8.6, Heat and Thermal Shrinkage Resis-
tance Test, and shall not shrink more than 10 percent.

7.13.5 Hoods, including labels but excluding hook and pile
fasteners and elastic when these items are placed where they
will not directly contact the wearer’s body, shall be individually
tested for resistance to heat as specified in Section 8.6, Heat
and Thermal Shrinkage Resistance Test, and shall not melt,
separate, or ignite.

7.13.6 Hoods shall be individually tested for resistance to
shrinkage as specified in Section 8.24, Cleaning Shrinkage Re-
sistance Test, and shall not have the measurements made from
the top of the hood to the marks at the back and both sides of
the hood exhibit shrinkage of more than 5 percent, and shall
have the hood opening meet the requirements specified in
6.13.6.

7.13.7 All sewing thread utilized in the construction of hoods
shall be tested for melting resistance as specified in Section
8.11, Thread Melting Test, and shall not melt below 260°C
(500°F).

7.13.8 Knit hood material(s) shall be tested for material
strength as specified in Section 8.13, Burst Strength Test, and
shall have a burst strength of not less than 225 N (51 Ibf).

7.13.9 Knit hood seams shall be tested for seam strength as
specified in Section 8.14, Seam-Breaking Strength Test, and
shall have a burst strength of not less than 181 N (41 1bf).

7.13.10 Labels shall be tested for durability and legibility as
specified in Section 8.41, Label Durability and Legibility Test
1, and shall remain attached to the hood, and shall be legible
to the unaided eye.

7.14 Additional Performance Requirements for Structural
Fire Fighting Protective Hood Interface Components Only.
(Reserved)

7.15 Additional Performance Requirements for Proximity
Fire Fighting Protective Hood Interface Components Only.
(Reserved)
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7.16 Protective Wristlet and Garment-Glove Interface Com-
ponent Performance Requirements for Both Ensembles.

7.16.1 Protective wristlet interface components shall be
tested for thermal insulation as specified in Section 8.10, Ther-
mal Protective Performance (TPP) Test, and shall have an av-
erage TPP rating of not less than 20.0.

7.16.1.1 Where the coat sleeve end terminates in a garment-
glove interface, the interface composite shall be tested for
thermal insulation as specified in Section 8.10, Thermal Pro-
tective Performance (TPP) Test, and shall have an average
TPP rating of not less than 35.0.

7.16.2 Wristlet material(s) shall be individually tested for re-
sistance to flame as specified in Section 8.2, Flame Resistance
Test 1, and shall not have a char length of more than 100 mm
(4 in.) average, shall not have an afterflame of more than
2.0 seconds average, and shall not melt or drip.

7.16.3 Wristlet material(s) shall be individually tested for re-
sistance to heat as specified in Section 8.6, Heat and Thermal
Shrinkage Resistance Test, and shall not shrink more than
10 percent in any direction.

7.16.4 Wristlet material(s) shall be individually tested for resis-
tance to heat as specified in Section 8.6, Heat and Thermal
Shrinkage Resistance Test, and shall not melt, separate, or ignite.

7.16.5 Wristlet material(s) shall be individually tested for re-
sistance to shrinkage as specified in Section 8.24, Cleaning
Shrinkage Resistance Test, and shall not shrink more than
5 percent in any direction.

7.16.6 All sewing thread utilized in the construction of wrist-
lets shall be tested for melting resistance as specified in Sec-
tion 8.11, Thread Melting Test, and shall not melt at or below
260°C (500°F).

7.16.7 Knit wristlet material(s) shall be tested for material
strength as specified in Section 8.13, Burst Strength Test, and
shall have a burst strength of not less than 225 N (51 1bf).

7.16.8 Knit wristlet seams shall be tested for seam strength as
specified in Section 8.14, Seam-Breaking Strength Test, and
shall have a breaking strength of not less than 181 N (41 1bf).

7.16.9 Where the coat sleeve end terminates in a garment-
glove interface, the interface area shall be tested in accor-
dance with Section 8.48, Whole Garment Liquid Penetration
Test, and shall allow no liquid penetration.

7.17 Additional Performance Requirements for Structural
Fire Fighting Protective Wristlet Interface Components Only.
(Reserved)

7.18 Additional Performance Requirements for Proximity
Fire Fighting Protective Wristlet Interface Components Only.
(Reserved)

7.19 Reserved.

7.20 Optional Performance Requirements for Protection
from CBRN Terrorism Agents.

7.20.1 CBRN Protective Ensemble Performance Require-
ments for Both Ensembles.

7.20.1.1* The entire protective ensemble shall be tested for
overall inward leakage as specified in Section 8.65, Man-In-
Simulant Test (MIST), and shall have an average local
physiological protective dosage factor (PPDF;) value at each
PAD location for the four ensembles tested of no less than

360 and an average systemic physiological protective dosage
factor (PPDF,y,) value for each of the four tested ensembles
of not less than 361.0.

7.20.1.2 The entire CBRN ensemble shall be tested as speci-
fied in Section 8.47, Whole Garment and Ensemble Liquid
Penetration Test, and shall show no liquid penetration.

7.20.1.3 Each ensemble element’s CBRN barrier layer and
barrier layer seams shall be tested for permeation resistance as
specified in Section 8.66, Chemical Permeation Resistance
Test, and shall meet the following performance criteria:

(1) For permeation testing of the liquid chemical warfare agent
sulfur mustard, distilled [HD, or bis (2-chloroethyl) sulfide,
CAS 505-60-2], the average cumulative permeation in 1 hour
shall not exceed 4.0 pg/cm®.

(2) For permeation testing of the liquid chemical warfare
agent Soman (GD, or O-Pinacolyl methylphosphonofluo-
ridate, CAS 96-64-0), the average cumulative permeation
in 1 hour shall not exceed 1.25 pg/cm?.

(3) For permeation testing of the liquid toxic industrial
chemical dimethyl sulfate (DMS, sulfuric acid dimethyl
ester, CAS 77-78-1), the average cumulative permeation in
1 hour shall not exceed 6.0 pg/cm®.

(4) For permeation testing of the chemical gas acrolein (allyl
aldehyde, CAS 107-02-8), the average cumulative perme-
ation in 1 hour shall not exceed 6.0 pg/cm?®.

(5) For permeation testing of the chemical gas acrylonitrile
(VCN, cyanoethylene, CAS 107-13-1), the average cumu-
lative permeation in 1 hour shall not exceed 6.0 pg/cm®.

(6) For permeation testing of the chemical gas ammonia
(NH;, CAS 7664-41-7), the average cumulative perme-
ation in 1 hour shall not exceed 6.0 pg/cm®.

(7) For permeation testing of the chemical gas chlorine (Cl,,
CAS 7782-50-5), the average cumulative permeation in
1 hour shall not exceed 6.0 pg/cm?®.

7.20.2 Additional CBRN Performance Requirements for Struc-
tural Fire Fighting Protective Ensembles Only. (Reserved)

7.20.3 Additional CBRN Performance Requirements for Prox-
imity Fire Fighting Protective Ensembles Only. (Reserved)

7.20.4 CBRN Protective Garment Element Performance Re-
quirements for Both Ensembles.

7.20.4.1 Where the garment element CBRN barrier material
and the CBRN barrier material seams are also the moisture
barrier and moisture barrier seams for the garment, the gar-
ment’s CBRN barrier material and the CBRN barrier material
seams shall meet all the performance requirements for the
moisture barrier and the moisture barrier seams specified in
7.1.3,7.1.4,7.1.5,7.1.7, 71.12, 7.1.13, 7.1.14, 7.1.15, 7.1.16,
7.1.17, and 7.1.23.

7.20.4.2 Where the garment CBRN barrier material and CBRN
barrier material seams are the external layer of the garment, the
garment CBRN barrier material and CBRN barrier material
seams shall also meet all the performance requirements for the
outer shell and the outer shell seams specified in 7.1.3, 7.1.4,
7.15,7.1.8,7.1.11,7.1.13,7.1.18, and 7.1.19.

7.20.4.3 Where the CBRN barrier material is configured as
an external layer of the garment, the CBRN barrier material
shall be tested for bursting strength as specified in Section
8.13, Burst Strength Test, and shall have a bursting strength of
not less than 156 N (385 Ibf).

(3]
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7.20.4.4 Where the CBRN barrier material is configured as
an external layer of the garment, the CBRN barrier material
shall be tested for puncture propagation tear resistance as
specified in Section 8.67, Puncture Propagation Tear Resis-
tance Test, and shall have a puncture propagation tear resis-
tance of not less than 31 N (7 1bf).

7.20.4.5 Where the CBRN barrier material is configured as an
external layer of the garment, the CBRN barrier material shall be
tested for cold weather performance as specified in Section 8.68,
Cold Temperature Performance Test 1, and shall have a bending
moment of not greater than 0.057 N-m (% in.Ibf) at an angular
deflection of 60 degrees at —25°C (—13°F).

7.20.5 Additional CBRN Performance Requirements for
Structural Fire Fighting Protective Garment Elements Only.
(Reserved)

7.20.6 Additional CBRN Performance Requirements for
Proximity Fire Fighting Protective Garment Elements Only.
(Reserved)

7.20.7 Protective Helmet Element CBRN Performance Re-
quirements for Both Ensembles. (Reserved)

7.20.8 Additional CBRN Performance Requirements for
Structural Fire Fighting Protective Helmet Elements Only.
(Reserved)

7.20.9 Additional CBRN Performance Requirements for
Proximity Fire Fighting Protective Helmet Elements Only.
(Reserved)

7.20.10 Protective Glove Elements CBRN Performance Re-
quirements for Both Ensembles.

7.20.10.1 Where the CBRN barrier layer is the most external
layer of the glove element, the CBRN barrier layer shall be
tested for cut resistance as specified in Section 8.21, Cut Resis-
tance Test, and shall have a blade travel distance of not less
than 25 mm (1 in.).

7.20.10.2 Where the CBRN barrier layer is the most external
layer of the glove, the CBRN barrier layer shall be tested for
puncture resistance as specified in Section 8.20, Puncture Re-
sistance Test, and shall not be punctured under an average
applied force of 22 N (5 1bf).

7.20.11 Additional CBRN Performance Requirements for
Structural Fire Fighting Protective Glove Elements Only.
(Reserved)

7.20.12 Additional CBRN Performance Requirements for Prox-
imity Fire Fighting Protective Glove Elements Only. (Reserved)

7.20.13 Protective Footwear Elements CBRN Performance
Requirements for Both Ensembles.

7.20.13.1 Where the CBRN barrier layer is the most external
layer of the footwear, the CBRN barrier layer from the upper
portion of the footwear shall be tested for cut resistance as
specified in Section 8.21, Cut Resistance Test, and shall have a
blade travel distance of not less than 25 mm (1 in.).

7.20.13.2 Where the CBRN barrier layer is the most external
layer of the footwear, the CBRN barrier layer from the upper
portion of the footwear shall be tested for puncture resistance as
specified in Section 8.20, Puncture Resistance Test, and shall not
be punctured under an average applied force of 36 N (8 Ibf).
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7.20.13.3 Where the CBRN barrier layer is the most external
layer of the footwear, the CBRN barrier layer from the wear
surface of the footwear element shall be tested for puncture
resistance as specified in Section 8.20, Puncture Resistance
Test, and shall not be punctured under an average applied
force of 200 N (45 Ibf).

7.20.13.4 Where the CBRN barrier layer is the most external
layer of the footwear, the CBRN barrier layer from the wear
surface of the footwear element shall be tested for abrasion
resistance as specified in Section 8.69, Abrasion Resistance
Test 2, and shall not show wearthrough of the film portion of
the barrier layer for at least 3000 cycles.

7.20.14 Additional CBRN Performance Requirements for
Structural Fire Fighting Protective Footwear Elements Only.
(Reserved)

7.20.15 Additional CBRN Performance Requirements for
Proximity Fire Fighting Protective Footwear Elements Only.
(Reserved)

7.20.16 Protective Hood Interface Component CBRN Perfor-
mance Requirements for Both Ensembles. (Reserved)

7.20.17 Additional CBRN Performance Requirements for
Structural Fire Fighting Protective Hood Interface Compo-
nents Only. (Reserved)

7.20.18 Additional CBRN Performance Requirements for
Proximity Fire Fighting Protective Hood Interface Compo-
nents Only. (Reserved)

Chapter 8 Test Methods

8.1 Sample Preparation Procedures.
8.1.1 Application.

8.1.1.1 The sample preparation procedures contained in this
section shall apply to each test method in this chapter, as spe-
cifically referenced in the sample preparation section of each
test method.

8.1.1.2 Only the specific sample preparation procedure or
procedures referenced in the sample preparation section of
each test method shall be applied to that test method.

8.1.2 Washing and Drying Procedure for Garments, Gloves,
Hoods, and Wristlets. Specimens shall be subjected to five
cycles of washing and drying in accordance with the proce-
dure specified in Machine Cycle 1, Wash Temperature V, and
Drying Procedure Ai of AATCC 135, Dimensional Changes in
Automatic Home Laundering of Woven and Knit Fabrics. A 1.82 kg,
+01 kg (4.0 1b, £ 0.2 b), load shall be used. Alaundry bag shall
not be used. Gloves shall be tumbled dried for 60 minutes and
shall be removed immediately at the end of the drying cycle.
At the conclusion of the final drying cycle, the gloves shall be
direct dried on a forced-air non-tumble drying mechanism
operated at 10°C (50°F) above current room temperature un-
til dry but for not less than 8 hours.

8.1.3 Room Temperature Conditioning Procedure for Gar-
ments, Trim, Helmets, Gloves, Footwear, and Faceshield/Goggle
Components.

8.1.3.1 Garment, glove, trim, and footwear samples shall be
conditioned at a temperature of 21°C, + 3°C (70°F, = 5°F),
and a relative humidity of 65 percent + 5 percent, until equi-
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librium is reached, as determined in accordance with ASTM D
1776, Standard Practice for Conditioning Textiles for Testing, or for
at least 24 hours. Specimens shall be tested within 5 minutes
after removal from conditioning.

8.1.3.2 Helmet and faceshield/goggle component samples
shall be conditioned at a temperature of 21°C, + 3°C (70°F,
+5°F), and a relative humidity of 25 percent to 50 percent for
at least 4 hours. Specimens shall be tested within 5 minutes
after removal from conditioning.

8.1.4 Low Temperature Environmental Conditioning Procedure
for Helmets and Faceshield/Goggle Components. Samples shall
be conditioned by exposing them to a temperature of —32°C
+1°C (=25°F £ 2°F), for at least 4 hours. The impact/penetration
test shall be completed within 15 seconds, + 5 seconds, after re-
moval from the cold temperature environment, or the speci-
mens shall be reconditioned before testing.

8.1.5 Convective Heat Conditioning Procedure for Helmets,
Faceshield/Goggle Components, Gloves, Footwear, Moisture
Barriers, Moisture Barrier Seams, Labels, and Trim. Samples
shall be conditioned by exposing them to the procedures
specified in 8.6.4 and in 8.6.5.2 through 8.6.5.4, with the fol-
lowing modifications:

(1) The oven temperature shall be stabilized at 140°C, +6°/
—0°C (285°F, +10°/—-0°F), for helmets, footwear, moisture
barriers, moisture barrier seams, labels, and trim, and the
test exposure time shall be 10 minutes, +15/-0 seconds.

(2) The oven temperature shall be stabilized at 177°C, +6°/
—0°C (350°F, +10°/-0°F), for gloves only; the exposure
time shall be 10 minutes, +15/-0 seconds; and the proce-
dures specified in 8.6.13.5 shall be followed.

(3) The exposure time shall begin when the test thermo-
couple reading has stabilized at the required exposure
temperature.

(4) The requirements of 8.6.5.5 and 8.6.5.6 shall be disre-
garded.

(5) For helmet specimens, the required testing shall be per-
formed within 15 seconds, + 5 seconds, or the specimen
shall be discarded and a new specimen shall be condi-
tioned and tested as specified in this subsection. Only one
helmet shall be conditioned at a time.

(6) For gloves, footwear, trim, labels, moisture barriers, and
moisture barrier seam specimens, the required condition-
ing shall be performed no sooner than 24 hours after re-
moval from conditioning. Samples shall be suspended in
the oven such that there is a distance of at least 150 mm
(6 in.) between items.

(7) For faceshield/goggle components, these components,
attached to the helmet, shall be conditioned by placing
them on a room temperature, solid, nonmetallic head-
form conforming to the dimensions in Figure 8.6.12.3
and by exposing them to a temperature of 108°C, +2°/
-0°C (225°F, +3°/—0°F), for 20 minutes, +15/-0 seconds.
Goggles shall be permitted to be placed directly on the
headform without being attached to the helmet. The im-
pact test shall be completed within 15 seconds, + 5 sec-
onds, after removal from the environmental chamber, or
the faceshield/goggle components shall be recondi-
tioned and retested.

(8) The oven temperature shall be stabilized at 177°C, +6°/
—0°C (350°F, +10° /=0°F), for glove moisture barriers, and
the exposure time shall be 10 minutes, +15/-0 seconds.
The glove moisture barrier sample pouch shall be filled to
capacity with nominal 4 mm (%2 in.) sized perforated

soda-lime or borosilicate glass beads. The beads shall be
room temperature. The opening of the pouch shall be
folded over and clamped together, the specimen shall be
suspended by the clamp in the oven so that the entire
specimen is not less than 50 mm (2 in.) from any oven
surface and not less than 150 mm (6 in.) from any other
specimen, and airflow is parallel to the plane of the mate-
rial. Not more than three samples shall be placed in the
test oven at one time. The samples shall be suspended
such that each sample is the same distance from the air-
flow source, so that no sample is blocking the airflow to
other samples.

8.1.6 Radiant and Convective Heat Environmental Condition-
ing Procedure for Helmets.

8.1.6.1 Sample helmets shall be conditioned by exposing the
area to be impacted/penetrated to a radiant heat source. The
top, sides, front, and back test areas to be impacted/
penetrated shall be as specified in Figure 8.1.6.1.

Front vertical
transverse plane

Front test area

Rear vertical Top test area
transverse plane\

Two side test areas
(left and right)

Rear test area j
Rear test line (60 mm " 64— 64—
above basic plane) mm mm

«— Front test line (85 mm
above basic plane)

Basic plane

<+—— Midsagittal plane

Front test area Right side test area

30 mm radius

){ < Coronal plane

Top test area

} Rear test area

FIGURE 8.1.6.1 Helmet Test Areas and Landmarks.

Left side test area f

e

8.1.6.2 The area to be impacted/penetrated shall be exposed
to an irradiance of 1.0 W/cm? + 0.1 W/cm?, for a length of
time determined by exposure of a radiant heat transducer.
The heat source shall be removed and the helmet shall be
tested. The helmet shall be impacted/penetrated in 15 sec-
onds + 5 seconds, after removal from the conditioning envi-
ronment, or the helmet shall be cooled to room temperature
and reconditioned before testing.

8.1.6.3 The radiometer shall be a Schmidt-Boelter or Gardon
type radiant heat flux transducer with a diameter of 25 mm, a
minimum viewing angle of 150 degrees, a minimum spectral re-
sponse flat within 3 percent over a range of atleast 1.0 to 10.0 pm,
and an overall accuracy of at least +5 percent of the reading.

8.1.6.4 The radiant panel shall have an effective radiating sur-
face of 150 mm * 6 mm (6 in. + 0.25 in.) square. The spectral
radiant emittance curve of the radiant panel shall be that of a
black body at a temperature of 1000°K + 200°K (1340°F + 360°F).

Y
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8.1.6.5 The radiant heat transducer shown in Figure 8.1.6.5
shall be constructed from sheet copper, ASTM B 152, Specifica-
tion for Copper Sheet, Strip Plate, and Rolled Bar, Type 110 ETP,
half hard, 0.64 mm + 0.05 mm (0.025 in. + 0.002 in.), thick and
50 mm + 0.5 mm (2 in. + %4 in.) square. A constantan wire
0.81 mm +0.05 mm (0.032 in. + 0.002 in.) in diameter and an
iron wire of the same diameter shall be silver soldered 15 mm
*1mm (0.6 in. £ 0.39 in.) from the edges of the copper sheet
on the same side, as shown in Figure 8.1.6.5. The side of the
copper sheet opposite that with the wires attached shall be
painted flat black. The resulting transducer is a Type J thermo-
couple that shall be used in conjunction with appropriate in-
strumentation to monitor the heat exposure to which the hel-
met is to be subjected.

Brazed or hard

Ceramic or phenolic
solder thermocouple p

(insulating) rod

connections cross-section area
) <1.6 mm? (0.0625 in.?)
\—> Iron and constantan
wires to thermocouple
o readout device
Front surface Copper sheet

painted flat black

v~ Thermocouple locations
/> on rear of copper sheet

FIGURE 8.1.6.5 Radiant Heat Transducer.

8.1.6.6 Sample helmets shall be mounted in the position to
be conditioned. The point of impact or penetration on the
helmet shell shall be determined in accordance with the spe-
cific test to be performed. The helmet shall be removed tem-
porarily, and a radiometer shall be located at that point per-
pendicular to and facing away from the helmet surface.

8.1.6.7 The radiant panel shall be introduced in front of the
radiometer with its effective radiating surface parallel to the
plane tangent to the helmet surface at the center of the impact/
penetration site on the helmet. The radiant panel shall be ad-
justed to obtain a stable uniform irradiance of 1.0 W/cm? + 0.1
W/cm? over a minimum 75 mm (3 in.) diameter circle located
on the above plane and centered at the center of impact or pen-
etration. Stability shall be achieved when the irradiance changes
by less than 10 percent during a 3-minute period.

8.1.6.8* The radiometer shall be replaced with the radiant
heat transducer. The center of the transducer shall be posi-
tioned with its center coincident with the center of the
impact/penetration site on the helmet and parallel to the
plane tangent to the helmet surface at that point. The flat
black surface of the transducer shall face the radiant panel.
The time required for the transducer to reach a temperature
of 260°C (500°F) shall be recorded. That time shall be 2.5
minutes + 15.0 seconds. A closed, insulated chamber shall be
required to achieve this exposure time.

8.1.6.9 The chamber and helmet shall be stabilized at 25°C
+ 5°C (77°F + 9°F). The helmet shall be positioned in the
chamber in the same position specified in 8.1.6.6. The helmet
shall be subjected to the exposure conditions specified in
8.1.6.2 for the time recorded in 8.1.6.8. The exposure time

\
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shall be not less than the time recorded in 8.1.6.8, nor more
than 5 seconds longer than that time.

8.1.7 Wet Conditioning Procedure for Helmets and Faceshield/
Goggle Components. Samples shall be conditioned by immers-
ing them in water at a temperature of 20°C to 28°C (68°F to
82°F) for at least 4 hours but not more than 24 hours. The
specimen shall be allowed to drain and be tested within 10
minutes after removal from water.

8.1.8 Wet Conditioning Procedure for Glove Composites.

8.1.8.1 Samples shall be conditioned by complete immersion in
water at a temperature of 21°C £ 3°C (70°F + 5°F) for 2 minutes.

8.1.8.2 Samples shall be removed from water, hung in a ver-
tical position with glove or glove pouch opening facing down
for 5 minutes, and laid horizontal with AATCC textile blotting
paper both under and over the specimen under a pressure of
0.035 kg/cm® + 0.003 kg/cm? (0.50 psi + 0.05 psi), for a period of
20 minutes in accordance with paragraph 7.2 of AATCC 70, Test
Method for Water Repellency: Tumble Jar Dynamic Absorption Test.

8.1.9 Wet Conditioning Procedure for Whole Gloves.

8.1.9.1 Test subjects shall be selected so that their hand di-
mensions are as close as possible to the middle of the range for
hand length and hand circumference as specified in Table
6.7.6.1(a) through Table 6.7.6.1(b) for size small and size
large gloves.

8.1.9.2 The test subject shall don the test specimen gloves.

8.1.9.3 The test subject shall immerse the donned specimens
straight down into two containers of water at a temperature of
21°C £ 3°C (70°F £ 5°F), to a height of 25 mm +12.5/—0 mm
(1 in. +0.5/-0 in.) above (away from the fingers) the end of
the glove, including glove interface components or exten-
sions, for 2 minutes, +12/-0 seconds.

8.1.9.4 The gloves shall then be removed and hung vertically
by digit 5 with the glove opening facing down for 2 minutes,
+/—12 seconds.

8.1.9.5 The glove specimens shall then be tested within
1 minute.

8.1.10 Flexing Procedure for Gloves.

8.1.10.1 Glove samples shall be selected to fit the individual
test subject.

8.1.10.2 The test subject shall don the glove sample.

8.1.10.3 Glove specimens shall be flexed by making a tight
fist 10 times during a 30-second period.

8.1.11 Washing and Drying Procedure for Non-CBRN Gar-
ments, Gloves, and Glove Pouches and for CBRN Garments,
Gloves, Hoods, and Materials.

8.1.11.1 The complete garment shall be washed with all clo-
sures fastened and the garment in its “as worn” orientation. Gar-
ments with separable liners shall not have the liners separated.

8.1.11.2 A frontloading washer/extractor shall be used. The
capacity shall be 16 kg (35 1b) or 22.6 kg (50 Ib).

8.1.11.3 Aload of 9 kg (20 1b) for a 16 kg (35 1b) machine or
13 kg (28.5 Ib) for a 22.6 kg (50 1b) machine shall be used. If
needed to make a full load, similar material or outer shell
material shall be used to make up the difference in weight.
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8.1.11.4 The wash cycle procedure and water levels specified
in Table 8.1.11.4(a) and Table 8.1.11.4(b) shall be followed. In
addition, the G force shall not exceed 100 G throughout the
wash cycle.

Table 8.1.11.4(a) Wash Cycle Procedure for Whole Garments
and CBRN Materials

Temperature
Time Water

Operation (min) +3°C +5°F Level
Suds using AATCC 10 49 120 Low*

detergent #1993,

1.0 g/gal water
Drain 1 — — —
Carry-over ) 49 120 Low#*
Drain 1 — — —
Rinse 2 38 100 High*
Drain 1 — — —
Rinse 2 38 100 High*
Drain 1 — — —
Rinse 2 38 100 High*
Drain 1 — — —
Extract ) — — —

*See Table 8.1.11.4(b) for high and low water levels.

Table 8.1.11.4(b) Water Level for Whole Garments and
CBRN Materials Operation Wash Cycle Procedure

Low Water Level High Water Level
+1 cm +1 cm
(3% in.) (3% in.)
Number of

Garments cm in. cm in.
lto3 15 5.9 25.5 10
4106 17.5 6.9 28 11
7 or more 20 7.9 30.5 12

8.1.11.5 Garments shall be dried using a tumble dryer with a
stack temperature of 38°C to 49°C (100°F to 120°F) when
measured on an empty load 20 minutes into the drying cycle.

8.1.11.6 Garments shall be tumbled for 60 minutes and shall
be removed immediately at the end of the drying cycle. At the
conclusion of the final drying cycle, the garment shall be al-
lowed to air dry for at least 48 hours prior to conducting the
test. The use of a forced air dryer shall be permitted after the
final drying cycle. Forced air shall be at ambient temperature,
-0/+5°C (=0/+10°F).

8.1.11.7 Garments, gloves, glove pouches, and materials that
are not part of CBRN ensembles shall be washed and dried for
a total of five cycles.

8.1.11.8 Garments, gloves, and hoods that are part of CBRN
protective ensembles shall be washed and dried for a total of
10 cycles.

8.1.11.9 CBRN materials shall be washed and dried for a total
of five cycles.

8.1.11.10 CBRN material samples shall be tumbled for 20
minutes and shall be removed immediately at the end of the
drying cycle.

8.1.11.11 For gloves and glove pouches, the wash load shall
be at two-thirds of the rated capacity of the washer. If ballast is
needed to reach two-thirds capacity, 7.5 oz woven 93 percent
meta-aramid, 5 percent para-aramid, 2 percent antistat fiber
ballast shall be used. Two-thirds of the rated capacity of the
washer shall not be exceeded.

8.1.11.12 Gloves and glove pouches shall be dried using a
tumble dryer with a stack temperature of 38°C to 49°C (100°F
to 120°F) when measured on an empty load 20 minutes into
the drying cycle.

8.1.11.13 Gloves and glove pouches shall be tumbled for
60 minutes and shall be removed immediately at the end of the
drying cycle. At the conclusion of the final drying cycle, the glove
or glove pouches shall be dried on a forced-air, non—tumble dry-
ing mechanism operated at 10°C +/-2°C above current room
temperature until dry but not for less than 8 hours.

8.1.12 Flexural Fatigue Procedure for CBRN Barrier Layer.

8.1.12.1 Samples shall be subjected to flexural fatigue in ac-
cordance with ASTM F 392, Standard Test Method for Flex Dura-
bility of Flexible Barrier Materials, with the modifications in
8.1.12.2 through 8.1.12.5.

8.1.12.2 Samples shall be flexed at 21°C + 3°C (70°F + 5°F)
and a relative humidity of 65 percent + 5 percent.

8.1.12.3 In lieu of flexing conditions A, B, C, D, or E, test
samples shall have a flex period of 3000 cycles at 45 cycles/min.

8.1.12.4 The mandrels shall be spaced at a distance of
235 mm + 6 mm (9% in. + Y4 in.), in the starting position and
83 mm (3V4in.) at the closed position.

8.1.12.5 One cycle shall consist of a full flex and twisting
action.

8.1.13 Abrasion Procedure for CBRN Barrier Layer. Speci-
mens shall be abraded in accordance with ASTM D 4157, Stan-
dard Test Method for Abrasion Resistance of Textile Fabrics (Oscilla-
tory Cylinder Method), under the following conditions:

(1) A2.3 kg (51b) tension weight shall be used.

(2) A1.6 kg (3.51b) head weight shall be used.

(3) The abradants shall be each of the material layers in the
composite that are adjacent to the CBRN barrier layer.

(4) Specimens shall be abraded for a total of 60,000 cycles.

(5) Specimens shall be abraded for half of the cycles against
the outer layer of the composite, with the specimen facing
the outer layer in its normal “as worn” orientation.

(6) Specimens shall be then abraded for the remaining cycles
against the inner layer of the composite with the speci-
men facing the inner layer in its normal “as worn” orien-
tation.

(7) Where the CBRN barrier layer is an external layer or where
the composite consists of a single layer, the abradant shall be
the CBRN barrier layer. Where the CBRN barrier layer has
an exposed film or coating, the film side shall be abraded for
a total of 30,000 cycles.

8.1.14 Helmet Positioning.

8.1.14.1 The helmet shall be seated firmly on the applicable
test headform in accordance with the helmet positioning in-
dex (HPI).
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8.1.14.2 The HPI shall be the vertical distance, as specified by
the helmet manufacturer, from the lowest point of the front
lateral midpoint of the helmet shell aligned with the midsagit-
tal plane to the basic plane of an ISO size | headform conform-
ing to the nominal dimensions in Figure 8.16.4.1, with the
helmet firmly positioned on the headform.

8.1.14.3 When positioning the helmet for testing on headforms
other than the ISO size ], the basic plane used for the HPI posi-
tioning shall be located 130 mm below and parallel to the crown
of the headform and shall be marked on the headform.

8.1.15 Pouch Construction for Glove Composite Samples One.

8.1.15.1 The pouch shall be 200 mm x 200 mm (8 in. x 8 in.).
A smaller pouch size shall be permitted provided that the re-
sulting test specimens are of sufficient size for the test. How-
ever, for the tests specified in Sections 8.7, Conductive Heat
Resistance Test 1, and 8.10, Thermal Protective Performance
(TPP), the pouch size shall not be reduced.

8.1.15.2 The pouch shall be made of two glove composite
swatches.

8.1.15.3 The two glove composites shall be of the same mate-
rials and construction.

8.1.15.4 The two glove composite swatches shall be con-
structed to simulate the actual layers of the glove body, glove
interface component, or glove extension as appropriate, ar-
ranged in proper order.

8.1.15.5 Each of the two glove composite swatches shall be
stitched on all four sides using the same thread as used in the
glove construction.

8.1.15.6 The two glove composite swatches shall then be sewn
together, inner liner to inner liner, on three sides using the
same thread as used in the glove construction.

8.1.15.7 The two glove composite swatches and resulting
pouch shall be permitted to not be stitched or to have reduced
stitching if a laundering or wetting preconditioning is not re-
quired to be performed on the composite samples.

8.1.16 Pouch Construction for Glove Composite Samples Two.

8.1.16.1 The pouch shall be 200 mm x 200 mm (8 in. x 8 in.).
A smaller pouch size shall be permitted provided that the re-
sulting test specimens are of sufficient size for the test.

8.1.16.2 The pouch shall be made of two composite swatches.

8.1.16.3 The two composite swatches shall each consist of a
composite constructed to simulate a glove body composite us-
ing the following layers and construction in order:

(1) Layer 1: 3.0 to 3.5 oz/yd® cowsplit leather
(2) Layer 2: Glove moisture barrier
(8) Layer 3: 7 to 10 0z/yd® modacrylic knit

8.1.16.4 Where the thermal liner and barrier are combined,
the modacrylic knits shall be permitted to be omitted from the
composite.

8.1.16.5 Where the moisture barrier material seam is being
tested, the moisture barrier layer shall contain a seam. The
seam shall run within 25 mm (1 in.) of the center and shall
extend across the entire width of the specimen.

8.1.16.6 Each of the two glove composite swatches shall be
stitched on all four sides using the same thread as used in the
glove construction.
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8.1.16.7 The two glove composite swatches shall then be sewn
together, inner liner to inner liner, on three sides using the
same thread as used in the glove construction.

8.1.16.8 Where a glove is made of materials other than leather
and modacrylic, the composite swatches shall be permitted to be
constructed of materials that are used in the actual glove.

8.1.17 Faceshield/Goggle Component Stowed Position.

8.1.17.1 The stowed position of the faceshield/goggle com-
ponent shall be determined by the manufacturer.

8.1.17.1.1 The stowed position shall not be beyond the point
of any resistance when the faceshield/goggle component is
pushed up and back from the deployed position, such as com-
ing into contact with the helmet or any helmet attachments.

8.1.17.1.2 1In cases in which the faceshield/goggle compo-
nent can be stowed on the front or rear of the helmet, the
following positions shall be used:

(1) In the situations described in 6.4.6 and 8.6.12.3, the front
position shall be used.

(2) In situations described in 6.5.3.1 and 6.5.3.2, the front
and rear positions shall be used.

8.1.18% Glove Test Areas. The glove test areas shall be as de-
scribed in this paragraph and as shown in Figure 8.1.18, with
the glove test area abbreviations designated as follows:

(1) P=palm; B = back; S = side.
(2) A-P: Palm side of hand from finger crotch line to ¥4 of
the way down (grasp area)
(3) B-P: Palm side of hand from %5 of the way down (grasp
area) to the wrist crease
(4) C-P: Palm side of hand from the wrist crease to 50 mm
(2 in.) past the wrist crease
(5) D-P: Palm side of thumb
(6) E-P: Palm side of tip of thumb
(7) F-P: Palm side of index finger
(8) G-P: Palm side of fingertip of index finger
(9) H-P: Palm side of nonindex fingers
(10) I-P: Palm side of fingertip of nonindex fingers
(11) A-PS: Sides of hand adjacent to area A-P
(12) B-PS: Outside of hand adjacent to section B-P
(13) C-PS: Sides of hand adjacent to area C-P
(14) D-PS: Outside of thumb adjacent to area D-P
(15) E-PS: Inside of thumb adjacent to area D-P
(16) F-PS: Outside of index finger adjacent to area F-P
(17) H-PS: Between fingers adjacent to areas F-P and H-P
(18) I-PS: Outside of and adjacent to the smallest finger
(19) A-B: Back side of hand from finger crotch line to %5 of
the way down (knuckle area)
(20) B-B: Back side of hand from ¥ of the way down (knuckle
area) to the wrist crease
(21) C-B: Back side of hand from the wrist crease to 50 mm
(2 in.) past the wrist crease
(22) D-B: Back side of thumb
(23) E-B: Back side of tip of thumb
(24) F-B: Back side of index finger
(25) G-B: Back side of fingertip of index finger
(26) H-B: Back side of nonindex fingers
(27) I-B: Back side of fingertip of nonindex fingers
(28) A-BS: Sides of hand adjacent to area A-B
(29) B-BS: Outside of hand adjacent to area B-B
(30) C-BS: Sides of hand adjacent to area C-B
(31) D-BS: Outside of thumb adjacent to area D-B
(32) E-BS: Inside of thumb adjacent to area D-B
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crease

FIGURE 8.1.18 Glove Test Areas.

(33) F-BS: Outside of index finger adjacent to area F-B
(34) H-BS: Between fingers adjacent to areas F-B and H-B
(35) I-BS: Outside of and adjacent to the smallest finger

8.2 Flame Resistance Test 1.
8.2.1 Application.

8.2.1.1 This test method shall apply to protective garment
textiles, drag rescue devices (DRDs), hoods, wristlets, gaunt-
lets, helmet cover materials, helmet shroud materials, helmet
ear cover materials, helmet chin strap materials, helmet
goggle strap materials, and trim materials.

8.2.1.2 Modifications to this test method for testing woven
textile materials shall be as specified in 8.2.8.

8.2.1.3 Modifications to this test method for testing knit tex-
tile materials shall be as specified in 8.2.9.

8.2.1.4 Modifications to this test method for testing non-
woven textile materials shall be as specified in 8.2.10.

8.2.1.5 Modifications to this test method for testing trim ma-
terials shall be as specified in 8.2.11.

8.2.1.6 Modifications to this test method for testing hood
label materials shall be as specified in 8.2.12.

8.2.1.7 Modifications to this test method for testing lettering
including transfer film shall be as specified in 8.2.13.

8.2.1.8 Modifications to this test method for testing small
specimens not meeting the specimen size requirements in
8.2.2.1 shall be tested as specified in 8.2.14.

8.2.1.9 Modifications to the test method for testing helmet
chin strap materials and helmet goggle strap materials shall be
as specified in 8.2.15.

8.2.1.10 Modifications to the test method for testing DRD
materials shall be as specified in 8.2.16.

8.2.2 Samples.

8.2.2.1 Samples shall consist of a 75 mm x 305 mm (3 in.
x 12 in.) rectangle with the long dimension parallel to either
the warp or filling, the wale or course, or the machine or cross-
machine direction of the material.

8.2.2.2 FEach separable layer of multilayer material systems or
composites shall be individually tested.

8.2.3 Specimens.

8.2.3.1 Specimens shall be tested both before and after being
subjected to the procedure specified in 8.1.2.

8.2.3.2 All specimens to be tested shall be conditioned as
specified in 8.1.3.

8.2.4 Apparatus. The test apparatus specified in ASTM D
6413, Standard Test Method for Flame Resistance of Textiles (Vertical
Test), shall be used.

8.2.5 Procedure.

8.2.5.1 Flame resistance testing shall be performed in accor-
dance with ASTM D 6413, Standard Test Method for Flame Resis-
tance of Textiles (Vertical Test).

8.2.5.2 Each specimen shall be examined for evidence of
melting or dripping.

8.2.6 Report.

8.2.6.1 Afterflame time and char length shall be recorded
and reported for each specimen. The average afterflame time
and char length for each material in each direction tested
shall be calculated, reported, and recorded. The afterflame
time shall be recorded and reported to the nearest 0.2 second
and the char length to the nearest 3 mm (%% in.).

8.2.6.2 Observations of melting or dripping for each speci-
men shall be recorded and reported.

8.2.7 Interpretation.

8.2.7.1 Pass or fail performance shall be based on any ob-
served melting or dripping, the average afterflame time, and
the average char length.

8.2.7.2 Failure in either direction shall constitute failure of
the material.

8.2.8 Specific Requirements for Testing Woven Textile Ma-
terials.

8.2.8.1 Five specimens from each of the warp and filling di-
rections shall be tested. No two warp specimens shall contain
the same warp yarns, and no two filling specimens shall con-
tain the same filling yarns.

8.2.8.2 Samples for conditioning shall be at least a 1 m
(39 in.) square of each material.

8.2.8.3 Testing shall be performed as specified in 8.2.2
through 8.2.7.

(3]
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8.2.9 Specific Requirements for Testing Knit Textile Materials.

8.2.9.1 Five specimens from each of the wale and course di-
rections shall be tested.

8.2.9.2 Samples for conditioning shall include material that
is a minimum of 75 mm x 305 mm (3 in. x 12 in.).

8.2.9.3 Testing shall be performed as specified in 8.2.2
through 8.2.7.

8.2.10 Specific Requirements for Testing Nonwoven Textile
Materials.

8.2.10.1 Five specimens from each of the machine and cross-
machine directions shall be tested.

8.2.10.2 Samples for conditioning shall include material that
is 2 minimum of 75 mm x 305 mm (3 in. x 12 in.).

8.2.10.3 Testing shall be performed as specified in 8.2.2
through 8.2.7.

8.2.11 Specific Requirements for Testing Trim Materials.

8.2.11.1 Five trim specimens for flammability testing shall be
at least 50 mm (2 in.) wide and no more than 75 mm (3 in.)
wide. Where trim material specimens are not wide enough to
fit into the test frame, a narrower test frame of sufficient width
to accommodate the available trim width shall be constructed.
The cut edge of the trim specimen shall be oriented so that it
is exposed directly to the burner flame.

8.2.11.2 Samples for conditioning shall include material sewn
onto a I m (39 in.) square of ballast material no closer than
50 mm (2in.) apart in parallel strips. The ballast material shall be
as specified in AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics. Specimens shall be removed
from the ballast material prior to testing.

8.2.11.3 Testing shall be performed in only one direction.

8.2.11.4 Testing shall be performed as specified in 8.2.2
through 8.2.7.

8.2.12 Specific Requirements for Testing Hood Label Materials.

8.2.12.1 Five specimens of hood labels attached to the hood
material shall be tested. The hood label specimen shall be cut
from conditioned samples so that the edge of the hood label is
at the bottom of the specimen.

8.2.12.2 Samples for conditioning shall be whole hoods, in-
cluding the label as normally attached.

8.2.12.3 Testing shall be performed as specified in 8.2.2
through 8.2.7 with the flame applied to the edge of the label.

8.2.13 Specific Requirements for Testing Lettering Including
Transfer Film.

8.2.13.1 Lettering, including transfer film, shall be applied to
outer shell material meeting the requirements of this standard
for testing as specified in 8.2.13.2. The method of applying
lettering, including transfer film, shall be representative of
methods used in attaching lettering during the manufacture
of the protective element.

8.2.13.2 Lettering specimens for flammability testing shall be at
least 50 mm (2 in.) and no more than 75 mm (3 in.) in width.
Specimens shall be selected where lettering is most dense.
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8.2.13.3 Samples for conditioning shall include material sewn
onto a 1 m (39 in.) square of ballast material no closer than
50 mm (2in.) apartin parallel strips. The ballast material shall be
as specified in AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics. Specimens shall be removed
from the ballast material prior to testing.

8.2.13.4 Testing shall be performed as specified in 8.2.2
through 8.2.7.

8.2.14 Specific Requirements for Testing Small Specimens.

8.2.14.1 Five specimens attached to the textile layer as used
in the protective garments shall be tested. The specimens shall
be attached to the textile layer such that the bottom (expo-
sure) edge of the item coincides with the bottom (exposure)
edge of the textile support layer.

8.2.14.2 Samples for conditioning shall be at least 1 m (39 in.)
square of the textile layer on which the small specimens are
attached.

8.2.14.3 Testing shall be performed as specified in 8.2.2
through 8.2.7. Char length shall not be measured.

8.2.15 Specific Requirements for Testing Helmet Chin Strap
Materials and Helmet Goggle Strap Materials.

8.2.15.1 Five specimens of helmet chin strap materials and
helmet goggle strap materials, excluding elastic or hook
and pile fasteners, shall be tested. Specimens shall be at
least 305 mm (12 in.) in length by the widest width of the
chin strap or goggle strap used on the helmet.

8.2.15.2 Testing shall be performed in only one direction.

8.2.15.3 Samples for conditioning shall be chin strap materi-
als or goggle strap materials.

8.2.15.4 The specimen holder shall be modified to permit
the testing of narrow specimens.

8.2.15.5 Testing shall be performed as specified in 8.2.2
through 8.2.7.

8.2.16 Specific Requirements for Testing Drag Rescue Device
(DRD) Materials.

8.2.16.1 Five specimens of the materials used in the construc-
tion of DRDs shall be tested.

8.2.16.2 DRD materials shall be at least 305 mm (12 in.) in
length by the widest width of the material used in the DRD.

8.2.16.3 Testing shall be performed in only one direction.

8.2.16.4 Testing shall be performed as specified in 8.2.2
through 8.2.7.

8.3 Flame Resistance Test 2.

8.3.1 Application. This test method shall apply to protective
helmets.

8.3.2 Samples. Helmets shall be conditioned as specified in
8.1.3.

8.3.3 Specimens. Three helmets shall be tested.
8.3.4 Apparatus.
8.3.4.1 Astandard Bunsen burner shall be used.

8.3.4.2 The Bunsen burner shall be fueled by a bottled meth-
ane gas, 99 percent pure.
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8.3.4.3 A control valve system with a delivery rate designed to
furnish gas to the burner under a pressure of 0.035 kg/cm? +
0.003 kg/cm® (Y% psi, +0.1/-0 psi) at the burner shall be utilized.

8.3.4.4 The barrel of the Bunsen burner shall be 13 mm
+3mm (Y2in. £ X8in.) in diameter. A flame spreader shall not
be used.

8.3.5 Procedure A.

8.3.5.1 The helmetshall be positioned on the ISO size ] head-
form specified in Figure 8.16.4.1 according to the HPIL.

8.3.5.2 The flame of the Bunsen burner shall be adjusted to
produce a 50 mm + 1.5 mm (2 in. + V16 in.) blue flame with an
inner cone of 25 mm + 1.5 mm (1 in. + Y46 in.). The tempera-
ture of the flame at the tip of the inner cone shall be measured
with a K-type thermocouple and shall be 1200°C = 100°C
(2192°F = 180°F). The tip of the inner cone of the flame shall
then be applied to the helmet shell from below the helmet at
an angle of 90 degrees to the basic plan, as shown in Figure
8.3.5.2, as follows:

(1) At the intersection of the front edge of the brim and the
midsagittal plane

(2) At the intersection of the each side of the brim and the
coronal plane

(3) At one random location on the edge of the brim to be
determined by test laboratory

FIGURE 8.3.5.2 Test Procedure A.

8.3.5.3 The flame shall be applied for 15 seconds, +1/-0 sec-
ond. The flame shall then be removed and the duration of the
afterflame and afterglow shall be measured, reported, and
recorded.

8.3.6 Procedure B.

8.3.6.1 Specimens of faceshield/goggle components shall be
attached to an appropriate test fixture so that the lower edge
of the specimen is exposed. The test setup shall be as shown in
Figure 8.3.6.1.

8.3.6.2 The flame of the Bunsen burner shall be adjusted to
produce a 50 mm + 1.5 mm (2 in. = Y16 in.) blue flame with an
inner cone of 25 mm + 1.5 mm (1 in. = Y6 in.). The temperature
of the flame at the tip of the inner cone shall be measured with a
K-type thermocouple and shall be 1200°C = 100°C (2192°F
+ 180°F). The tip of the inner cone of the flame shall then be
applied to the outer edge of the specimen at the lowest exposed
edge of the specimen. The burner shall be held to the test point
of the specimen at an angle of 45 degrees + 10 degrees.

/7 %

FIGURE 8.3.6.1 Test Procedure B.

8.3.6.3 After 15 seconds, +1/-0 second, the flame shall be
removed and the duration of the afterflame shall be mea-
sured, reported, and recorded.

8.3.7 Procedure C.

8.3.7.1 The helmet shall be positioned according to the HPI
as described in 8.1.14 on the ISO size ] headform specified in
Figure 8.16.4.1. The helmet shall then be placed under the
radiant heat source specified in 8.1.6, while the basic plane of

the headform is parallel to the radiant heat source as shown in
Figure 8.3.7.1.

Radiant heat source

EERRERERRREEERRRREERARRRERER

45°

FIGURE 8.3.7.1 Test Procedure C.

8.3.7.2 The flame of the Bunsen burner shall be adjusted to
produce a 50 mm + 1.5 mm (2 in. + Y16 in.) blue flame with an
inner cone of 25 mm + 1.5 mm (1 in. + Y6 in.). The tempera-
ture of the flame at the tip of the inner cone shall be measured
with a K-type thermocouple and shall be 1200°C + 100°C
(2192°F + 180°F).

8.3.7.3 Specimen helmets shall be positioned so that the area
to be tested receives a radiant heat flux of 1.0 W/cm? +
0.1 W/cm?. After 60 seconds, +5/—0 seconds, exposure to the
radiant flux and without removing the radiant heat source,
the tip of the inner cone of the Bunsen burner flame shall be
applied against the helmet test area. The application of the
flame shall create an angle of 45 degrees + 10 degrees, with the
plane tangent to the test area at the point of contact.

8.3.7.4 After 15 seconds, +1/-0 second, the flame shall be
removed and the duration of the afterflame and afterglow
shall be measured, reported, and recorded.

Y
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8.3.8 Procedure D.

8.3.8.1 Specimen helmets with faceshield/goggle compo-
nent attachment hardware in place shall be positioned accord-
ing to the HPI as described in 8.1.14 on the ISO size | head-
form specified in Figure 8.16.4.1.

8.3.8.2 The flame of the Bunsen burner shall be adjusted to
produce a 50 mm + 1.5 mm (2 in. + V16 in.) blue flame with an
inner cone of 25 mm + 1.5 mm (1 in. + V16 in.). The tempera-
ture of the flame at the tip of the inner cone shall be measured
with a K-type thermocouple and shall be 1200°C + 100°C
(2192°F + 180°F). The tip of the inner cone of the flame shall
then be applied to each faceshield/goggle comment attach-
ment hardware location along the helmet brim line from be-
low the brim of the helmet at an angle of 90 degrees to the
basic plane.

8.3.8.3 The flame shall be applied for 15 seconds, +1/-0 sec-
ond. The flame shall then be removed and the duration of
the afterflame and afterglow shall be measured, reported,
and recorded.

8.3.9 Report.

8.3.9.1 Afterflame times shall be recorded and reported for
each specimen at each flame impingement location.

8.3.9.2 The afterflame times shall be recorded and reported
to the nearest 0.2 second.

8.3.10 Interpretation.

8.3.10.1 Pass/fail performance shall be based on the longest
measured afterflame time.

8.4 Flame Resistance Test 3.
8.4.1 Application.

8.4.1.1 This test method shall apply to protective glove body,
glove interface components, and glove extension composites.

8.4.1.2 Modifications to this test method for evaluation of
glove body composites shall be as specified in 8.4.8.

8.4.1.3 Modifications to this test method for evaluation of
glove interface components other than wristlet composites
shall be as specified in 8.4.9.

8.4.1.4 Modifications to this test method for evaluation of
wristlet glove interface components shall be as specified in
8.4.10.

8.4.1.5 Modifications to this test method for evaluation of
glove extension composites shall be as specified in 8.4.11.

8.4.2 Specimens. Three specimens shall be tested for each
material.

8.4.3 Samples.

8.4.3.1 Samples shall be prepared for each glove body, glove
interface component, and glove extension composite.

8.4.3.2 Samples shall be conditioned as specified in 8.1.11
and 8.1.3.

8.4.4 Apparatus.

8.4.4.1 The test apparatus specified in Method 5905.1, Flame
Resistance of Material; High Heat Flux Flame Contact, of Federal
Test Method Standard 191A, Textile Test Methods, shall be used.

\

@ 2013 Edition

8.4.4.2 A freestanding flame height indicator shall be used to
assist in adjusting the burner flame height. The indicator shall
mark a flame height of 75 mm (3 in.) above the top of the burner.

8.4.4.3 A specimen support assembly shall be used that con-
sists of a frame and steel rod of 2 mm (Vis in.) in diameter to
support the specimen in an L-shaped position as shown in
Figure 8.4.4.3.

[«—— Spring clip

«—  Test specimen

—— 1.6 mm (Y4 in.) diameter rod

— > 5
N2 A
38 mm (1.5in.)

)
' Burner

=

FIGURE 8.4.4.3 Relationship of Test Material to Burner.

8.4.4.4 The horizontal portion of the specimen shall be not less
than 50 mm (2 in.), and the vertical portion shall be not less than
100 mm (4 in.). The specimen shall be held at each end by spring
clips under light tension as shown in Figure 8.4.4.3.

8.4.5 Procedure.

8.4.5.1 A balance shall be used to determine the weight of
each specimen to the nearest 0.1 g (0.04 oz) before and after
testing.

8.4.5.2 The burner shall be ignited and the test flame shall be
adjusted to a height of 75 mm (3 in.) with the gas on/off valve
fully open and the air supply completely and permanently off,
as it is important that the flame height be closely controlled.
The 75 mm (3 in.) height shall be obtained by adjusting the
orifice in the bottom of the burner so that the top of the flame
is level with the marked flame height indicator.

8.4.5.3 With the specimen mounted in the support assembly,
the burner shall be moved so that the middle of the folded
corner projects into the flame 38 mm (1'% in.) as shown in
Figure 8.4.4.3.

8.4.5.4 The burner flame shall be applied to the specimen for
12 seconds. After 12 seconds, the burner shall be removed.
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8.4.5.5 The afterflame time shall be measured as the time, in
seconds, to the nearest 0.2 second that the specimen contin-
ues to flame after the burner is removed from the flame.

8.4.5.6 Each layer of the specimen shall be examined for
melting or dripping.

8.4.5.7 Each tested sample shall be reconditioned as speci-
fied in 8.1.3 and then weighed to the nearest 0.1 g (0.04 oz).

8.4.5.8 The specimen then shall be further examined for
char length. The char length shall be determined by measur-
ing the length of the tear through the center of the charred
area as specified in 8.4.5.8.1 through 8.4.5.8.4.

8.4.5.8.1 The specimen shall be folded lengthwise and creased,
by hand, along a line through the highest peak of the charred
area.

8.4.5.8.2 The hook shall be inserted into a hole punched in
the specimen that is 6 mm (% in.) in diameter or less. The
hole shall be punched out for the hook at one side of the
charred area that is 6 mm (% in.) from the adjacent outside
edge, at the point where the specimen contacted the steel rod,
and 6 mm (Y4 in.) in from the lower end.

8.4.5.8.3 A weight of sufficient size so that the weight and
hook together equal the total tearing weight required by Table
8.4.5.8.3 shall be attached to the hook. The total tearing
weight for determining charred length shall be based on the
weight of the composite specimen and shall be determined
from Table 8.4.5.8.3.

Table 8.4.5.8.3 Determination of Tearing Weight

Specified Weight
per Square Yard
of Material Before Any Total Tearing Weight
Fire-Retardant Treatment for Determining
or Coating Charred Length
g/m? oz/yd? kg Ib
68-203 2.0-6.0 0.1 Va
>203-508 >6.0-15.0 0.2 Ve
>508-780 >15.0-23.0 0.3 Y4
>780 >23.0 0.45 1

8.4.5.8.4 A tearing force shall be applied gently to the speci-
men by grasping the side of the material at the edge of the
char opposite the load and raising the specimen and weight
clear of the supporting surface. The end of the tear shall be
marked off on the edge, and the char length measurement
made along the undamaged edge.

8.4.6 Report.

8.4.6.1 The afterflame time and char length shall be recorded
and reported for each specimen. The average afterflame time
and char length shall also be calculated, recorded, and re-
ported. The afterflame time shall be recorded and reported to
the nearest 0.2 second and the char length to the nearest
2.5 mm (0.10 in.).

8.4.6.2 The percent consumed shall be calculated using the
following formula:

W-R

Percent consumed = x100

where:
W = original preconditioned weight
R = conditioned weight 24 hours after testing

8.4.6.2.1 The percent consumed shall be recorded and re-
ported for each specimen to the nearest 0.1 percent. The av-
erage percent consumed shall be calculated, recorded, and
reported to the nearest 0.1 percent.

8.4.6.3 Observations of melting or dripping for each speci-
men shall be recorded and reported.

8.4.7 Interpretation. Pass or fail performance shall be based
on melting or dripping, the average afterflame time, and the
average char length.

8.4.8 Specific Requirements for Testing Glove Body Com-
posites.

8.4.8.1 Samples for conditioning shall be glove body compos-
ite pouches as specified in 8.4.8.3.

8.4.8.2 Specimens shall be representative of each glove body
composite construction.

8.4.8.3 For glove body composites, samples for conditioning
shall be in the form of a pouch as described in 8.1.15.

8.4.8.4 After conditioning, the pouch and necessary stitching
shall be cut to form 50 mm x 150 mm (2 in. x 6 in.) specimens
for testing.

8.4.9 Specific Requirements for Testing Protective Glove In-
terface Components Other than Wristlet Composites.

8.4.9.1 Samples for conditioning shall be glove interface
component composite swatches as specified in 8.4.9.3.

8.4.9.2 Specimens shall be representative of the glove inter-
face component composite construction.

8.4.9.3 For glove interface component composites, samples
for conditioning shall be in the form of a 200 mm x 200 mm
(8 in. x 8 in.) pouch as described in 8.1.15.

8.4.9.4 After conditioning, the necessary stitching shall be cut
to form 50 mm x 150 mm (2 in. x 6 in.) specimens for testing.

8.4.10 Specific Requirements for Testing Protective Wristlet
Glove Interface Components.

8.4.10.1 Samples for conditioning shall be wristlet glove inter-
face component composite swatches as specified in 8.4.10.3.

8.4.10.2 Specimens shall be representative of the wristlet
glove interface component composite construction.

8.4.10.3 For wristlet glove interface component composites,
samples for conditioning shall include wristlet material.

8.4.10.4 After conditioning, the material shall be cut to form
50 mm x 150 mm (2 in. x 6 in.) specimens for testing. Speci-
mens shall not include seams where multiple layers are in-
volved. The swatch shall be permitted to be left stitched, resti-
tuted, or otherwise held together at the ends of the swatch for
placement on the test apparatus. No stitching or binding
mechanism shall be used in the test area.

Y
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8.4.11 Specific Requirements for Testing Protective Glove
Extension Composites.

8.4.11.1 Samples for conditioning shall be glove extension
composite swatches as specified in 8.4.11.3.

8.4.11.2 Specimens shall be representative of the glove exten-
sion composite construction.

8.4.11.3 For glove extension composites, samples for condition-
ing shall include glove material that is a minimum of 200 mm
x 200 mm (8 in. x 8 in.) square consisting of the composite used
in the actual glove extension construction with the layers ar-
ranged in proper order and stitched with the same thread used
in the construction of the glove extension.

8.4.11.4 After conditioning, the necessary stitching shall be
cut to form 50 mm x 150 mm (2 in. x 6 in.) specimens for
testing.

8.5 Flame Resistance Test 4.

8.5.1 Application. This test method shall apply to protective
footwear.

8.5.2 Samples.
8.5.2.1 Samples shall be complete footwear.
8.5.2.2 Samples shall be conditioned as specified in 8.1.3.

8.5.3 Specimens. Three complete footwear items shall be
tested.

8.5.4 Apparatus.

8.5.4.1 The test apparatus shall consist of a fuel pan, movable
shutter(s), specimen holder, n-heptane, ignition source, and
timing device.

8.5.4.1.1 The fuel pan shall be 305 mm x 457 mm x 63.5 mm
(12 in. x 18 in. x 2.5 in.).

8.5.4.1.2 The movable shutter(s) shall be located at a height
of 255 mm (10 in.), +/— 13 mm (%% in.), above the surface of
the water and n-heptane fluid as measured before ignition.
The shutter(s) shall be of a size sufficient to cover the surface
area of the fuel pan and shall be capable of being fully re-
tracted or fully extended within 1 second.

8.5.4.1.3 The specimen holder shall be capable of suspend-
ing the specimen over the flame in a manner such that the
holder does not impede the flames.

8.5.4.1.4 The stopwatch or other device shall measure the
burning time to the nearest 0.1 second.

8.5.5 Procedure.
8.5.5.1 The test shall be conducted in a draft-free area.
8.5.5.2 The fuel pan shall be level.

8.5.5.3 Water shall be placed in the fuel pan to a height of
13 mm (Y2 in.).

8.5.5.4 400 to 500 mL of n-heptane shall be added to the fuel
pan such that it will burn freely for 1.5 to 2.0 minutes.

8.5.5.5 The specimen shall be mounted in the specimen
holder as follows:

(1) The toe shall be at an angle of 7.5 degrees, +/— 2.5 de-
grees, above the heel.

\
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(2) The height of the lowest edge of the specimen shall be
305 mm (12 in.), +0/-25 mm (+0/-1 in.), from the sur-
face of the water and n-heptane fluid as measured before
ignition.

(3) The heel-toe axis of the specimen shall be parallel with
the 457 mm (18 in.) side of the fuel pan.

8.5.5.6 With the shutter retracted, the n-heptane shall be ig-
nited using a suitable ignition source.

8.5.5.6.1 Where paper or other material is used to ignite the
n-heptane, it shall not be left in the fuel pan, where it can
disturb the flame pattern.

8.5.5.7 The n-heptane shall burn freely for 1 minute, +/—- 5 sec-
onds.

8.5.5.8 The shutter(s) shall be positioned above the flame.

8.5.5.9 The specimen shall be positioned above the shut-
ter(s) over the approximate center of the flame area.

8.5.5.10 The shutter(s) shall be retracted and specimen
flame exposure shall commence not longer than 1 minute,
15 seconds from ignition.

8.5.5.11 The specimen shall be exposed to the flame for
12 seconds +/— 0.2 second.

8.5.5.12 Following flame exposure, the shutter(s) shall be
repositioned above the flame.

8.5.5.13 The afterflame time shall be measured as the time,
in seconds, to the nearest 0.1 second that the specimen
continues to flame after the shutter is repositioned over the
flame.

8.5.5.14 Following the flame exposure, the specimen shall be
visually examined for melting, dripping, and burn-through.

8.5.6 Report.

8.5.6.1 The afterflame time shall be recorded and reported
for each specimen. The average afterflame time shall be calcu-
lated and reported. The afterflame time shall be recorded and
reported to the nearest 0.2 second.

8.5.6.2 Observations of melting, dripping, or burn-through
for each specimen shall be recorded and reported.

8.5.7 Interpretation. Pass or fail performance shall be based
on the average afterflame time and any observed melting,
dripping, or burn-through.

8.6 Heat and Thermal Shrinkage Resistance Test.
8.6.1 Application.
8.6.1.1 This test method shall apply to the following:

(1) Garment outer shells, moisture barriers, thermal barriers,
collar linings, winter liners, trim, lettering, and other ma-
terials used in garment construction, including, but not
limited to, padding, reinforcement, labels, interfacing,
binding, hanger loops, emblems or patches, and elastic
and hook and pile fasteners (when used where in contact
with the wearer’s body)

(2) Moisture barrier seams
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(3) Hoods, wristlets, helmet ear cover materials, helmet
shroud materials, helmet cover materials, helmet chin
strap materials, innermost glove lining materials, trim,
and label materials

(4) Protective helmets, protective gloves, and protective
footwear

8.6.1.2 Modifications to this test method for testing garment
outer shell, moisture barrier, thermal barrier, winter liner, hel-
met ear cover, helmet shroud, helmet cover, and innermost
glove lining materials shall be as specified in 8.6.8.

8.6.1.3 Modifications to this test method for testing garment
moisture barrier seams shall be as specified in 8.6.9.

8.6.1.4 Modifications to this test method for testing other
garment, trim, and label materials shall be as specified in
8.6.10.

8.6.1.5 Modifications to this test method for testing hardware
shall be as specified in 8.6.11.

8.6.1.6 Modifications to this test method for testing helmets
shall be as specified in 8.6.12.

8.6.1.7 Modifications to this test method for testing gloves
shall be as specified in 8.6.13.

8.6.1.8 Modifications to this test method for testing footwear
shall be as specified in 8.6.14.

8.6.1.9 Modifications to this test method for testing lettering,
including transfer film, shall be as specified in 8.6.15.

8.6.1.10 Modifications to this test method for testing hoods
shall be as specified in 8.6.16.

8.6.1.11 Modifications to this test method for testing helmet
chin strap materials shall be as specified in 8.6.17.

8.6.2 Samples. All samples shall be conditioned as specified
in 8.1.3.

8.6.3 Specimens.

8.6.3.1 Only heat resistance testing shall be conducted on a
minimum of three specimens for each moisture barrier seam,
hardware item, glove lining material, trim material, label ma-
terial, other protective garment materials, helmets, and foot-
wear not specified in 8.6.3.2.

8.6.3.2 Both heat and thermal shrinkage resistance testing
shall be conducted on a minimum of three specimens of
whole gloves and for each garment outer shell, moisture bar-
rier, thermal liner, winter liner, helmet ear cover, helmet
shroud, helmet cover, and helmet chin strap materials. Each
separable layer of multilayer material systems or composites
shall be tested as an individual layer.

8.6.4 Apparatus.

8.6.4.1 The test oven shall be as specified in ISO 17493, Cloth-
ing and equipment for protection against heat — lest method for
convective heal resistance using a hot air circulating oven. Testing
shall be carried out such that the center of the oven is at a
temperature of 260°C, +6/-0°C (500°F, +10/-0°F). To accom-
plish such, it shall be necessary to establish a sensing thermo-
couple compensated setting (STCS) as described in 8.6.4.2.

8.6.4.2 Prior to commencement of testing each day, a thermo-
couple of equal type and performance as the oven sensing ther-
mocouple shall be installed in the center of an empty oven.

8.6.4.3 With the oven door closed and air circulation acti-
vated, the empty oven shall be activated and its temperature
control increased until the thermocouple installed in the cen-
ter of the oven reaches a temperature of 260°C, +6/-0°C
(500°F, +10/-0°F).

8.6.4.4 The center of the oven shall then be maintained at a
temperature of 260°C, +6/-0°C (500°F, +10/-0°F) for 5 min-
utes while recording the center oven thermocouple reading
and sensing thermocouple reading at the end of each 30-
second period for the 5-minute duration.

8.6.4.5 The difference in the two thermocouple readings
shall be calculated for each of the 10 periods and then aver-
aged to determine an average correction factor (ACF) in de-
grees Celsius or Fahrenheit.

8.6.4.6 The sensing thermocouple compensated setting
(STCS) shall then be calculated as the ACF (in the appro-
priate units) plus 260°C, +6/-0°C (500°F, +10/-0°F).

8.6.5 Procedure.

8.6.5.1 Specimen marking and measurements shall be con-
ducted in accordance with the procedure specified in AATCC
135, Dimensional Changes in Automatic Home Laundering of Woven
and Knit Fabrics.

8.6.5.2 The specimen shall be suspended by metal hooks at
the top and centered in the oven so that the entire specimen is
not less than 50 mm (2 in.) from any oven surface or other
specimen, and air is parallel to the plane of the material.

8.6.5.3 The oven door shall not remain open more than 15 sec-
onds. The air circulation shall be shut off while the door is open
and turned on when the door is closed. The total oven recovery
time after the door is closed shall not exceed 30 seconds.

8.6.5.4 The specimen mounted as specified in 8.6.5.2 shall be
exposed in the test oven for 5 minutes, +0.15/-0 minute. The
test exposure time shall begin when the test thermocouple
recovers to the STCS as described in 8.6.4.2.

8.6.5.5 Immediately after the specified exposure, the speci-
men shall be removed and examined for evidence of ignition,
melting, dripping, or separation.

8.6.5.6 After the specified exposure, the specimen also shall
be measured to determine pass or fail performance. Knit fab-
ric shall be pulled to its original dimensions and shall be al-
lowed to relax for 1 minute prior to measurement to deter-
mine pass or fail performance.

8.6.6 Report.

8.6.6.1 Where applicable, observations of ignition, melting,
dripping, or separation shall be recorded and reported for
each specimen.

8.6.6.2 Where applicable, the percent change in the width
and length dimensions of each specimen shall be calculated.
Results shall be recorded and reported as the average of all
three specimens in each dimension.

8.6.7 Interpretation.

8.6.7.1 Where applicable, any evidence of ignition, melting,
dripping, or separation on any specimen shall constitute fail-
ing performance.

8.6.7.2 Where applicable, the average percent change in both
dimensions shall be used to determine pass or fail performance.
Failure in any one dimension shall constitute failure for the en-
tire sample.

(3]
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8.6.8 Specific Requirements for Testing Garment Outer
Shell, Moisture Barrier, Thermal Liner, Winter Liner Materi-
als, Helmet Ear Cover, Helmet Shrouds, Helmet Covers, and
Glove Lining Materials.

8.6.8.1 Samples for conditioning shall be at least 1 m (1 yd)
square of each material.

8.6.8.2 Each specimen shall be 380 mm x 380 mm, +13 mm
(15 in. x 15 in., £% in.), and shall be cut from the fabric to be
utilized in the construction of the clothing item.

8.6.8.3 Specimens shall be tested both before and after being
subjected to the procedure specified in 8.1.2.

8.6.8.4 Testing shall be performed as specified in 8.6.2
through 8.6.7.

8.6.8.5 For protective garment outer shell and collar lining
materials, any evidence of charring on any specimen of outer
shell fabric shall also constitute failing performance in addi-
tion to 8.6.7.1.

8.6.8.6* For glove lining materials, all layers between the mois-
ture barrier layer and the hand shall be individually tested.
Where layers are permanently attached, the layers shall be per-
mitted to be tested separately or attached. Where the moisture
barrier layer is permanently attached to other layer(s) nearer
to the hand and where the layer(s) nearer to the hand can be
supplied individually for testing, only the layer(s) nearer the
hand shall be tested and the moisture barrier shall not be
tested. For glove lining materials, separation shall be reported
if there is separation within a layer. However, separation be-
tween laminated layers shall not be reported as separation.

8.6.9 Specific Requirements for Testing Moisture Barrier
Seams.

8.6.9.1 Samples for conditioning shall be a minimum of 1 linear
m (1 linearyd), with a minimum of 150 mm (6 in.) of material on
each side of the seam.

8.6.9.2 Moisture barrier seam specimens shall consist of two
75 mm x 150 mm (3 in. x 6 in.) pieces of moisture barrier
fabric utilized in the garment and sewn together with the same
thread, stitch type, and seam type as used in the moisture bar-
rier, with seam-sealing material applied.

8.6.9.3 Specimens shall be tested with the sealed seam ori-
ented vertically and shall be tested both before and after being
subjected to the procedure specified in 8.1.2.

8.6.9.4 For moisture barrier seam seal materials, observations
shall be limited to seam material ignition and dripping.

8.6.9.5 Testing shall be performed as specified in 8.6.2
through 8.6.7. Thermal shrinkage shall not be measured.

8.6.10 Specific Requirements for Testing Other Garment,
Clothing, Trim, and Label Materials.

8.6.10.1 Samples for conditioning shall include specimens
attached to the textile layer as used in the protective garments
positioned no closer than 50 mm (2 in.) apart in parallel
strips. The textile material shall be atleast 1 m (1 yd) square of
the textile layer on which the specimens are attached. Speci-
mens shall be removed from the textile material prior to test-
ing, with the exception of label materials, which shall remain
attached to the textile layer.
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8.6.10.2 Specimen length shall be 150 mm (6 in.), other than
for textiles utilized in the clothing item in lengths less than
150 mm (6 in.), where length shall be the same as utilized in
the clothing item. Specimen width shall be 150 mm (6 in.),
other than for textiles utilized in the clothing item in widths
less than 150 mm (6 in.), where widths shall be the same as
utilized in the clothing item.

8.6.10.3 Specimens shall be tested both before and after be-
ing subjected to the procedure specified in 8.1.2.

8.6.10.4 Testing shall be performed as specified in 8.6.2
through 8.6.7. Thermal shrinkage shall not be measured.

8.6.11 Specific Requirements for Testing Hardware.

8.6.11.1 A minimum of three complete hardware items shall
be tested.

8.6.11.2 Observations of hardware condition following heat
exposure shall be limited to ignition.

8.6.11.3 Hardware shall be evaluated for functionality within
10 minutes following removal from the oven.

8.6.11.4 Testing shall be performed as specified in 8.6.2
through 8.6.7. Thermal shrinkage shall not be measured.

8.6.12 Specific Requirements for Testing Helmets.

8.6.12.1 Samples for conditioning shall include complete
helmets.

8.6.12.2 Three complete helmet specimens shall be tested.

8.6.12.3 Helmets with ear covers deployed and with the
faceshield/goggle component in the stowed position as de-
scribed in 8.1.17 shall be positioned according to the HPI as
described in 8.1.14 on the nonconductive test headform
specified in Figure 8.6.12.3. The chinstrap shall be secured
under the chin of the headform.

8.6.12.4 The shell shall be measured at the eight points radially
separated by 45 degrees, as shown in Figure 8.6.12.4. The mea-
surements shall be taken from the bottom of the helmet shell to a
flat base beneath the headform. The front area shall include
measurement points 1, 2, and 3, the side areas shall include mea-
surement points 4 and 8, and the back area shall include mea-
surement points 5, 6, and 7. If there is a lower point of the
helmet shell in the front area than the measurements taken at
points 1, 2, and 3, then that point shall be measured also and
shall be considered the initial lowest point of the helmet shell
in the front area.

8.6.12.5 Ifanyhelmet componentsin the frontarea are lower
than the lowest point of the helmet shell in the front area,
then the lowest point of those components shall be measured.

8.6.12.6 The headform with helmet attached shall be placed
in the center of the test oven with the centerline of the front of
the helmet facing the airflow. Only one helmet specimen shall
be tested at a time.

8.6.12.7 The minimum interior dimensions of the test oven
shall be 610 mm x 610 mm x 610 mm (24 in. x 24 in. x 24 in.).

8.6.12.8 The test thermocouple shall be positioned so that it
is level with the horizontal centerline of a mounted test hel-
met. The thermocouple shall be equidistant between the ver-
tical centerline of a mounted test helmet placed in the middle
of the oven and the oven wall where the airflow enters the test
chamber.
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FIGURE 8.6.12.3 Nonconductive Test Headform.
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FIGURE 8.6.12.4 Helmet Shell Measurement Points.

8.6.12.9 Following removal from the oven, the helmet shall
be allowed to cool at room temperature for not less than 2
minutes.

8.6.12.10 The helmet shell shall then be measured as de-
scribed in 8.6.12.4 to determine the shell distortion.

8.6.12.11 If there are any helmet components below the ini-
tial lowest point of the helmet shell in the front area, then the
lowest point of those components shall be measured to deter-
mine component distortion.

8.6.12.12 The helmet shall be examined to ascertain any ef-
fects of the heat exposure.

8.6.12.13 Testing shall be performed as specified in 8.6.2
through 8.6.7. Thermal shrinkage shall not be measured.

8.6.13 Specific Requirements for Testing Gloves.
8.6.13.1 Samples for conditioning shall be whole gloves.

8.6.13.2 Conditioning shall be performed as specified in
8.1.11.

8.6.13.3 Specimens shall include complete gloves with labels.

8.6.13.4 The minimum interior dimensions of the test oven
shall be 610 mm x 610 mm x 610 mm (24 in. x 24 in. x 24 in.).

8.6.13.5 The glove body shall be filled to capacity with nomi-
nal 4 mm (% in.) sized perforated soda-lime or borosilicate
glass beads. The glass beads shall be tightly packed into the
fingers of the glove and glove body and shall be 21°C + 3°C
(71°F + 5°F). The opening of the glove shall be clamped to-
gether, and the specimen shall be suspended by the clamp in
the oven so that the entire glove is not less than 50 mm (2 in.)
from any oven surface and not less than 150 mm (6 in.) from
any other specimen, and airflow is parallel to the plane of the
material. One to three glove specimens shall be placed in the
test oven at one time. The glove specimens shall be suspended
such that each specimen is the same distance from the airflow
source, so that no glove sample is blocking the airflow to other
glove samples.

(3]
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8.6.13.6 The glove specimen dimensions also shall be mea-
sured to determine pass or fail. The length measurement of the
glove specimen shall be from the tip of the middle finger to the
end of the glove body on the palm side. The width measurement
of the glove specimen shall be the width measurement on the
palm side 25 mm (1 in.) below the base of the fingers.

8.6.13.7 The percent change in the width and length dimen-
sions of each specimen shall be calculated. Results shall be
recorded and reported as the average of all three specimens in
each dimension.

8.6.13.8 Specimens shall be donned and flexed as specified
in 8.1.10 before and after the heat exposure.

8.6.13.9 Testing shall be performed as specified in 8.6.2
through 8.6.7.

8.6.14 Specific Requirements for Testing Footwear.
8.6.14.1 Samples for conditioning shall be whole boots.
8.6.14.2 Footwear specimens for testing shall be size 9.

8.6.14.3 Footwear specimens shall include sole, heel, and up-
per. Footwear specimens shall be filled to capacity with nomi-
nal 4 mm (% in.) sized perforated soda-lime or borosilicate
glass beads. Any closures shall be fastened.

8.6.14.4 The test thermocouple shall be positioned so that it
is level with the horizontal centerline of a footwear test speci-
men. The thermocouple shall be equidistant between the ver-
tical centerline of a footwear test specimen placed in the
middle of the oven and the oven wall where the airflow enters
the test chamber.

8.6.14.5 The minimum interior dimensions of the test oven
shall be 610 mm x 610 mm x 610 mm (24 in. x 24 in. x 24 in.).

8.6.14.6 Footwear specimens shall be placed in the center of
the test oven with the centerline of the front of the specimen
facing the airflow. Only one footwear specimen shall be tested
ata time.

8.6.14.7 Testing shall be performed as specified in 8.6.2
through 8.6.7. Thermal shrinkage shall not be measured.

8.6.14.8 A minimum of three footwear items shall be tested.

8.6.14.9 Following removal from the oven, the specimen shall
be allowed to cool at room temperature for not less than 5 min-
utes, +15/-0 seconds. Within 10 minutes, +15/—0 seconds, after
removal from the oven, the test specimen shall be examined in-
side and outside for evidence of melting, separation, or ignition.
Footwear separation of 1.4 mm x 18 mm (0.55 in. x 0.71 in.) or
more in any orientation shall be recorded and reported.

8.6.14.10 Each test specimen shall then be reconditioned as
specified in 8.1.3 and then reexamined inside and outside for
evidence of melting, separation, or ignition.

8.6.14.11 Footwear functionality shall be determined by flex-
ing the specimen for 100,000 cycles performed in accordance
with Appendix B of FIA 1209, Whole Shoe Flex, with the follow-
ing modifications:

(1) Water shall not be used.

(2) The flex speed shall be 60 cycles/min, +/— 2 cycles/min.

(3) Alternative flexing equipment shall be permitted to be
used.

(4) The flex equipment used shall meet the following criteria:
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(a) Is capable of providing the angle of flex as described
in FIA 1209

(b) Is capable of a flex speed of 60 cycles/min, +/— 2
cycles/min

(c) Is ameans of securing the footwear during flexing

8.6.14.12 Specimens shall then be examined for evidence of
sole separation, seam separation, or component breakage.

8.6.14.13 After flexing, the footwear specimen shall be marked
with a water height line on the exterior at a height of 75 mm
(3in.) but below the height of the boot as defined in 6.10.3.1 but
no lower than 230 mm (9 in.) where measured up from the cen-
ter of the insole at the heel. The measurement shall be made on
the interior and transferred to the exterior. Plain white paper
toweling shall be placed inside the footwear specimen such that
the paper toweling intimately contacts all areas inside the foot-
wear specimen to at least the water height line. The footwear
specimen shall then be placed in a container that allows its im-
mersion in tap water, treated with a dye and a surfactant that
achieves a surface tension of 35 dynes/cm + 5 dynes/cm, to the
water height line.

8.6.14.14 After 2 hours + 10 minutes, the paper toweling shall
be removed and examined for evidence of liquid leakage. The
test specimen shall also be reexamined for evidence of sole
separation or seam separation.

8.6.14.15 Footwear not remaining functional after flexing
shall be recorded and reported as a failure for the tested speci-
men. The appearance of any liquid on the removed paper
toweling shall be recorded and reported as a failure for the
tested specimen. One or more footwear specimens failing this
test shall constitute failing performance.

8.6.15 Specific Requirements for Testing Lettering, Including
Transfer Film.

8.6.15.1 Lettering, including transfer film, shall be applied to
outer shell material, meeting the requirements of this stan-
dard, for testing as specified in 8.6.15.4.

8.6.15.2 Lettering specimens for heat resistance testing shall
be at least a 150 mm (6 in.) square. Samples shall be selected
where lettering is most dense.

8.6.15.3 Samples for conditioning shall be outer shell mate-
rial of 1 m (1 yd) square with letters applied.

8.6.15.4 Testing shall be performed as described in 8.6.2
through 8.6.7. Thermal shrinkage shall not be measured.

8.6.16 Specific Requirements for Testing Hoods.

8.6.16.1 Samples for conditioning shall include complete
hoods, with labels.

8.6.16.2 Hoods shall be tested both before and after the con-
ditioning specified in 8.1.2.

8.6.16.3 Testing shall be performed as specified in 8.6.4
through 8.6.6 unless modified herein.

8.6.16.4 Hoods shall be donned on a nonconductive test
headform as specified in Figure 8.6.12.3. The dimensions of
the face opening shall be measured as specified in 8.46.4.2 or
8.46.5.3. Measurements shall also be made at the back and
both sides of the hood from the top of the hood to the basic
plane. The location of the basic plane on the hood shall be
marked at each location.

8.6.16.5 The headform with hood attached shall be placed in
the center of the test oven with the centerline of the front of
the hood facing the airflow.

8.6.16.6 The minimum interior dimensions of the test oven
shall be 610 mm x 610 mm x 610 mm (24 in. x 24 in. x 24 in.).
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8.6.16.7 The test thermocouple shall be positioned so that it
is level with the horizontal centerline of a mount test hood.
The thermocouple shall be equidistant between the vertical
centerline of a mounted test hood placed in the middle of the
oven wall where the airflow enters the test chamber.

8.6.16.8 Following removal from the oven, the hood shall be
examined for evidence of ignition, melting, or separation.
The hood shall also be allowed to cool at room temperature
for not less than 2 minutes. The hood opening shall be mea-
sured as specified in 8.46.4.6 or 8.46.4.7. The distance from
the top of the hood to the three marks along the basic plane
shall also be measured.

8.6.16.9 Each hood face opening dimension before and after
oven exposure shall be recorded and reported.

8.6.16.10 Each of the three dimensions from the top of the
hood to the marks along the basic plane before and after oven
exposure shall be recorded and reported.

8.6.16.11 The percent shrinkage of each hood face opening
shall be calculated, recorded, and reported.

8.6.16.12 The percent shrinkage of each of the three dimen-
sions from the top of the hood to the marks along the basic
plane shall be calculated, recorded, and reported.

8.6.16.13 The average percent shrinkage of all hood face
opening dimensions for each specimen shall be calculated,
recorded, and reported.

8.6.16.14 The average percent shrinkage of the three dimen-
sions from the top of the hood to the marks along the basic
plane for each specimen shall be calculated, recorded, and
reported.

8.6.16.15 Pass or fail performance shall be based on the aver-
age percent shrinkage of the hood face opening dimensions
and the average percent shrinkage of the three dimensions
from the top of the hood to the marks along the basic plane
for each specimen. One or more hood specimens failing this
test shall constitute failing performance.

8.6.17 Specific Requirements for Testing Helmet Chin Strap
Materials.

8.6.17.1 Samples for conditioning shall be chin strap materials.

8.6.17.2 Specimens shall be 150 mm x 380 mm (6 in. x 151in.)
in length by the widest width of the chin strap used on the
helmet.

8.6.17.3 Specimens shall be tested both before and after be-
ing subjected to the procedure specified in 8.1.2.

8.6.17.4 Thermal shrinkage shall be measured in the length
direction only.

8.6.17.5 Testing shall be performed as specified in 8.6.2
through 8.6.7.

8.7 Conductive Heat Resistance Test 1.
8.7.1 Application.

8.7.1.1 This test method shall apply to protective gloves and
footwear upper material.

8.7.1.2 Modifications for this test method for testing gloves
shall be as specified in 8.7.7.

8.7.1.3 Modifications for this test method for testing footwear
shall be as specified in 8.7.8.

8.7.2 Samples.

8.7.2.1 Samples for conditioning shall be whole boots and
glove composite pouches as specified in 8.7.7.2.

8.7.2.2 Samples shall be conditioned as specified in 8.1.3.

8.7.3 Specimens. A total of three specimens of gloves and
three specimens of footwear shall be tested.

8.7.4 Procedure. Specimens shall be tested in accordance
with ASTM F 1060, Standard Test Method for Thermal Protective
Performance of Materials for Protective Clothing for Hot Surface Con-
tact, with the following modifications:

(1) Specimens shall be tested using an exposure temperature
of 280°C (536°F). The pressure applied during the test
shall be as specified in 8.7.7 and 8.7.8.

(2) The time in seconds to pain and to second-degree burn
and blister, as predicted by the Stoll Human Tissue Burn
Tolerance Criteria, shall be recorded.

(3) The time to thermal end point shall be determined graphi-
cally from the recorder chart of the sensor response and the
criterion overlay prepared in Section 10.5 of ASTM F 1060,
Standard Test Method for Thermal Protective Performance of Mate-
rials for Protective Clothing for Hot Surface Contact. The overlay
shall be positioned on the recorder chart, matching the zero
of the overlay with the point on the recorder chart corre-
sponding to the time at which the sensor and specimen were
placed in direct contact with the hot plate. The horizontal
(time) axis shall be placed in line with the initial trace of the
pen. The overlay shall be kept square with the recorder
chart. Exposure time shall be read to the nearest 0.1 second
from the overlay chart at the point where the sensor re-
sponse and the tissue tolerance curve cross.

(4) The section of the apparatus lowering the specimen, sen-
sor, and weighed system shall travel at a constant rate of
speed. The specimen shall be lowered parallel to the hot-
plate. The recorder/computer shall be activated auto-
matically by a mechanical or electrical contact when the
specimen contacts the hotplate.

8.7.5 Report.

8.7.5.1 The time to pain and time to second-degree burn for
each specimen shall be recorded and reported.

8.7.5.2 The average time to pain and time to second-degree
burn shall be calculated, recorded, and reported.

8.7.5.3 Where the time to pain or time to second-degree burn is
greater than 30 seconds, the time to pain or time to second-
degree burn shall be recorded and reported as “>30 seconds” for
time to pain and “>30 seconds” for time to second-degree burn.

8.7.6 Interpretation. Pass or fail determinations shall be based
on the average time to pain and time to second-degree burn of
all specimens tested.

8.7.7 Specific Requirements for Testing Gloves.

8.7.7.1 Specimens shall be representative of the glove body
composite construction at the palm of the glove at the follow-
ing glove areas as described in 8.1.18: A-P, B-P, D-P, E-P, F-P,
G-P, H-P, I-P, A-PS, B-PS, C-PS, D-PS, E-PS, F-PS, H-PS, and I-PS.
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8.7.7.2 Specimens shall be representative of the glove body
composite construction at the back of the glove at the follow-
ing glove areas as described in 8.1.18: A-B, B-B, the first 25 mm
(1 in.) of C-B adjacent to the wrist crease, D-B, and E-B.

8.7.7.3 For glove body composites, specimens for condition-
ing shall be in the form of a pouch as described in 8.1.15.

8.7.7.4 Specimens shall be tested after being subjected to the
procedure specified in 8.1.3 both before and after laundering
as specified in 8.1.11.

8.7.7.5 Specimens shall also be tested after being subjected to
wet conditioning as specified in 8.1.8 both before and after
laundering as specified in 8.1.11.

8.7.7.6 Testing shall be performed as specified in 8.7.2
through 8.7.6.

8.7.7.7 After the specimens are conditioned as specified in
8.7.7.3 and 8.7.7.5, the pouch and necessary stitching shall be
cut to form 100 mm x 150 mm (4 in. x 6 in.) or 150 mm
x 150 mm (6 in. x 6 in.) specimens for testing.

8.7.7.8 The pressure applied during the test shall be 3.45 kPa
+0.35 kPa (0.5 psi + 0.05 psi) for specimens representative of
the glove body composite construction at the palm of the
glove as described in 8.7.7.1.

8.7.7.9 The pressure applied during the test shall be 13.75 kPa
+ 1.35 kPa (2 psi = 0.2 psi) for specimens representative of the
glove body composite construction at the back of the glove as
described in 8.7.7.2.

8.7.8 Specific Requirements for Testing Footwear Upper Ma-
terials.

8.7.8.1 Specimens shall consist of each composite of the foot-
wear upper used in the actual footwear construction, including
the tongue but excluding the gusset, with the layers arranged in
proper order. Where a composite is identical to another compos-
ite except for additional reinforcement layer(s), the composite
with no reinforcement layers shall be tested.

8.7.8.2 Testing shall be performed as specified in 8.7.2
through 8.7.6.

8.7.8.3 A pressure of 3.45 kPa + 0.35 kPa (0.5 psi = 0.05 psi)
shall be applied during the test.

8.8 Conductive Heat Resistance Test 2.

8.8.1 Application. This test method shall apply to the protec-
tive footwear sole.

8.8.2 Samples.

8.8.2.1 Samples for conditioning shall be whole footwear
with removable insoles in place.

8.8.2.2 Samples shall be preconditioned as specified in 8.1.3.

8.8.3 Specimens. A minimum of three complete footwear
items, including booties where provided, shall be tested.

8.8.4 Apparatus. The apparatus shall consist of an electric
hotplate measuring 305 mm x 305 mm (12 in. x 12 in.) ca-
pable of maintaining a temperature of 260°C (500°F), Type ]
or Type K thermocouples, and a meter to read the thermo-
couple temperatures.
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8.8.5 Procedure.

8.8.5.1 The thermocouples shall be taped to the insole sur-
face of the specimen next to the foot in the following loca-
tions, as shown in Figure 8.8.5.1:

(1) Directly above the center of the ball of the footwear

(2) Directly above the center of the heel of the footwear

(3) Directly above the toe to heel center of the arch of the
footwear, at the inside junction between the upper and
the sole

FIGURE 8.8.5.1 Thermocouple Locations.

8.8.5.2 The hotplate shall be heated to a temperature of
260°C £ 5°C (500°F + 10°F) and shall maintain this tempera-
ture throughout the test period.

8.8.5.3 The specimen shall be filled with 4.55 kg (10 lb) of
10 mm (0.39 in.) steel balls. The weight of the steel balls shall
be evenly distributed inside the boot. The specimen shall be

placed on the plate in the upright position for 20 minutes,
+15/-0 seconds.

8.8.5.4 The thermocouple temperatures shall be recorded at
20 minutes, +15/-0 seconds, after the specimen is placed on
the heated hotplate.

8.8.6 Report.

8.8.6.1 The temperature at 20 minutes of exposure shall be
recorded and reported for each specimen.

8.8.6.2 The average temperature at 20 minutes of exposure for
all specimens shall also be calculated, recorded, and reported.

8.8.7 Interpretation. The average temperature at 20 minutes
of exposure for all specimens shall be used to determine pass
or fail performance.

8.9 Radiant Heat Resistance Test 1.

8.9.1 Application. This test method shall apply to protective
footwear.

8.9.2 Samples.
8.9.2.1 Samples for conditioning shall be complete footwear.

8.9.2.2 Samples shall be tested after being subjected to the
conditioning procedure specified in 8.1.3.

8.9.3 Specimens. A minimum of three complete footwear
items, including booties where provided, shall be tested.

8.9.4 Apparatus. The apparatus shall consist of the following:

(1) Radiometer of the Schmidt-Boelter or Gardon type with
radiant heat flux transducer, with a diameter of 25 mm
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(1 in.), 2 minimum viewing angle of 150 degrees, a mini-
mum spectral response flat within 3 percent over a range
of atleast 1.0 pm to 10.0 pm, and an overall accuracy of at
least +5 percent of the reading

(2) Radiant panel with an effective radiating surface of not
less than 150 mm x 150 mm (6 in. x 6 in.) and an emit-
tance approximating that of a blackbody of 1000K + 200K
(1340°F + 360°F)

(3) Thermocouple with meter

(4) Test chamber that prevents interference from air movement

8.9.5 Procedure.

8.9.5.1 Tests shall be done on each area of the footwear up-
per, including the tongue but excluding the gusset, that con-
sists of a different composite. Where a composite is identical to
another composite except for additional reinforcement lay-
er(s), the composite with no reinforcement layers shall be rep-
resentative of the composite with reinforcement layer(s).

8.9.5.2 The radiant panel shall be placed in front of the radi-
ometer, parallel to the plane tangent to the radiometer. The
radiant panel shall be adjusted to obtain a stable, uniform
irradiance of 1.0 W/cm?2, +0.01/—0 W/cm?, over a minimum
75 mm (3 in.) diameter circle located on the above plane and
centered at the center of the test area. Calibration shall be
achieved when the irradiance changes by less than 10 percent
during a 3-minute period.

8.9.5.3 The thermocouple shall be affixed with thermally
conductive adhesive to the inside surface of the lining next to
the foot in the center of the test area. The radiometer shall be
replaced with the protective footwear, with the test area ori-
ented parallel to the plane tangent to the heat source at the
same distance from the heat source. The area shall be exposed
for 30 seconds, +5/-0 seconds.

8.9.5.4 The thermocouple temperature shall be recorded at
30 seconds, +5/-0 seconds, of exposure.

8.9.6 Report.

8.9.6.1 The temperature at 30 seconds of exposure shall be
recorded and reported for each area of the footwear upper for
each specimen.

8.9.6.2 The average temperature at 30 seconds of exposure
for each area of the footwear upper for all specimens shall also
be calculated, recorded, and reported.

8.9.7 Interpretation. The average temperature at 30 seconds of
exposure for each area of the footwear upper for all specimens
tested shall be used to determine pass or fail performance.

8.10* Thermal Protective Performance (TPP) Test.
8.10.1 Application.

8.10.1.1%* This test method shall apply to multilayer protective
garment composites, glove body composites, glove interface
component composites, wristlets, helmet ear covers, shrouds,
and hoods, including single layer knit hoods that are worn in
contact with the skin.

8.10.1.2 Modifications to this test method for testing gar-
ment composites shall be as specified in 8.10.8.

8.10.1.3 Modifications to this test method for testing hoods
shall be as specified in 8.10.9.

8.10.1.4 Modifications to this test method for testing wristlets
shall be as specified in 8.10.10.

8.10.1.5 Modifications to this test method for testing glove
body composites shall be as specified in 8.10.11.

8.10.1.6 Modifications to this test method for testing glove
interface components other than wristlets shall be as specified
in 8.10.12.

8.10.1.7 Modifications to this test method for testing helmet
ear covers shall be as specified in 8.10.13.

8.10.2 Samples. Samples shall measure 150 mm x 150 mm
+ 6 mm (6 in. x 6 in. £ ¥4 in.) and shall consist of all layers
representative of the clothing item to be tested.

8.10.3 Specimens.

8.10.3.1 Thermal protective performance testing shall be
conducted on three specimens.

8.10.3.2 Specimens shall be tested both before and after pre-
conditioning as specified in 8.1.2 and then conditioning as
specified in 8.1.3.

8.10.4 Apparatus. The test apparatus specified in ISO 17492,
Clothing for protection against heat and flame — Determination of
heat transmission on exposure to both flame and radiant heat, shall
be used.

Subsections 8.10.4 and 8.10.5 were revised by a tentative
interim amendment (TIA). See page 1.

8.10.5 Procedure. Thermal protective performance testing
shall be performed in accordance with ISO 17492, Clothing

Jor protection against heat and flame — Determination of heat

transmission on exposure to both flame and radiant heat, with the
following modifications:

(1) An exposure heat flux of 84 kW/m? + 2 kW/m? (2.0 cal/
cm?s + 0.05 cal/cm?s) shall be used.

(2) The contact configuration shall be used for testing of all
material specimens.

(3) The thermal threshold index analysis method shall be
used with calculations using the heat flux in calories per
square centimeter per second and reported as the TPP
rating.

8.10.6 Report.

8.10.6.1 The individual test TPP rating of each specimen
shall be recorded and reported.

8.10.6.2 The average TPP rating shall be calculated and
reported.

8.10.6.3 Where a TPP rating is greater than 60, then the TPP
rating shall be recorded and reported as “>60.”

8.10.7 Interpretation.

8.10.7.1 Pass or fail determinations shall be based on the aver-
age reported TPP rating of all specimens tested.

8.10.7.2 Where an individual result from any test set varies
more than =8 percent from the average result, the results from
the test set shall be discarded and another set of specimens
shall be tested.

8.10.8 Specific Requirements for Testing Garments.

8.10.8.1 Specimens shall consist of outer shell, moisture bar-
rier, and thermal barrier. Winter liners shall not be included
in the test composite. Collar lining fabric shall be permitted to

Y
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be included in the protective garment collar fabric composite
specimen. Specimens shall not include seams. Specimens shall
not be stitched to hold individual layers together during testing.

8.10.8.2 Samples for conditioning shall be at least a 1 m
(1 yd) square of each material.

8.10.8.3 Testing shall be performed as described in 8.10.2
through 8.10.7.

8.10.9 Specific Requirements for Testing Protective Hoods.

8.10.9.1 Specimens shall consist of materials from the por-
tion of the protective hood that covers the neck and facial
area. Specimens shall not include seams. Specimens shall not
be stitched to hold individual layers together during testing.

8.10.9.2 Samples for conditioning shall include hood mate-
rial that is a minimum of 175 mm (7 in.) square.

8.10.9.3 Testing shall be performed as described in 8.10.2
through 8.10.7.

8.10.10 Specific Requirements for Testing Protective Wristlets.

8.10.10.1 Specimens shall consist of materials from the por-
tion of the protective wristlet that covers the wrist area or from
the wristlet glove interface component. Specimens shall not
include seams. Specimens shall not be stitched to hold indi-
vidual layers together during testing.

8.10.10.2 Samples for conditioning shall include wristlet ma-
terial that is a minimum of 180 mm (7 in.) square.

8.10.10.3 Testing shall be performed as described in 8.10.2
through 8.10.7.

8.10.11 Specific Requirements for Testing Protective Glove
Body Composites.

8.10.11.1 Samples for conditioning shall be glove body com-
posite pouches as specified in 8.10.11.3.

8.10.11.2 Specimens shall be representative of each glove body
composite construction. All variations in composite construction,
including number of layers and the order of layering of compos-
ite materials, shall constitute a new composite and shall be tested
separately. Where a composite is identical to another composite
except for additional reinforcement layer(s) and the reinforce-
ment layer(s) is the same as one or more of the base composite
layers, the composite with no reinforcement layers shall be repre-
sentative of the composite with reinforcement layer(s).

8.10.11.3 For glove body composites, samples for condition-
ing shall be in the form of a pouch as described in 8.1.15.

8.10.11.4 Specimens shall be tested both before and after
preconditioning as specified in 8.1.11 and then conditioned as
specified in 8.1.3.

8.10.11.5 After conditioning, the pouch and stitching shall
be cut to form 175 mm x 175 mm (7 in. x 7 in.) specimens for
testing. Specimens shall not include seams where multiple lay-
ers are involved, except in the following cases:

(1) Where a ridged area or similar stitching is used to create
specific performance characteristics rather than for glove
assembly

(2) Where size constraints of a material make it necessary to
allow stitching in order to create the sample size required

\
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8.10.11.6 Stitching shall be of the same type as is used in the
actual glove construction.

8.10.11.7 Specimens shall not be stitched to hold individual
layers together during testing.

8.10.11.8 Testing shall be performed as described in 8.10.2
through 8.10.7.

8.10.11.9 The requirement of 8.10.7.2 shall not apply.

8.10.12 Specific Requirements for Testing Protective Glove
Interface Components Other Than Wristlet Composites.

8.10.12.1 Samples for conditioning shall be glove interface
component composite swatches as specified in 8.10.12.3.

8.10.12.2 Specimens shall be representative of the glove inter-
face component composite construction. All variations in com-
posite construction, including number of layers and the order of
layering of composite materials, shall constitute a new composite
and shall be tested separately. Where a composite is identical to
another composite except for additional reinforcement layer(s)
and the reinforcement layer(s) is the same as one or more of the
base composite layers, the composite with no reinforcement lay-
ers shall be representative of the composite with reinforcement
layer(s).

8.10.12.3 For glove interface component composites, samples
for conditioning shall be in the form of a 200 mm x 200 mm
(8 in. x 8 in.) pouch as described in 8.1.11.

8.10.12.4 Specimens shall be tested both before and after
preconditioning as specified in 8.1.11 and then conditioned as
specified in 8.1.3.

8.10.12.5 After conditioning, the stitching shall be cut to form
175 mm x 175 mm (7 in. x 7 in.) specimens for testing. Speci-
mens shall not include seams where multiple layers are involved,
except in the following cases:

(1) Where a ridged area or similar stitching is used to create
specific performance characteristics rather than for glove
assembly

(2) Where size constraints of a material make it necessary to
allow stitching in order to create the sample size required.

8.10.12.6 Stitching shall be of the same type as is used in the
actual glove construction.

8.10.12.7 Specimens shall not be stitched to hold individual
layers together during testing.

8.10.12.8 Testing shall be performed as described in 8.10.2
through 8.10.7.

8.10.12.9 The requirements of 8.10.7.2 shall not apply.
8.10.13 Specific Requirements for Testing Helmet Ear Covers.

8.10.13.1 Specimens shall consist of materials from the por-
tion of the ear covers that cover the ear and neck area. Speci-
mens shall not include seams. Specimens shall not be stitched
to hold individual layers together during testing.

8.10.13.2 Samples for conditioning shall include ear cover
material that is a minimum of 175 mm (7 in.) square.

8.10.13.3 Testing shall be performed as described in 8.10.2
through 8.10.7.
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8.11 Thread Melting Test.

8.11.1 Application. This test method shall apply to each type of
sewing thread used in the construction of protective garments,
hoods, wristlets, gloves, helmets, helmet covers, shrouds, and
footwear.

8.11.2 Samples. Samples for conditioning shall be lengths of
thread 150 mm (6 in.) or greater.

8.11.3 Specimens.

8.11.3.1 A total of three different specimens of each thread
type shall be tested.

8.11.3.2 All specimens shall be conditioned as specified in
8.1.3 prior to testing.

8.11.4 Apparatus.

8.11.4.1*% An electrically heated stage having a circular depres-
sion large enough to insert a micro cover glass shall be used.
The stage shall have a variable transformer controlling the
rate of heat input into the stage.

8.11.4.2 The following equipment shall also be used:

(1) Armored stem thermometer with a range of 20°C to
160°C (68° to 320°F), accurate to 0.5°C (32.9°F)

(2) Armored stem thermometer with a range of 150°C to
300°C (302°F to 572°F), accurate to 1°C (33.8°F)

(3) Low powered magnifying glass

(4) Two micro cover glasses

(5) Spatula, pick needle, or other instrument for applying
pressure to the cover glasses

(6) Soxhlet extraction apparatus

8.11.4.3 The following reagents shall be used:

(1) Chloroform, USP
(2)*U.S. Pharmacopeia reference standards for melting point
or other pure materials for calibrating the apparatus

8.11.5 Procedure.

8.11.5.1 The specimen shall be extracted with chloroform for
a minimum of 20 extractions in a Soxhlet extractor and dried.
The specimen shall then be cut into lengths of 2 mm (Y6 in.)
or less.

8.11.5.2 The apparatus shall be calibrated by determining
the melting point of a pure material of known melting point.
The melting point of the pure material shall be in the range of
the melting point of the fiber being tested. The value obtained
shall agree within +1°C (33.8°F) of the known value.

8.11.5.3 If the approximate melting point of the specimen is
not known before testing, it shall be determined by a trial run.

8.11.5.4 In subsequent determinations immediately following
the trial run or initial determination, the stage in each case shall
be cooled to approximately 50°C (122°F) below the expected
melting point, before the specimen is placed for testing.

8.11.5.5 The specimen shall be placed in a small mound on a
cover glass and covered with another cover glass. The two
cover glasses shall be pressed together gently but firmly, and
placed in the circular depression on the stage. The tempera-
ture of the stage shall be raised with some rapidity to within
15°C (59°F) of the expected melting point, and thereafter ata
rate of 3°C to 4°C (37.4°F to 39.2°F) per minute. At this rate of
temperature rise, a slight pressure shall be applied on the up-

per glass cover by pressing with a spatula, pick needle, or other
instrument so that the complete fiber is in contact with the
cover glass.

8.11.5.6 The specimen shall be observed with the aid of a mag-
nifying glass, and the melting point taken as the temperature at
which flow of the specimen is observed. At the observed melting
point, the temperature shall be read to the nearest degree C.

8.11.6 Report.

8.11.6.1 The melting point of the sample unit shall be the
average of the results obtained from the specimens tested, and
shall be recorded and reported to the nearest degree C.

8.11.6.2 The pass/fail results for each specimen tested shall
be recorded and reported.

8.11.7 Interpretation. One or more thread specimens failing
this test shall constitute failing performance for the thread

type.
8.12 Tear Resistance Test.
8.12.1 Application.

8.12.1.1 This test shall apply to woven materials used in pro-
tective garments, hoods, helmet covers, shrouds, and wristlets.

8.12.1.2 This test shall also apply to bootie materials where a
bootie is used as part of the garment construction.

8.12.2 Samples.

8.12.2.1 Samples for conditioning shall be atleast 1 m (1 yd)
square of material.

8.12.2.2 Samples shall be tested both before and after being
conditioned as specified in 8.1.2.

8.12.3 Specimens.

8.12.3.1 A minimum of five specimens in each of the warp,
machine or course, direction and the filling, cross-machine or
wales, direction shall be tested.

8.12.3.2 Where the material is isotropic, then 10 specimens
shall be tested.

8.12.4 Procedure.

8.12.4.1 Specimens shall be tested in accordance with ASTM
D 5587, Standard Test Method for the Tearing Strength of Fabrics by
Trapezoidal Proceduvre.

8.12.4.2 Slippage of the specimen shall not be permitted.
8.12.5 Report.

8.12.5.1 The tear resistance of an individual specimen shall be
the average of the five highest peak loads of resistance registered.

8.12.5.2 The tear strength of each specimen shall be re-
corded and reported to the nearest 0.5 N (0.1 Ibf) of force.

8.12.5.3 An average tear strength shall be calculated, recorded,
and reported for warp and filling directions.

8.12.6 Interpretation.

8.12.6.1 Pass or fail performance shall be based on the aver-
age tear resistance in the warp and filling directions.

8.12.6.2 Failure in any one direction shall constitute failure
for the material.
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8.12.7 Specific Requirements for Testing Protective Garments.

8.12.7.1 Where configured as individual barrier layers, speci-
mens of garment moisture barriers, thermal barriers, and win-
ter liners, where provided, shall be tested.

8.12.7.2 Where one or more of these barriers are configured
as a single barrier layer by bonding or laminating individual
barriers together so that the individual layers do not retain
their individuality and are not separable, they shall be tested as
a composite.

8.13 Burst Strength Test.

8.13.1 Application. This test shall apply to knit materials used
in protective garments, hoods, and wristlets.

8.13.2 Samples.
8.13.2.1 Samples shall be conditioned as specified in 8.1.3.

8.13.2.2 Samples for conditioning shall be 1 m (1 yd) square
of material for knit materials provided in roll form, and 1 m
(1 yd) in length for knit materials provided in tubular form.

8.13.3 Specimens. A total of 10 specimens shall be tested.

8.13.4 Procedure. Specimens shall be tested as specified in
ASTM D 6797, Standard Test Method for Bursting Strength of Fab-
rics Constant-Rate-of-Extension (CRE) Ball Burst Test.

8.13.5 Report. The burst strength of each specimen shall be
recorded and reported. The average burst strength of all speci-
mens shall be calculated, recorded, and reported.

8.13.6 Interpretation. The average burst strength shall be used
to determine pass or fail performance.

8.14 Seam-Breaking Strength Test.
8.14.1 Application.

8.14.1.1 This test method shall apply to seams used in protec-
tive clothing items, including booties where present, clothing
item wristlets, glove wristlets, glove gauntlets, and hoods.

8.14.1.2 Modifications to this test method for testing clothing
item wristlets, glove wristlets, and glove gauntlets shall be as
specified in 8.14.7.

8.14.2 Samples.

8.14.2.1 Samples for conditioning shall be 1 m (1 yd) length
of seam.

8.14.2.2 Samples shall be submitted for testing after being
subjected to the procedure specified in 8.1.2.

8.14.3 Specimens.

8.14.3.1 A minimum of five seam specimens representative of
the clothing item shall be tested for each seam type.

8.14.3.2 The five seam specimens shall be straight seams.
Seam specimens shall be permitted to be cut from the finished
clothing item or shall be permitted to be prepared by joining
two pieces of the clothing item fabric. Where specimens are
cut from finished clothing items, such specimens shall be pre-
conditioned after being cut from the finished clothing item.

8.14.3.2.1 Where two pieces of woven clothing item fabric are
joined, the woven fabric seam specimen shall be prepared as
specified in 8.2.1.2 of ASTM D 1683, Standard Test Method for
Failure in Sewn Seams of Woven Fabrics, and shall use the same
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thread, seam type, and stitch type as used in the finished cloth-
ing item.

8.14.3.2.2 Where two pieces of knit or stretch woven clothing
item fabric are joined, the knit fabric seam specimen shall be
prepared as specified in 7.2.2 of ASTM D 3940, Standard Test
Method for Bursting Strength (Load) and Elongation of Sewn Seams of
Knit or Woven Stretch Textile Fabrics, using the same thread, seam
type, and stitch type as used in the finished clothing item.

8.14.3.2.3 Specimens of clothing item seam assemblies con-
structed from other than woven or knit textiles shall be tested
as specified in 8.14.3.2.1.

8.14.3.2.4 Where a piece of woven clothing item fabric and a
knit or stretch woven fabric are joined, the seam specimen
shall be prepared as specified in 8.2.1.2 of ASTM D 1683, Stan-
dard Test Method for Failure in Sewn Seams of Woven Fabrics, and
shall use the same thread, seam type, and stitch type as used in
the finished clothing item.

8.14.4 Procedure.

8.14.4.1 All woven seam assemblies shall be tested in accor-
dance with ASTM D 1683, Standard Test Method for Failure in
Sewn Seams of Woven Fabrics. The test machine shall be operated
at a rate of 305 mm/min (12 in./min).

8.14.4.2 All knit seam assemblies and all stretch woven seam
assemblies shall be tested in accordance with ASTM D 6797,
Standard Test Method for Bursting Strength of Fabrics Constant-Rate-
of-Extension (CRE) Ball Burst Test.

8.14.4.3 Combination woven and knit or stretch woven seam
assemblies shall be tested in accordance with ASTM D 1683,
Standard Test Method for Failure in Sewn Seams of Woven Fabrics.
The test machine shall be operated at a rate of 304.8 mm/min
(12 in./min).

8.14.5 Report.

8.14.5.1 The seam-breaking strength for each seam specimen
shall be recorded and reported.

8.14.5.2 The average seam-breaking strength for each seam
type shall also be recorded and reported.

8.14.5.3 The type of seams tested shall be recorded and re-
ported as to whether the specimens were cut from the finished
clothing item or prepared from fabric samples.

8.14.6 Interpretation. The average seam-breaking strength
for each seam type shall be used to determine pass or fail
performance.

8.14.7 Specific Requirements for Testing Protective Clothing
Item Wristlets, Glove Wristlets, and Glove Gauntlets.

8.14.7.1 Specimens for conditioning and testing shall consist of
seams taken from the wristlet/ clothing item sleeve, the wristlet/
glove body junction, or the gauntlet/glove body junction.

8.14.7.2 Whole gloves shall be permitted to be used for con-
ditioning.
8.14.7.3 Glove specimens shall be conditioned as specified in

8.1.11 prior to testing.

8.14.7.4 Specimen sizes shall be 100 mm x 200 mm (4 in.
x 8 in.), with the seam horizontally in the middle of the
100 mm (4 in.) dimension.
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8.14.7.5 Evaluation for sewn seam strength in accordance
with Section 11.1 of ASTM D 1683, Standard Test Method for
Failure in Sewn Seams of Woven Fabrics, shall be used to deter-
mine pass or fail performance.

8.15 Top Impact Resistance Test (Force).
8.15.1 Application. This test shall apply to complete helmets.

8.15.2 Samples. Samples for conditioning shall be complete
helmets. Externally mounted faceshield/goggle components
shall be removed. Internally mounted faceshield components
shall be removed except where the internal faceshield is an
integral part of the structural integrity of the helmet. Front
holders, which could interfere with the impacting of the hel-
met shell, shall be removed. Mounting holes shall remain.

8.15.3 Specimens.

8.15.3.1 Three helmet specimens shall be tested for each
condition specified.

8.15.3.2 Specimens shall be conditioned for each environ-
mental condition specified in 8.1.3, 8.1.4, 8.1.5, 8.1.6, and
8.1.7 prior to each impact.

8.15.3.3 If during testing for the conditions specified in 8.1.3,
8.1.4, and 8.1.7 the helmet is returned to the conditioning
environment before the time out of that environment exceeds
4 minutes, the helmet shall be kept in the environment for a
minimum of 3 minutes before resumption of testing with that
helmet. If the time out of the environment exceeds 4 minutes,
the helmet shall be returned to the environment for a mini-
mum of 3 minutes for each minute or portion of a minute that
the helmet remained out of the environment in excess of 4
minutes or for a maximum of 24 hours, whichever is less, be-
fore resumption of testing with that helmet.

8.15.4 Apparatus.

8.15.4.1 An aluminum ISEA size 7 headform shall be used. The
headform shall have a mass of 3.6 kg + 0.5 kg (8 Ib + 1 1b) and
shall be of the nominal dimensions of the headform in Table
8.15.4.1 and Figure 8.15.4.1(a) through Figure 8.15.4.1(c).

8.15.4.2 Asteel drop mass of 3.58 kg + 0.05 kg (7.901b + 0.10 1b)
shall be used. The striking face of the drop mass shall be a spheri-
cal segment with a radius of 50 mm + 8 mm (1% in. + %is in.) and
a chord length of at least 75 mm (3 in.).

8.15.4.3 An electronic force measurement system with the
following minimum specifications shall be used:

(1) Range — 4450 N (1000 1bf)

(2) Peak force measurement accuracy — +2.5 percent

(3) Resolution — 22 N (5 1bf)

(4) Load cell rigidity — 4.4 x 10° N/m (2.5 x 107 Ibf/in.)

(5) Minimum mechanical resonant frequency of the
headform/load cell system — 5000 Hz

(6) Load cell diameter — 75 mm (3 in.)

8.15.4.4 The system frequency response shall comply with
SAE ]211, Instrumentation for Impact Test, Channel Frequency
Class 1000, specifications. The minimum mechanical resonant
frequency shall be calculated from the following formula:

fe (Jkg/m)
2n
where:
kg = load cell rigidity [N/m (Ibf/ft) ]
m = mass of the structure on top of the load cell
[kg (slugs) ]

Table 8.15.4.1 Data for Contour Drawing of ISEA Headform (all dimensions in mm)

Distance
from

Vertical Section

Horizontal Datum

Plane Plane 0° 15°  30°  45° 60°  75°  90° 105° 120° 135° 150° 165° 180°
0-0 99 0 0 0 0 0 0 0 0 0 0 0 0
1-1 95 225 225 23 255 265 28 285 31 33 36 39 38.7 40
2-2 90 395 40 40 40.5 405 40.5 415 435 475 50 53 53 54.5
3-3 85 535 54 557 515 505 50 515 535 57 60.5 64 645 655
4-4 80 625 63 609 59 57 57 575 605 635 673 707 70.7 722
5-5 70 725 74 715 682 655 645 653 68 72 75.7 791 80 82
6-6 60 82 82 795 75 71.0 69.4 701 73 775 81.7 851 875 879
7-7 50 873 87 845 79 74 715 72 75.7 809 858 894 91 92.3
8-8 40 90.2 905 875 815 755 73.0 735 769 827 883 913 935 95
99 20 940 94 905 835 771 737 742 778 843 91 955 976 985
Datum 10-10 0 96.5 965 93.0 84.6 775 735 742 79 85 925 965 988  99.9
plane
11-11 20 965 965 93.0 846 775 735 72 70 785 84 90 91 95
12-12 40 96.5 965 93.0 846 775 735 70 63.5 70 75 81 82 84
13-13 60 965 965 93.0 846 775 735 68 58 575 63 69 69 72
14-14 80 96.5 965 93.0 846 775 735 66 54 48 53 59 60 63
15-15 100 96.5 965 93.0 846 775 735 64 52 48 49 54 56 59
16-16 1159 96,5 96,5 965 965 965 965 965 965 965 965 965 965  96.5
17-17 128.6 965 96,5 965 965 965 965 965 965 965 965 965 965 965

For SI units, 1 in. = 25.4 mm.
Note: All dimensions +5 mm.
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15°
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30°

Datum plane 10—10
Circumference 55.88 cm (22 in.)

FIGURE 8.15.4.1(a) ISFA Size 7 Headform, Top.
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FIGURE 8.15.4.1(b) ISEA Size 7 Headform, Side with Modi-
fication for Steel Terminal Junction Bolt.
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FIGURE 8.15.4.1(c) ISEA Size 7 Headform, Front.

8.15.4.5 All surfaces in contact with the load cell shall have a
surface finish of at least 0.8 x 107° m (32 x 107° in.) rms. In
addition, those surfaces in contact with the load cell shall be
flat to within 12.7 x 107° m (500 x 107% in.).

8.15.4.6 The load cell shall have a backup mass of at least
540 kg (1200 Ib). The load cell assembly shall be rigidly
mounted between the headform structure and a steel plate at
least 305 mm (1 ft) square and 25 mm (1 in.) thick. The
backup mass shall be concrete or a rigid material of equal or
greater density at least 0.185 m* (2 ft).

8.15.4.7 The surface of the steel plate, in the area of the
load cell assembly mounting, shall be flat within +0.15 mm
(+0.005 in.) and within 1 degree of level. The steel plate
shall be rigidly attached to, and in intimate contact with,
the backup mass.

8.15.4.8 The vertical centerline of the drop mass, the head-
form, and the load cell shall all be colinear within 3 mm
(¥ in.). The sensitive axis of the load cell shall be aligned
within 1 degree of vertical. The guide or guides shall be verti-
cal, and in the case of a double guide system, parallel to within
6.4 mm per 3 m (Y in. per 10 ft) of length.

8.15.4.9*% The instrumentation shall be calibrated. The equip-
ment shall be checked for repeatability before and after each
test series by impacting a standardized elastomeric shock pad.
A minimum of three such impacts shall be recorded before
and after testing. If the post-test average readings of the three
impacts differ from the pre-test average by more than 5 per-
cent, the entire test series shall be discarded.

8.15.4.10 The test system shall be analyzed dynamically to
ensure that any mechanical resonance associated with trans-
ducer mountings do not distort the output data.

8.15.4.11 Prior to testing, the instrumentation shall be allowed
to warm up until stability is achieved.

8.15.4.12 Throughout calibration, verification, and testing,
the ambient temperature shall be 20°C to 28°C (68°F to 82°F),
and the relative humidity shall be 30 percent to 70 percent.
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8.15.5 Procedure.

8.15.5.1 Specimen helmets shall be positioned according to
the HPI as described in 8.1.14 on a headform. Where the
crown clearance of the helmet is adjustable, the helmet shall
be mounted with the least amount of clearance. Where the inter-
nal faceshield is an integral part of the structural integrity of the
helmet, the faceshield shall be deployed as far as possible without
interfering with the test equipment. Specimens shall be sub-
jected to the environmental conditions specified in 8.1.3, 8.1.4,
8.1.5, 8.1.6, and 8.1.7 prior to each impact and within the speci-
fied time after being removed from conditioning.

8.15.5.2 The impactor shall be dropped from a height that
yields an impact velocity within 2 percent of 5.47 m/sec
(17.9 ft/sec). A means of verifying the impact velocity to
within 2 percent for each impact shall be incorporated.

8.15.6 Report.

8.15.6.1 The results of each system verification shall be made
part of the test results for specimens being tested.

8.15.6.2 The peak force and impact velocity shall be re-
corded and reported for each test.

8.15.7 Interpretation.

8.15.7.1 Pass or fail performance shall be determined for
each specimen.

8.15.7.2 One or more helmet specimens failing this test shall
constitute failing performance.

8.16 Impact Resistance Test (Acceleration).

8.16.1 Application. This test shall be applied to complete
helmets.

8.16.2 Samples. Samples for conditioning shall be complete hel-
mets. Externally mounted faceshield/goggle components shall
be removed. Internally mounted faceshield/goggle components
shall be removed except where the internal faceshield is an inte-
gral part of the structural integrity of the helmet. Front holders,
which could interfere with the impacting of the helmet shell,
shall be removed. Mounting holes shall remain.

8.16.3 Specimens.

8.16.3.1 Three helmet specimens shall be tested for each
condition specified.

8.16.3.2 Specimens shall be conditioned for each environmen-
tal condition specified in 8.1.3, 8.1.4, 8.1.6, and 8.1.7 prior to
each impact.

8.16.3.3 When testing helmets following the conditioning en-
vironments specified in 8.1.3, 8.1.4, and 8.1.7, and the helmet
is returned to the conditioning environment before the time
the helmet is out of that conditioning environment exceeds 4
minutes, the helmet shall be kept in the conditioning environ-
ment for a minimum of 3 minutes before resumption of test-
ing with that helmet. When the time the helmet is out of the
conditioning environment exceeds 4 minutes, before resump-
tion of testing with that helmet, the helmet shall be returned
to the conditioning environment for a minimum of 3 minutes
for each minute, or portion of a minute, that the helmet re-
mained out of the conditioning environment in excess of 4
minutes, or for a maximum of 24 hours, whichever is less.

8.16.4 Apparatus.

8.16.4.1 An ISO size | headform conforming to the nominal
dimensions in Figure 8.16.4.1 shall be used. The ISO size | test
headform shall exhibit no resonant frequencies below 3000
Hz, and it shall be made of any low-resonance alloy, such as
magnesium K-1A.

RefeFence plan:a _ / o
T Basié plane—_/ ) )

Headform Size (mm) | X (mm) Y (mm)
A 500 24 90
B 540 26 96
J 570 27.5 102.5
M 600 29 107
O 620 30 110

FIGURE 8.16.4.1 Location of Reference Plane.

8.16.4.2 A drop assembly shall be used. The drop assembly
shall consist of the test headform, the accelerometer, and the
moving portion of the headform guidance assembly. The drop
assembly shall have a total mass of 5.17 kg + 0.18 kg (11.4 1b
+0.41b).

8.16.4.3 The guidance assembly shall comprise not more
than 20 percent of the total mass of the drop assembly.

8.16.4.4 The center of mass of the drop assembly shall lie within
a cone of 10 degrees included angle about the vertical, with the
apex at the point of the targeted impact over the center of the
test anvil.

8.16.4.5 A steel test anvil shall be used and shall have a smooth,
flat striking surface 125 mm = 15 mm (5 in. + 6 in.) in diameter.
The anvil shall be mounted securely on a steel plate at least
305 mm (1 ft) square and 25 mm (I in.) thick. The steel plate
shall be rigidly attached to and in intimate contact with a backup
mass of at least 540 kg (1200 1b). The backup mass shall be of
concrete or a rigid material of equal or greater density at least
0.185 m* (2 ft*).

8.16.4.6 An electronic acceleration measurement system with
the following minimum specifications shall be used:

(1) Range — 500 Gn

(2) Peak acceleration measurement — +2.5 percent accuracy
(3) Resonant frequency — 5000 Hz

(4) Accelerometer shock limit — 2000 Gn

(5) Resolution — 5 Gn

Y
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8.16.4.7 The system frequency response shall comply with
SAE J211, Instrumentation for Impact Test, Channel Frequency
Class 1000, specifications. The time duration of acceleration
levels shall be measured to within 0.2 millisecond.

8.16.4.8* The instrumentation shall be calibrated. The equip-
ment shall be checked for repeatability before and after each
test series by impacting a standardized elastomeric shock pad.
A minimum of three such impacts shall be recorded before
and after testing. If the post-test average readings of the three
impacts differ from the pre-test average by more than 5 per-
cent, the entire test series shall be discarded.

8.16.4.9 For calibration, the center of the reference anvil
shall be aligned within 3 mm (% in.) of the impact point on
the headform. The sensitive axis of the accelerometer shall be
aligned within 1 degree of vertical and shall be colinear within
3 mm (%4 in.), with the center of the reference anvil and the
impact point on the headform. The guide or guides shall be
vertical and, in the case of a double guide system, parallel to
within 6 mm per 3 m (Y4 in. per 10 ft) of length.

8.16.4.10 The test system shall be analyzed dynamically to
ensure that any mechanical resonance does not distort the
output data.

8.16.4.11 Prior to testing, the instrumentation shall be allowed
to warm up until stability is achieved.

8.16.4.12 Throughout calibration, verification, and testing,
the ambient temperature shall be 20°C to 28°C (68°F to 82°F),
and the relative humidity shall be 30 percent to 70 percent.

8.16.5 Procedure.

8.16.5.1 A conditioned specimen shall be positioned accord-
ing to the HPI as described in 8.1.14 on a headform and shall
be secured to the drop assembly by its retention system so as to
maintain this position during the test. Where the crown clear-
ance of the helmet is adjustable, the helmet shall be mounted
with the least amount of clearance. No part of the helmet shell
shall be cut away to accommodate the test system, and no part
of the test system other than the anvil shall contact the helmet
shell either as mounted or during an impact test. Where the
internal faceshield is an integral part of the structural integrity
of the helmet, the faceshield shall be deployed as far as pos-
sible without interfering with the test equipment.

8.16.5.2 The drop assembly with a helmet attached shall be
dropped from a height that yields an impact velocity within
2 percent of 6.0 m/sec (19.7 ft/sec). A means of verifying the
impact velocity within 2 percent for each impact shall be incor-
porated in the test system. The acceleration time duration val-
ues, peak acceleration, and impact velocity shall be recorded
for each test. Each helmet shall be environmentally condi-
tioned prior to each impact in each of the five impact areas
specified in Figure 8.1.6.1. Test series number 1 shall require
helmet specimens 5, 6, 8, and 10 to be impacted at the top,
front, rear, and side impact areas. Helmet front, rear, and side
targeted impact areas shall be at a distance of 63 mm, +13/
-0 mm (2% in., +0.5/-0 in.), above the test line as shown in
Figure 8.1.6.1. The headform with mounted helmet shall be
rotated such that the targeted helmet impact area is over the
center of the anvil.

8.16.5.3 The impact areas shall be as specified in Figure
8.1.6.1. The top, front, left, right, and rear of the helmet shall
be tested in this order. Each helmet test specimen shall be
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impacted in all five test areas. All five impacts shall occur on
the same helmet.

8.16.5.3.1 Reattachment of components is allowed between
impacts, but no broken components shall be replaced. The
helmet test specimen shall continue to be tested as long as the
specimen can be held on the test headform using existing
components as originally received.

8.16.5.4 The top impact area shall consist of a 30 mm (1.2 in.)
radius measured from a point located on the headform at the
junction of the coronal plane and midsagittal plane.

8.16.5.5 The front impact test area shall consist of an area
defined as extending forward on the headform from the front
vertical transverse plane to the test line.

8.16.5.6 The rear impact test area shall consist of an area
defined as extending backward on the headform from the
rear vertical transverse plane extending down to the test line.

8.16.5.7 The side test areas shall consist of the areas between
the top test area and test line extending from the rear vertical
transverse plane and the front vertical transverse plane.

8.16.5.8 Each conditioned specimen in a series shall be im-
pacted one on the top, front, left, right, and rear test areas of the
helmets as defined in Figure 8.1.6.1. Helmets shall be tested in
this order. At least one impact shall occur in each test area.

8.16.5.9* The initial point of contact of the helmet with the
anvil shall not occur on the brim of the helmet.

8.16.6 Report.

8.16.6.1 The results of each system verification shall be made
part of the test results for the specimens being tested.

8.16.6.2 The maximum acceleration, duration of accelera-
tion above 200 Gn, and duration of acceleration above 150 Gn
shall be recorded for each test.

8.16.7 Interpretation.

8.16.7.1 Pass or fail performance shall be determined for
each specimen. If the helmet test specimen cannot be held on
the test headform and impacted in all five locations, then this
shall be considered failing performance.

8.16.7.2 One or more helmet specimens failing this test shall
constitute failing performance.

8.17 Faceshield/Goggle Component Lens Impact Resistance
Test.

8.17.1 Application. This test shall apply to complete helmets.

8.17.2 Samples. Samples for conditioning shall be complete
helmets with faceshield component or goggle component.
Goggle samples shall be permitted to be complete goggle
components not attached to the helmet.

8.17.3 Specimens.

8.17.3.1 Where the manufacturer produces helmets with
faceshield components, a minimum of three complete faceshield
components shall be tested for each of the conditions specified
in8.17.3.3.

8.17.3.2 Where the manufacturer produces helmets with
goggle components, a minimum of three complete goggle



TEST METHODS

1971-67

components shall be tested for each of the conditions speci-
fied in 8.17.3.3.

8.17.3.3 Samples shall be preconditioned for each of the en-
vironmental conditions specified in 8.1.3, 8.1.4, 8.1.5, and
8.1.7.

8.17.3.4 When testing for the conditions specified in 8.1.3,
8.1.4, and 8.1.7 the faceshield/goggle component is returned
to the conditioning environment before the time out of that
conditioning environment exceeds 4 minutes, the faceshield/
goggle shall be kept in the conditioning environment for a
minimum of 3 minutes before resumption of testing with that
helmet. When the time out of the conditioning environment ex-
ceeds 4 minutes, the faceshield/goggle shall be returned to the
conditioning environment for a minimum of 3 minutes for each
minute or portion of a minute that the faceshield/goggle re-
mained out of the conditioning environment in excess of 4 min-
utes or for a maximum of 24 hours, whichever is less.

8.17.4 Test One, High Mass Impact.
8.17.4.1 Apparatus.

8.17.4.1.1 A facial feature headform as defined in 3.3.43 shall
be used to hold the protective device. It shall be rigidly mounted
in the horizontal position, face up, on a base that has a mass of
30 kg (66 1b) or greater. The static stiffness of the headform shall
be such that, when a vertical downward force of 20 kg (44 1b) is
applied to the forehead of the headform, the back of the head-
form shall not deflect more than 2 mm (V16 in.).

8.17.4.1.2 The missile shall have a 30 degree conical tip with
a1 mm (Y5 in.) radius, shall weigh 500 g (17.6 oz), and shall
have a diameter of 25 mm (1 in.). The missile shall be held in
position over the headform, tip down, at the designated test
height. The missile shall have a heat-treated steel tip.

8.17.4.1.3* The missile shall be dropped through a loose-
fitting guide tube having a smooth internal diameter.

8.17.4.2 Procedure.

8.17.4.2.1 Only one faceshield/goggle component shall be
tested at a time.

8.17.4.2.2 The helmet with faceshield/goggle component
deployed shall be positioned according to the HPI as de-
scribed in 8.1.14 on a headform. Where the crown clearance
of the helmet is adjustable, the helmet shall be mounted with
the most amount of clearance. Goggles shall be permitted to
be placed directly on the headform without being attached to
the helmet. The alignment shall be such that with the
faceshield/goggle component deployed, when the missile is
dropped, it points in line with one of the eyes of the headform.

8.17.4.2.3 The missile shall be dropped from a height of
1300 mm (51%s6 in.). At least four specimens shall be tested.

8.17.4.3 Report. The pass or fail result for each device shall be
recorded and reported.

8.17.5 Test Two, High Velocity Impact.
8.17.5.1 Apparatus.

8.17.5.1.1* The test apparatus shall consist of a device capable
of propelling a steel ball reproducible at the velocity desig-
nated at 76 m/sec (250 ft/sec). The device shall show a sample
standard deviation of not greater than 2 percent of 76 m/sec

(250 ft/sec) based on a test series of 30 shots. The velocity of
the steel ball shall be determined at a distance not greater
than 250 mm (10 in.) from point of impact. The projectiles
used in this test shall be 6 mm (¥ in.) diameter steel balls
weighing approximately 1.06 g (0.04 oz). These balls are dam-
aged during impact and shall be changed frequently to avoid
impacts at unexpected locations and large variations in velocity.

8.17.5.1.2 Afacial feature headform as defined in 3.3.43 shall
be used for mounting the helmet with faceshield/goggle com-
ponent. The headform shall be capable of being rotated on a
vertical axis through each corneal vertex in 15 degree incre-
ments, from a first position 15 degrees to the nasal side of
straight-ahead viewing out to 90 degrees temporally, given that
the headform is vertical such that the two eyes lie in a horizon-
tal reference plane. The headform shall be capable of being
raised 10 mm (0.394 in.) and lowered 10 mm (0.394 in.)
with respect to the horizontal plane to carry out testing at
the 90 degree angular position.

8.17.5.2 Procedure.

8.17.5.2.1 Only one faceshield/goggle component shall be
tested at a time.

8.17.5.2.2 The helmet with faceshield/goggle component
deployed shall be mounted to a facial feature headform as
defined in 3.3.43 in accordance with the HPI as described in
8.1.14. Where the crown clearance of the helmet is adjustable,
the helmet shall be mounted with the most amount of clear-
ance. Goggles shall be permitted to be placed directly on the
headform without being attached to the helmet.

8.17.5.2.3 The headform shall be adjusted so that the path
of the projectile passes through the center of the left eye. It
shall be then rotated to the first test position, which shall be
15 degrees to the nasal side. The faceshield/goggle compo-
nent shall then be impacted at the test velocity at 0 degrees,
45 degrees, and 90 degrees. The impacts at the 45 degree
and 90 degree positions shall be at either 10 mm (%5 in.)
above or 10 mm (%4 in.) below the plane of the eyes. Asingle
specimen or multiple specimens shall be permitted to be
used for the impact testing. At least one impact shall be
conducted on each specimen utilized.

8.17.5.2.4 The headform shall be adjusted so that the path
of the projectile passes through the center of the right eye.
It shall be then rotated to the first test position, which shall
be 15 degrees to the nasal side. The faceshield/goggle com-
ponent shall then be impacted at the test velocity at 0 de-
grees, at 45 degrees, and at 90 degrees. The impacts at the
45 degree and 90 degree positions shall be at either 10 mm
(Y5 in.) above or 10 mm (%% in.) below the plane of the eyes.
Assingle specimen or multiple specimens shall be permitted
to be used for the impact testing. At least one impact shall
be conducted on each specimen utilized.

8.17.6 Report. The pass or fail performance for each helmet
shall be recorded and reported.

8.17.7 Interpretation. One or more helmet specimens failing
this test shall constitute failing performance.

8.18 (Reserved).
8.19 Physical Penetration Resistance Test.

8.19.1 Application. This test method shall apply to protective
helmets.
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8.19.2 Samples. Samples for conditioning shall be complete
helmets. Externally mounted faceshield/goggle components
shall be removed. Internally mounted faceshield/goggle com-
ponents shall be removed except where the internal
faceshield is an integral part of the structural integrity of the
helmet. Front holders, which could interfere with the impact-
ing of the helmet shell, shall be removed. Mounting holes
shall remain.

8.19.3 Specimens.

8.19.3.1 Three helmet specimens shall be tested for each
condition as specified.

8.19.3.2 Specimens shall be conditioned for each environ-
mental condition specified in 8.1.3, 8.1.4, 8.1.5, 8.1.6, and
8.1.7 prior to each physical penetration.

8.19.3.3 When testing helmets following the conditioning envi-
ronments specified in 8.1.3, 8.1.4, and 8.1.7, and the helmet is
returned to the conditioning environment before the time the
helmet is out of that conditioning environment exceeds 4 min-
utes, the helmet shall be kept in the conditioning environment
for a minimum of 3 minutes before resumption of testing with
that helmet. When the time the helmet is out of the conditioning
environment exceeds 4 minutes, before resumption of testing
with that helmet, the helmet shall be returned to the condition-
ing environment for a minimum of 3 minutes for each minute,
or portion of a minute, that the helmet remained out of the en-
vironment in excess of 4 minutes, or for a maximum of 24 hours,
whichever is less.

8.19.4 Apparatus.

8.19.4.1 The ISO size | headform shall conform to the nomi-
nal dimensions in Figure 8.16.4.1. Above the test line, it shall
have an electrically conductive surface that is electrically con-
nected to the contact indicator.

8.19.4.2 The penetration striker shall have a mass of 1 kg,
+0.02/-0.0 kg (2.2 1b, +0.01/-0.0 1b). The point of the striker
shall be a cone with an included angle of 60 degrees + 0.5 degree,
a height of 38 mm (1% in.), and a tip radius of 0.5 mm + 0.1 mm
(0.020 in. = 0.004 in.). The hardness of the striking tip shall be
Rockwell Scale C-60, minimum. The penetration striker shall be
electrically connected to the contact indicator.

8.19.4.3 The contact indicator shall indicate when electrical
contact has been made between the penetration striker and
the conductive surface of the test headform. The contact indi-
cator shall have a response time of less than 0.5 second.

8.19.4.4 The test shall be conducted at an ambient tempera-
ture of 20°C to 28°C (68°F to 82°F), and the relative humidity
shall be 30 percent to 70 percent.

8.19.5 Procedure.

8.19.5.1 The environmentally conditioned helmet shall be
positioned according to the HPI, as described in 8.1.14, on the
test headform and secured by the helmet retention system or
by other means that will not interfere with the test. Where the
crown clearance of the helmet is adjustable, the helmet shall
be mounted with the least amount of clearance. The helmet
shall be positioned so that the penetration striker shall impact
perpendicular to the helmet anywhere above the test line.
Where the internal faceshield is an integral part of the struc-
tural integrity of the helmet, the faceshield shall be deployed
as far as possible without interfering with the test equipment.
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The impact site shall be at least 75 mm (3 in.) from the center
of a previous penetration or impact site.

8.19.5.2 The drop height of the penetration striker shall be
adjusted so that the velocity at impact is at 7m/sec+0.1 m/sec
(23 ft/sec £ 0.5 ft/sec). A total of two penetration tests for each
of the five environmental conditions specified in 8.1.3, 8.1.4,
8.1.5, 8.1.6, and 8.1.7 shall be conducted in such a manner
that at least one penetration test shall be performed in each of
the test areas defined in Figure 8.1.6.1. The helmet shall be
environmentally conditioned prior to each penetration test. A
minimum of two penetration test blows shall be applied at
different test areas on each helmet.

8.19.6 Report. The pass or fail result for each helmet shall be
recorded and reported.

8.19.7 Interpretation. One or more helmet specimens failing
this test shall constitute failing performance.

8.20 Puncture Resistance Test.

8.20.1 Application. This test method shall apply to protective
gloves and footwear uppers.

8.20.2 Samples. Samples for conditioning shall be complete
gloves, glove composite pouches, or footwear upper sections.

8.20.3 Specimens.

8.20.3.1 A minimum of three specimens measuring at least
150 mm (6 in.) square shall be tested.

8.20.3.2 Specimens shall be tested after conditioning as speci-
fied in 8.1.3.

8.20.4 Procedure. Specimens shall be tested in accordance
with ASTM F 1342, Standard Test Method for Protective Clothing
Material Resistance to Puncture, Test Method A.

8.20.5 Report.

8.20.5.1 The puncture force in N (Ibf) shall be recorded and
reported for each puncture on each specimen.

8.20.5.2 The average puncture force in N (Ibf) shall be re-
corded and reported for all specimens tested.

8.20.6 Interpretation. The average puncture force shall be
used to determine pass or fail performance.

8.20.7 Specific Requirements for Testing Gloves.

8.20.7.1 Specimens shall be representative of each glove body
composite construction. All variations in composite construction
and the order of layering of composite materials shall constitute
anew composite and shall be tested separately. Where a compos-
ite is identical to another composite except for additional re-
inforcement layer(s), the composite with no reinforcement
layers shall be representative of the composite with reinforce-
ment layer(s). Specimens shall not include seams except in
the following cases:

(1) Ridged areas or similar where stitching is used to create
specific performance characteristics rather than for glove
assembly

(2) When there are size constraints of a material, making it
necessary to allow stitching in order to create the sample
size required

8.20.7.1.1 Stitching shall be of the same type as is used in the
actual glove construction.
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8.20.7.2 For glove body composites, samples for conditioning
shall be in the form of a pouch as described in 8.1.15.

8.20.7.3 Glove specimens shall also be tested after wet condi-
tioning as specified in 8.1.8.

8.20.7.4 Testing shall be performed as specified in 8.20.2
through 8.20.6.

8.20.8 Specific Requirements for Testing Footwear Uppers.

8.20.8.1 Specimens shall consist of each composite of the foot-
wear upper used in the actual footwear construction, including
the tongue but excluding the gusset, with the layers arranged in
proper order. Where a composite is identical to another compos-
ite except for additional reinforcement layer(s), the composite
with no reinforcement layers shall be tested.

8.20.8.2 Testing shall be performed as specified in 8.20.2
through 8.20.6.

8.21 Cut Resistance Test.
8.21.1 Application.

8.21.1.1 This test method shall apply to glove body, glove
interface component, and footwear upper materials.

8.21.1.2 This test method shall also apply to the CBRN bar-
rier layer used in protective elements when the CBRN barrier
layer is the external layer.

8.21.1.3 Modifications to this test method for evaluation of
glove body composites shall be as specified in 8.21.7.

8.21.1.4 Modifications to this test method for evaluation of
glove interface components other than wristlets shall be as
specified in 8.21.9.

8.21.1.5 Modifications to this test method for evaluation of
wristlet glove interface components shall be as specified in
8.21.10.

8.21.1.6 Modifications to this test method for evaluation of
footwear upper materials shall be as specified in 8.21.8.

8.21.1.7 Modifications to this test method for the evaluation
of external CBRN barrier layers shall be as specified in 8.21.11.

8.21.2 Samples.

8.21.2.1 Glove body and glove interface component material
samples shall be conditioned as specified in 8.1.11.

8.21.2.2 Glove wristlet and CBRN barrier material samples
shall be conditioned as specified in 8.1.2.

8.21.2.3 Footwear upper material samples shall be condi-
tioned as specified in 8.1.3.

8.21.3 Specimens. A minimum of three specimens, consisting
of all layers, shall be tested.

8.21.4 Procedure. Specimens shall be evaluated in accordance
with ASTM F 1790, Standard Test Methods for Measuring Cut Resis-
tance of Materials Used in Protective Clothing, with the modification
that specimens shall be tested to a specific load with the measure-
ment of cut distance.

8.21.5 Report.

8.21.5.1 The distance of blade travel shall be recorded and re-
ported to the nearest 1 mm (%4 in.) for each sample specimen.

8.21.5.2 The average distance of blade travel in mm (in.)
shall be recorded and reported for all specimens tested.

8.21.6 Interpretation. The average blade travel distance shall
be used to determine pass or fail performance.

8.21.7 Specific Requirements for Testing Glove Body Com-
posites.

8.21.7.1 Samples for conditioning shall be glove body com-
posite pouches as specified in 8.21.7.3.

8.21.7.2 Specimens shall be representative of each glove body
composite construction. All variations in composite construction
and the order of layering of composite materials shall constitute
anew composite and shall be tested separately. Where a compos-
ite is identical to another composite except for additional rein-
forcement layer(s), the composite with no reinforcement layers
shall be representative of the composite with reinforcement lay-
er(s). Stitching shall be of the same type as is used in the actual
glove construction.

8.21.7.3 For glove body composites, samples for conditioning
shall be in the form of a pouch as described in 8.1.15.

8.21.7.4 After conditioning, the pouch and necessary stitch-
ing shall be cut to form 50 mm x 100 mm (2 in. x 4 in.) speci-
mens for testing.

8.21.7.5 The swatch shall be permitted to be left stitched,
restitched, or otherwise held together at the ends of the
swatch for placement on the test apparatus. No stitching or
binding mechanism shall be used in the test area exceptin the
following cases:

(1) Ridged areas or similar where stitching is used to create
specific performance characteristics rather than for glove
assembly

(2) When there are size constraints of a material making it
necessary to allow stitching in order to create the sample
size required

8.21.7.5.1 Stitching shall be of the same type as is used in the
actual glove construction.

8.21.7.6 Cut resistance testing shall be performed under a
load of 300 g.

8.21.8 Specific Requirements for Testing Footwear Upper
Materials.

8.21.8.1 Samples for conditioning shall be footwear uppers.

8.21.8.2 Specimens shall consist of each composite of footwear
upper used in the actual footwear construction, including the
tongue but excluding the gusset, with the layers arranged in
proper order. Where a composite is identical to another compos-
ite except for additional reinforcement layer(s), the composite
with no reinforcement layers shall be tested.

8.21.8.3 Cut resistance testing shall be performed under a
load of 800 g.

8.21.9 Specific Requirements for Testing Glove Interface
Components Other Than Wristlet Composites.

8.21.9.1 Samples for conditioning shall be glove interface
component composite swatches as specified in 8.21.9.3.

8.21.9.2 Specimens shall be representative of each glove inter-
face composite construction. All variations in composite con-
struction and the order of layering of composite materials shall
constitute a new composite and shall be tested separately. Where
a composite is identical to another composite except for addi-
tional reinforcement layer(s), the composite with no reinforce-
ment layers shall be representative of the composite with rein-
forcement layer(s). Stitching shall be of the same type as is used
in the actual glove construction.
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8.21.9.3 For glove interface component composites, samples
for conditioning shall be in the form of a pouch as described
in 8.1.15.

8.21.9.4 After conditioning, the stitching shall be cut to form
50 mm x 100 mm (2 in. x 4 in.) specimens for testing.

8.21.9.5 The swatch shall be permitted to be left stitched,
restitched, or otherwise held together at the ends of the
swatch for placement on the test apparatus.

8.21.9.6 No stitching or binding mechanism shall be used in
the test area except in the following cases:

(1) Ridged areas or similar where stitching is used to create
specific performance characteristics rather than for glove
assembly

(2) When there are size constraints of a material making it
necessary to allow stitching in order to create the sample
size required.

8.21.9.6.1 Stitching shall be of the same type as is used in the
actual glove construction.

8.21.9.7 Cut resistance testing shall be performed under a
load of 300 g.

8.21.10 Specific Requirements for Testing Wristlet Glove In-
terface Components.

8.21.10.1 Samples for conditioning shall be wristlet glove inter-
face component composite swatches as specified in 8.21.10.3.

8.21.10.2 Specimens shall be representative of the wristlet
glove interface component composite construction.

8.21.10.3 For wristlet glove interface component composites,
samples for conditioning shall include wristlet material.

8.21.10.4 After conditioning, the material shall be cut to
form 50 mm x 100 mm (2 in. x 4 in.) specimens for testing.
Specimens shall not include seams where multiple layers are
involved.

8.21.10.5 The swatch shall be permitted to stitched, or other-
wise held together at the ends of the swatch for placement on
the test apparatus.

8.21.10.6 No stitching or binding mechanism shall be used in
the test area.

8.21.10.7 Cut resistance testing shall be performed under a
load of 300 g.

8.21.11 Specific Requirements for Testing CBRN Barrier
Layers.

8.21.11.1 Specimens shall consist of only the CBRN barrier
layer material, as specified by the manufacturer.

8.21.11.2 Cut resistance testing shall be performed under a
load of 200 g.

8.22 Faceshield/Goggle Component Lens Scratch Resistance
Test.

8.22.1 Application. This test method shall apply to faceshield/
goggle component lenses.

8.22.2 Samples.

8.22.2.1 Samples for conditioning shall be faceshield/goggle
component lenses.

8.22.2.2 Samples shall be conditioned as specified in 8.1.3.

\
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8.22.3 Specimens.

8.22.3.1 A minimum of four faceshield/goggle component
lenses shall be selected.

8.22.3.2 Seven specimens shall be chosen from a minimum
of four lenses. Four specimens shall be taken from the left
viewing area and three specimens shall be taken from the
right viewing area. One of the four specimens taken from the
left viewing area shall be the setup sample.

8.22.3.3 The left viewing area test specimens shall include all
of the following criteria:

(1) The specimen shall be a square measuring 50 mm x 50 mm
(2in. x 21in.).

(2) Two edges of the square section shall be parallel within +2
degrees of the axis of the cylinder or cone in the center of
the specimen.

(3) The specimen shall be taken from the left side of the
faceshield/goggle component lens and shall, as a mini-
mum, contain that portion of the lens that is directly in
front of the pupil of the left eye as defined by positioning
the helmet with a faceshield/goggle component de-
ployed according to the HPI as described in 8.1.14 on a
facial feature headform as defined in 3.3.43.

8.22.3.4 The right viewing area test specimens shall include
all of the following criteria:

(1) The specimen shall be a square measuring 50 mm x 50 mm
(2in. x 21in.).

(2) Two edges of the square section shall be parallel within +2
degrees of the axis of the cylinder or cone in the center of
the specimen.

(3) The specimen shall be taken from the right side of the
faceshield/goggle component lens and shall, as a mini-
mum, contain that portion of the lens that is directly in
front of the pupil of the right eye as defined by position-
ing the helmet with a faceshield/goggle component de-
ployed according to the HPI as described in 8.1.14 on a
facial feture headform as defined in 3.3.43.

8.22.3.5 Each of the specimens shall be cleaned in the follow-
ing manner:

(1) The specimen shall be rinsed with clean tap water.

(2) The specimen shall be washed with a solution of non-
ionic, low-phosphate detergent and water using a clean,
soft gauze pad.

The specimen shall be rinsed with clean tap water.

The specimen shall be blown dry with filtered compressed
air or nitrogen.

—_~
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8.22.4 Apparatus.

8.22.4.1 The faceshield/goggle componentlens scratch test ap-
paratus shall be constructed in accordance with Figure 8.22.4.1.

8.22.4.2 The specimen holder shall be configured with a flat
surface under the lens or with an inner radius support.

8.22.4.3 The pad holder shall consist of a cylinder 10 mm
(% in.) high and 25 mm (1 in.) in diameter with a radius of
curvature equal to the radius of curvature of the outside of the
lens in the viewing area +0.25 diopter. This cylinder shall be rig-
idly affixed to the stroking arm by a No. 10-32 UNF threaded rod.
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FIGURE 8.22.4.1 Faceshield/Goggle Component Lens Test Apparatus.

8.22.4.4 The pad shall be a Blue Streak M306M or equivalent
wool felt polishing pad 30 mm (1%6 in.) in diameter.

8.22.4.5 The abrasive disc shall be made from 3M Part No.
7415, Wood Finishing Pad or equivalent. A disc 25 mm (1 in.)
in diameter shall be cut from the abrasive sheet.

8.22.5 Procedure.

8.22.5.1 The haze of the specimen shall be measured using a
haze meter in accordance with ASTM D 1003, Standard Test
Method for Haze and Luminous Transmittance of Transparent Plas-
tics, and shall be recorded as follows:

(1) The haze shall be measured in the center of the sample
+1.6 mm (+%i6 in.).

(2) The specimen shall be repositioned to achieve the maxi-
mum haze value within the area specified in 8.22.5.1(1).

(3) The haze meter shall have a specified aperture of 22.3 mm
(0.88 in.).

(4) The haze meter shall have a visual display showing 0.1 per-
cent resolution.

(5) The haze meter shall be calibrated before and after each
day’s use following the procedures outlined in ASTM D
1003, Standard Test Method for Haze and Luminous Transmit-
tance of Transparent Plastics.

8.22.5.2 The setup sample shall be placed cover side up in
the test apparatus specimen holder.

8.22.5.3 The pad holder, pad, and abrasive disc shall be in-
stalled on the stroking arm. The stroking arm shall be leveled
to +3 degrees by adjusting the threaded pin. The pin shall be
secured to prevent rotation of the pad holder. The axis of
curvature of the pad holder shall be coincident with the axis of
curvature of the lens.

8.22.5.4 The stroking arm shall be counterbalanced with the
pad holder, pad, and abrasive disc in place.

8.22.5.5 The setup sample shall be replaced with one of the
six specimens to be tested.

8.22.5.6 A test weight of 1 kg + 8 g (2.2 1b = 0.2 oz), shall be
installed on the pin above the test specimen.

8.22.5.7 The test shall be run for 200 cycles, +1 cycle. One cycle
shall consist of a complete revolution of the eccentric wheel.

8.22.5.8 The length of stroke shall be 14 mm (!%z in.), produc-
ing a pattern 38 mm (1% in.) long. The frequency of the stroke
shall be 60 cycles/min = 1 cycle/min. The center of the stroke
shall be within 1.6 mm (%16 in.) of the center of the sample.

8.22.5.9 The specimen shall be removed and cleaned follow-
ing the procedure specified in 8.22.3.5. The abrasive disc shall
be discarded.

8.22.5.10 The testing steps specified in 8.22.5 shall be repeated
five additional times with a new specimen and abrasive disc.

(3]
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FIGURE 8.22.4.1 Continued

8.22.6 Report.

8.22.6.1 After each of the six specimens have been tested and
cleaned, the haze of the specimen shall be measured following
the procedure specified in 8.22.5.1, recorded, and reported.

8.22.6.2 The delta haze shall be calculated by subtracting the

initial haze measurement from the final haze measurement.
8.22.7 Interpretation.
8.22.7.1 The six delta haze values shall be averaged.

8.22.7.2 The resultant value shall be compared to the value
specified in 7.5.3 to determine pass or fail performance.

8.23 Abrasion Resistance Test.

8.23.1 Application. This test method shall apply to protective
footwear soles with heels.

8.23.2 Samples.

8.23.2.1 Samples for conditioning shall be uniform cylinders
of footwear soles and heel material.

8.23.2.2 Samples shall be conditioned as specified in 8.1.3.

8.23.3 Specimens. A minimum of three specimens of the foot-
wear soles and heel materials shall be tested.

8.23.4 Procedure. Abrasion resistance tests shall be per-
formed in accordance with ISO 4649, Rubber, vulcanized or ther-
moplastic — Delermination of abrasion resistance using a rotating
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oylindrical drum device, Method A, with a vertical force of 10 N
over an abrasion distance of 40 m.

8.23.5 Report. The relative volume loss of each specimen
shall be recorded and reported.

8.23.6 Interpretation. One or more footwear specimens fail-
ing this test shall constitute failing performance.

8.24 Cleaning Shrinkage Resistance Test.
8.24.1 Application.

8.24.1.1 This test method shall apply to the protective gar-
ment outer shell, moisture barrier, thermal barrier, winter
liner, wristlet, bootie material where present, and protective
hoods.

8.24.1.2 Modifications to this test method for testing woven
textile materials shall be as specified in 8.24.7.

8.24.1.3 Modifications to this test method for testing knit and
stretch woven materials shall be as specified in 8.24.8.

8.24.1.4 Modifications to this test method for testing hoods
shall be as specified in 8.24.9.

8.24.2 Samples. Samples shall be conditioned as specified in
8.1.3.

8.24.3 Specimens. Cleaning shrinkage resistance testing shall be
conducted on three specimens of each material, and each sepa-
rable layer of a composite material shall be tested separately.
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8.24.4 Procedure.

8.24.4.1 Specimens shall be tested using five cycles of Ma-
chine Cycle 1, Wash Temperature V, and Drying Procedure Ai
of AATCC 135, Dimensional Changes in Automatic Home Launder-
ing of Woven and Knit Fabrics.

8.24.4.2 A1.8kg+0.1kg (4.01b+0.21b), load shall be used.
Alaundry bag shall not be used.

8.24.4.3 Specimen marking and measurements shall be con-
ducted in accordance with the procedure specified in AATCC
135, Dimensional Changes in Automatic Home Laundering of Woven
and Knit Fabrics.

8.24.4.4 Knit specimens shall be pulled to original dimen-
sions and shall be allowed to relax for 1 minute prior to mea-
surement.

8.24.5 Report.

8.24.5.1 The percent change in the width and length dimen-
sions of each specimen shall be calculated.

8.24.5.2 Results shall be recorded and reported as the aver-
age of all three specimens in each dimension.

8.24.6 Interpretation.

8.24.6.1 The average percent change in both dimensions
shall be used to determine pass or fail performance.

8.24.6.2 Failure of either dimension shall constitute failure
for the entire sample.

8.24.7 Specific Requirements for Testing Woven Textile Ma-
terials.

8.24.7.1 Each specimen shall be 380 mm x 380 mm + 13 mm
(15 in. x 15 in. + %% in.), and shall be cut from the fabric to be
utilized in the construction of the clothing item.

8.24.7.2 Samples for conditioning shall be at least 1 m (1 yd)
square of each material.

8.24.7.3 Testing shall be performed as specified in 8.24.2
through 8.24.6.

8.24.8 Specific Requirements for Testing Knit and Stretch
Woven Textile Materials.

8.24.8.1 Other than for wristlets, the dimensions of each
specimen shall be 380 mm x 380 mm + 13 mm (15 in. x 15 in.
+ ¥ in.), and shall be cut from the fabric to be utilized in the
construction of the clothing item.

8.24.8.2 The dimensions of wristlet specimens shall be
113 mm x 113 mm + 13 mm (4% in. x 4% in. + Y2 in.), and shall
be cut from the wristlet fabric.

8.24.8.3 Samples for conditioning shall include material that
is at least 50 mm (2 in.) larger in each of the two required
specimen dimensions.

8.24.8.4 Testing shall be performed as specified in 8.24.2
through 8.24.6.

8.24.9 Specific Requirements for Testing Hoods.

8.24.9.1 Samples for conditioning shall include complete
hoods with labels.

8.24.9.2 Specimens for testing shall be complete hoods with
labels. A total of three specimens shall be tested.

8.24.9.3 Specimens shall be donned on a nonconductive test
headform specified in Figure 8.6.12.3. The dimensions of the
face opening shall be measured as specified in 8.46.4.2. Measure-
ments shall also be made at the back and both sides of the hood
from the top of the hood to the basic plane. The location of the
basic plane on the hood shall be marked at each location.

8.24.9.4 Following their measurement and marking, speci-
mens shall be laundered as specified in 8.24.4.1 and 8.24.4.2.

8.24.9.5 After washing, each specimen shall be donned on a
nonconductive test headform specified in Figure 8.6.12.3.
Knit specimens shall be pulled to original dimensions and
shall be allowed to relax for 1 minute prior to measurement.
The dimensions of the face opening shall be measured as
specified in 8.46.4.2 or 8.46.5.7. Measurements shall also be
made from the top of the hood to the marks at the back and
both sides of the hood.

8.24.9.6 Each hood face opening dimension before and after
laundering shall be recorded and reported.

8.24.9.7 The percent difference of the hood face opening
dimensions before and after laundering shall be determined.
The average difference of all hood face opening dimensions
shall be calculated and reported.

8.24.9.8 Pass or fail performance shall be based on failure in
any one dimension for distances between the top of the hood
and the marks along the basic plane, and on the average dif-
ference of the hood face opening dimensions.

8.24.9.9 Each of the three dimensions from the top of the
hood to the marks along the basic plane before and after laun-
dering shall be recorded and reported.

8.24.9.10 The percent shrinkage of each hood face opening
shall be calculated, recorded, and reported.

8.24.9.11 The percent shrinkage of each of the three dimen-
sions from the top of the hood to the marks along the basic
plane shall be calculated, recorded, and reported.

8.24.9.12 The average percent shrinkage of all hood face
opening dimensions for each specimen shall be calculated,
recorded, and reported.

8.24.9.13 The average percent shrinkage of the three dimen-
sions from the top of the hood to the marks along the basic
plane for each specimen shall be calculated, recorded, and
reported.

8.24.9.14 Pass or fail performance shall be based on the aver-
age percent shrinkage of the hood face opening dimensions
and the average percent shrinkage of the three dimensions
from the top of the hood to the marks along the basic plane
for each specimen. One or more hood specimens failing this
test shall constitute failing performance.

8.25 Water Absorption Resistance Test.

8.25.1 Application. This test method shall apply to the protec-
tive garment outer shell and collar lining materials.

8.25.2 Samples. Samples for conditioning shall be at least 1 m
(1 yd) square of each material.

Y
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8.25.3 Specimens.

8.25.3.1 Three specimens of outer shell material and collar
lining material measuring at least 200 mm x 200 mm (8 in.
x 8 in.) shall be tested separately for water absorption.

8.25.3.2 Specimens shall be tested after being subjected to
the procedure specified in 8.1.2.

8.25.4 Apparatus. The test apparatus shall be as specified in
AATCC 42, Test Method for Water Resistance: Impact Penelration
Test, with the following modifications:

(1) A metal roller approximately 115 mm (4% in.) long and
weighing 1 kg (24 1b) shall be used.

(2) Metal embroidery hoops, measuring 150 mm to 180 mm
(6 in. to 7 in.) in diameter shall be used for mounting the
specimen.

8.25.5 Procedure.

8.25.5.1 The conditioned specimen shall be securely mounted
in the metal embroidery hoop with sufficient tension to ensure a
uniformly smooth surface.

8.25.5.2 The direction of the flow of water down the speci-
men shall coincide with the warp wise direction of the speci-
men as placed on the stand.

8.25.5.3 The mounted specimen shall be placed on the block
with the center of the specimen directly beneath the center of
the nozzle and the plane of the surface of the specimen at a
45 degree angle with the horizontal.

8.25.5.4 A 500 ml volume of distilled water at a temperature
of 27°C + 1°C (80°F + 2°F), shall be poured quickly into the
funnel and allowed to spray onto the specimen. For collar
lining materials, the exposure surface shall be the surface of
the fabric that is next to the skin when the collar is closed in
the raised position.

8.25.5.5 The following operations shall then be executed as
rapidly as possible:

(1) The specimen shall be removed from the hoops and
placed between sheets of blotting paper on a flat horizon-
tal surface. The metal roller shall be rolled quickly for-
ward and back one time over the paper without applica-
tion of any pressure other than the weight of the roller.

(2) Asquare 100 mm x 100 mm (4 in. x 4 in.) shall be cut out
of the center of the wet portion of the specimen and
weighed to the nearest 0.05 g. This weight shall be desig-
nated as the “wet weight.” Not more than 30 seconds shall
elapse between the time the water has ceased flowing
through the spray nozzle and the start of the weighing.

(3) The same 100 mm (4 in.) square shall be conditioned as
specified in 6.1.3 until it has dried and reached moisture
equilibrium with the surrounding standard atmosphere for
textiles. Following this conditioning it shall be reweighed.
This weight shall be designated as the “dry weight.”

8.25.5.6 The percent water absorption (PWA) shall be calcu-
lated using the following equation:

PWA = [(Wet Weight — Dry Weight ) / (Dry Weight)]x100
8.25.6 Report.

8.25.6.1 The percent water absorbed for each specimen shall
be recorded and reported.
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8.25.6.2 The average percent water absorption shall be calcu-
lated, reported, and recorded.

8.25.7 Interpretation. The average percent water absorption
shall be used for determining pass or fail performance.

8.26 Water Penetration Resistance Test.

8.26.1 Application. This test method shall apply to moisture
barrier materials, the CBRN barrier layer in garments, and
booties where present.

8.26.2 Samples.

8.26.2.1 Samples for conditioning shall be at least 1 m (1 yd)
square.

8.26.2.2 Samples for the conditioning specified in 8.1.5 shall
be 150 mm (6 in.) squares cut from a sample subjected to the
procedures specified in 8.1.2 and 8.1.3.

8.26.3 Specimens.

8.26.3.1 A minimum of five specimens of moisture barrier
material shall be tested for each sequence of conditioning.

8.26.3.2 Specimens shall be tested after being subjected to
the procedure specified in 8.1.3.

8.26.3.3 Specimens shall also be tested after conditioning as
specified in 8.1.2, followed by 8.1.3, followed by 8.1.5.

8.26.4 Procedure.

8.26.4.1 Specimens shall be tested at 172 kPa (25 psi) in ac-
cordance with Method 5512, Water Resistance of Coated Cloth;
High Range, Hydrostatic Pressure Method, of Federal Test Method
Standard 191A, Textile Test Methods.

8.26.4.2 The surface of the material toward the exterior of
the garment as worn shall be exposed to the water challenge.

8.26.4.3 There shall be no placement of a restraining cloth
over the test specimen during the hydrostatic exposure.

8.26.5 Report. The pass or fail performance for each speci-
men shall be recorded and reported.

8.26.6 Interpretation.
8.26.6.1 The appearance of any water shall constitute failure.

8.26.6.2 One or more test failures of any specimen against
any liquid shall constitute failure of the material.

8.27 Liquid Penetration Resistance Test.
8.27.1 Application.

8.27.1.1 This test method shall apply to garment moisture
barrier materials and moisture barrier seams, shroud moisture
barrier materials and moisture barrier seams, footwear mois-
ture barrier materials and moisture barrier seams, bootie mois-
ture barrier materials and moisture barrier seams where present,
glove moisture barrier materials and moisture barrier seams, and
the CBRN barrier layer in garments, gloves, and footwear.

8.27.1.2 Modifications to this test method for testing garment
moisture barrier materials and moisture barrier seams, bootie
moisture barrier materials and moisture barrier seams where
present, and garment CBRN barrier layer and seams shall be as
specified in 8.27.7.
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8.27.1.3 Modifications to this test method for testing glove
moisture barrier materials and moisture barrier seams shall be
as specified in 8.27.8.

8.27.1.4 Modifications to this test method for testing foot-
wear shall be as specified in 8.27.9.

8.27.2 Samples. Samples for conditioning shall be as specified
in 8.27.7.1 for moisture barriers and moisture barrier seams,
8.27.8.2 for glove materials, and 8.27.9.1 for footwear materials.

8.27.3 Specimens.

8.27.3.1 A minimum of three specimens shall be tested for
each material type.

8.27.3.2 Glove specimens shall be tested after being sub-
jected to the procedure specified in 8.1.11.

8.27.3.3 Glove and footwear specimens to be tested shall be
conditioned as specified in 8.1.3.

8.27.3.4 Glove and footwear specimens to be tested shall
then be conditioned as specified in 8.1.5.

8.27.3.5 Moisture barrier materials and moisture barrier
seam specimens shall be tested after being twice subjected to
the following conditioning:

(1) Specimens shall first be subjected to the procedure speci-
fied in 8.1.2.

(2) Specimens shall then be conditioned as specified in 8.1.3.

(3) Specimens shall then be conditioned as specified in 8.1.5.

(4) Specimens shall then be conditioned at a temperature of
21°C = 3°C (70°F = 5°F), and at a relative humidity of
65 percent + 5 percent, for at least 4 hours.

8.27.4 Procedure.

8.27.4.1 Liquid penetration resistance testing shall be con-
ducted in accordance with ASTM F 903, Standard Test Method
for Resistance of Protective Clothing Materials to Penetration by Lig-
uids, using exposure Procedure C.

8.27.4.2 FEach of the following liquids shall be tested sepa-
rately against each test specimen:

(1) Aqueous film-forming foam (AFFF), 3 percent concentrate

(2) Battery acid (37 percent by weight sulfuric acid to water)

(3) Fire-resistant hydraulic fluid, phosphate ester base

(4) Surrogate gasoline fuel C as defined in ASTM D 471, Stan-
dard Test Method for Rubber Property-Lffect of Liquids, a 50/
50 percent by volume of toluene and iso-octane

(5) Swimming pool chlorinating chemical containing at least
65 percentfree chlorine (saturated solution)

8.27.4.3 The normal outer surface of the material shall be
exposed to the liquid as oriented in the clothing item.

8.27.5 Report. The pass or fail performance for each speci-
men shall be recorded and reported.

8.27.6 Interpretation. One or more test failures of any speci-
men against any liquid shall constitute failure of the material.

8.27.7 Specific Requirements for Testing Moisture Barrier
Materials and Moisture Barrier Seams.

8.27.7.1 Samples for conditioning shall be at least 380 mm
(15 in.) square and shall consist of a composite constructed
using a layer of 7.5 0z/yd” woven 93 percent meta-aramid,
5 percent para-aramid, 2 percent antistat fiber, the moisture

barrier, a layer of 3.8 oz/yd2 + 0.3 oz/yd2 aramid needle
punched nonwoven, quilted to 3.4 oz/yd2 +0.2 oz/yd2 aramic
woven plain weave thermal barrier material, and another layer
of 7.5 oz/yd* woven 93 percent meta-aramid, 5 percent para-
aramid, 2 percent antistat fiber. Where the sample includes
the seam, the moisture barrier layer shall be constructed with
a center seam that shall extend across the entire 380 mm
(15 in.) width of the specimen. The four-layer composite shall
be stitched around the entire periphery.

8.27.7.1.1 Where the layer intended to be the moisture barrier
is configured of a composite that includes outer shell, moisture
barrier, or thermal barrier combinations, the samples to be pre-
conditioned shall be constructed using those materials.

8.27.7.2 The moisture barrier layer shall be removed from the
four-layer composite samples after all preconditioning has been
completed and shall become the moisture barrier specimen.

8.27.7.2.1 Where the moisture barrier is configured as indi-
cated in 8.27.7.1.1, specimens shall be permitted to be a com-
posite of layers provided that the layer intended to be the
moisture barrier is visible in the test cell, and provided that the
specimen was pre-conditioned according to 8.27.7.1.1.

8.27.7.3 Testing shall be performed as specified in 8.27.3
through 8.27.6.

8.27.8 Specific Requirements for Testing Glove Moisture Bar-
rier Materials and Moisture Barrier Seams.

8.27.8.1 Specimens shall be representative of the glove mois-
ture barrier and moisture barrier seams. Three specimens
shall be tested.

8.27.8.2 Samples for conditioning shall be in the form of a
pouch as described in 8.1.15.

8.27.8.3 The glove moisture barrier layers shall be removed
from the multilayer composite samples after all precondition-
ing has been completed and shall become the glove barrier
test specimen.

8.27.8.4 Specimens for testing shall be the barrier layer only.

8.27.8.5 Testing shall be performed as specified in 8.27.2
through 8.27.6.

8.27.8.6 Where the moisture barrier material is continuous
through the glove body, only the barrier seams shall be tested.
The test cell shall include both the moisture barrier material
and the moisture barrier seam. The seam shall be located in
the approximate center of the test cell.

8.27.9 Specific Requirements for Testing Footwear Materials.

8.27.9.1 Samples for conditioning shall be whole footwear or
footwear composite swatches. Footwear composite swatches
shall be representative of the footwear construction.

8.27.9.2 Three specimens shall be representative of the mois-
ture barrier, and three specimens shall be representative of
each type of moisture barrier seam.

8.27.9.3 Testing shall be performed as described in 8.27.2
through 8.27.6.

8.27.9.4 Specimens for testing shall be the barrier layer only.
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8.28 Viral Penetration Resistance Test.
8.28.1 Application.

8.28.1.1 This test method shall apply to garment moisture bar-
rier materials and moisture barrier seams, shroud moisture bar-
rier materials and moisture barrier seams, footwear moisture bar-
rier materials and moisture barrier seams, bootie moisture
barrier materials and moisture barrier seams where present,
glove moisture barrier materials and moisture barrier seams, and
the CBRN barrier layer in garments, gloves, and footwear.

8.28.1.2 Modifications to this test method for testing mois-
ture barrier materials and moisture barrier seams, bootie
moisture barrier materials and moisture barrier seams where
present, and garment CBRN barrier layer and seams shall be
as specified in 8.28.7.

8.28.1.3 Modifications to this test method for testing glove
moisture barrier materials and moisture barrier seams shall be
as specified in 8.28.8.

8.28.1.4 Modifications to this test method for testing foot-
wear shall be as specified in 8.28.9.

8.28.2 Samples. Samples for conditioning shall be as specified
in 8.28.7.1 for moisture barriers and moisture barrier seams,
8.28.8.2 for glove materials, and 8.28.9.2 for footwear materials.

8.28.3 Specimens.

8.28.3.1 A minimum of three specimens shall be tested for
each material type.

8.28.3.2 Glove specimens shall be tested after being sub-
jected to the procedure specified in 8.1.11.

8.28.3.3 Glove and footwear specimens to be tested shall be
conditioned as specified in 8.1.3.

8.28.3.4 Glove and footwear specimens to be tested shall
then be conditioned as specified in 8.1.5.

8.28.3.5 Moisture barrier material and moisture barrier seam
specimens shall be tested after being twice subjected to the
following conditioning:

(1) Specimens shall first be subjected to the procedure speci-
fied in 8.1.2.

(2) Specimens shall then be conditioned as specified in 8.1.3.

(3) Specimens shall then be conditioned as specified in 8.1.5.

(4) Specimens shall then be conditioned at a temperature of
21°C = 3°C (70°F = 5°F), and at a relative humidity of
65 percent = 5 percent for at least 4 hours.

8.28.4 Procedure. Viral penetration resistance testing shall be
conducted in accordance with ASTM F 1671, Standard Test
Method for Resistance of Materials Used in Protective Clothing to Pen-
etration by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage as
a Test System.

8.28.4.1 The normal outer surface of the material shall be
exposed to the viral challenge as oriented in the clothing item.

8.28.5 Report. The pass or fail performance for each speci-
men shall be recorded and reported.

8.28.6 Interpretation. A failure of any specimen against any
virus constitutes failure of the material.

8.28.7 Specific Requirements for Testing Moisture Barrier
Materials and Moisture Barrier Seams.

8.28.7.1 Samples for conditioning shall be at least 380 mm
(15 in.) square and shall consist of a composite constructed
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using a layer of 7.5 oz/yd2 woven 93 percent meta-aramid,
5 percent para-aramid, 2 percent antistat fiber, the moisture
barrier, a layer of 3.8 oz/yd2 + 0.3 oz/ydz, aramid needle
punched nonwoven, quilted to 8.4 oz/yd® + 0.2 oz/yd?, ara-
mid woven plain weave thermal barrier material, and another
layer of 7.5 0z/yd® woven 93 percent meta-aramid, 5 percent
para-aramid, 2 percent antistat fiber.

8.28.7.2 The moisture barrier layer shall be removed from
the four-layer composite samples after all preconditioning has
been completed and shall become the moisture barrier test
specimen.

8.28.7.3 Testing shall be as specified in 8.28.3 through 8.28.6.

8.28.8 Specific Requirements for Testing Glove Materials
Moisture Barrier Materials and Moisture Barrier Seams.

8.28.8.1 Specimens shall be representative of the glove mois-
ture barrier and moisture barrier seams. Three specimens
shall be tested.

8.28.8.2 Samples for conditioning shall be in the form of a
pouch as described in 8.1.15.

8.28.8.3 The glove moisture barrier layers shall be removed
from the multilayer composite samples after all precondition-
ing has been completed and shall become the glove barrier
test specimen.

8.28.8.4 Specimens for testing shall be the barrier layer only.

8.28.8.5 Testing shall be performed as specified in 8.28.2
through 8.28.6.

8.28.8.6 Where the moisture barrier material is continuous
throughout the glove body, only the barrier seams shall be
tested. The test cell shall include both the moisture barrier
material and the moisture barrier seam. The seam shall be
located in the approximate center of the test cell.

8.28.9 Specific Requirements for Testing Footwear Materials.

8.28.9.1 Three specimens shall be representative of the mois-
ture barrier, and three specimens shall be representative of
each type of moisture barrier seam.

8.28.9.2 Samples for conditioning shall be whole footwear, or
footwear composite swatches. Footwear composite swatches
shall be representative of the footwear construction.

8.28.9.3 Testing shall be as described in 8.28.2 through 8.28.6.
8.28.9.4 Specimens for testing shall be the barrier layer only.
8.29 Corrosion Resistance Test.

8.29.1 Application.

8.29.1.1 This test method shall apply to hardware items on
protective garments, helmets, gloves, and footwear.

8.29.1.2 Modifications to this test method for testing gar-
ment and glove hardware shall be as specified in 8.29.7.

8.29.1.3 Modifications to this test method for testing helmet
and partial eye/face protective devices shall be as specified in
8.29.8.

8.29.1.4 Modifications to this test method for testing foot-
wear shall be as specified in 8.29.9.

8.29.2 Samples. Samples shall be conditioned as specified in
8.1.3.
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8.29.3 Specimens. A total of three specimens of each hard-
ware type shall be tested.

8.29.4 Procedure.

8.29.4.1 Specimens shall be tested in accordance with ASTM
B 117, Standard Method of Salt Spray (Fog) Testing. Hardware
items shall be exposed to a 5 percent = 1 percent saline solu-
tion for a period of 20 hours.

8.29.4.2 Immediately following the storage specified in 8.29.4.1
and prior to examination, specimens shall be rinsed under warm,
running tap water and dried with compressed air.

8.29.4.3 Specimens shall then be examined visually with the
unaided eye to determine the presence of corrosion.

8.29.4.4 The functionality of each specimen shall be evaluated.

8.29.5 Report. The presence of corrosion and the functional-
ity for each specimen shall be recorded and reported.

8.29.6 Interpretation. One or more hardware specimens fail-
ing this test shall constitute failing performance for the hard-
ware type.

8.29.7 Specific Requirements for Testing Garment and Glove
Hardware.

8.29.7.1 Samples for conditioning shall be whole hardware
items.

8.29.7.2 A total of three specimens of each hardware type
shall be tested.

8.29.8 Specific Requirements for Testing Helmets.

8.29.8.1 Samples for conditioning shall be whole helmets
with the faceshield/goggle component attached.

8.29.8.2 A total of three different helmets shall be tested.
8.29.9 Specific Requirements for Testing Footwear.

8.29.9.1 Samples for conditioning shall be whole hardware
items.

8.29.9.2 A total of three specimens of each hardware type
shall be tested.

8.29.9.3 Functionality of the toe cap, sole plate, and ladder
shank shall not be evaluated.

8.30 Electrical Insulation Test 1.

8.30.1 Application. This test method shall apply to protective
helmets.

8.30.2 Samples.

8.30.2.1 Samples for conditioning shall be complete helmets.
8.30.2.2 Samples shall be conditioned as specified in 8.1.3.
8.30.3 Specimens. A minimum of three helmets shall be tested.
8.30.4 Apparatus.

8.30.4.1 The following equipment shall be provided for Pro-
cedure A:

(1) Source of 60 Hz alternating current variable from 0 to
2200 volts true rms

(2) Wiring and terminals for application of voltage to the wa-
ter in the vessel

(3) Voltmeter to measure the applied voltage to within 2 percent

(4) Millimeter to measure the leakage current to within 2 per-
cent

(5) Vessel, containing tap water, of sufficient size to submerge
an inverted helmet to the dielectric test plane
(6) Frame for suspending the test specimen in water

8.30.4.2 The following equipment shall be provided for Pro-
cedure B:

(1) Source of 60 Hz alternating current variable from 0 to
2200 volts true rms

(2) Wiring and terminals for application of voltage across the
crown of the test specimen

(3) Voltmeter to measure the applied voltage to within 2 percent

(4) Millimeter to measure the leakage current to within 2 per-
cent

(5) Vessel, containing tap water, of sufficient size to com-
pletely submerge an inverted helmet

(6) Aluminum ISEA size 7 headform modified in accordance
with Table 8.15.4.1 and Figure 8.15.4.1(a) through Figure
8.15.4.1(c)

8.30.5 Procedures.
8.30.5.1 Procedure A.

8.30.5.1.1 The helmet specimen shall be positioned accord-
ing to the HPI as described in 8.1.14 on the ISO size | head-
form specified in Figure 8.16.4.1. Where the crown clearance
of the helmet is adjustable, the helmet shall be mounted with
the most amount of clearance.

8.30.5.1.2 The dielectric test plane specified in Figure
8.30.5.1.2 shall be marked on the shell of the helmet. The
dielectric test plane shall be the plane that passes through
the point located 85 mm (3 in.) above the basic plane,
where the basic plane and the midsagittal plane intersect at
the front of the headform and the point located 60 mm
(2 in.) above the basic plane, where the basic plane and the
midsagittal plane intersect at the rear of the headform.

Dielectric test line

AN

Test line 85 mm above

Test line 60 mm |
basic plane

above basic plane

Basic plane

| Midsagittal plane

Coronal plane —>-

—t

FIGURE 8.30.5.1.2 Test Setup.

8.30.5.1.3 The specimen shall be inverted and the inside of
the specimen shall be filled with fresh tap water up to the
dielectric test plane. The specimen shall then be submerged
in the same type of water up to the same level as the water on
the inside of the helmet. Care shall be taken to keep the un-
submerged portion of the test specimen dry so that flashover
will not occur when voltage is applied.

(3]
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8.30.5.1.4 A 60 Hz alternating current voltage shall be applied
to the water in the vessel and increased to 2200 volts. The voltage
shall be maintained at 2200 volts + 2 percent, for 1 minute.

8.30.5.2 Procedure B.

8.30.5.2.1 The specimen and retention system shall be com-
pletely submerged in tap water for a period of 15 minutes
+2/-0 minutes. The specimen shall be removed from the tap
water and allowed to drain for not longer than 2 minutes.

8.30.5.2.2 The specimen shall then be positioned according
to the HPI as described in 8.1.14 on the modified ISEA alumi-
num size 7 headform, with the chinstrap firmly secured to the
headform by means of the conductive terminal junction bolt.
Where the crown clearance of the helmet is adjustable, the
helmet shall be mounted with the least amount of clearance.

8.30.5.2.3 Alead carrying 60 Hz alternating voltage shall be
attached to all metal parts on the helmet’s exterior, at or above
the brim edge. A second pickup lead shall be attached to the
terminal junction bolt. Voltage shall be applied to the external
helmetshell lead and increased to 2200 volts + 2 percent, volts.
The voltage shall be maintained for 15 seconds.

8.30.6 Report. Any current leakage or evidence of breakdown
shall be recorded and reported for each helmet.

8.30.7 Interpretation. One or more helmet specimens failing
this test shall constitute failing performance.

8.31 Electrical Insulation Test 2.

8.31.1 Application. This test shall apply to protective footwear.
8.31.2 Samples.

8.31.2.1 Samples for conditioning shall be whole footwear.
8.31.2.2 Samples shall be conditioned as specified in 8.1.3.

8.31.3 Specimens. A minimum of three footwear elements
shall be tested.

8.31.4 Procedure. Sample footwear shall be tested to 14,000 V
(rms) in accordance with Section 9 of ASTM F 2412, Standard
Test Method for Foot Protection. The electrode inside the boot
shall be conductive metal shot.

8.31.5 Report. Any current leakage or evidence of breakdown
shall be reported and recorded for each footwear item.

8.31.6 Interpretation. One or more footwear specimens fail-
ing this test shall constitute failing performance.

8.32 Overall Liquid Integrity Test 1.

8.32.1 Application. This test shall apply to protective gloves.
8.32.2 Samples.

8.32.2.1 Samples for conditioning shall be whole gloves.

8.32.2.2 A minimum of three glove pairs each for size small
and large shall be used for testing.

8.32.3 Specimens.

8.32.3.1 Specimens shall be tested after being subjected to
the procedures specified in 8.1.11 and then conditioned as
specified in 8.1.3.

8.32.3.2 Specimens shall also be tested after being subjected
to the procedures specified in 8.1.5 and then conditioned as
specified in 8.1.3.
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8.32.4 Apparatus.

8.32.4.1* A water markable glove shall cover all areas of the
tester’s hand. The water markable glove shall be constructed
of a fabric that is marked easily by water to determine leakage.

8.32.4.2 Water used for integrity testing shall be at a tempera-
ture of 20°C + 3°C (68°F + 5°F) and treated with a nonfoaming
surfactant to lower its surface tension to less than 35 dynes/cm
+ 5 dynes/cm.

8.32.4.3 The following equipment shall be used for the test
procedure:

(1) Aclear container(s) for submerging gloved hand(s)
(2) Astopwatch

8.32.5 Procedure.

8.32.5.1 Test subjects shall be selected so that their hand di-
mensions are as close as possible to the middle of the range for
hand length and hand circumference as specified in the tables
provided for size small and size large gloves in 6.7.6.

8.32.5.2 After the conditioning described in 8.32.3, the wrist
crease location shall be marked as described in 6.7.3.5 on each
specimen around the entire glove +0/-3 mm (+0/-0.25 in.)
and this shall be the maximum water height line.

8.32.5.2.1 Then, in the same manner, the minimum water
height line shall also be marked on each specimen 25 mm
(1in.) +0/-3 mm (+0/-0.25 in.) below (towards the fingers)
the location of the wrist crease around the entire glove.

8.32.5.3 The test subject shall don the specimen(s) over the
water markable glove(s).

8.32.5.4 The test subject shall then immerse the donned
specimen(s) straight down into the surfactant treated water to
between the minimum and maximum water height lines for
5 minutes +30/-0 seconds.

8.32.5.4.1 An observer shall be present to ensure that the
specimen(s) is not immersed beyond the maximum water
height line. If the test subject immerses the specimen(s) beyond
the maximum water height line, the specimen(s) shall be re-
tested after air drying and conditioning as specified in 8.1.3.

8.32.5.4.2 The test subject shall flex the specimen in a gentle,
complete fist closing motion every 10 seconds with each fist
closing motion taking 10 seconds, +/— 2 seconds to complete.
A complete fist-closing motion shall be when the ends of the
glove fingertips make contact with the palm surface of the glove.

8.32.5.5 The specimen(s) shall then be removed from the
test subject’s hand, and the water markable glove(s) shall be
inspected for water marks.

8.32.6 Report. The appearance of any water mark on the in-
ner glove after testing any of the three gloves shall be recorded
and reported.

8.32.7 Interpretation. The appearance of any water mark on
the inner glove after testing any glove shall be considered leak-
age and shall constitute failing performance.

8.33* Total Heat Loss (THL) Test.

8.33.1 Application. This test method shall apply to structural
fire fighting protective garment element composites.
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8.33.2 Samples. Samples shall be conditioned at a tempera-
ture of 25°C + 7°C (77°F + 13°F), and a relative humidity of
65 percent = 5 percent, for at least 4 hours.

8.33.2.1 The minimum sample size shall be 51 cm x 51 cm
(20 in. x 20 in.).

8.33.3 Specimens.

8.33.3.1 Total heat loss testing shall be conducted on at least
three specimens.

8.33.3.2 Specimens shall consist of all layers in the structural
fire fighting protective garment composite, arranged in the
order and orientation as worn.

8.33.4 Apparatus. The test apparatus shall be as specified in
ASTM F 1868, Standard Test Method for Thermal and Evaporative
Resistance of Clothing Materials Using a Sweating Hot Plate.

8.33.4.1 The dimensions for the sweating guarded hot plate
shall be a 25.4 cm (10 in.) test plate with a 12.7 cm (5 in.)
guard surrounding the test plate.

8.33.5* Procedure. Testing shall be conducted in accordance
with ASTM F 1868, Standard Test Method for Thermal and Evapo-
rative Resistance of Clothing Materials Using a Sweating Hot Plate,
using Part C, with the following modifications:

(1) The specimen shall be placed on the test plate with the
side normally facing the human body toward the test
plate.

(2) For multiple layers. the layers shall be arranged in the
order and orientation as worn.

(3) Each layer shall be smoothed by hand to eliminate wrinkles
or bubbles in each layer and, if necessary, secure the edges.

(4) Once the test is started, no further adjustments to the
specimen shall be made.

8.33.6 Report.

8.33.6.1 The average intrinsic thermal resistance (R,) of the
sample shall be recorded and reported.

8.33.6.2 The average apparent intrinsic evaporative resis-
tance (AR, of the sample shall be recorded and reported.

8.33.6.3 The average total heat loss (Q,) of the sample shall
be determined and reported.

8.33.7 Interpretation.

8.33.7.1 Pass or fail determination shall be based on the aver-
age reported total heat loss measurement of all specimens
tested.

8.33.7.2 If an individual result from any test set varies more
than +10 percent from the average result, the results from the
test set shall be discarded and another set of specimens shall
be tested.

8.34 Retention System Test.

8.34.1 Application. This test shall apply to protective helmets.
8.34.2 Samples.

8.34.2.1 Samples for conditioning shall be whole helmets.
8.34.2.2 Samples shall be conditioned as specified in 8.1.3.

8.34.3 Specimens. A minimum of three complete helmets
shall be tested.

8.34.4 Apparatus.

8.34.4.1 An ISO size J headform conforming to the nominal
dimensions in Figure 8.16.4.1 shall be used.

8.34.4.2 A mechanical chin structure shall be designed for
use with a calibrated tensile test machine. The mechanical
chin structure shall consist of two rollers 13 mm (% in.) in
diameter with centers that are 75 mm (3 in.) apart. The me-
chanical chin structure shall conform to Figure 8.34.4.2(a),
Figure 8.34.4.2(b), and Figure 8.34.4.2(c).

8.34.4.3 The calibrated tensile test machine shall be capable
of measuring the force applied to the retention system within
2 percent at the specified forces.

8.34.5 Procedure.

8.34.5.1 The test shall be conducted at an ambient tempera-
ture of 20°C to 28°C (68°F to 82°F), and the relative humidity
shall be 30 percent to 70 percent.

8.34.5.2 Prior to testing, the test machine shall be allowed to
warm up until stability is achieved.

8.34.5.3 The headform and mechanical chin structure shall
be positioned so that the vertical straight line distance be-
tween the bottom of the rollers and the crown of the head-
form is 210 mm + 10 mm (8%6 in. + %5 in.), the chinstrap shall
be passed around the rollers, and the helmet shall be secured
to the headform. The chin strap shall be adjusted and pre-
loaded to 45 N +5 N (10 Ibf + 1 1bf). The distance between the
top of the helmet and the bottom of the rollers shall be mea-
sured and recorded to the nearest 0.5 mm (¥4 in.).

8.34.5.4* The force applied to the retention system shall be
slowly increased to 445 N =5 N (100 1bf + 1 Ibf). The force shall
be increased smoothly from 45 N to 445 N (10 1bf to 100 1bf) at
a rate between 9 N/sec to 45 N/sec (2 1bf/sec to 10 1bf/sec).

8.34.5.5 Where using a tensile testing machine, the load rate
shall be 25 mm/min (1 in./min) to a limit of 445 N (100 1bf).

8.34.5.6 The distance between the top of the helmet and the
bottom of the rollers shall be measured and recorded again
after the force has been maintained at 445 N (100 Ibf) for
60 seconds, +15/-0 seconds. The difference between the sec-
ond measurement and the first shall be the retention system
elongation.

8.34.6 Report. The retention system elongation shall be re-
ported and recorded for each helmet specimen.

8.34.7 Interpretation. One or more helmet specimens failing
this test shall constitute failing performance.

8.35 Suspension System Retention Test.

8.35.1 Application. This test shall apply to protective helmets.
8.35.2 Samples.

8.35.2.1 Samples for conditioning shall be whole helmets.
8.35.2.2 Samples shall be conditioned as specified in 8.1.3.

8.35.3 Specimens. A minimum of 3 complete helmets shall be
tested.

8.35.4 Apparatus.

8.35.4.1 The suspension system retention test fixtures shall
consist of rigid material of sufficient thickness to facilitate firm
attachment of the inverted helmet to the tensile test machine
as shown in Figure 8.35.4.1.
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FIGURE 8.34.4.2(a) Retention Test Fixture.

[

8.35.4.2 The calibrated tensile test machine shall be capable
of measuring the force applied to the retention system within
2 percent at the specified forces.

8.35.5 Procedure.

8.35.5.1 Each helmet suspension strap shall be cut such that
sufficient length of strap remains to be gripped by the mov-
able jaw of the testing machine.

8.35.5.2 Specimens shall be positioned and secured in the
tensile testing machine so that the helmet’s reference plane is
horizontal.

8.35.5.3 Each attachment point of the crown strap shall be
tested by applying a pull force along the centerline of the suspen-
sion strap, perpendicular to the reference plane to a maximum
load of 45 N + 5 N (10 Ibf £ 1 1bf). The force shall be increased
from O N to 45 N =5 N (0 Ibf to 10 Ibf + 1 1bf), at a load rate of

25 mm/min, + 5 mm/min (1 in./min * % in./min).
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8.35.5.4 After application of the force is complete, the load
shall be released and the suspension system shall be inspected
for any separation from the helmet shell.

8.35.6 Report. The individual pass or fail results for each at-
tachment point shall be reported and recorded.

8.35.7 Interpretation.

8.35.7.1 Separation of the helmet suspension from the hel-
met shall constitute failing performance.

8.35.7.2 One or more helmet specimens failing this test shall
constitute failing performance.

8.36 Glove Donning Test.
8.36.1 Application. This test shall apply to protective gloves.
8.36.2 Samples.

8.36.2.1 A minimum of three glove pairs each for size small
and size large shall be used for testing.
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FIGURE 8.34.4.2(c) Retention Test Setup 2.
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FIGURE 8.35.4.1 Suspension System Test Setup.

8.36.2.2 Samples for conditioning shall be whole gloves.

8.36.2.3 All glove opening configurations shall be considered
for testing.

8.36.3 Specimens.

8.36.3.1 Specimens shall be conditioned as specified in 8.1.11
prior to testing.

8.36.3.2 Specimens shall be donned once after removal from
the conditioning specified in 8.36.3.1 before beginning testing.

8.36.4 Procedure.

8.36.4.1 Test subjects shall be selected so that their hand di-
mensions are as close as possible to the middle of the range for
hand length and hand circumference as specified in the tables
provided for size small and size large gloves in 6.7.6.

8.36.4.2 Each donning trial shall start with the glove lying in
front of the test subject and shall end when the test subject’s
fingers are seated in the specimen glove.

8.36.4.3 The time to don one glove of the pair specimen shall
be determined by measuring the time it takes for the test sub-
ject to don the single glove on three consecutive trials without
altering the specimen glove linings between donning. The test
subject shall be permitted to don either the right hand glove
or left hand glove according to individual preference.

8.36.4.3.1 The glove shall be donned in accordance with the
manufacturer’s donning procedure.

8.36.4.3.2 The glove shall then be removed by grasping the
fingertip of the middle finger and pulling the hand out of the
glove.

8.36.4.3.3 The test subject shall wear the glove of the oppo-
site hand during the test.

8.36.4.3.4 Where the glove cannot be donned because of de-
tachment of the inner liner or moisture barrier, then the trial
for that glove shall be stopped. If any fingers cannot be fully
inserted into the glove, then the trial for that glove shall be
stopped.

8.36.4.4 The dry hand donning time shall be the average of the
first three dry hand donning times as determined in 8.36.4.3.
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8.36.4.5 The test subject shall repeat the trial specified in
8.36.4.3 for each pair of gloves.

8.36.4.6 The test hand shall then be completely submerged
in room temperature water [21°C + 3°C (70°F + 5°F)] for
10 seconds before doffing the glove each time.

8.36.4.7 Immediately after the hand wetting procedure speci-
fied in 8.36.4.6, with no time lapse, the test subject shall then don
one glove of the pair specimen. The test subject shall do this for
three consecutive trials, for each specimen pair of gloves, as speci-
fied in 8.36.4.3 and 8.36.4.5. The times shall be recorded.

8.36.4.8 The wet hand donning time shall be the average of
the first three wet hand donning times as determined in
8.36.4.7.

8.36.5 Report.

8.36.5.1 The dry hand donning time shall be recorded and
reported to the nearest 0.1 second for each trial.

8.36.5.2 The wet hand donning time shall be recorded and
reported to the nearest 0.1 second for each trial.

8.36.5.3 The average dry hand and wet hand donning times
shall be calculated, recorded, and reported for each size.

8.36.5.4 Any inner liner or moisture barrier separations shall
be recorded and reported.

8.36.5.5 Any glove digits that do not allow full insertion shall
be recorded and reported.

8.36.6 Interpretation.

8.36.6.1 Pass or fail determinations shall be made using the
average dry hand and wet hand donning times for size small
and size large.

8.36.6.2 Failure of either size shall constitute failure of the
test.

8.36.6.3 Any detachment of the inner liner and/or moisture
barrier shall constitute failing performance.

8.36.6.4 Any glove digits that do not allow full insertion shall
constitute failing performance.

8.37 Glove Hand Function Test.

8.37.1 Application. This test shall apply to gloves.

8.37.2 Samples.

8.37.2.1 Samples for conditioning shall be whole glove pairs.

8.37.2.2 Glove pair samples shall be preconditioned as speci-
fied in 8.1.3.

8.37.3 Specimens.

8.37.3.1 A minimum of three glove pair specimens each for
size small and size large shall be used for testing.

8.37.3.2 Each glove pair specimen shall be tested as a com-
plete set of gloves in new, as distributed, condition.

8.37.3.3 Glove pair specimens shall not receive special soften-
ing treatments prior to tests.

8.37.4 Apparatus. The apparatus shall be as specified in ASTM F
2010, Standard Test Method for Evaluation of Glove Effects on Wearer
Hand Dexterity Using a Modified Pegboard Test with the modifica-
tion that the stainless steel pins shall be within a medium
knurled 30 degree (25 teeth/in.) surface.
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8.37.5 Procedures. The testing procedures shall be as speci-
fied in ASTM F 2010, Standard Test Method for Evaluation of Glove
Lffects on Wearer Hand Dexterity Using a Modified Pegboard Test.

8.37.6 Report.

8.37.6.1 The average percentage of bare-handed control shall
be recorded and reported for each test subject.

8.37.6.2 The average percentage of bare-handed control for
all test subjects shall be recorded and reported for each size.

8.37.7 Interpretation.

8.37.7.1 The average percentage of bare-handed control for
size small and size large shall be used to determine pass or fail
performance.

8.37.7.2 Failure of either size shall constitute failure of the
test.

8.38 Grip Test.

8.38.1 Application. This test method shall apply to protective
gloves.

8.38.2 Samples.
8.38.2.1 Samples for conditioning shall be whole gloves.

8.38.2.2 Sample glove pairs shall be preconditioned as speci-
fied in 8.1.3.

8.38.3 Specimens.

8.38.3.1 A minimum of three glove pair specimens each for
size small and size large shall be used for testing.

8.38.3.2 Each specimen glove pair shall be tested as a com-
plete set of gloves in new, as distributed, condition.

8.38.3.3 Specimen glove pairs shall be tested for each mate-
rial and construction combination.

8.38.3.4 Specimen glove pairs shall be tested after being con-
ditioned for wet conditions as specified in 8.1.9.

8.38.4 Apparatus.

8.38.4.1 Pulling Device. The pulling device shall be a 3.2 cm
(1% in.) diameter fiberglass pole attached to an overhead cali-
brated force measuring device in such a fashion that pulls on the
pole will be perpendicular to the ground and downward in direc-
tion. This pole shall be used until surface degradation occurs.

8.38.5 Procedure.

8.38.5.1 Test subjects shall be selected so that their hand di-
mensions are as close as possible to the middle of the range for
hand length and hand circumference as specified in Table
6.7.6.1(a) and Table 6.7.6.1(d) for size small and size large
gloves. At least three test subjects shall be selected for both size
small and size large.

8.38.5.2 The gloves shall be conditioned by the wetting pro-
cedure specified in 8.1.9 before each set of three pulls by the
test subject as described below.

8.38.5.3 The pulling device shall be wet conditioned before
each individual pull by wiping with a damp rag.

8.38.5.4 The test subject shall then make three pulls on the
pulling device with gloves with peak and minimum pull force
values measured. Pulls shall be performed as described
8.38.5.4.1 through 8.38.5.4.6. The test subject shall extend the
arms in front of the body at shoulder height to grab the pull-
ing device for pulling vertically down from the ceiling.

8.38.5.4.1 The test subject shall stand with feet together,
firmly planted on the ground, and knees slightly bent.

8.38.5.4.2 The stand shall be adjusted such that the cush-
ioned bar is touching the test subject’s chest. The stand shall
prevent the test subject’s forward movement during the pull.

8.38.5.4.3 The test subject shall stand in a comfortable pull-
ing position with the arms bent at an angle of approximately
90 degrees and, in any case, the arms shall not be completely
extended or touching the body.

8.38.5.4.4 The test subject shall grasp the pulling device with
hands next to each other. Thumbs shall not overlap the fingers.

8.38.5.4.5 The test subject shall pull the rope or pole with as
much pulling force as possible in a smooth, steady, swift, and
non-jerking action. The test subject shall not bend the knees
further or pull down with body weight during the pull.

8.38.5.4.6 The test subject shall continuously pull on the pull-
ing device for a minimum of 5 seconds, +1/-0 seconds. The
test subject shall continue to pull until the test facilitator ob-
serves a peak pulling force and instructs the test subject to end
the pull.

8.38.6 Report.

8.38.6.1 The peak pull force value for each individual pull
shall be recorded and reported.

8.38.6.2 The minimum pull force value occurring after the
peak pull force value shall be recorded and reported.

8.38.6.3 The percentage drop between the peak pull force
value and the minimum pull force value shall be calculated,
recorded, and reported.

8.38.7 Interpretation.

8.38.7.1 The individual percentage drop between the peak
pull force value and the minimum pull force value shall be
used to determine pass or fail performance.

8.38.7.2 Failure during any pull shall constitute failure of the
test.

8.39 Ladder Shank Bend Resistance Test.

8.39.1 Application. This test shall apply to protective foot-
wear.

8.39.2 Samples.
8.39.2.1 Samples for conditioning shall be whole footwear,

8.39.2.2 Ladder shanks or whole sole equivalents shall be
conditioned as specified in 8.1.3.

8.39.3 Specimens. A minimum of three footwear ladder shank
specimens, or whole sole equivalent specimens, shall be tested.
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8.39.4 Apparatus. The apparatus shall consist of a tensile-
testing machine, such as an Instron® or equivalent, that chal-
lenges a specimen with a simulated ladder rung. A 32 mm
diameter x 50 mm long (1% in. diameter x 2 in. long) non-
compressible probe shall be mounted on the movable arm.
The specimen support assembly shall consist of two 50 mm x
25 mm x 25 mm (2 in. x 1 in. x 1 in.) noncompressible blocks
placed 50 mm (2 in.) apart as shown in Figure 8.39.4.

Force
Shank
red
5((2) mT sample
25 mm
(1in.)
T Sample
[«—— 50 mm (2in.) ——> 50 mm
/ (2 in.)
25 mm

(1in.)

FIGURE 8.39.4 Shank Bend Test Setup.

8.39.5 Procedure. The specimen of the ladder shank or whole
sole equivalent shall be placed on mounting blocks as it would be
oriented toward the ladder, where the shank or whole sole
equivalent is affixed into the protective footwear and subjected to
force on its center with the test probe operated at 50 mm/min
(2 in./min).

8.39.6 Report.

8.39.6.1 Deflection at 182 kg (400 1b) shall be recorded and
reported to the nearest 1 mm (0.05 in.).

8.39.6.2 The average deflection shall be calculated, re-
corded, and reported to the nearest 1 mm (0.05 in.).

8.39.7 Interpretation. Pass or fail performance shall be deter-
mined using the average deflection for all specimens tested.

8.40 Slip Resistance Test.
8.40.1 Application. This test method shall apply to footwear.
8.40.2 Sample Preparation.

8.40.2.1 Samples shall be the whole footwear items in men’s
size 9D, medium width.

8.40.2.2 Samples shall be conditioned as specified in ISO
13287, Personal protective equipment — footwear — test method for
slip resistance.
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8.40.3 Specimens.

8.40.3.1 Specimens shall be the whole footwear in men’s size
9D, medium width.

8.40.3.2 At least three specimens shall be tested.

8.40.4 Procedure. Slip resistance shall be performed in accor-
dance with ISO 13287, Personal protective equipment — footwear
— test method for slip resistance, in the following configurations.
References to any other flooring and/or contaminate within
ISO 13287 shall not apply.

(1) Footwear shall be tested both in the forepart and heel
positions.

(2) Footwear shall be tested in the wet condition. The wet
condition shall be achieved using distilled or de-ionized
water. The water shall be applied to thoroughly wet the
testing surface and make a pool at least as wide and long
as the test portion of the footwear in the area of initial
contact.

(3) Footwear shall be tested on a quarry tile surface that meets
the following specifications:

(a) Isaflat and unglazed clay tile that is wider than the test
specimen and long enough to allow a sliding distance of
at least 75 mm (2.9 in.) without crossing a joint

(b) Is sufficiently flat to allow it to be secured on the
mounting table such that no movement occurs be-
tween the tile and mounting table during the test

(c) Has a ribbed profile or directional marking on the
underside to identify the direction in which the tile
should be aligned (with the ribs parallel to the sliding
direction)

(d) Conforms to the coefficient of friction values speci-
fied in Table 8.40.4 when calibrated by the Slider 96
method.

(4)*Calibration of the tiles shall be checked every 10 tests or
prior to each day of testing, whichever is the less frequent,
to ensure that they are not being worn smooth or other-
wise damaged.

| Table 8.40.4 Calibration Values for Quarry Tile

Coefficient of Friction

Dry Wet
Minimum 0.57 0.43
Maximum 0.63 0.49

8.40.5 Report.

8.40.5.1 The coefficient of friction of each specimen shall be
reported.

8.40.5.2 The average coefficient of friction of all specimens for
each configuration shall be calculated, recorded, and reported.

8.40.6 Interpretation. The average coefficient of friction for
each configuration shall be used to determine pass/fail per-
formance.




TEST METHODS

1971-85

8.41 Label Durability and Legibility Test 1.
8.41.1 Application.

8.41.1.1 This test method shall apply to labels on protective
garments, hoods, gloves, and boots.

8.41.1.2 Modifications to this test method for testing gar-
ment labels shall be as specified in 8.41.7.

8.41.1.3 Modifications to this test method for testing hood
labels shall be as specified in 8.41.8.

8.41.1.4 Modifications to this test method for testing glove
labels shall be as specified in 8.41.9.

8.41.1.5 Modifications to this test method for testing foot-
wear labels shall be as specified in 8.41.10.

8.41.2 Samples. Samples shall be conditioned as specified in
8.1.3.

8.41.3 Specimens.

8.41.3.1 A minimum of three specimens of each type of label
for each element shall be tested in each test.

8.41.3.2 Where labels have areas of “write-in” information,
two additional specimens shall be tested that include those
areas with sample information written in.

8.41.4 Procedures.
8.41.4.1 Laundering Durability Test.

8.41.4.1.1 Specimens shall be subjected to ten cycles of laun-
dering and drying using Machine Cycle 1, Wash Temperature
V, and Drying Procedure Ai of AATCC 135, Dimensional
Changes in Automatic Home Laundering of Woven and Knit Fabrics.

8.41.4.1.2 A1.8kg=+0.1kg (4.01b+0.21b) load shall be used.
Alaundry bag shall not be used.

8.41.4.1.3 Specimens shall be examined for legibility to the
unaided eye by a person with 20/20 vision, or vision corrected
to 20/20, at a nominal distance of 305 mm (12 in.) in a well-
illuminated area.

8.41.4.2 Abrasion Durability Test.

8.41.4.2.1 Specimens shall be subjected to abrasion in accor-
dance with ASTM D 4966, Standard Test Method for Abrasion Re-
sistance of Textile Fabrics, with the following modifications:

(1) The standard abrasive fabric and the felt-backing fabric
shall be soaked for 24 hours or agitated in distilled water
so that they are thoroughly wet.

(2) The standard abrasive fabric shall be rewetted after each
set of cycles by applying 20 ml (0.68 oz) of distilled water
from a squeeze bottle by squirting on the center of the
abrasive composite pad.

(3) Specimens shall be subjected to 200 cycles, 3200 revolu-
tions, of the test apparatus.

8.41.4.2.2 Specimens shall be examined for legibility to the
unaided eye by a person with 20/20 vision, or vision corrected
to 20/20, at a nominal distance of 305 mm (12 in.) in a well-
illuminated area.

8.41.4.3 Heat Durability Test.

8.41.4.3.1 Specimens shall be subjected to convective heat as
specified in 8.1.5.

8.41.4.3.2 Specimens shall be examined for legibility to the
unaided eye by a person with 20/20 vision, or vision corrected

to 20/20, at a nominal distance of 305 mm (12 in.) in a well-
illuminated area.

8.41.5 Report. The legibility for each specimen shall be re-
corded and reported as acceptable or unacceptable.

8.41.6 Interpretation. One or more label specimens failing
this test shall constitute failing performance.

8.41.7 Specific Requirements for Testing Garment Labels.

8.41.7.1 For testing label legibility after laundering, specimens
shall include individual labels sewn onto a 1 m (1 yd) square of
ballast material no closer than 51 mm (2 in.) apart in parallel
strips. The ballast material shall be as specified in AATCC 135,
Dimensional Changes in Automatic Home Laundering of Woven and
Knit Fabrics.

8.41.7.2 For testing label legibility after abrasion, specimens
shall be individual labels.

8.41.7.3 For testing label legibility after convective heat expo-
sure, specimens shall include individual labels sewn onto a
separate 380 mm * 13 mm (15 in. £ 2 in.) square of material
that meets the outer shell requirements of this standard.

8.41.7.4 Sample conditioning shall be the same conditioning
as specified for the respective tests.

8.41.7.5 Specimens shall be tested separately for legibility af-
ter laundering, abrasion, and heat durability tests as specified
in 8.41.4.1, 8.41.4.2, and 8.41.4.3, respectively.

8.41.8 Specific Requirements for Testing Hood Labels.

8.41.8.1 For testing label legibility after laundering, speci-
mens shall include complete hoods with labels attached.

8.41.8.2 For testing label legibility after abrasion, specimens
shall be individual labels.

8.41.8.3 For testing label legibility after convective heat expo-
sure, specimens shall include individual labels sewn onto a sepa-
rate 380 mm + 13 mm (15 in. £ %% in.) square of hood material
that meets the hood material requirements of this standard.

8.41.8.4 Sample conditioning shall be the same conditioning
as specified for the respective tests.

8.41.8.5 Specimens shall be tested separately for legibility af-
ter laundering, abrasion, and heat durability tests as specified
in 8.41.4.1, 8.41.4.2, and 8.41.4.3, respectively.

8.41.9 Specific Requirements for Testing Glove Labels.

8.41.9.1 For testing label legibility after laundering and con-
vective heat exposure, specimens shall include complete
gloves with labels attached.

8.41.9.2 For testing label legibility after abrasion, specimens
shall be individual labels.

8.41.9.3 Sample conditioning shall be the same conditioning
as specified for the respective tests.

8.41.9.4 Specimens shall be tested separately for legibility af-
ter laundering, abrasion, and heat durability tests as specified
in 8.41.4.1, 8.41.4.2, and 8.41.4.3, respectively.

8.41.9.5 For the drying cycles of the laundering durability test
specified in 8.41.4.1.1, gloves shall be tumble dried for 60 min-
utes and shall be removed immediately at the end of the drying
cycle. At the conclusion of the final drying cycle, the gloves
shall be direct dried on a Williams® G18PX dryer operated at
10°C (50°F) above current room temperature for 8 hours,
+/— 45 minutes.
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8.41.10 Specific Requirements for Testing Footwear Labels.

8.41.10.1 For testing label legibility after convective heat ex-
posure, specimens shall include complete footwear items with
the labels attached or representative sections of the footwear
with labels attached.

8.41.10.2 Sample conditioning shall be the same condition-
ing as specified for the respective tests.

8.41.10.3 Specimens shall be tested separately for legibility
after abrasion and heat durability tests as specified in 8.41.4.2
and 8.41.4.3, respectively.

8.42 Label Durability and Legibility Test 2.

8.42.1 Application. This test method shall apply to labels on
helmets.

8.42.2 Samples.

8.42.2.1 Samples for conditioning shall be whole helmets
with the labels attached.

8.42.2.2 Samples shall be conditioned as specified in 8.1.3,
8.1.4,8.1.6, and 8.1.7.

8.42.3 Specimens. A minimum of three labels for each condi-
tion specified shall be tested.

8.42.4 Procedure. Label specimens shall be examined for leg-
ibility by a person with 20/20 vision, or vision corrected to
20/20, at a nominal distance of 305 mm (12 in.) in a well-
illuminated area.

8.42.5 Report. The legibility for each label specimen shall be
recorded and reported as acceptable or unacceptable.

8.42.6 Interpretation. One or more label specimens failing
this test shall constitute failing performance.

8.43 Shell Retention Test.

8.43.1 Application. This test shall apply to protective helmets.
8.43.2 Samples.

8.43.2.1 Samples for conditioning shall be whole helmets.
8.43.2.2 Samples shall be conditioned as specified in 8.1.3.

8.43.3 Specimens. A minimum of three complete helmets
shall be tested.

8.43.4 Apparatus.

8.43.4.1 The shell retention test fixtures shall consist of rigid
material of sufficient thickness to facilitate firm attachment of
the helmet shell while attached to the chinstrap tensile testing
machine specified in 8.35.4.1.

8.43.4.2 The calibrated tensile test machine shall be capable
of measuring the force applied to the retention system within
2 percent at the specified forces.

8.43.5 Procedure.

8.43.5.1 Specimens shall be positioned and secured in the
tensile testing machine so that the helmet’s reference plane is
horizontal.

8.43.5.2 A pull force shall be applied to the helmet shell per-
pendicular to the reference plane. The force shall be applied to a
maximum load of 356 N (80 1bf) within 30 seconds and shall be
held at the maximum load for 1 minute, +5/-0 seconds.
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8.43.6 Report.

8.43.6.1 Separation of the helmet shell from the helmet sus-
pension system or the helmet retention system shall be re-
corded and reported.

8.43.6.2 The pass or fail result for each specimen shall be
recorded and reported.

8.43.7 Interpretation. Any one specimen failing the test shall
constitute failing performance for the item being tested.

8.44 Luminous (Visible) Transmittance Test.

8.44.1 Application. This test shall apply to faceshield/goggle
component lenses.

8.44.2 Samples.

8.44.2.1 Samples for conditioning shall be complete
faceshield/goggle components.

8.44.2.2 Samples shall be conditioned as specified in 8.1.3.

8.44.3 Specimens. A minimum of three faceshield/goggle
component lenses shall be tested.

8.44.4 Apparatus. The standard source of radiant energy used
in the measurement of luminous transmittance of filter lenses
shall be a projection-type lamp No. T-8 or other high-powered,
gas-filled, tungsten-filament incandescent lamp operated at
the color temperature corresponding to Commission Interna-
tionale de I’Eclairage (CIE), Source A.

8.44.5*% Procedure. Luminous transmittance shall be deter-
mined by one of the following means:

(1) By measuring the spectral transmittance and calculating
the luminous transmittance through the use of published
data on the spectral radiant energy of CIE Standard Illu-
minant A as specified in ISO/CIE 10526, Calorimetric Illu-
minants, and the relative luminous efficiency of the aver-
age eye

(2) By using a Gardner pivotal sphere haze meter and the
standards of luminous transmittance maintained by the
National Bureau of Standards

8.44.6 Report.

8.44.6.1 The percentage of light transmission shall be re-
corded and reported for each specimen.

8.44.6.2 The average light transmission of all specimens
tested shall be calculated, recorded, and reported.

8.44.7 Interpretation. Pass or fail performance shall be based
on the average light transmission measured.

8.45 Retroreflectivity and Fluorescence Test.
8.45.1 Application.

8.45.1.1 This test method shall apply to trim materials used
on protective garments and helmets.

8.45.1.2 Trim materials shall be tested for each procedure
specified in 8.45.4.

8.45.2 Samples.

8.45.2.1 Samples for conditioning shall include 305 mm
(12 in.) long sections of trim.

8.45.2.2 Samples shall be conditioned as specified in 8.1.3.
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8.45.3 Specimens.

8.45.3.1 A minimum of three trim test specimens shall be
tested.

8.45.3.2 Each trim test specimen shall be 100 mm (4 in.) in
length by the width of the finished trim product.

8.45.3.3 Where retroreflective and nonretroreflective surface
areas are combined to form a trim, the specimen shall consist
of the retroreflective and nonretroreflective portions of the
finished trim product.

8.45.4 Procedures.
8.45.4.1 Measurement of Coefficient of Retroreflection.

8.45.4.1.1 The coefficient of retroreflection (R,) shall be de-
termined in accordance with ASTM E 809, Standard Practice for
Measuring Photometric Characteristics of Retroveflectors, using the
following modifications:

(1) Test distance shall equal 15.2 m (50 ft).

(2) Observation angle shall equal 0.2 degree.

(3) Entrance angle shall equal +5 degrees.

(4) Receiver shall be provided with an entrance aperture of
26 mm (1.024 in.), +5 percent in diameter that is equiva-
lent to 0.1 degree angular aperture.

(5) Exit aperture of the source shall be circular and 26 mm
(1.024 in.), +5 percent in diameter that corresponds to
0.1 degree angular aperture.

(6) Retroreflector reference angle shall equal 90 degrees.

(7) Datum mark shall be placed as specified by the trim
manufacturer.

8.45.4.1.2 The coefficient of retroreflection (R,) shall be cal-
culated by the following equation:

)
A

T

where:

R, = coefficient of luminous intensity measured as
specified in 8.45.4.1.1

A, = only the retroreflective surface area of the trim
test specimen’s surface area

8.45.4.1.2.1 A, shall be calculated by subtracting the nonret-
roreflective surface area from the test specimen’s total surface
area.

8.45.4.2 Evaluation of Fluorescence.

8.45.4.2.1 Trim fluorescence shall be determined by its colo-
rimetric properties. The color shall be measured in accor-
dance with the procedures defined in ASTM E 991, Standard
Practice for Color Measurement of Fluorescent Specimens, ASTM E
1164, Standard Practice for Obtaining Spectrometric Data for Object
Color Evaluation, ASTM E 2152, Standard Practice for Computing
the Colors of Fluorescent Objects from Bispectral Photometric Data,
and ASTM E 2153, Standard Practice for Obtaining Bispectral Pho-
tometric Data for Evaluation of Fluorescent Color using the follow-
ing test specifications:

(1) A polychromatic illumination of D65

(2) A45 degree/0 degree (or 0 degree/45 degree) geometry
(3) A2 degree standard observer

(4) Ablack underlay with a Cap Y, luminance factor, less than 4

8.45.4.2.2 The chromaticity shall be within one of the areas
defined in Table 8.45.4.2.2, and the Cap Y, luminance factor,

shall be not less than the corresponding minimum for the
respective color.

Table 8.45.4.2.2 Color Requirements

Minimum
Chromaticity Luminance Factor
Color Coordinates (Cap Y)

Fluorescent 0.387 0.610 70
yellow-green 0.356 0.494
0.398 0.452
0.460 0.540

Fluorescent 0.610 0.390 40
orange-red 0.535 0.375
0.570 0.340
0.655 0.344

Fluorescent red 0.655 0.344 25
0.570 0.340
0.595 0.315
0.690 0.310

8.45.4.3 Rainfall Test.

8.45.4.3.1 Specimens of trim shall be tested for retroreflectivity
when wet as specified in Annex A, “Method of Measuring Wet
Retroreflective Performance,” of EN 471, Specification for High Vis-
wility Warning Clothing, at a rate of 110 mm/hr (4% in./hr).

8.45.4.3.2 The coefficient of retroreflectivity (R,) shall be
measured as specified in 8.45.4.1, 2 minutes + 15 seconds, af-
ter the rainfall exposure has been started.

8.45.4.4 Convective Heat Exposure Test.

8.45.4.4.1 Specimens of trim shall be tested for retroreflectiv-
ity after convective heat exposure as specified in 8.1.5.

8.45.4.4.2 The coefficient of retroreflectivity (R,) shall be
measured as specified in 8.45.4.1.

8.45.4.4.3 The fluorescence shall be evaluated as specified in
8.45.4.2.

8.45.5 Report.

8.45.5.1 The coefficient of retroreflectivity (R,) shall be re-
corded and reported for each specimen.

8.45.5.2 The average R, of all specimens shall be calculated,
recorded, and reported separately for each of the test proce-
dures specified in 8.45.4.1, 8.45.4.3, and 8.45.4.4.

8.45.5.3 The number of fluorescent and nonfluorescent
specimens shall be recorded and reported separately for each
of the test procedures specified in 8.45.4.2 and 8.45.4.4.

8.45.6 Interpretation.

8.45.6.1 For trim retroreflectivity, pass or fail performance shall
be determined using the average coefficient of retroreflection
(R,) reported for each group of specimens for each of the proce-
dures specified in 8.45.4.1, 8.45.4.3, and 8.45.4.4.
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8.45.6.2 For trim fluorescence, specimens that do not meet
the chromaticity and luminance factor requirements shall be
designated as nonfluorescent.

8.46 Hood Opening Size Retention Test.
8.46.1 Application.

8.46.1.1 This test shall apply to the face openings or SCBA
facepiece interface openings of protective hoods.

8.46.1.2 Protective hoods with either elastic face openings or
manually adjustable face openings shall be tested by the pro-
cedure specified in 8.46.4.

8.46.1.3 Protective hoods designed for interface with a SCBA
facepiece(s) shall be tested by the procedure specified in
8.46.5.

8.46.2 Samples.
8.46.2.1 Samples for conditioning shall be whole hoods.
8.46.2.2 Samples shall be conditioned as specified in 8.1.3.

8.46.3 Specimens. A minimum of three whole hoods shall be
tested.

8.46.4 Procedure for Hoods with Elastic or Manually Adjust-
able Face Openings.

8.46.4.1 The hood shall be laid on a flat surface with the face
opening facing up.

8.46.4.2 The hood face opening shall be marked at a mini-
mum of eight separate locations around the entire perimeter
of the face opening. The hood shall be measured in four loca-
tions between opposite sets of marks.

8.46.4.3 The hood shall be positioned on the ISO size | head-
form specified in Figure 8.16.4.1 so that the hood is around
the neck area of the headform with the neck and head area of
the headform protruding through the face opening of the
hood. The hood shall then be donned and doffed for 50
cycles, passing the hood face opening up and over the head-
form to cover the head, forehead, sides of face, chin, and neck
each time and then passing the hood back down over the
headform to the starting area around the neck. Hoods with
manually adjustable face openings shall have the face opening
adjusted during each cycle, once after donning and again be-
fore doffing.

8.46.4.4 Following the 50 cycles, the hood shall be removed
from the headform, and the hood shall be allowed to relax for
1 minute.

8.46.4.5 The hood shall be laid on a flat surface with the face
opening facing up.

8.46.4.6 The opening dimensions shall then be measured at
the same locations marked around the entire perimeter of the
face opening specified in 8.46.4.2.

8.46.4.7 The percent retention of each hood face opening
dimensions shall be determined.

8.46.5 Procedure for Hoods with SCBA Facepiece Interface
Openings.

8.46.5.1 The SCBA facepiece that the hood is designed to
interface with shall be properly mounted, according to the
SCBA manufacturer’s instructions, on an ISO size ] headform
specified in Figure 8.16.4.1.
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8.46.5.2 The hood shall then be donned on the headform,
placing it over the SCBA facepiece.

8.46.5.3 The contact surface of the hood face opening with
the SCBA facepiece shall be measured at a minimum of eight
separate locations around the entire perimeter of the face
opening contact area. The locations of measurement shall be
marked on the hood.

8.46.5.4 With the SCBA facepiece in place, the hood shall
then be positioned so that the hood is around the neck area of
the headform with the neck and head area of the headform
protruding through the face opening of the hood. The hood
shall then be donned and doffed for 50 cycles, passing the
hood face opening up and over the headform to cover the
head and to contact the SCBA facepiece around the entire
perimeter of the face opening contact area each time, and
then passing the hood back down over the headform to the
starting area around the neck. Where such hoods are de-
signed to be manually adjustable around the hood face
opening/SCBA facepiece interface area, the manual adjust-
ment shall be made during each cycle, once after donning and
again before doffing.

8.46.5.5 Following the 50 cycles, the hood shall be removed
from the headform, and the hood shall be allowed to relax for
1 minute.

8.46.5.6 The hood shall then be donned on the headform,
placing it over the SCBA facepiece.

8.46.5.7 The contact surface of the hood face opening with
the SCBA facepiece shall be measured at the same locations
marked around the entire perimeter of the face opening con-
tact area specified in 8.46.5.3.

8.46.5.8 The amount of overlap shall be measured.

8.46.6 Report for Hoods with Elastic or Manually Adjustable
Face Openings.

8.46.6.1 Each hood face opening dimension before and after
donning shall be recorded and reported.

8.46.6.2 The percent retention of each hood face opening
dimensions shall be recorded and reported.

8.46.6.3 The average percent retention of all hood face open-
ing dimensions for each specimen shall be calculated, re-
corded, and reported.

8.46.7 Report for Hoods with SCBA Facepiece Interface
Openings.

8.46.7.1 The amount of overlap shall be recorded and re-
ported for each location.

8.46.7.2 The average amount of overlap shall be recorded
and reported for each specimen.

8.46.8 Interpretation for Hoods with Elastic or Manually Ad-
justable Face Openings.

8.46.8.1 Pass or fail performance shall be based on the aver-
age percent retention of the hood face opening dimensions
for each specimen. One or more hood specimens failing this
test shall constitute failing performance.

8.46.9 Interpretation for Hoods with SCBA Facepiece Interface
Openings. Pass or fail performance shall be based on the average
amount of overlap for each specimen. One or more hood speci-
mens failing this test shall constitute failing performance.
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8.47 Whole Garment and Ensemble Liquid Penetration Test.
8.47.1 Application.

8.47.1.1 This test method shall apply to protective garments,
protective coats with an integrated garment-glove interface,
protective trousers with integrated booties, and entire en-
sembles that are being evaluated for the optional CBRN ter-
rorism agent protection.

8.47.1.2 Modifications to this test method for testing protec-
tive coats and protective coats with an integrated garment-
glove interface shall be as specified in 8.47.9.

8.47.1.3 Modifications to this test method for testing protec-
tive trousers and protective trousers with integrated booties
shall be as specified in 8.47.10.

8.47.1.4 Modifications to this test method for testing protec-
tive coat and trouser sets or protective coveralls shall be as
specified in 8.47.11.

8.47.1.5 Modifications to this test method for testing proxim-
ity fire fighting ensemble garment elements shall be as speci-
fied in 8.47.12.

8.47.1.6 Modifications to this test method for testing entire
ensembles for optional CBRN terrorism agent protection shall
be as specified in 8.47.13.

8.47.2 Samples.

8.47.2.1 Samples shall be complete garments or ensemble
elements.

8.47.2.2 Samples shall be conditioned as specified in 8.1.3.
8.47.3 Specimens.

8.47.3.1 A minimum of three specimens shall be tested.
Specimens shall consist of individual coats, trousers, or cover-
all elements; sets of coats and trousers elements, or entire en-
sembles for CBRN terrorism agent protection. Each element
shall have in place all layers that are required for the element
to be compliant.

8.47.3.2 The size of the elements comprising the specimens
shall be chosen to conform with the dimensions of the manne-
quin for proper fit of the specimen on the mannequin in ac-
cordance with the manufacturer’s sizing system. The size of
the elements comprising the specimen shall be the same size
as the mannequin in terms of chest circumference, waist cir-
cumference, and inseam height.

8.47.3.3 Specimens to be tested shall be conditioned as speci-
fied in 8.1.3.

8.47.3.4 A minimum of three specimens shall be tested.
Specimens shall consist of individual coats, trousers, coveralls,
sets of coats and trousers, or overall ensembles as addressed in
8.47.11. Each element shall have in place all layers that are
required for the element to be compliant.

8.47.3.5 The size of the elements comprising the specimens
shall be chosen to conform with the dimensions of the manne-
quin for proper fit of the specimen on the mannequin in ac-
cordance with the manufacturer’s sizing system. The size of
the elements comprising the specimen shall be the same size
as the mannequin in terms of chest circumference, waist cir-
cumference, and inseam height.

8.47.4 Sample Preparation.

8.47.4.1 Specimens to be tested shall be conditioned as speci-
fied in 8.1.3.

8.47.4.2 Samples to be conditioned shall be complete gar-
ments.

8.47.5 Apparatus. The apparatus and supplies for testing shall
be those specified in ASTM F 1359, Standard Practice for Fvalu-
ating the Liquid-Tight Integrity of Chemical Protective Clothing, with
the following modifications:

(1) The surface tension of the water used in testing shall be
35 dynes/cm + 5 dynes/cm.

(2)*The mannequin used in testing shall be fully upright and
shall have straight arms and legs with the arms positioned
at the mannequin’s side.

8.47.6 Procedure. Liquid penetration testing of garments
shall be conducted in accordance with ASTM F 1359, Standard
Practice for Evaluating the Liquid-Tight Integrity of Chemical Protec-
tive Clothing, with the following modifications:

(1) No provision for partial garments shall be permitted.

(2) Blocking of the specimen shall be as specified in 8.47.8,
8.47.9, and 8.47.10, as appropriate, for the type of speci-
men being tested.

The method used for mounting of the mannequin in the
spray chamber shall not interfere with the water spray.
The normal outer surface of the material shall be exposed
to the liquid as oriented in the clothing item.
Fluorescent or visible dyes shall not be used in the water
for spraying the suited mannequin.

The suited mannequin shall be exposed to the liquid
spray 5 minutes in each of the four mannequin orienta-
tions for a total of 20 minutes.

(7) At the end of the liquid spray exposure period, excess
liquid shall be removed from the surface of the specimen.
The specimen shall be inspected within 10 minutes of the
end of the liquid spray exposure period for evidence of
liquid penetration.

(8)

8.47.7* Report. A diagram shall be prepared for each test that
identifies the locations of any liquid leakage as detected on
the liquid-absorptive garment.

8.47.8 Interpretation. Any evidence of liquid on the liquid-
absorptive garment, as determined by visual, tactile, or absor-
bent toweling, shall constitute failure of the specimen.

8.47.9 Specific Requirements for Testing Coats and Coats
with an Integrated Garment-Glove Interface.

8.47.9.1 The liquid-absorptive garment shall only cover the
upper torso and arms of the mannequin from the middle of
the mannequin’s neck, down to the mannequin’s waistline,
and down to the mannequin’s wrist crease.

8.47.9.2 The coat shall be donned on the mannequin in ac-
cordance with the manufacturer’s instructions for proper
wearing.

8.47.9.3 The coat collar shall be placed in the up position on
the mannequin with the collar closure system fastened in the
closed position. The head of the mannequin shall be sealed
off with a plastic bag. The plastic bag shall extend downward
over the collar a distance of not greater than 25 mm (1 in.)
and shall be taped down using duct tape or similar waterproof
tape. The tape shall not extend downward more than 75 mm
(3 in.) from the top of the collar. The bottom edge of the tape
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and the plastic bag shall not come closer than 25 mm (1 in.) of
the collar seam where a collar seam is present. Where present,
the collar neck seam shall not be covered.

8.47.9.4 The test shall be conducted with the mannequin’s
hands removed. The coat sleeve hem shall be taped smoothly
to a can or an object of similar cylindrical, rigid shape of the
same nominal diameter as the sleeve opening. The can or cy-
lindrical object shall be fitted over the wristlet and under the
coat outer shell sleeve hem. The tape shall be duct tape or
similar waterproof tape.

8.47.9.4.1 Where garments are supplied with an integrated
garment-glove interface, the mannequin’s hands shall not be
removed. The garment-glove combination shall be donned on
the mannequin in accordance with the manufacturer’s in-
structions for proper wearing.

8.47.9.5 The coat shall be tested in conjunction with the pro-
tective trousers specified by the manufacturer, even where the
trousers are not being specifically evaluated by this test.

8.47.10 Specific Requirements for Testing Trousers.

8.47.10.1 The liquid-absorptive garment shall only cover the
lower torso and legs of the mannequin from the mannequin’s
waistline down to the mannequin’s ankles.

8.47.10.2 The trousers shall be donned on the mannequin in
accordance with the manufacturer’s instructions for proper
wearing.

8.47.10.3 Trousers shall be tested in conjunction with the pro-
tective coat specified by the manufacturer, even where the coat is
not being specifically evaluated by this test.

8.47.10.4 Absorbent toweling or similar material shall be
placed underneath the mannequin in order to prevent water
splashing up inside the trouser leg.

8.47.10.5 Where trousers are provided with integrated boo-
ties, outer footwear specified to be worn with the booties shall
be donned on the mannequin in accordance with the manu-
facturer’s instructions for proper wearing.

8.47.11 Specific Requirements for Testing Coveralls.

8.47.11.1 The liquid-absorptive garment shall only cover the
torso, arms, and legs of the mannequin from the middle of the
mannequin’s neck, down to the mannequin’s wrist crease, and
down to 200 mm (8 in.) above the bottom of the heel.

8.47.11.2 The coverall or set of coat and trousers shall be
donned on the mannequin in accordance with the manufac-
turer’s instructions for proper wearing.

8.47.11.3 The coat collar shall be placed in the up position on
the mannequin with the collar closure system fastened in the
closed position. The head of the mannequin shall be sealed
off with a plastic bag. The plastic bag shall extend downward
over the collar a distance of not greater than 25 mm (I in.)
and shall be taped down using duct tape or similar waterproof
tape. The tape shall not extend downward more than 75 mm
(3 in.) from the top of the collar. The collar neck seam shall
not be covered.

8.47.11.4 The test shall be conducted with the mannequin’s
hands removed. The knit wristlet shall be tucked up inside the
sleeve to prevent the water from absorbing into the wristlet.

8.47.11.4.1 Where garments are supplied with an integrated
garment-glove interface, the mannequin’s hands shall not be
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removed. The garment-glove combination shall be donned on
the mannequin in accordance with the manufacturer’s in-
structions for proper wearing.

8.47.11.5 Absorbent toweling or similar material shall be
placed underneath the mannequin in order to prevent water
splashing up inside the trouser leg.

8.47.11.6 Where trousers are provided with integrated boo-
ties, outer footwear specified to be worn with the booties shall
be donned on the mannequin in accordance with the manu-
facturer’s instructions for proper wearing.

8.47.12 Specific Requirements for Testing Proximity Fire
Fighting Ensemble Garment Elements.

8.47.12.1 Garment element specimens shall be complete
proximity fire fighting protective coats, protective trousers, or
protective coveralls.

8.47.12.2 Specimens shall be conditioned as specified in
8.1.3.

8.47.12.3 Where the proximity fire fighting garment design has
passed the liquid penetration requirements specified for struc-
tural fire fighting garments and the only change to the proximity
garment is from a structural garment outer shell to a proximity
garment outer shell, at least one specimen shall be tested.

8.47.12.4 Where the proximity fire fighting garment design
has not been tested for structural fire fighting garment liquid
penetration requirements, then a minimum of three speci-
mens shall be tested.

8.47.13 Specific Requirements for Testing Ensembles for Op-
tional CBRN Terrorism Agent Protection.

8.47.13.1 Specimens for testing shall consist of CBRN protec-
tive ensembles, including the garment, helmet, glove, and
footwear elements, and the SCBA specified for the ensemble
by the ensemble manufacturer. The hood interface compo-
nent shall also be tested where the hood is not part of the
CBRN ensemble garment elements.

8.47.13.2 Atotal of three different ensemble specimens shall
be evaluated.

8.47.13.3 Garment, glove, and hood elements shall be condi-
tioned as specified in 8.1.11.

8.47.13.4 Where the ensemble garment element does not in-
clude booties, footwear, including a removable CBRN barrier
layer where present, it shall be conditioned by flexing for 100,000
cycles in accordance with Appendix B of FIA 1209, Whole Shoe Flex,
with the following modifications:

(1) Water shall not be used.

(2) The flex speed shall be 60 cycles per minute +/— 2 cycles
per minute.

(3) Alternative flexing equipment shall be permitted to be
used when the flexing equipment meets the following
parameters:

(a) The alternative flexing equipment shall be capable of
providing the angle of flex as described in FIA 1209.

(b) The alternative flexing equipment shall be capable of
a flex speed of 60 cycles per minute +/— 2 cycles per
minute.

(c) The alternative flexing equipment shall provide a
means of securing the footwear during flexing.
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8.47.13.5 The liquid-absorptive garment shall be a hooded
coverall made of fabric meeting the requirements specified in
ASTM F 1359, Standard Practice for Evaluating the Liquid-Tight
Integrity of Chemical Protective Clothing. The liquid-absorptive
garment shall not interfere with the correct wearing of the
ensemble. In addition to the liquid-absorptive garment, the
mannequin’s hands shall be covered with suitably sized,
100 percent cotton gloves and the mannequin’s feet covered
with suitably sized, 100 percent cotton socks.

8.47.13.6 Specimens provided in 8.47.13.1 shall be donned
on the mannequin in accordance with manufacturer’s specifi-
cations.

8.47.13.7 The taping, blockage, coverage, or provision of ab-
sorbent toweling of or to any part of any interface or element
on the ensemble shall not be permitted.

8.47.13.8 The mannequin with ensemble in place shall be
exposed to the liquid spray 5 minutes in each of the four man-
nequin orientations for a total of 20 minutes.

8.47.13.9 Following the test, the liquid-absorptive garment,
inner cotton gloves, and inner cotton socks worn on the man-
nequin shall be inspected to determine evidence of liquid
leakage.

8.48 Eyelet and Stud Post Attachment Test.

8.48.1 Application. This test method shall apply to protective
footwear eyelets and stud posts.

8.48.2 Samples.
8.48.2.1 Samples for conditioning shall be whole footwear.

8.48.2.2 The eyelet and stud post samples shall be condi-
tioned as specified in 8.1.3.

8.48.3 Specimens.

8.48.3.1 Specimens shall total two eyelets and two stud posts
on three separate footwear items.

8.48.3.2 Specimens shall be removed from the footwear and
shall be 25 mm x 50 mm (1 in. x 2 in.).

8.48.4 Apparatus.

8.48.4.1 A tensile-testing machine shall be used with a
traverse rate of 50 mm/min (2 in./min).

8.48.4.2 Clamps measuring 25 mm x 38 mm (1 in. x 174 in.)
shall have gripping surfaces that are parallel, flat, and capable
of preventing slippage of the specimen during the test.

8.48.5 Procedure.

8.48.5.1 The stud post or eyelet puller shall be inserted or
attached to the upper position of the tensile-testing machine.

8.48.5.2 The traverse rate shall be set at 50 mm/min (2 in./
min).

8.48.5.3 The test eyelet or stud post shall be attached using
the appropriate puller fixture.

8.48.5.4 The eyelet stay shall be clamped, but clamping the
metal portion of the eyelets or stud hook in the lower clamps
shall not be permitted.

8.48.5.5 The distance between the clamps and stud hooks or
eyelets shall be 1.6 mm to 3.2 mm (Y6 in. to Y8 in.).

8.48.5.6 The test shall then be started.

8.48.6 Report.

8.48.6.1 The force will reach a peak, decline slightly, and
then increase to complete failure; however, the value at which
the force first declines shall be recorded and reported as the
initial failure point, since this is the separation point of the
material around the eyelet or stud post.

8.48.6.2 The average force shall be calculated, recorded, and
reported.

8.48.7 Interpretation. The average force shall be used to de-
termine pass or fail.

8.49 Breaking Strength Test.

8.49.1 Application. This test shall apply to garment outer
shell and collar lining materials used in protective garments.

8.49.2 Samples.

8.49.2.1 Samples for conditioning shall be 1 m (1 yd) square
of material.

8.49.2.2 Samples shall be conditioned to the procedure
specified in 8.1.2 at 10 cycles.

8.49.3 Specimens. Five specimens in each of the warp and
filling directions shall be tested from each sample.

8.49.4 Procedure. Specimens shall be tested for breaking
strength in accordance with ASTM D 5034, Standard Method for
Breaking Strength and Elongation of Textile Fabrics (Grab Test).

8.49.5 Report.

8.49.5.1 The breaking strength of each specimen shall be
recorded and reported.

8.49.5.2 The average breaking strength shall be calculated,
recorded, and for the warp and filling directions.

8.49.6 Interpretation.

8.49.6.1 Pass or fail performance shall be based on the aver-
age breaking strength in the warp and filling directions.

8.49.6.2 Failure in any one direction constitutes failure for
the material.

8.50 Conductive and Compressive Heat Resistance (CCHR)
Test.

8.50.1 Application. This test method shall apply to the shoul-
der areas and the knee areas of protective garments.

8.50.2 Samples.

8.50.2.1 Samples shall consist of composites representative of
all layers of the shoulder areas and knee areas used in the actual
construction of the protective garment. Different samples shall
be made representing each different composite combination
used by the garment manufacturer.

8.50.2.1.1 Samples of garment shoulder areas shall be repre-
sentative of the area in the actual garment that measures at
least 100 mm (4 in.) along the crown of the shoulder and
extending down from the crown on both the front and back of
the garment at least 50 mm (2 in.). The crown of the shoulder
shall be the uppermost line of the shoulder when the garment is
laying flat on an inspection surface with all closures fastened.

8.50.2.1.2 Samples of garment knee areas shall be represen-
tative of the knee area in the actual garment that measures at
least 150 mm x 150 mm (6 in. x 6 in.).
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8.50.2.2 Samples shall measure 200 mm x 200 mm (8 in.
x 8 in.) and shall be prepared of the composite layers. The
sample of the composite layers shall be sewn along two adja-
cent sides, with the layers arranged in the same order and
orientation as intended to be worn.

8.50.2.3 All samples shall first be preconditioned as specified
in 8.1.2.

8.50.3 Specimens.

8.50.3.1 A minimum of six specimens for testing shall be taken
from the samples after the preconditioning specified in 8.50.2.3.

8.50.3.2 The specimens shall measure 150 mm x 150 mm
(6 in. x 6 in.) and shall be cut from the sample excluding the
sewn areas so that the composite layers comprising the speci-
men are not sewn together at any point.

8.50.3.3 Specimens for both wet condition testing and dry
condition testing shall then be conditioned as specified in
8.1.3.

8.50.3.4 Specimens shall be conditioned for wet condition
testing as specified in 8.50.3.5.

8.50.3.5 For wet testing, the innermost layer of the composite
specimen shall then be further conditioned as follows prior to
testing:

(1) Blotter paper measuring 225 mm x 225 mm (9 in x 9 in)
shall be saturated in distilled water.

(2) Two sheets of the saturated blotter paper shall be run
together through a wringer that meets the requirements
of 10.2 of AATCC 70, Test Method for Water Repellency: Tumble
Jar Dynamic Absorption Test.

(3) The innermost layer of the composite specimen shall be
placed between two sheets of blotting paper.

(4) The innermost layer of the composite specimen, between
the two sheets of blotting paper, shall be placed into a 4-L
(1-gal) size air and liquidtight bag and the bag shall be
sealed closed.

(5) The innermost layer of the composite specimen between
the two sheets of blotting paper shall be conditioned in
the air and liquidtight bag at room temperature for at
least 24 hours, and shall not be removed from condition-
ing more than 5 minutes prior to testing.

(6) After removal from conditioning, the innermost layer
shall be removed from the blotting paper, and the com-
posite specimen shall be reassembled with all layers ar-
ranged in the same order and orientation as intended to
be worn.

8.50.3.6 A minimum of three specimens shall be tested for
shoulder areas in the wet condition. A minimum of three
specimens shall be tested for knee areas in the wet condition.

8.50.4 Apparatus. The test apparatus shall be in accordance
with ASTM F 1060, Standard Test Method for Thermal Protective
Performance of Materials for Protective Clothing for Hot Surface Con-
tact, with the following modifications:

(1) For the shoulder area CCHR rating, the sensor assembly
shall be modified so that the pressure applied to the test
specimens shall be 140 g/cm® + 1.4 g/cm? (2 psi + 0.2 psi).

(2) For the knee area CCHR rating, the sensor assembly shall
be modified so that the pressure applied to the test speci-
mens shall be 562 g/cm” + 56 g/cm? (8 psi + 0.8 psi)
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8.50.5 Procedure. Specimens shall be tested in accordance
with ASTM F 1060, Standard 1est Method for Thermal Protective
Performance of Materials for Protective Clothing for Hot Surface Con-
tact, with the following modifications:

(1) Specimens shall be tested using an exposure temperature
of 280°C, + 3/-0 °C (536 °F, +5/-0 °F).

(2) Time “zero” shall be the time that the sensor and specimen
are placed in direct contact with the exposure surface.

(3) A determination shall be made if the time to second de-
gree burn is equal to or exceeds 25.0 seconds.

(4) Specimens showing a second degree burn time that is
equal to or greater than 25.0 seconds shall be considered
as having passing performance. Specimens that have a
second degree burn time that is less than 25.0 seconds
shall be considered as having failing performance.

8.50.6 Report. The number of specimens demonstrating pass-
ing performance and the number of specimens showing failing
performance shall be reported separately for the shoulder area
and the knee area under both dry and wet conditions.

8.50.7 Interpretation. Shoulder area and knee area compos-
ites shall be considered to have demonstrated passing perfor-
mance when there are no reported failures for any specimen
under either dry or wet conditions.

8.51 Radiant Protective Performance Test.
8.51.1 Application.

8.51.1.1 This test method shall apply to garment outer shell
materials, glove outer shell materials, helmet faceshields, hel-
met outer covers, and helmet shrouds.

8.51.1.2 Modifications to this test method for testing gar-
ment outer shell and glove outer shell materials shall be as
specified in 8.51.7.

8.51.2 Samples. Samples for conditioning shall be garment
and glove outer shell materials, helmet faceshields, helmet
outer covers, and helmet shrouds.

8.51.3 Specimens.

8.51.3.1 Five specimens of each sample shall be precondi-
tioned in accordance with 8.1.3 prior to testing.

8.51.3.2 Test specimens shall be 75 mm x 250 mm (3 in.
x 10 in.).

8.51.3.3 All specimens excluding helmet faceshields shall be
conditioned by means of abrading the sample before remov-
ing it from the conditioned atmosphere. Specimens shall be
tested for radiant heat not more than 5 minutes after removal
from conditioning.

8.51.3.4 All specimens shall be conditioned on an oscillating
drum abrasion apparatus as specified in ASTM D 4157, Stan-
dard Test Method for Abrasion Resistance of Textile Fabric (Oscillatory
Cylinder Method). The specimens shall be mounted on the os-
cillating drum of the apparatus. The abradant shall be No. 6
hard-textured cotton duck conforming to the construction,
weight, and strength of Type I of Federal Specification CCC-C-
419, Cloth, Duck, Unbleached, Plied-Yarns, Army and Numbered,
and shall be cut into strips 45 mm (17 in.) wide by 230 mm
(9in.) long with the long dimension in the warp or wale direc-
tion. The abradant shall be mounted in the specimen holding
clamps under a tension of 13.5 N (3 Ibf) and a head load of
1.36 kg (3 Ib). A new abradant shall be used for each test, and
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the contact area of the abradant shall be free of slubs, knots, or
other weave imperfections. The test specimens shall be sub-
jected to 300 abrasion cycles.

8.51.4 Procedure.

8.51.4.1 Specimens shall be tested in accordance with ASTM
F 1939, Standard Test Method for Radiant Heat Resistance of Flame

Resistant Clothing Materials with Continuous Heating.

8.51.4.2 The selected test exposure shall be 2 cal/cm® as pro-
vided for in the test method.

8.51.4.3 The following provisions of ASTM F 1939 shall not
be required:

(1) Section 8.2, Laundering of Laboratory Samples

(2) Section 8.5, Determination of Test Specimen Average
Thickness

(3) Section 8.6, Determination of Test Specimen Average Sur-
face Density

8.51.5 Report.

8.51.5.1 Five specimens shall be tested, and the intersect time
shall be determined.

8.51.5.2 The average intersect time of the five specimens
shall be calculated, recorded, and reported.

8.51.6 Interpretation. The average intersect time of all speci-
mens of an item shall be used to determine pass or fail perfor-
mance.

8.51.7 Modifications for Testing Garment Outer Shell and
Glove Outer Shell Materials.

8.51.7.1 The garment and glove outer shell material test
specimens shall be 75 mm x 250 mm (3 in. x 10 in.) with the
long dimension in the warp or wale direction.

8.51.7.2 Specimens shall be tested as specified in 8.51.2
through 8.51.7.

8.51.8 Modifications for Testing Helmet Faceshields.

8.51.8.1 The specimen holder assembly plates shall have a
thickness of 3 +/— 0.1 mm to minimize deformation of the
holder by the specimen.

8.51.8.2 The specimen holder assembly front plate shall have
a center cut-out of 64 x 125 mm (2% in. x 5 in.).

8.51.8.3 The test specimen shall be 2 minimum of 100 mm
x 137 mm (4 in. x 5% in.). The test specimen shall be cut from
a faceshield with the long dimension representing the vertical
direction as worn.

8.52 Radiant Heat Resistance Test 3.

8.52.1 Application. This test shall apply to helmet shell systems.
8.52.2 Samples.

8.52.2.1 One sample helmet shell shall be used.

8.52.2.2 The sample helmet shall have any reflective outer
covering in place as intended for use, but shall have all shock
absorbing and thermally insulating materials removed from
the interior.

8.52.3 Specimens. Specimens shall be conditioned as speci-
fied in 8.1.3.2.

8.52.4 Apparatus.

8.52.4.1 The test apparatus shall be the radiant exposure
chamber as specified in 8.1.6.

8.52.4.2 The sensor shall be an exposed bead Type J or K30
AWG thermocouple that will be connected to a recording de-
vice that is capable of reading degrees centigrade.

8.52.5 Calibration Procedure. The chamber shall be calibrated
according to the calibration procedure specified in 8.1.6 to ob-
tain a stable uniform irradiance of 1.0 W/cm? + 0.1 W/cm?.

8.52.6 Procedure.

8.52.6.1 One specimen helmet shell, with any reflective outer
covering in place as intended for use but with all shock absorb-
ing and/or thermally insulating materials removed from the
interior, shall be used.

8.52.6.2 An exposed bead Type J or K30 AWG thermocouple
shall be fastened to the inner surface of the specimen helmet
shell in such a way that the thermocouple bead is in contact
with the shell material. The thermocouple bead shall be per-
mitted to be placed at any location within a 100 mm (4 in.)
diameter of where the front rear axis of the center line of the
shell and the intersection of the bitragion coronal meet.
There shall be no internal or external projections greater than
2 mm (Y16 in.) in height on the shell within 25 mm (1 in.) of
the thermocouple bead in any direction. The thermocouple
shall be connected to a recording device that reads degrees
centigrade.

8.52.6.3 The specimen helmet with thermocouple shall be
placed in the radiant exposure chamber specified in 8.1.6.
With the radiant panel adjusted to provide a stable uniform
irradiance of 1.0 W/cm? + 0.1 W/cm? in accordance with
8.1.6, the sample shall be placed in the chamber so that the
thermocouple location is in the center of the area of radiant
exposure.

8.52.6.4 The specimen shall be exposed to an irradiance of
1.0 W/cm? + 0.1 W/cm? for 180 seconds.

8.52.6.5 Thermocouple temperatures shall be recorded at
the beginning and at the end of the 180 seconds.

8.52.7 Report. The difference of the initial temperature and
the temperature at 180 seconds shall be recorded and re-
ported.

8.52.8 Interpretation. Any rise in temperature greater than
25°C (78°F) shall constitute failure of this test.

8.53 Wet Flex Test.

8.53.1 Application. This test method shall apply to garment
outer shell materials, glove outer shell materials, helmet
faceshields, footwear, helmet outer covers, and helmet
shrouds.

8.53.2 Samples. Samples shall be conditioned as specified in
8.1.3.

8.53.3 Specimens. Specimens shall be 100 mm x 200 mm
(4 in. x 8 in.) with the long dimension parallel to the warp or
wale direction and shall be from the fabric lot used in the
construction of the proximity protective garment.

8.53.3.1 Five (5) specimens from each sample unit shall be
tested with no two specimens containing the same yarns.
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8.53.3.2 The specimens shall be immersed in water at 60°C
+3°C (140°F £ 5°F), for 15 minutes.

8.53.3.3 Upon removal from the water, the test specimen
shall be placed on two layers of absorbent-type blotters and
covered by two additional layers.

8.53.3.4 The blotting paper shall conform to the require-
ments in AATCC 35, Water Resistance: Rain Test.

8.53.3.5 After placing the wet specimens between the blot-
ters, a 4.5 kg (10 1b) weight, a steel rod 75 mm (3 in.) in
diameter and 125 mm (5 in.) long, shall be rolled over the test
specimen for four complete cycles, eight passes.

8.53.3.6 The specimen shall be removed from between the
blotters and placed in the flexing device as specified in
8.53.3.4.

8.53.4 Apparatus.

8.53.4.1 The flexing device as shown in Figure 8.53.4.1(a)
and Figure 8.53.4.1(b) shall be used.

/—Crank handle

Sagiie)
= TS,
Gears—<§ Crank N
TEH Hjam seest1e o oS5
-3 = Y/ Clot
38mm L= [ Tension
h = aw arm
(173in) 5 Cloth Jaws :
Tray or board i -
}zivr:tisglat black |, i Weight;
Base @
Pivots freely both sides
121 mm
(4%4in.)

FIGURE 8.53.4.1(a) End View of Flexing Device.

8.53.4.2 The flexing device shall have a suitable weight on
the weight arm to produce a 13.5 N to 15.75 N (3 1b to 3.5 1b)
tension on the specimen during flexing.

8.53.4.3 The tensioning jaw or clamp shall be so located that,
with the tension jaw arm vertical, any point on the tensioning
jaw would be the apex of a cone of motion generated between
that point and the corresponding point of the moving jaw.

8.53.4.4 The crank arms shall be equal in effective length and
in angular phase so that the moving jaw connecting the two
arms remains parallel to the tension jaw throughout a com-
plete revolution of the arms.

8.53.4.5 A tray or board, flat black in color and sufficiently
large to catch any particles that are removed from the fabric,
shall be cleaned before each test and examined for material
particles after each test.

8.53.4.6 A motor-driven apparatus shall be permitted to be
used in lieu of the manual device specified.

\

@ 2013 Edition

Specimen width
152 mm (6 in.).

@ Tensioning jaw or clamp
N

Moving jaw
or clamp
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(
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102 mm
o~ "ol (4in.)
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Note: Both cloth jaws
must clamp the specimen
securely over the entire
width of the specimen at
their respective ends of
the specimen.

TOP VIEW

FIGURE 8.53.4.1(b) Top View of Flexing Device.

8.53.5 Procedure.

8.53.5.1 The specimens shall be taken directly from the blot-
ter paper and placed in the flexing device with the warp or
wale direction perpendicular to the jaw line.

8.53.5.2 The distance between jaw lines shall be 135 mm
(5% in.).

8.53.5.3 The specimen shall be placed in the device with the
moving jaw at bottom dead center, the tension jaw arm verti-
cal, and the face of the cloth down.

8.53.5.4 [Each jaw shall clamp the specimen across the entire
width.

8.53.5.5 The crank handle shall be turned at a rate of 50
revolutions + 10 revolutions per minute of the crank arms and
moving jaw during the test.

8.53.5.6 The specimen shall be flexed for 1000 cycles, then
removed from the apparatus, and shall be visually inspected to
determine pass/fail.

8.53.6 Report. Evidence of any cracking or delamination
shall be identified and defined and shall be recorded and re-
ported.

8.53.7 Interpretation.

8.53.7.1 Any cracking or delamination closer than 22 mm
(75 in.) from either jaw line shall not be considered.

8.53.7.2 Failure of any one specimen shall constitute failure
of sample unit.

8.54 Adhesion After Wet Flex—Tape Method Test.
8.54.1 Application.

8.54.1.1 This test method shall apply to the following proxim-
ity fire fighting protective ensemble elements: garment outer
shell materials, glove outer shell materials, helmet outer cov-
ers, and helmet shrouds.

8.54.1.2 This test shall apply only to coated or laminated ma-
terials of the noted element components.
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8.54.2 Samples. The same samples used in Section 8.53, Wet
Flex Test, shall be the samples used for this test.

8.54.3 Specimens. The same specimens specified in 8.53.3
shall be the specimens used for this test.

8.54.4 Apparatus.

8.54.4.1 The tensile-testing machine described in ASTM D
5034, Standard Test Method for Breaking Strength and Elongation of
Textile Fabrics (Grab Test), shall be used with the modification
that all machine attachments for determining maximum load
shall be disengaged and the speed of the pulling clamp shall
be 505 mm/min (20 in./min).

8.54.4.2 Five 50 mm x 100 mm (2 in. x 4 in.) steel plates
conforming to Class 301 or Class 304 of ASTM A 666, Standard
Specification for Annealed or Cold Worked Austenitic Stainless Steel
Sheet, Strip, Plate, and Flat Bar, which have been polished to a
No. 4 finish shall be used.

8.54.4.3 A 38 mm (1% in.) wide steel roller weighing 4.53 kg
+0.06 kg (10 Ib + 2 oz), shall be used.

8.54.4.4 A pressure sensitive tape used for testing the adhe-
sion of the coating or the laminate shall be used and shall have
the required adhesion value specified in 8.54.4.6.11.

8.54.4.5 Candidate pressure sensitive tapes, for potential use
in testing the adhesion of coatings or laminates, shall have the
adhesion value of the candidate tapes be determined by the
procedure specified in 8.54.4.6.12.

8.54.4.6 Procedure for Determining Adhesion Value of Can-
didate Pressure Sensitive Tapes.

8.54.4.6.1 The equipment specified in 8.54.4.1, 8.54.4.2, and
8.54.4.3 shall be used in the procedure for adhesion value
determination.

8.54.4.6.2 Prior to each adhesion value determination proce-
dure, the steel plates specified in 8.54.4.2 shall be thoroughly
cleaned with diacetone alcohol, methyl alcohol, or methyl
ethyl ketone, using a clean piece of lint-free wiping tissue.

8.54.4.6.3 Five specimens from the same production batch of
each candidate pressure sensitive tape shall be tested. Each
candidate tape specimen shall measure 25 mm x 200 mm
(1 in. x 8 in.).

8.54.4.6.4 Each of the five tape specimens of one candidate
tape sample, specified in 8.54.4.6.3, shall be applied to the
clean surface of each of the five steel plates, specified in
8.54.4.2, so that it covers the entire length of the plate and
extends 100 mm (4 in.) beyond one end of the plate.

8.54.4.6.5 Each candidate tape specimen shall be pressed
down by passing the roller, specified in 8.54.4.3, over the tape

six times, three times in each direction.

8.54.4.6.6 The free end of the candidate tape specimen shall
be doubled back over the specimen 180 degrees, and 25 mm
(1 in.) of the tape shall be peeled off the plate.

8.54.4.6.7 Each plate, with the candidate tape specimen
affixed, shall be tested separately for adhesion value deter-
mination.

8.54.4.6.8 The plate shall be inserted and clamped in the
bottom jaw of the tensile-testing machine, specified in
8.54.4.1, with the free end of the candidate tape specimen
oriented downward.

8.54.4.6.9 The free end of the candidate tape specimen shall
be looped upward and inserted and clamped in the upper jaw
so as to peel the tape specimen from the plate when the jaw
motion is started.

8.54.4.6.10 The minimum tension required to remove the
remainder of the candidate tape specimen from the steel
plate, excluding the final 25 mm (1 in.), shall be recorded by
an autographic recording device.

8.54.4.6.11 The recorded minimum tension value of the can-
didate tape specimen shall be the adhesion value.

8.54.4.6.12 All five specimens of the candidate tape shall
have an adhesion value of not less than 4.8 N/cm (2% lb/in.)
width, and not more than 6.2 N/cm (3% lb/in.) width for the
pressure sensitive tape to be selected for use in testing the
adhesion of the coating or the laminate.

8.54.5 Procedure.

8.54.5.1 Immediately after each of the five specimens has
completed the testing specified in Section 8.53, Wet Flex Test,
the five specimens shall be tested and evaluated for adhesion.

8.54.5.2 A razor cut design shall be symmetrically centered
within the 100 mm x 200 mm (4 in. x 8 in.) of each of the five
specimens. The cut design shall be two X cuts and three hori-
zontal cuts and shall be made as shown in Figure 8.54.5.2. The
cuts shall be made with a sharp razor blade through the coat-
ing or laminate and adhesive layers, but shall not cut through
the base cloth.

| —Test sample

100 mm
(4in.)

| 50 mm |
I in) I

Note: Solid lines indicate cut lines.
FIGURE 8.54.5.2 Cuts.
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8.54.5.3 Five 25 mm x 200 mm (1 in. x 8 in.) pieces of pres-
sure sensitive tape, taken from a lot of material that has quali-
fied for use in testing the adhesion of coatings or laminates by
the procedure specified in 8.54.4.6, shall be used for adhesion
testing.

8.54.5.4 One piece of the pressure sensitive tape, specified in
8.54.5.3, shall be used for each of the specimens.

8.54.5.5 The pressure sensitive tape shall be applied to the
specimens so that it covers the entire length of the specimen,
centered over the X cuts and horizontal cuts as shown in Fig-
ure 8.54.5.2, and extending 100 mm (4 in.) beyond one end of
the specimen.

8.54.5.6 The pressure sensitive tape shall be pressed onto the
specimen by passing the roller over the specimen six times,
three times in each direction.

8.54.5.7 The free end of the pressure sensitive tape shall be
doubled back over the specimen 180 degrees, and 25 mm
(1 in.) of the pressure sensitive tape shall be peeled off the
specimen.

8.54.5.8 The specimen shall then be inserted and clamped
in the bottom jaw of the tensile-testing machine, specified
in 8.54.4.1, with the free end of the pressure sensitive tape
downward.

8.54.5.9 The free end of the tape shall be looped upward and
inserted and clamped in the upper jaw of the tensile-testing
machine so as to peel the pressure sensitive tape from the
specimen when the jaw motion is started.

8.54.5.10 The jaw motion of the tensile-testing machine shall be
engaged to peel the pressure sensitive tape from the specimen.

8.54.5.11 Following removal of the pressure sensitive tape, the
tape and specimen shall be visually examined for compliance.

8.54.6 Report.

8.54.6.1 LEvidence of any cracking on the face shall be re-
corded and reported.

8.54.6.2 Evidence of any delamination shall be recorded and
reported.

8.54.6.3 Evidence of any particulate on the pressure sensitive
tape adhesive from the coating shall be recorded and re-
ported.

8.54.7 Interpretation.

8.54.7.1 A moderate amount of specks on the pressure sensi-
tive tape adhesive from the coating shall not constitute failure.

8.54.7.2 A greater than moderate amount of specks, or par-
ticulate larger than specks on the pressure sensitive tape adhe-
sive from the coating shall constitute failure.

8.54.7.3 Exposure of adhesive beneath a laminate layer shall
constitute failure.

8.54.7.4 The failure of any one specimen shall constitute fail-
ure of the test.

8.55 Flex at Low Temperature Test.

8.55.1 Application. This test method shall apply to garment
outer shell materials, glove outer shell materials, helmet
faceshields, footwear, helmet outer covers, and helmet
shrouds.
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8.55.2 Samples.

8.55.2.1 Samples shall be taken from the fabric lot used in
the construction of the garment.

8.55.2.2 Samples shall be conditioned as specified in 8.1.3.
8.55.3 Specimens.
8.55.3.1 A minimum of five specimens shall be tested.

8.55.3.2 Specimens shall measure 25 mm x 100 mm (1 in.
x4 in.), with the long dimension in the warp or wale direction.

8.55.4 Apparatus. The test jig as shown in Figure 8.55.4 shall
be used.

8.55.5 Procedure.

8.55.5.1 The test samples and test jig, as shown in Figure
8.55.4, shall be conditioned for 4 hours at a temperature of
=32°C (-25°F).

8.55.5.2 At the end of the conditioning period, with the jig
and the test specimens still in the test atmosphere, the speci-
men shall be placed in the open jig with the rod in the center
of the fabric. The face of the fabric shall be positioned away
from the rod.

8.55.5.3 The jig shall be closed in less than 3 seconds so that
the specimen is bent face out around the rod until the back of
the specimen touches itself.

8.55.5.4 The tested fabric shall be examined without magni-
fication.

8.55.6 Interpretation. Failure of any one specimen shall con-
stitute failure of sample unit of production.

8.56 Resistance to High-Temperature Blocking Test.

8.56.1 Application. This test method shall apply to proximity
fire fighting garment outer shell materials, proximity fire
fighting glove outer shell materials, proximity fire fighting hel-
met outer covers, and proximity fire fighting helmet shrouds.

8.56.2 Specimens. Specimens shall be tested after being sub-
jected to the procedure specified in 8.1.3.

8.56.3 Procedure.

8.56.3.1 Blocking test procedure shall be as stated in Method
5872, Temperature, High, Effect on Cloth Blocking, of Federal Test
Method Standard 191A, Textile Test Methods.

8.56.3.2 Following each test procedure the test specimen
shall be examined to determine pass or fail performance.

8.56.4 Report. Any evidence of blocking shall be recorded
and reported.

8.56.5 Interpretation. Failure of any one specimen shall con-
stitute failure of the unit of product.

8.57 Drag Rescue Device (DRD) Materials Strength Test.
8.57.1 Application.

8.57.1.1 This test shall apply to DRD materials and DRD
seams, splices, and joints.

8.57.1.2 Modifications to this test method for testing DRD
seams, splices, and joints shall be as specified in 8.57.7.
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FIGURE 8.55.4 Jig Assembly — Resistance to Low Temperature Test.

8.57.2 Samples.

8.57.2.1 Five samples shall be taken from each different DRD
material.

8.57.2.2 Five samples shall be taken from each different type
of DRD seam, splice, and joint.

8.57.2.3 Samples for conditioning shall be atleast 1 m (1 yd)
lengths of material including seams for seam testing.

8.57.3 Specimens.

8.57.3.1 Specimens shall be tested after being subjected to
the conditioning specified in 8.1.2.

8.57.3.2 A total of five material specimens representative of
the DRD materials shall be tested for each material type.

8.57.3.3 A minimum of five seam, splice, and joint specimens
representative of the DRD seams, splices, and joints shall be
tested for each seam, splice, and joint type.

8.57.4 Procedure. Specimens shall be tested for breaking
strength only as specified in ASTM D 6775, Standard Test
Method for Breaking Strength and Elongation of Textile Webbing,
Tape and Braided Material.

8.57.5 Report.

8.57.5.1 The breaking strength of each specimen shall be
recorded and reported.

8.57.5.2 The average breaking strength of all specimens shall
be calculated, recorded, and reported.

8.57.6 Interpretation. The average breaking strength shall be
used to determine pass or fail performance.

8.57.7 Specific Requirements for Testing DRD Seams,
Splices, and Joints.

8.57.7.1 The test specimen shall be as specified in ASTM D
6775, Standard Test Method for Breaking Strength and Elongation of
Textile Webbing, Tape and Braided Material, and shall include the
seam, splice, and joint in the middle of the test specimen.

8.57.7.2 Testing shall be performed as specified in 8.57.4.
8.58 Drag Rescue Device (DRD) Function Test.

8.58.1 Application. This test shall apply to DRD installed in
protective coats and protective coverall elements.

8.58.2 Samples.

8.58.2.1 Samples shall consist of complete protective coats or
protective coveralls with DRD installed.

8.58.2.2 Samples shall be conditioned as specified in 8.1.3.
8.58.3 Specimens.

8.58.3.1 Specimens for testing shall be complete coat or com-
plete coverall garment elements with DRD.

8.58.3.2 A minimum of three specimens shall be tested for
each garment element type.

8.58.3.3 Each specimen shall have all garment layers in place.
8.58.4 Apparatus.
8.58.4.1 One pair of protective gloves shall be provided.

8.58.4.1.1 The gloves shall be certified as compliant with this
standard and shall be properly sized to fit the test technician.
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8.58.4.1.2 For structural fire fighting ensembles, the protec-
tive gloves shall be structural fire fighting gloves.

8.58.4.1.3 For proximity fire fighting ensembles, the protec-
tive gloves shall be proximity fire fighting gloves.

8.58.4.2 One IAFF “Rescue Randy” Model 1475 mannequin,
or equivalent, shall be provided as the test mannequin.

8.58.4.3 One open-circuit SCBA shall be provided.

8.58.4.3.1 The SCBA shall be certified as compliant with
NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Ap-
paratus (SCBA) for Emergency Services.

8.58.4.3.2 The SCBA shall be equipped with an empty 60-
minute rated breathing air cylinder.

8.58.5 Procedure.

8.58.5.1 The DRD shall be inspected to insure correct instal-
lation within the garment element in accordance with manu-
facturer’s instructions.

8.58.5.2 The DRD shall be in the secured, non-deployed,
position.

8.58.5.3 The size of the specimen shall properly fit the man-
nequin by conforming to the dimensions of the mannequin
chest circumference in accordance with the manufacturer’s
sizing system.

8.58.5.4 The test specimen shall be donned on the test man-
nequin in accordance with the manufacturer’s instructions for
proper wearing, and shall be tested with an SCBA.

8.58.5.5 The SCBA shall be donned in accordance with the
SCBA manufacturer’s instructions over the specimen.

8.58.5.6 The test mannequin shall be placed on its side on a
concrete surface.

8.58.5.7 With the test mannequin in position, the test techni-
cian shall don the gloves specified in 8.58.4.1.

8.58.5.8 The test technician shall deploy the DRD according
to the manufacturer’s instructions.

8.58.5.9 Deployment time shall be measured beginning
when the test technician touches the mannequin and shall
stop when the dragging motion begins.

8.58.5.10 The test technician shall drag the mannequin in a
straight line using the DRD, in accordance with the manufac-
turer’s instructions, for a distance of 2.5 m, +0.5/-0 m (8 ft,
+1%./-0 ft).

8.58.5.11 The deployment of the DRD and the dragging of
the mannequin shall be observed to determine if the SCBA is
dislodged from the “as donned position.”

8.58.6 Report.

8.58.6.1 The deployment time of the DRD shall be recorded
and reported.

8.58.6.2 The ability to drag the mannequin the required dis-
tance shall be recorded and reported.

8.58.6.3 Change in the position of the SCBA during either
the deployment of the DRD or the dragging of the mannequin
shall be recorded and reported.
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8.58.7 Interpretation.

8.58.7.1 The inability to deploy the device in 10 seconds or
less, or the inability to drag the mannequin 2.5 m (8 ft) shall
constitute failing performance.

8.58.7.2 Failure of one or more specimens shall constitute
failing performance.

8.59 Conductive Heat Resistance Test 3.

8.59.1 Application. This test method shall apply to proximity
footwear upper material.

8.59.2 Samples.

8.59.2.1 Samples for conditioning shall be whole footwear.
8.59.2.2 There shall be at least three samples of footwear.
8.59.3 Specimens.

8.59.3.1 A total of three specimens of footwear shall be
tested.

8.59.3.2 Footwear specimens shall be cut from portions of
the footwear upper or from a composite that is representative
of footwear upper construction at the thinnest part. Speci-
mens shall consist of each composite of footwear upper used
in the actual footwear construction, including the tongue but
excluding the gusset, with the layers arranged in proper order.
Where a composite is identical to another composite except
for additional reinforcement layer(s), the composite with no
reinforcement layers shall be tested.

8.59.3.3 Specimens shall be conditioned as specified in 8.1.3.

8.59.4 Procedure. Specimens shall be tested in accordance
with ASTM F 1060, Standard lest Method for Thermal Protective
Performance of Materials for Protective Clothing for Hot Surface Con-
tact, with the following modifications:

(1) Specimens shall be tested using an exposure temperature
of 100°C (212°F). The pressure applied during the test
shall be 3.45 kPa, +0.35 kPa (0.5 psi, +0.05 psi).

(2) The test exposure duration shall be 10 minutes.

8.59.5 Report. The maximum temperature during the 10-
minute exposure shall be recorded and reported.

8.59.6 Interpretation. Pass/fail determinations shall be based
on the average temperature of all specimens tested.

8.60 Radiant Heat Resistance Test 2.

8.60.1 Application. This test method shall apply to proximity
protective footwear.

8.60.2 Samples. Samples for conditioning shall be complete
footwear.

8.60.3 Specimen Preparation.

8.60.3.1 A minimum of three complete footwear items shall
be tested.

8.60.3.2 Specimens shall be conditioned in accordance with
8.1.3.

8.60.4 Apparatus. The apparatus shall consist of the following:

(1) Radiometer of the Schmidt-Boelter or Gardon type with
radiant heat flux transducer with a diameter of 25 mm
(1 in.), a minimum viewing angle of 150 degrees , a mini-
mum spectral response flat within 3 percent over a range
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of atleast 1.0 pm to 10.0 pm, and an overall accuracy of at
least +5 percent of the reading.

(2) Radiant panel with an effective radiating surface of not
less than 150 mm x 150 mm (6 in. x 6 in.) and an emit-
tance approximating that of a blackbody of 1000°K
+200°K (1340°F + 360°F)

(3) Thermocouple with meter

(4) Test chamber that prevents interference from air movement

(5) A means of holding the boot in place so that leather
shrinkage does not cause movement of the boot away
from the panel.

8.60.5 Procedure.

8.60.5.1 Tests shall be done on each area of the footwear
upper, including the tongue but excluding the gusset, which
consists of a different composite. Where a composite is identi-
cal to another composite except for additional reinforcement
layer(s), the composite with no reinforcement layers shall be
representative of the composite with reinforcement layer(s).

8.60.5.2 The radiant panel shall be placed in front of the
radiometer, parallel to the plane tangent to the radiometer.
The radiant panel shall be adjusted to obtain a stable, uniform
irradiance of 4.0 W/cm?, +0.4/-0.0 W/cm? (1.0 cal/cm?/sec,
+0.01/-0.0 cal/cm?/sec), over a minimum 75 mm (3 in.) diam-
eter circle located on the above plane and centered at the center
of the test area. Calibration shall be achieved when the irradiance
changes by less than 10 percent during a 3-minute period.

8.60.5.3 The thermocouple shall be affixed with thermally
conductive adhesive to the inside surface of the lining next to
the foot in the center of the test area. The radiometer shall be
replaced with the protective footwear with the test area ori-
ented parallel to the plane tangent to the heat source at the
same distance from the heat source. The area shall be exposed
for 100 seconds, +5/-0 seconds.

8.60.5.4 The thermocouple temperature shall be recorded at
100 seconds of exposure.

8.60.6 Report.

8.60.6.1 The temperature at 100 seconds of exposure shall be
reported for each specimen.

8.60.6.2 The average temperature at 100 seconds of exposure
for all specimens shall also be calculated and reported.

8.60.7 Interpretation. The average temperature at 100 sec-
onds of exposure for all specimens tested shall be used to
determine pass/fail performance.

8.61 Light Degradation Resistance Test.

8.61.1 Application. This test method shall apply to moisture
barrier materials and CBRN barrier layers.

8.61.2 Samples.

8.61.2.1 Samples for conditioning shall be at least 380 mm
(15 in.) square and shall consist of a composite constructed
using a layer of 7.5 0z woven 93 percent meta-aramid, 5 per-
cent para-aramid, 2 percent antistat fiber, the moisture bar-
rier, a layer of 3.8 oz * 0.3 oz, aramid needle punched non-
woven, quilted to a 3.4 oz + 0.2 oz, aramid woven plain weave
thermal barrier material, and another layer of 7.5 oz woven
93 percent meta-aramid, 5 percent para-aramid, 2 percent an-
tistat fiber. The four-layer composite sample shall be stitched
around the entire periphery.

8.61.2.2 Where the layer intended to be the moisture barrier
is configured of a composite that includes outer shell, mois-
ture barrier, or thermal barrier combinations, the samples to
be preconditioned shall be constructed using those materials.

8.61.2.3 The moisture barrier layer shall be removed from the
fourlayer composite samples after all preconditioning has been
completed and shall become the moisture barrier specimen.

8.61.2.4 Where the moisture barrier is configured as indi-
cated in 8.61.2.2, specimens shall be permitted to be a com-
posite of layers provided that the layer intended to be the
moisture barrier will face the light source in the test apparatus
and provided that the specimen was preconditioned accord-
ing to 8.61.2.2.

8.61.3 Sample Preparation. Sample composites shall be sub-
jected to two cycles of the following conditioning:

(1) The sample shall first be subjected to the procedure speci-
fied in 8.1.2.

(2) The sample shall then be conditioned as specified in 8.1.3.

(3) The sample shall then be conditioned as specified in 8.1.5.

(4) The sample shall then be conditioned at a temperature of
21°C £ 3°C (70°F + 5°F), and a relative humidity of 65 per-
cent + 5 percent for at least 4 hours.

8.61.4 Specimen Preparation.

8.61.4.1 The moisture barrier material will be removed from
the conditioned sample composite and be cut into specimens
at least 150 mm (6 in.) square.

8.61.4.2 A minimum of four specimens shall be tested.
8.61.5 Procedure.

8.61.5.1 Light resistance testing shall be conducted in accor-
dance with ASTM G 155, Standard Practice for Operating Xenon
Arc Light Apparatus for Exposure of Non-Metallic Materials, using
Cycle 8 Exposure Conditions. Both inner and outer filters shall
be borosilicate. Exposure duration shall not include dark cycles.

8.61.5.2* For each specimen, a piece of cardstock shall be cut
in equal dimensions to the specimen. The specimen shall be
stapled to the cardstock at each corner with the film side of the
specimen away from the cardstock. The cardstock-backed
specimen shall be clipped into the test apparatus, insuring
clips do not contact the specimen, and the film side of the
specimen is oriented toward the light source.

8.61.5.3 Specimens shall be subjected to 40 hours of continu-
ous light exposure.

8.61.5.4 Specimens shall be removed from the test apparatus
and conditioned in a dark environment at a temperature of
21°C £ 3°C (70°F + 5°F), and a relative humidity of 65 percent
+ b percent, for at least 4 hours.

8.61.5.5 Specimens shall be tested in accordance with ASTM D
751, Standard Methods for Testing Coated Fabrics, Hydrostatic
Resistance, Procedure B — Rising Column Water Method, Proce-
dure 2, Sections 46—49, with the following modifications:

(1) Alternative test apparatus shall be permitted provided
that the exposed area of the specimen is at least 108 mm
(4%1in.) in diameter and the pressure can be applied uni-
formly over the exposure period at a precision of 0.1 kPa
(+0.2 psi).

(2) The applied pressure shall be 13.8 kPa (2 psi) for an ex-
posure period of 1 minute.

(3) Restraining materials shall not be used.

(3]
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(4) Failing performance shall be if any water appears on the
surface of the specimen during the exposure period as
discerned by a person with 20/20 vision, or vision cor-
rected to 20/20, at a nominal distance of 305 mm (12 in.)
with standard room illumination.

8.61.5.5.1 The moisture barrier specimen shall be placed in
the apparatus with the film side facing away from the water
source.

8.61.6 Reports. The pass or fail performance for each speci-
men shall be recorded and reported.

8.61.7 Interpretation. One or more test failures of any speci-
men shall constitute failure of material.

8.62 Liner Retention Test.

8.62.1 Application. This test method shall apply to protective
gloves.

8.62.2 Samples. Samples for conditioning shall be whole gloves.
8.62.3 Specimens.

8.62.3.1 Aminimum of three whole gloves each for size small
and size large with each liner type shall be tested.

8.62.3.2 Each digit of the glove shall be tested.

8.62.3.3 Specimens shall be conditioned as specified in 8.1.2
and then conditioned as specified in 8.1.3.

8.62.4 Apparatus. Liner retention shall be evaluated with the
use of locking forceps and a force measuring gauge.

8.62.5 Procedure.

8.62.5.1 The locking forceps shall be attached to the inner
liner of the digit to be tested ensuring that an unattached liner
or the outer shell is not grabbed.

8.62.5.2 The hook of the force gauge shall be looped around
the locking bridge of the forceps.

8.62.5.3 The digit of the glove shell shall be gripped ensuring
that the inner liner is not impeded.

8.62.5.4 The force gauge shall be pulled until 25 N (5% Ibf)
registers on the dial and then released.

8.62.5.5 Each digit shall be inspected for indication of de-
tachment of inner liner and/or moisture barrier.

8.62.6 Report. Results shall be recorded and reported as pass
or fail.

8.62.7 Interpretation.
8.62.7.1 Failure of any digit of any glove shall constitute failure.

8.62.7.2 Glove shall be permitted to be cut open to verify
detachment.

8.63 Reserved.
8.64 Reserved.
8.65 Man-In-Simulant Test (MIST).

8.65.1 Application. This test shall apply to CBRN protective
ensembles.

8.65.2 Samples.

8.65.2.1 Samples shall consist of CBRN protective ensembles,
including the ensemble garment, helmet, glove, and footwear
elements, and the SCBA specified for the ensemble by the

\

@ 2013 Edition

ensemble manufacturer. The hood interface component shall
also be tested where the hood is not part of the CBRN en-
semble garment elements.

8.65.2.2 The ensemble shall be tested with each style of the
SCBA specified by the manufacturer.

8.65.2.3 Garment, glove, and hood elements shall be condi-
tioned as specified in 8.1.9.

8.65.2.4 Where the ensemble garment element does not in-
clude attached booties, the footwear, including a removable
CBRN barrier layer where present shall be conditioned by
flexing for 100,000 cycles in accordance with Appendix B of
FIA 1209, Whole Shoe Flex, with the following modifications:

(1) Water shall not be used.

(2) The flex speed shall be 60 +/-2 cycles per minute.

(3) Alternative flexing equipment shall be permitted to be
used when the flexing equipment meets the following pa-
rameters:

(a) The alternative flexing equipment shall be capable of
providing the angle of flex as described in FIA 1209.

(b) The alternative flexing equipment shall be capable of
a flex speed of 60 +/-2 cycles per minute.

(c) The alternative flexing equipment shall provide a
means of securing the footwear during flexing.

8.65.2.5 Samples shall be conditioned at 21°C = 6°C, and
50 percent = 30 percent, relative humidity for at least 4 hours.

8.65.3 Specimens.

8.65.3.1 Specimens shall consist of the garment, helmet, glove,
and footwear elements, and the respirator specified for the en-
semble by the ensemble manufacturer. The hood interface com-
ponent shall also be tested where the hood is not part of the
CBRN ensemble garment elements.

8.65.3.2 A minimum of four specimens shall be tested. The
specimens shall represent a minimum of two different en-
semble sizes.

8.65.3.3* Specimens shall be provided to fit or be adjustable to
fit the selected test subjects in accordance with the manufac-
turer’s sizing provisions that are specific to each ensemble.

8.65.3.4 None of the ensembles or components of the en-
semble to be tested shall have been previously subjected to
MIST testing unless it can be demonstrated that the ensemble
or components are free of contamination.

8.65.3.5 Underclothing and socks shall be permitted to be
reused provided they have been laundered with a detergent
that has been demonstrated not to cause interference with the
analytical method.

8.65.4 Apparatus.
8.65.4.1 Test Facility.

8.65.4.1.1 The test facility shall include areas for dressing,
stage 1 undressing area adjacent and accessible to the cham-
ber, and a stage 2 undressing area adjacent and accessible to
the stage 1 undressing area.

8.65.4.1.2 The test shall be conducted in a sealed chamber
with a minimum volume of sufficient dimensions to permit
free movement of the test subject(s) when fully dressed in the
ensemble and for the test subject(s) to carry out the physical
exercise routine specified in 8.65.5.8.

8.65.4.1.3 More than one test subject shall be permitted in
the chamber at the same time, provided that they can com-
plete all tasks in the appropriate time period and that they
have an unobstructed direct path to the wind stream.
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8.65.4.1.4 The test chamber shall have a temperature of 25°C
+ 2°C, relative humidity of 55 percent = 10 percent and a
nominal wind speed of 0.9 to 2.2 m/sec (2 to 5 mph). The
average wind speed shall be 1.6 m/sec + 0.2 m/sec (3.5 mph
+ 0.5 mph).

8.65.4.2 Test Chemical and Analytical Equipment.

8.65.4.2.1 The test simulant shall be methyl salicylate (MeS;
CgHgOg4) CAS 119-36-8, more commonly known as oil of win-
tergreen. The MeS minimum purity shall be 95 percent. Vapor
doses shall be measured using passive adsorbent dosimeters
(PADs).

8.65.4.2.2 The standard concentration of MeS in the vapor
chamber shall be 100 mg/m® + 15 mg/m?, as measured by a
real-time infrared analysis of the chamber air or other vali-
dated real-time analytical technique.

8.65.4.2.3 Infrared readings shall be taken every 60 seconds
to verify compliance with the concentration requirement, and
an air sample shall be taken at least every 10 minutes for vali-
dation of infrared readings.

8.65.4.2.4 LEvery step shall be taken to avoid generation of
liquid aerosol.

8.65.4.2.5 The sensitivity of the analytical technique used for
the measurement of MeS in the PADs shall provide a detection
limit of 30 ng MeS per PAD. The analytical technique shall
have an upper limit of quantification of 31,500 ng.

8.65.4.3* Passive Adsorbent Dosimeters (PADs). The test shall
be conducted using PADs that affix directly to the skin of the
test subjects with the following characteristics:

(1) The PADs shall be a foil packet that contains an adsorbent
material covered by a high-density polyethylene film that
acts as a pseudo-skin barrier.

(2) The PADs shall have an uptake rate of 3.5 cm/min or
greater.

8.65.4.4 Test Subjects.

8.65.4.4.1 All test subjects shall be medically and physically
suitable to perform these tests without danger to themselves. A
medical certificate for each test subject shall have been issued
within 12 months prior to testing.

8.65.4.4.2 Test subjects shall be familiar with the use of
chemical protective ensembles and with the selected CBRN
SCBA.

8.65.5 Procedure.

8.65.5.1 Test subjects shall have followed pretrial procedures
that include proper hydration and avoiding personal hygiene
products that contain MeS.

8.65.5.2 PADs shall be placed on test subjects at the body
region locations shown in Figure 8.65.5.2.

8.65.5.2.1 All PADs shall be applied in a clean dressing area,
by personnel who have followed pretrial procedures to mini-
mize contamination. Test subjects shall also follow pretrial
procedures to minimize contamination.

8.65.5.2.2 Cheek PADs shall be located entirely within the
respirator facepiece, and all other PADS shall be located en-
tirely outside the seal of the respirator facepiece.

8.65.5.3 Three additional PADs shall be used to conduct
background sampling and for quality control during the trial.
These PADs shall be located in the dressing area, the stage 1
undressing area, and the stage 2 undressing area.

®
\_/
I\
28 29
1
1: scalp (SCA) 16: chest (C)
2: forehead (F) 17: right buttock (RB)
3: behind left ear upper (LED) 18: lower back (LB)
4: behind left ear (LE) 19: groin (GR)
5: neck right (NED) 20: crotch (LCR)
6: neck left (NE) 21: crotch (RCR)
7:nape (NA) 22: left inner thigh (LIT)
8: left armpit (LA) 23: right inner thigh (RIT)
9: left inner upper arm (LIU) 24: left inner shin (LIS)
10: left outer upper arm (LOU) 25: right inner shin (RIS)
11: left forearm (LFA) 26: cheek (RM)
12: right forearm (RFA) 27: cheek (LM)
13: middle back (MB) 28: left hand (G)
14: middle back dup. (MBD) 29: right hand (GD)
15: abdomen (AB) 30: foot (B)

FIGURE 8.65.5.2 Locations of Passive Adsorption Dosim-
eters (PADs) on Test Subjects.

8.65.5.4 The test subject shall don the protective ensemble
and respirator in accordance with the manufacturer’s instruc-
tions in an area located away from the test chamber. The test
subject shall wear clothing under the CBRN protective en-
semble as specified by the manufacturer. If no undergarments
are specified or required by the manufacturer as part of the
certified ensemble, the test subject shall wear a short sleeve
cotton shirt and shorts or underwear.

8.65.5.5 After sealing the ensemble, the test subject shall en-
ter the test chamber, and the test chamber shall be sealed.

(3]
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8.65.5.6 The test duration shall be 30 minutes in the cham-
ber with an additional 5-minute decontamination period.

8.65.5.7 The start of the test, in which the test subject enters
the MIST chamber, shall be initiated within 60 minutes after
removal of the ensemble from the conditioning environment.

8.65.5.8 Physical Exercise Routine.

8.65.5.8.1 Once the chamber concentration has been estab-
lished, the test subject(s) shall perform the following physical
activity protocol. The chamber concentration shall remain
within acceptable limits during the exercise protocol.

(1) Drag 70 kg (155 Ib) human dummy using both hands a
distance of 10 m (32% ft) over 15-second period. Stop
and rest for 15 seconds. Repeat exercise twice.

(2) Duck squat, pivot right, pivot left, stand. Repeat exercise
twice in each orientation for a total of 1 minute.

(3) Stand erect. With arms at sides, bend body to left and
return, bend body forward and return, bend body to
right and return. Repeat exercise twice in each orienta-
tion for a total of 1 minute.

(4) Stand erect. Extend arms overhead in the lateral direc-
tion, then bend elbows. Extend arms overhead in the
frontal direction, then bend elbows. Repeat exercise
twice in each orientation for a total of 1 minute.

(5) Stand erect. Extend arms perpendicular to the sides of
torso. Twist torso left and return, twist torso right and
return. Repeat exercise twice in each orientation for a
total of 1 minute.

(6) Stand erect. Reach arms across chest completely to op-
posite sides. Repeat exercise twice in each orientation
for a total of 1 minute.

(7) Climb two steps of the ladder and touch the ceiling with
one hand, using alternate hands each time. Climb down,
squat, and touch the floor with both hands. Repeat exer-
cise three times within 1 minute.

(8) Crawl in place for 1 minute. Rotate orientation 90 de-
grees in wind stream every 15 seconds.

(9) Sit on stool (facing wind) for 1 minute.

(10) Sit on stool (back to wind) for 1 minute.

8.65.5.8.2 Physical activities and rest periods shall be per-
formed in a chamber location that provides an unobstructed
exposure of the protective ensemble to the required wind
stream.

8.65.5.8.3 Each physical activity and rest cycle shall be 10
minutes. The cycle of exercise and rest shall be completed a
total of three times, for a total chamber exposure of 30 min-
utes. Each exercise cycle shall consist of eight 1-minute activi-
ties followed by a 2-minute rest (sitting) period.

8.65.5.8.4 The test subject shall begin the first repetition of
each activity facing the wind stream and shall rotate 90 de-
grees between each repetition until the time period for that
exercise has ended.

8.65.5.8.5 For activities 7 (walking in place) and 8 (crawling
in place), the test subject shall rotate 90 degrees on 15-second
intervals during the 1-minute period.

8.65.5.8.6 All physical activities shall be a full range of motion
and shall be performed at a moderate speed.

8.65.5.9 Decontamination and Doffing.

8.65.5.9.1 After completion of the 30-minute MIST exposure,
the subjects shall move to a decontamination area, where they
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shall remain for at least 5 minutes. This area shall be well-
ventilated to assist in off-gassing of the outside of the ensemble.

8.65.5.9.2 In the decontamination area, all exposed ensemble
surfaces, including such items as the respirator, boots, gloves, and
helmets, shall be washed with a liquid soap solution.

8.65.5.9.2.1 If the garment is designed for wet decontamina-
tion, it shall be washed with the liquid soap solution as well.

8.65.5.9.2.2 Alternative decontamination methods, such as
an air wash, shall be permitted if the selected decontamina-
tion method can be demonstrated to remove MeS to levels
that do not result in contamination of the test subjects during
the doffing of the protective ensemble.

8.65.5.9.3 The decontaminated test subject shall move to the
first-stage undressing room where all remaining items of
clothing, except for underclothes, shall be doffed. The un-
dress process shall not exceed 5 minutes.

8.65.5.9.4 Assoon as the garment is unsealed and the PADs on
the test subject’s body are exposed to the ambient atmosphere in
the first-stage undressing room, 3 fresh PADs shall be placed near
the test subject to detect background MeS concentrations.

8.65.5.9.5 As soon as all items of clothing except the under-
wear are removed, the decontaminated test subject shall pro-
ceed to the second-stage undressing room and the back-
ground PADs shall be collected and handled as specified in
8.65.5.9.7. The exposure time for the firststage undressing
room background PADs shall be recorded.

8.65.5.9.6 When the test subject enters the second-stage un-
dressing room, 3 additional PADs shall be placed near the test
subject and the exposure PADs shall be removed from the test
subject’s body. Both the second-stage undressing room back-
ground PADs and the exposure PADs taken off the test sub-
ject’s body shall be handled as specified in 8.65.5.9.7. The ex-
posure time for the second-stage undressing room PADs shall
be recorded.

8.65.5.9.7 Where an adhesive is used on the back of the PAD,
each PAD shall be backed with aluminum foil, placed in indi-
vidual sealed glass vials with a nonadsorbent lid liner, and shall
remain at room temperature of 25°C = 3°C (77°F + 5°F) for
30 minutes + 5 minutes immediately after exposure.

8.65.6 PAD Qualification and Analysis.

8.65.6.1* The uptake rate for each lot of PADs shall be deter-
mined in accordance with 8.65.6.2 using a minimum of 7 PADs
selected randomly from the lot.

8.65.6.2* Measurement of PAD Uptake Rate.

8.65.6.2.1 The PAD uptake rate shall be measured by exposing
the PADs to a concentration of MeS ranging from 1 mg/m? to
10 mg/m” under conditions of 25°C + 2°C (77°F + 4°) and a
relative humidity of 55 percent = 10 percent for a period of
30 minutes, +5/—0 minutes.

8.65.6.2.2 The PAD uptake rate shall be calculated in accor-
dance with the procedures provided in 8.65.7. The average of
all PAD uptake rates shall be calculated and used in the calcu-
lation of MeS dosage on the test subject PADs.

8.65.6.3 After their initial 30 minutes at room temperature,
the PADs shall be subjected to one of the following handling
and analysis procedures:
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(1) The PADs shall be stored at a cold temperature sufficient
to prevent the migration of MeS from the adhesive until
extraction or analysis.

(2) The PADs shall be extracted within 4 hours.

(3) The adsorbent shall be removed and thermally desorbed
within 4 hours.

8.65.6.3.1 The determination of a sufficiently low temperature
that prevents migration of the MeS from the adhesive shall be
made by exposing 12 PADs simultaneously in the test chamber in
a vertical position at a concentration of 100 mg/m® of MeS for
30 minutes, +5/—0 minutes.

8.65.6.3.1.1 After this exposure, the PADs shall be covered in
foil and each placed in a sealed container and stored at 25°C
+ 3°C (77°F £ 5°F) for 30 minutes + 5 minutes.

8.65.6.3.1.2 Four of these PADs shall be packed in dry ice for
24 hours, four placed in the proposed cold storage temperature
for 24 hours, and four extracted or analyzed within 4 hours.

8.65.6.3.1.3 The average mass adsorbed on the four PADs
stored at the proposed storage temperature shall equal with
95 percent confidence the average mass adsorbed of the four
PADs stored for 24 hours in dry ice and four PADs analyzed
immediately after exposure.

8.65.6.3.2 Where liquid extraction of the PAD samples is per-
formed, the liquid extracts shall be stored at 0°C to 4°C (32°F
to 39°F) for up to 12 days following their exposure before
analysis.

8.65.6.4 The average MeS vapor exposure concentration and
the actual time of exposure shall be used to determine the
uptake rate from the following equation:

m
u=—-

ACt

where:
u = the uptake rate in cm/min
m = the total mass of MeS measured on the PAD in
mg
A = the average active area of the PAD in cm?
Ct = the exposure vapor dosage in mg/min/cm?®

8.65.6.5 The range of the analytical technique shall be suffi-
cient to measure the expected range of MeS dosage on the test
subject PADs.

8.65.6.5.1 When liquid extraction is used as the analytical tech-
nique, the calibration curve used for determining the equipment
response to MeS shall be established using at least four MeS con-
centration standards accounting for the proper density of the
extraction solvent.

8.65.6.6 For the test results to be considered valid for a given
ensemble, no more than one PAD from each of the body re-
gion locations tested (i.e., no more than one PADs out of the
four replicates for any particular region) shall be permitted to
be lost to analysis over the course of the four test subject’s
exposure.

8.65.7 Calculations.
8.65.7.1 The dosage measured by each PAD (Ct,

inside;

) shall be
determined using the average uptake rate determined for the
PAD lot used in the evaluation of a specific ensemble using the
following equation:

Ctimm = 0
um,gA

where:

Clinsias; = the MeS vapor dosage at the specific PAD in
mg/min/ cm?®

m; = the total mass of MeS measured on the specific
PAD in mg
Uqye = the average uptake of the PAD lot in cm/min

A = the average active area of the PAD in cm?

8.65.7.1.1 The protection factor at each PAD location shall
be calculated using the following equation:

PF = Ctaut.\'irte
Climidq

where the (i, shall be determined from the measured

chamber vapor dosage of the individual trial over the entire

exposure. The value for Cit,,,, shall be the average of the

chamber MeS concentration readings taken during the course

of the test subject exposure period.

8.65.7.1.2 Where the measured total mass of MeS for a given
PAD falls below 30 ng, the value of 30 ng shall be used for that
specific PAD.

8.65.7.2 All results for each PAD location shall be expressed
in terms of the local physiological protective dosage factor
(PPDF) value and shall be calculated according to the follow-
ing equation:

OSED,

Local PPDF, = PF,

i

8.65.7.2.1* The site-specific onset of symptoms exposure dos-
ages (OSED) for each PAD shall be based on ECt,, values for
mustard blistering/ulceration according to Table 8.65.7.2.1.

Table 8.65.7.2.1 Site-Specific Onset of Symptoms Exposure
Dosage (OSED) by PAD Location

OSED
Body Region PADS Locations (mg/min/m?)
Head/neck 1,1A,2,3,4,5,6, 100
19, 19A
Torso/buttocks, 11, 12, 13, 13A, 14, 100
excluding 14A, 15
perineum
Arm/hand 7,8,9, 10, 10A, 20, 50
20A
Leg/foot 17, 17A, 18, 18A, 100
21
Perineum 16, 16A 25

8.65.7.2.2 The average local PPDF values at each PAD loca-
tion for all specimens tested shall be calculated.

8.65.7.3 A systemic PPDF shall also be calculated from the
PAD data. The systemic protection analysis shall use the sys-
temic weighting body region hazard analysis (BRHA) values
from Defence Research Establishment Suffield Report and
National Research Council Report listed in 2.3.13 to calculate
for each ensemble test the systemic physiological protective
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dosage factor (PPDEF;). The PPDF, for each specimen shall
be calculated as follows, where each of the terms is calculated
using the information in Table 8.65.7.3.

dz,

i

peDE, = D0
55 dz.

i

i EDsol PF,

Table 8.65.7.3 ED;, Values by PAD and Body Location

ED,,.for

Severe Effects
(VX) for Body

PADs Area of
Mapped Body

Body Region i to this Region Region
for BRHA Model Region*  (dz;, cm?) (mg/individual)

Scalp 1,1A 350 0.76
Ears 2,3 50 0.46
Face, cheeks and 4,5,19,19A 300 0.48

neck
Chin and neck 4,5 200 0.36
Nape 6 100 1.72
Abdomen 13A 2858 2.23
Back 11,12,14A 2540 2.65
Axillae 7 200 2.07
Upper arm medial 8 488 2.80
Upper arm lateral 9 706 6.57
Elbow fold 8,9,10,10A 50 2.09
Elbow 8,9,10,10A 50 2.25
Forearm extensor 10,10A 487 2.80
Forearm flexor 10,10A 706 6.57
Hands dorsum 20,20A 200 291
Hands palmar 20,20A 200 9.24
Buttocks 14 953 4.26
Groin 13,15 300 1.22
Scrotum 16,16A 200 0.11
Thigh anterior 17,17A 2845 6.57
Thigh posterior 17,17A 1422 4.26
Knee 17,17A,18,18A 200 7.14
Popliteal space 17,17A,18,18A 100 2.09

(back of knees)
Shins 18,18A 1897 6.57
Calves 18,18A 948 2.80
Feet dorsum 21 500 6.60
Feet plantar 21 300 7.14

*Average dosage from each PAD, then calculate PF;.

8.65.7.3.1 The average PPDF,, for all specimens tested shall
be calculated.

8.65.8 Report.

8.65.8.1 The individual specimen and average local PPDF;,

values for each PAD location shall be recorded and reported.
8.65.8.2 The PPDF, value for each specimen and the average
PPDEF value for the ensemble tested shall be recorded and

reported.

\
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8.65.8.3 Aspreadsheet shall be prepared that shows all test mea-
surements and calculations including at least the following:

(1) The MeS vapor exposure concentration for PAD lot quali-
fication

(2) The exposure time used for PAD lot qualification

(3) The measured MeS mass on each PAD used for PAD lot
qualification

(4) Each individual and the average PAD uptake rate

(5) The measured MeS mass on each PAD used in the dress-
ing room, stage 1 undressing room, and stage 2 undress-
ing room.

(6) The measured MeS mass on each PAD placed on the test
subject

(7) The calculated vapor dosage for each PAD placed on the
test subject

8.65.9 Interpretation. The average local PPDF; values at each
PAD location and the average PPDF, value shall be used to

sys

determine pass or fail performance.
8.66 Chemical Permeation Resistance Test.
8.66.1 Application.

8.66.1.1 This method shall apply to the CBRN barrier layer
and the CBRN barrier layer seams used in ensembles and en-
semble elements for CBRN terrorism agent protection.

8.66.1.2 Specific requirements for testing the garment, hood,
and bootie CBRN barrier layers shall be as specified in 8.66.10.

8.66.1.3 Specific requirements for testing the garment, hood,
and bootie CBRN barrier layer seams shall be as specified in
8.66.11.

8.66.1.4 Specific requirements for testing the glove CBRN
barrier layer materials or barrier layer seams shall be as speci-
fied in 8.66.12.

8.66.1.5 Specific requirements for testing the footwear
CBRN barrier layer and seams shall be as specified in 8.66.13.

8.66.2 Samples.

8.66.2.1 Samples for conditioning shall be as specified ac-
cording to the specific requirements in 8.66.10, 8.66.11,
8.66.12, and 8.66.13 as appropriate.

8.66.2.2 Samples shall be conditioned as specified according
to the specific requirements in 8.66.10, 8.66.11, 8.66.12, and
8.66.13 as appropriate.

8.66.2.3 Samples shall then be cut to the specimen size.

8.66.2.4 All layers of the samples during conditioning shall
be present and configured in the order and orientation as
worn.

8.66.3 Specimens.

8.66.3.1 Specimens shall be the CBRN barrier layer or the
CBRN barrier layer’s seam of the size required to fit the per-
meation test cell.

8.66.3.2 A minimum of three specimens shall be tested
against each challenge chemical.

8.66.3.3 Any outer shell or other composite layers normally
worn over the specimen shall be permitted to be included on
top of the specimen in the test. The outer shell or other com-
posite layers shall be placed on the test specimen through the
cell top cap port after the test cell has been assembled.
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8.66.3.4 If the specimen is the outer most layer of the com-
posite, then it shall be tested without any additional layers on
top.

8.66.3.5 Any separable layers normally worn underneath the
specimen shall not be permitted to be included in the test.

8.66.3.6 Specimens with nonuniform surfaces shall be per-
mitted to be treated with an impermeable nonreactive sealant
outside the area of the specimen exposed to the challenge
chemical in order to allow sealing of the test cell to a uniform
surface of the specimen.

8.66.3.7 Following any sample preparation, the specimens
shall be conditioned at a temperature of 32°C +/—-1° C (90°F,
+/—2°F) and at a relative humidity of 80 percent, +/— 5 per-
cent, for at least 24 hours prior to testing in accordance with
paragraph 8.67.7.1.1.

8.66.4 Apparatus.

8.66.4.1 A controlled environmental chamber shall be used
to maintain the test cell, air flow control system, and reagent
chemicals within +/-1.0°C (+/-2.0°F) of the test temperature
and +/-5 percent of the test relative humidity. The controlled
environment chamber shall be sized so that it can be used for
conditioning test materials, test cells when not in use, chal-
lenge chemicals, and other test apparatus prior to testing, as
well as holding the test cells horizontally during use while con-
nected to the air delivery system with manifold and to the
effluent sampling mechanism.

8.66.4.2* The test cell shall be a two-chambered cell for con-
tacting the specimen with the challenge chemical on the
specimen’s normal outside surface and for flowing a collec-
tion medium on the specimen’s normal inside surface, which
meets the test cell requirements for the diffusion test cell as-
sembly specified in TOP 8-2-501 Permeation and Penetration of
Air-Permeable, Semipermeable, and Impermeable Materials with
Chemical Agents or Simulants, and shown in Figure 8.66.4.2(a),
and with the following additional specifications:

(1) The test cell is configured to separately permit flow across
the challenge side and the collection side, and to allow
the challenge side to be exposed for the placement of
challenge chemical.

(2) The sample support plate and compression plate shall be
modified as shown in Figure 8.66.4.2(d) and Figure
8.66.4.2(b), to permit the O-rings to be closer to the ex-
posed surface area of the specimen.

(3) The top cap as shown in Figure 8.66.4.2(f) shall have a
smooth solid surface facing the test specimen, that is no
opening ports for cell integrity testing.

(4) Ports for testing the integrity of the assembled test cell
shall be mounted on the inlet fittings on both the lower
body and upper body of the test cell, as shown in Figure
8.66.4.2(c) and Figure 8.66.4.2(e).

8.66.4.3* An air delivery system and manifold shall be used to
provide oil-free, conditioned air to the test cell/fixtures at a
rate of 2 standard liters per minute (SLPM) per test cell/
fixture with a temperature precision of +/-0.2° C and a rela-
tive humidity precision of +/-5 percent. The manifold is de-
signed to deliver 0.3 L/min for the challenge side of the test
cell and 1 L/min for the collection side of the test cell and
maintain at the test temperature. All parts of the air delivery
system and manifold must be chemically inert and non-
absorptive to the challenge chemical.

8.66.4.4*% An analytical system shall be used to evaluate the
amount of challenge chemical in the effluent air streams from
the collection side of the test cell and shall be selected to pro-
vide the ability to measure the challenge chemical at 0.1 pg/
cm? over the test exposure period. The analytical system shall
be permitted to include a bubbler tube, solid sorbent, or real
time chemical analyzer. Effluent sampling shall be permitted to
be taken discretely or cumulatively; however the selected analyti-
cal system shall be able to determine all of the challenge chemi-
cal permeating through the specimen in 60 minutes.

8.66.4.5 A vacuum pump capable of creating vacuum of at
least 5 inches water column shall be used for testing the integ-
rity of the assembled test cell.

8.66.4.6 A manometer or pressure gage capable of measuring
pressures or vacuums to 10 inches water column, with an accu-
racy of 5 percent of scale, shall be used for testing the integrity
of the assembled test cell.

8.66.5 Supplies.

8.66.5.1 Syringe needles, capable of delivering 1 pL droplets,
+/-1%, of the challenge chemical, shall be used for dispens-
ing liquid challenge chemical onto the surface of the speci-
men in the test cell.

8.66.5.2* Replacement O-rings shall be available for use in the
permeation test cell.

8.66.5.2.1* If unknown, the compatibility of the O-ring mate-
rial with the challenge chemical shall be verified before use.

8.66.5.2.2 If an O-ring shows any signs of chemical degrada-
tion in the form of softening, hardening, swelling, deteriora-
tion, or loss of shape or function, an O-ring of different mate-
rial shall be used that does not show chemical degradation.

8.66.5.3*% An inert impermeable surrogate material shall be
used as a negative control during validation tests.

8.66.6 Chemicals.

8.66.6.1 The following challenge chemicals shall be tested as
liquids:

(1) Liquid chemical warfare agents
(a) Sulfur mustard, distilled [HD, or bis (2- chloroethyl)
sulfide, CAS 505-60-2]
(b) Soman [GD, or O-Pinacolyl methylphosphonofluori-
date, CAS 96-64-0]
(2) Liquid toxic industrial chemical — Dimethyl sulfate
(DMS, sulfuric acid dimethyl ester, CAS 77-78-1)

8.66.6.2 Process for Determining the Mass of Liquid Chemi-
cal Challenge Applied.

8.66.6.2.1 Prior to assembling the test cell and conducting the
test, the mass of the applied challenge chemical shall be deter-
mined using the procedure in 8.66.6.2.2 through 8.66.6.2.4.

8.66.6.2.2* The challenge chemical shall be applied to an in-
ert impermeable surrogate specimen in the pattern described
in 8.66.7.4.

8.66.6.2.3 After application, the inert impermeable surro-
gate specimen shall be visually inspected to verify that the lig-
uid chemical challenge was correctly applied.
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FIGURE 8.66.4.2(a) Diffusion Test Cell Assembly (Copyright ©2006 W. L. Gore & Associates, Inc.

Used by permission.)

8.66.6.2.4 The inert impermeable surrogate specimen with
the applied liquid chemical challenge shall be placed in a
closed large vial containing a known volume of solvent com-
patible with the analysis procedure in 8.66.6.2.5 through
8.66.6.3.

8.66.6.2.5 The large vial with solvent and impermeable surro-
gate specimen with the applied liquid challenge chemical
shall be agitated for at least 1 hour to ensure complete extrac-
tion of the challenge chemical.

8.66.6.2.6 After agitation, the solvent vial shall be removed
and submitted for analysis of the liquid challenge chemical
using a procedure capable of detecting 1.0 mg of the liquid
challenge chemical.

8.66.6.2.7 Using the mass of the liquid challenge chemical
detected in the extraction procedure and the exposed area of
the test specimen defined by the test cell, the exposure con-
centration shall be 10 g/m2 (+1.0/-0.0 g/m2).

8.66.6.2.8 The number of 1 pL liquid droplets shall be ad-
justed to conform to the 10 g/m?* (+1.0/-0.0 g/m?”) concen-
tration requirement.

\
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8.66.6.3* The following challenge chemicals shall be tested as
gases or vapors in dry air or nitrogen.

(1) Ammonia (NH;, CAS 7664-41-7)

(2) Chlorine (Cl,, CAS 7782-50-5)

(3) Acrolein (allyl aldehyde, CAS 107-02-8)

(4) Acrylonitrile (VCN, cyanoethylene, CAS 107-13-1)

8.66.7 Procedures.

8.66.7.1 Preconditioning. The challenge chemicals, test speci-
men, test equipment, and test cell assembly shall be placed in
the environmental chamber for a minimum of 24 hours at
32°C, +/-1°C (90°F, +/-2° F) and at a relative humidity of
80 percent, +/-5 percent, prior to testing.

8.66.7.2 Test Cell Assembly.

8.66.7.2.1 The test cell shall be assembled in the environ-
mental chamber at 32°C, +/-1°C (90 F, +/-2°F) and at a rela-
tive humidity of 80 percent, +/-5 percent.

8.66.7.2.2 O-Ring #1 shall be placed on the lower body (col-
lection side) of the test cell.
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Used by permission.)
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FIGURE 8.66.4.2(c) Compression Plate (Copyright ©2006
W. L. Gore & Associates, Inc. Used by permission.)

8.66.7.2.3 The sample support plate shall be placed on the
lower body (collection side) of the test cell.

8.66.7.2.4 O-ring #2 (outer) and O-ring #3 (inner) shall be
placed in the respective grooves on the sample support plate.

8.66.7.2.5 The specimen shall be removed from the condi-
tioning location in the environmental chamber and shall be
placed on top of the sample support plate.

8.66.7.2.6 With the upper body (challenge side) of the test
cell upside down, O-ring #4 shall be placed in the upper body

of the test cell on the specimen side and the compression plate
shall be positioned over O-ring #4.

8.66.7.2.7 The upper body (challenge side) of the test cell
with O-ring #4 and the compression plate shall be inverted,
aligned with the lug posts, and joined with the lower body
(collection inside) of the test cell.

8.66.7.2.8 Using the four cell sealing lugs, the cell halves shall
be clamped together and 51.8 cm-kg (45 in-Ib) of torque shall
be applied to each lug to ensure a proper cell seal.

8.66.7.2.9 O-ring #5 shall be inserted into the groove around
the agent challenge portin the upper body of the test cell and
the cell top cap shall be screwed into place.

8.66.7.2.10 The integrity of the test cell assembly shall be
verified using the procedure in 8.66.7.3.

8.66.7.2.11 Each test cell shall be labeled with the challenge
chemical to be used in it.

8.66.7.3 Verification of Test Cell Integrity.

8.66.7.3.1 Test cell integrity shall be performed in the envi-
ronmental chamber at 32° C, +/-1°C (90°F, +/-2° F) and ata
relative humidity of 80 percent, +/-5 percent.

8.66.7.3.2 Valves on the outlet ports of the upper and lower
body of the test cell shall be closed.

8.66.7.3.3 Both the upper and lower body inlet ports of the
test cell shall be connected to a manometer.

8.66.7.3.4 Both inlet ports shall be connected to a vacuum
and the test cell upper body and test cell lower body shall be
depressurized to 75 mm (3 inch) water column pressure.

8.66.7.3.5 If the test cell pressure drops below 50 mm (2 in.)
of water column within 2 minutes, the test cell shall be reas-
sembled according to the steps in 8.66.7.2.
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FIGURE 8.66.4.2(f) Top Cap (Copyright ©2006 W. L. Gore & associates, Inc. Used by permission.)

8.66.7.3.6 Only test cells that have passed this integrity test
shall be used for testing.

8.66.7.4 Determination of Procedure for Applying Liquid
Challenge Chemicals.

8.66.7.4.1 The liquid chemical challenge concentration shall
be 10 g/m2 (+1.0/-0.0 g/m2).

8.66.7.4.2 The number of 1 pL droplets shall be permitted to
vary depending on the density of the liquid chemical chal-
lenge. Eight droplets shall be applied evenly spaced around
the perimeter. The remaining droplets shall be placed in the
center, if more than one droplet is required in the center,
then the droplets shall be spaced 8.1 mm (% in.) apart. For
seams, the droplets in the center shall be spaced along the
seam juncture.

8.66.7.4.3 A mechanical or automated device shall be permit-
ted for uniformly dispensing the droplets onto the surface of
the specimen.

8.66.7.4.4 When testing any liquid chemical, a quality control
trial shall be conducted to verify that the application process
delivers 10 g/m? (+1.0/-0.0 g/m?) using the procedures in
8.66.6.2.

8.66.7.5 Procedure for Liquid Chemical Challenge.

8.66.7.5.1 The test cell shall be mounted horizontally and
connected to the air delivery system in the environmental
chamber at 32° C, +/-1°C (90°F, +/-2°F) and at a relative
humidity of 80 percent, +/-5 percent. All connections shall be
secured.

8.66.7.5.2 The calibrated analytical detection system shall be
assembled and initiated according to its instructions.

8.66.7.5.2.1 If bubblers are used, each bubbler shall be filled
with the proper collection solvent using a calibrated pipette or

equivalent device; the collection solvent shall incorporate an
internal standard so adjustments can be made for solvent
evaporation/water condensation during sampling.

8.66.7.5.2.2 If solid sorbent tubes are to be used, each sor-
bent tube shall be cleaned by heating and purging; the ab-
sence of any residual chemical shall be verified by the appro-
priate analysis technique.

8.66.7.5.3 The air delivery shall be flowing filtered air at a
temperature of 32°C, +/-1°C (90°F, +/-2°F) and at a relative
humidity of 80 percent, +/-5 percent, to the collection side of
the test cell at least 15 minutes prior to the application of the
challenge chemical.

8.66.7.5.4 With the cell top cap removed, 1 pL droplets shall
be placed through the agent challenge port of the test cell on
the specimen’s outer surface within 20 seconds, according to
the procedure determined in 8.66.7.4.

8.66.7.5.5 After placing the liquid challenge chemical on the
specimen in the test cell, the cell top cap shall be sealed within
5 seconds. The filtered air at a temperature of 32°C, +/- 1°C
(90°F, +/— 2°F) and at a relative humidity of 80 percent,
+/—b percent, shall be flowed only to the collection side of the
test cell a rate of 1.0 L/min, +/— 0.1 L/min. No air shall be
flowed across the challenge side of the test cell.

8.66.7.5.6 The challenge chemical in the effluent air stream
shall be collected, measured, and analyzed using either dis-
crete or cumulative methods for 60 minutes, +1.0/—0 minutes.

8.66.7.5.7 The collection media for the challenge chemical
shall be analyzed using an appropriate analytical procedure.

8.66.7.5.8 Atleast one test shall be conducted with a specimen,
but without the challenge chemical, as a negative control.

8.66.7.5.9* At least one test shall be conducted with an inert
impermeable surrogate specimen as a negative control.
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8.66.7.5.10 The results from tests accompanied by unsuccess-
ful negative controls shall not be used and the test shall be
repeated.

8.66.7.6 Procedure for Gas or Vapor Challenge Chemicals.

8.66.7.6.1 The test cell shall be mounted horizontally and
connected to the air delivery system in the environmental
chamber at 32°C, +/— 1°C (90°F, +/— 2°F) and at a relative
humidity of 80 percent, +/— 5 percent. All connections shall
be secured.

8.66.7.6.2 The air delivery shall be connected and flowing
1 L/min of filtered air at a temperature of 32°C, +/— 1°C (90°F,
+/—2°F) and at a relative humidity of 80 percent, +/— 5 percent,
to the collection side of test cell at least 15 minutes prior to the
initiation of any gas or vapor challenge chemical.

8.66.7.6.3 The calibrated analytical detection system shall be
assembled and initiated according to its instructions.

8.66.7.6.4 The initiation of the test shall occur when the gas
or vapor challenge chemical is introduced into the challenge
side of the test cell.

8.66.7.6.4.1 The supply of the gas or vapor challenge chemi-
cal shall be sufficient to maintain the gas or vapor challenge
chemical concentration during the exposure period of 60
minutes, + 1.0/— 0.0 minutes.

8.66.7.6.4.2 The gas or vapor challenge chemical shall be ata
temperature of 32°C, +/- 1°C (90°F, +/- 2°F).

8.66.7.6.4.3 The concentration of the gas or vapor challenge
chemical shall be 350 ppm, + 35/~0 ppm.

8.66.7.6.4.4 For testing of Class 3 ensemble materials, the
concentration of the gas or vapor challenge chemical shall be
40 ppm, +10/-0 ppm.

8.66.7.6.5 The challenge chemical in the effluent air stream
shall be collected, measured, and analyzed using either dis-
crete or cumulative methods for 60 minutes, +1.0/—0 minutes.

8.66.7.6.6 The collection media for the challenge chemical
shall be analyzed using an appropriate analytical procedure.

8.66.7.6.7 At least one test shall be conducted with the speci-
men, but without the challenge chemical, as a negative control.

8.66.7.6.8* At least one test shall be conducted with an inert
surrogate specimen as a negative control.

8.66.7.6.9 The results from tests accompanied by unsuccess-
ful negative controls shall not be used and the test shall be
repeated.

8.66.7.7 Test Conclusion, Test Cell Cleaned, and Specimen
Disposal.

8.66.7.7.1 At the conclusion of the test, the test cell shall be
purged and the air delivery and analytical system shall be shut
down.

8.66.7.7.2 FEach cell shall be disassembled one at a time.

8.66.7.7.3 The tested specimen shall be inspected for degra-
dation or other obvious abnormalities; these observations
shall be recorded with the test results.

8.66.7.7.4 Disposal of tested specimens and other supplies
shall be handled according to local, state, federal, or other
applicable regulations.
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8.66.7.7.5 Each component of the test cell shall be rinsed
with acetone or other appropriate solvent to remove residual
chemicals.

8.66.7.7.6 The cell shall be allowed to air dry in a clean area
for 24 hours before reuse.

8.66.8 Report.

8.66.8.1 The cumulative permeation in 1 hour shall be calcu-
lated, recorded, and reported in pg/cm? for each specimen
for each challenge chemical.

8.66.8.1.1 If no challenge chemical is detected at the end of
the 60 minute test period, then the cumulative permeation
shall be recorded and reported as less than the minimum de-
tectable mass per unit area for the specific chemical being
tested.

8.66.8.2 The average cumulative permeation shall be calcu-
lated and reported by averaging the results from all specimens
for each challenge chemical.

8.66.8.2.1 For the calculation of average cumulative perme-
ation, if the results of one or more of the specimens tested is
less than the minimum detectable cumulative permeation,
then the minimum detectable cumulative permeation as the
result for those specimens shall be used.

8.66.8.2.2 For the calculation of average cumulative perme-
ation, if the results of all the specimens tested are less than the
minimum detectable cumulative permeation, then the aver-
age cumulative permeation shall be reported as the minimum
detectable cumulative permeation.

8.66.8.3 Report any observations of degradation or other ab-
normalities at the conclusion of the testing of each specimen.

8.66.9 Interpretation.

8.66.9.1 The average cumulative permeation for each chal-
lenge chemical shall be used to determine pass or fail per-
formance.

8.66.9.2 For permeation testing of liquid and gaseous toxic
industrial chemicals specified in 8.66.4.2(2), the average nor-
malized breakthrough time shall be used to determine pass or
fail performance.

8.66.10 Specific Requirements for Testing the CBRN Barrier
Layer of Garments, Hoods and Booties.

8.66.10.1 Samples for conditioning shall be at least 380 mm
(15 in.) square and shall consist of all layers of the composite
arranged in the order used in the construction of the garment,
hood, or bootie.

8.66.10.2 Composite samples prepared as described in
8.66.10.1 shall be tested after being twice subjected to the fol-
lowing conditioning:

(1) Specimens shall first be subjected to the procedure speci-
fied in 8.1.11.

(2) Specimens shall then be conditioned as specified in 8.1.3.

(3) Specimens shall then be conditioned as specified in 8.1.5.

8.66.10.3 The composite sample, including CBRN barrier
layer that was conditioned in 8.66.10.2 shall be trimmed to a
sample size of 300 mm x 280 mm (12 in. x 11 in.). The
trimmed composite samples shall be subject to flexing condi-
tioning as specified in 8.1.12 with the 280 mm (11 in.) direc-
tion parallel with the compression action of the machine. The



TEST METHODS

1971-111

trimmed samples shall be mounted such that the outer layer is
visible with all layers in their normal “as worn” orientation.

8.66.10.4 Following flexing, the CBRN barrier layer shall be
removed from the flexed, trimmed composite sample cut to
the dimensions specified in 8.66.10.3, with the long dimen-
sion of the sample parallel to the original 305 mm (12 in.)
dimension of flexed, trimmed composite sample.

8.66.10.5 The layers in the flexed, trimmed composite
sample adjacent to the CBRN barrier layer shall be retained
for use as the abradants.

8.66.10.6 The CBRN barrier layer samples prepared as speci-
fied in 8.66.10.4 and the other samples retained as specified in
8.66.10.5 shall be subjected to abrasion as specified 8.1.13.

8.66.10.7 Following abrading, the permeation test specimen
shall be taken from the center of the abraded sample so that
the center of the permeation test and the center of the
abraded sample coincide.

8.66.10.8 Use of exterior layers with the CBRN barrier layer
specimen shall be permitted. Exterior layer specimens shall be
removed from the composite samples that are conditioned as
specified in 8.66.10.2.

8.66.10.9 The specimens shall be oriented in the permeation
test cell with the exterior surfaces facing the challenge chemical.

8.66.10.10 Specimens shall be tested for permeation resis-
tance as specified in 8.66.2 through 8.66.9.

8.66.11 Specific Requirements for Testing the CBRN Barrier
Layer’s Seams of Garments, Hoods, Booties, Visors, and
Gloves.

8.66.11.1 Samples for conditioning shall be at least 380 mm
(15 in.) square and shall consist of all layers of the composite
arranged in the order used in the construction of the gar-
ment, hood, or bootie. The CBRN barrier layer shall be con-
structed with one or more parallel seams that shall extend
across the entire 380 mm (15 in.) width of the specimen. Seam
shall be constructed in the CBRN barrier layer no closer than
75 mm (3 in.) to one another. The multilayer composite shall
be stitched around the entire periphery.

8.66.11.2 Composite samples prepared as described in
8.66.11.1 shall be tested after being twice subjected to the fol-
lowing conditioning:

(1) Specimens shall first be subjected to the procedure speci-
fied in 8.1.11.

(2) Specimens shall then be conditioned as specified in 8.1.3.

(3) Specimens shall then be conditioned as specified in 8.1.5.

8.66.11.3 The composite sample, including CBRN barrier
layer seam, that was conditioned in 8.66.11.2 shall be trimmed
to a sample size of 305 mm x 275 mm (12 in. x 11 in.) with the
seam in the center of the sample and parallel to the 275 mm
(11 in.) direction. The trimmed composite samples shall be
subject to flexing conditioning as specified in 8.1.12 with the
305 mm (12 in.) direction parallel with the compression ac-
tion of the machine. The trimmed samples shall be mounted
such that outer layer is visible with all layers in their normal “as
worn” orientation.

8.66.11.4 Specimens for permeation testing shall be cut from
CBRN barrier layer of the flexed, trimmed sample such that
the seam bisects the specimen.

8.66.11.5 Use of exterior layers with the CBRN barrier layer
specimen shall be permitted. Exterior layer specimens shall be
removed from the composite samples that are conditioned as
specified in 8.66.11.2.

8.66.11.6 The specimens shall be oriented in the permeation
test cell with the exterior surfaces facing the challenge chemical.

8.66.11.7 Specimens shall be tested for permeation resistance
as specified in 8.66.2 through 8.66.9.

8.66.12 Specific Requirements for Testing the CBRN Barrier
Layer of Gloves.

8.66.12.1 This test shall apply to all types of glove configu-
rations.

8.66.12.2 Samples for conditioning shall be whole gloves.

8.66.12.3 Glove samples shall be subjected to the following
sequence a total of two times prior to permeation testing:

(1) Specimens shall first be subjected to the procedure speci-
fied in 8.1.11.

(2) Specimens shall then be conditioned as specified in 8.1.3.

(3) Specimens shall then be conditioned as specified in 8.1.5.

8.66.12.4 Following the conditioning specified in 8.66.12.3,
conditioned gloves shall be flexed in a clenching motion with
a minimum of a 90 degree rotation of the glove fingers to-
wards the palm a total of 3000 times over a period not greater
than 60 minutes.

8.66.12.5 Following the flexing in 8.66.12.4, specimens for per-
meation resistance testing shall be taken from CBRN barrier
layer of the flexed glove. Where the CBRN layer includes seams,
specimens shall include seams that bisect the specimens.

8.66.12.6 Use of exterior layers with the CBRN barrier layer
specimen shall be permitted. Exterior layer specimens shall be
removed from the composite samples that are conditioned as
specified in 8.66.12.2.

8.66.12.7 Specimens shall be tested for permeation resistance
as specified in 8.66.2 through 8.66.9.

8.66.13 Specific Requirements for Testing the CBRN Barrier
Layer of Footwear.

8.66.13.1 This test shall apply to all footwear configurations
including booties where present.

8.66.13.2 Samples for conditioning shall be whole footwear
items.

8.66.13.3 Footwear samples shall be subjected to the follow-

ing sequence a total of two times prior to permeation testing:

(1) Samples shall first be conditioned as specified in 8.1.5.

(2) Samples shall then be conditioned by flexing 100,000 cycles
in accordance with Appendix B of FIA 1209, Whole Shoe Flex,
with the following modifications:

(a) Water shall not be used.

(b) The flex speed shall be 60 +/-2 cycles per minute.

(c) Alternative flexing equipment shall be permitted to
be used when the flexing equipment meets the fol-
lowing parameters:

(i) The alternative flexing equipment shall be ca-
pable of providing the angle of flex as described
in FIA 1209.
(ii) The alternative flexing equipment shall be ca-
pable of a flex speed of 60 +/- cycles per minute.
(iii) The alternative flexing wquipment shall provide
means of securing the footwear during flexing.
8.66.13.4 Following flexing, samples shall be taken in areas
from the footwear upper at the footwear quarter and vamp areas,
cut to the dimensions specified for abrading in 8.66.10.3.
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8.66.13.5 The cut samples shall then be conditioned by abrad-
ing as specified in 8.66.11 using silicon carbide, ultrafine, 600 grit
sandpaper as the abradant in lieu of other specified layers.

8.66.13.6 Following abrading, the permeation test specimen
shall be taken from the center of the abraded sample so that
the center of the permeation test and the center of the
abraded sample coincide.

8.66.13.7 Specimens shall be tested for permeation resis-
tance as specified in 8.66.2 through 8.66.9.

8.67 Puncture Propagation Tear Resistance Test.

8.67.1 Application. This test shall apply to the CBRN barrier
layer where the barrier layer is the external layer of the garment.

8.67.2 Sample Preparation.
8.67.2.1 Samples shall be at least 0.5 m (19% in.) squares of

material.
8.67.2.2 Samples shall be conditioned as specified in 8.1.2.
8.67.3 Specimens.

8.67.3.1 Specimens shall be the size specified in ASTM D
2582, Standard Test Method for Puncture Propagation Tear Resis-
tance of Plastic Film and Thin Sheeting.

8.67.3.2 A minimum of five specimens in each of the warp,
machine or coarse, and filling, cross-machine or wales, direc-
tions shall be tested.

8.67.3.3 If the material is nonanisotropic, then ten speci-
mens shall be tested.

8.67.4 Procedure. Specimens shall be tested in accordance
with ASTM D 2582, Standard Test Method for Puncture Propaga-
tion Tear Resistance of Plastic Film and Thin Sheeting.

8.67.5 Report.

8.67.5.1 The puncture progagation tear resistance of each
specimen shall be recorded and reported to the nearest 1 N
(0.1 1bf).

8.67.5.2 An average puncture propagation tear resistance
shall be calculated for warp and filling directions. The average
puncture propagation tear resistance calculations shall be re-
corded and reported.

8.67.6 Interpretation.

8.67.6.1 Pass or fail performance shall be based on the aver-
age puncture propagation tear resistance in the warp and fill-
ing directions.

8.67.6.2 Failure in any one direction constitutes failure for
the material.
8.68 Cold Temperature Performance Test 1.

8.68.1 Application. This test method shall apply to the CBRN
barrier layer where the barrier layer is the external layer of the
garment.

8.68.2 Sample Preparation.

8.68.2.1 Samples for conditioning shall be at least 50 cm
(20 in.) squares of material.

8.68.2.2 Samples shall be conditioned a specified in 8.1.2.
8.68.3 Specimens.

8.68.3.1 Specimens shall be the size specified in ASTM D 747,
Standard Test Method for Apparent Bending Modulus of Plastics by
Means of a Cantilever Beam.
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8.68.3.2 A minimum of five specimens consisting of all layers
in each of the warp, machine or coarse, and filling, cross-
machine or wales, directions shall be tested.

8.68.3.3 If the material is nonanisotropic, then ten speci-
mens shall be tested.

8.68.4 Preparation.

8.68.4.1 Samples for conditioning shall be atleast 1 m (1 yd)
squares of material.

8.68.4.2 Samples shall be conditioned as specified in 8.1.3.

8.68.5 Procedure. Specimens shall be tested in accordance
with ASTM D 747, Standard Test Method for Apparent Bending
Modulus of Plastics by Means of a Cantilever Beam, with the follow-
ing modifications:

(1) The test temperature shall be —25°C (-13°F).

(2) The bending moment (N) shall be that applied when the
specimen is bent to a 60 degree angular deflection and
shall be calculated in inch-pounds as follows:

N= [(load scale reading ) x (moment weight)] x100
Bending moment (N) = Bending moment (in.1bf)x0.113

8.68.6 Report. Cold temperature performance results shall
be recorded and reported as the average for each material
direction.

8.68.7 Interpretation. Failure of the material in any direction
shall constitute failing performance.

8.69 Abrasion Resistance Test 2.

8.69.1 Application. This test method shall apply to the CBRN
barrier layer where configured as an exterior layer in protec-
tive footwear covers.

8.69.2 Samples.

8.69.2.1 Samples for conditioning shall be at least 50 cm
(18 in.) squares of material.

8.69.2.2 Samples shall be conditioned as specified in 8.1.3.
8.69.3 Specimens.

8.69.3.1 Specimens shall be the size specified in ASTM D
3884, Standard Guide for Abrasion Resistance of Textile Fabrics (Ro-
tary Platform, Double-Head Method).

8.69.3.2 A minimum of five specimens shall be tested.
8.69.4 Preparation.

8.69.4.1 Samples for conditioning shall be at least 455 mm
(18 in.) squares of material.

8.69.4.2 Samples shall be conditioned as specified in 8.1.3.

8.69.5 Procedure. Specimens shall be tested in accordance
with ASTM D 3884, Standard Guide for Abrasion Resistance of Tex-
tile Fabrics (Rotary Platform, Double-Head Method), with the follow-
ing modifications:

(1) The H-18 Calibrase wheels shall be used with a 1000 g
load.

(2) The abrasion shall be continued until a hole, wearthrough,
or rupture in the film portion of the material is observed.
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8.69.6 Report. The number of cycles required for the forma-
tion of a hole, wearthrough, or rupture in the film portion of
the material shall be recorded and reported.

8.69.7 Interpretation. The number of cycles required for the
formation of a hole, wearthrough, or rupture in the film por-
tion of the material shall be used to determine pass or fail
performance.

8.70 Overall Liquid Integrity Test 2.

8.70.1 Application. This test shall apply to protective footwear.
8.70.2 Samples.

8.70.2.1 Samples for conditioning shall be whole footwear.
8.70.2.2 Samples shall be conditioned as specified in 8.1.3.

8.70.3 Specimens. A minimum of three footwear elements
shall be tested.

8.70.4 Procedure.

8.70.4.1 Protective footwear shall be tested in accordance
with Appendix B of FIA 1209, Whole Shoe Flex.

8.70.4.2 The test shall consist of 100,000 flexes.

8.70.4.3 After flexing, the footwear specimen shall be placed
in a container that allows its immersion in tap water, treated
with a dye and surfactant that achieves a surface tension of
35 dynes/cm 2 dynes/cm, to the level of 75 percent of the foot-
wear height measured as specified in 6.10.3.1 and 6.10.3.2.

8.70.4.4 The paper toweling required in FIA 1209 shall be
placed inside the footwear specimen such that the paper tow-
eling intimately contacts all areas inside the footwear speci-
men to the level of within 25 mm (1 in.) of the footwear height
measured as specified in 6.10.3.1 and 6.10.3.2.

8.70.5 Report. The appearance of any water mark on the tow-
eling after testing any of the three footwear shall be recorded
and reported.

8.70.6 Interpretation. The appearance of any water mark on
the toweling after testing any footwear element shall be con-
sidered leakage and shall constitute failing performance.

? 8.71 Transmitted and Stored Thermal Energy Test.
8.71.1 Application.

8.71.1.1 This test method shall apply to garment sleeve com-
posites containing enhancements as defined in 7.2.4 exterior
to the outer shell.

8.71.1.2 Modifications to this test method for testing gar-
ment sleeve composites containing enhancements exterior to
the outer shell shall be specified in 8.71.7.

8.71.2 Samples. Samples shall measure 150 mm x 150 mm
+ 6 mm (6 in. x 6 in. + ¥ in.), and shall consist of all layers
representative of the item to be tested. Samples shall not be
stitched to hold individual layers together during testing. En-
hancements shall be sewn to the center of the outer shell of
the composite if they cannot meet the sample measurement
requirements.

8.71.3 Specimens.

8.71.3.1 Transmitted and stored thermal energy testing shall
be conducted on five specimens.

8.71.3.2 Garment sleeve composites shall be preconditioned
in accordance with ASTM F 2731, Standard Test Method for Mea-
suring the Transmitted and Stored Energy in Fire Fighter Protective
Clothing Systems, Section 9.3.

8.71.4 Procedure.

8.71.4.1 Transmitted and stored thermal energy testing shall
be conducted in accordance with ASTM F 2731, Standard Test
Method for Measuring the Transmitted and Stored Energy in Fire
Fighter Protective Clothing Systems, Procedure B, with the modifi-
cation specified in 8.71.4.1.1.

8.71.4.1.1 For garment sleeve composites, the exposure time
shall be for a period of 120 seconds, +1/-0 seconds.

8.71.5 Report. The average time to second degree burn shall
be calculated and reported. If no burn injury occurs, the time
to second degree burn shall be reported as “no burn.”

8.71.6 Interpretation. Pass/fail determination shall be based
on the average reported time to second degree burn of all
specimens tested.

8.71.7 Specific Requirements for Testing Garment Sleeve Com-
posites Containing Enhancements Exterior to the Outer Shell.

8.71.7.1 A three-layer composite shall be used to test enhance-
ments exterior to the outer shell. The composite shall be con-
structed using a layer of 7.5 oz/yd® natural woven 93 percent
meta-aramid, 5 percent para-aramid, 2 percent antistat fiber,
4.7 oz/de, +/-0.2 oz/de, expanded PTFE laminated to a wo-
ven aramid fabric, and a layer of 3.8 oz/yd2, +/-0.3 oz/yd2,
aramid needle punched nonwoven, quilted to 3.4 oz/de, ara-
mid plain weave thermal barrier material. Additional layers
found used in the construction of the garment shall be placed
in the composite as found in the garment.

8.72 Torque Test.

8.72.1 Application. This test method shall apply to protective
gloves.

8.72.2 Samples.
8.72.2.1 Samples for conditioning shall be whole gloves.

8.72.2.2 Sample glove pairs shall be preconditioned as speci-
fied in 8.1.3.

8.72.3 Specimens.

8.72.3.1 A minimum of three glove specimens each for size
small and size large shall be used for testing.

8.72.3.2 Righthand specimen gloves shall be used for right-
hand dominant test subjects while left-hand specimen gloves
shall be used for left-hand dominant test subjects.

8.72.3.3 FEach specimen glove shall be tested in new as-
distributed condition.

8.72.3.4 Specimen gloves shall be tested for each material
and construction combination.

8.72.4 Apparatus. Torque testing shall be evaluated with the
use of a 1% in. diameter solid acrylic cylinder securely cen-
tered on a calibrated digital torque meter capable of measur-
ing up to 10.0 N-m (88.5 in.-1bf).

8.72.5 Procedure.

8.72.5.1 Test subjects shall be selected so that their hand di-
mensions are as close as possible to the middle of the ranges
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for hand length and hand circumference as specified in Table
6.7.6.1(a) through Table 6.7.6.1(d) for size small and size
large gloves.

8.72.5.2 While standing, each test subject shall grasp the cyl-
inder so that the elbow is against the side of the body and the
arm bend creates a right angle.

8.72.5.3 For righthand dominant test subjects, the direction
mode on the torque device shall be set to “open” or counter-
clockwise and set to “close” or clockwise for left-hand domi-
nant test subjects.

8.72.5.4 Each test subject shall make five successive attempts
to twist the cylinder in the appropriate direction exerting as
much force as possible. The range of motion of the subject’s
arm shall indicate the end of the twisting cycle. The average
maximum force over the five attempts shall be the bare-
handed control value.

8.72.5.5 Fach test subject shall test a minimum of three
sample gloves using the method specified in 8.72.5.2 through
8.72.5.4. Test subjects shall attempt one trial with each glove. A
trial shall consist of five successive attempts. The average maxi-
mum twisting force over the five attempts shall be the twisting
force with the glove. The average twisting force shall be calcu-
lated, recorded, and reported for each glove.

8.72.5.6 The average maximum twisting force with gloves
over the three trials for each size shall be calculated, recorded,
and reported. The average twisting force shall be compared
with the barehanded control value.

8.72.5.7 The percentage of barehanded control value shall
be calculated as follows:

Percent of barehanded control = (DTTg / DTT]

where:
DTT, = average twisting force with glove
DTT, = barehanded control value

8.72.6 Report. The percentage of barehanded control value
shall be recorded and reported for each specimen glove size.

8.72.7 Interpretation.

8.72.7.1 The percentage of barehanded control value for size
small and size large shall be used to determine pass or fail
performance.

8.72.7.2 Failure of either size shall constitute failure of the
test.

8.73 Fastener Tape Strength Test.

8.73.1 Application. This test shall apply to fastener tape used
in the construction of garments.

8.73.2 Samples.

8.73.2.1 Sample size shall be defined in the A-A 551268, Com-
mercial Item Description, Fastener Tapes, Hook and Loop, Synthetic.

8.73.2.2 Samples shall be washed for three washings as speci-
fied in AATCC 61, Colorfastness to Laundering, Home and Commer-
cial: Accelerated, using the laundering conditions established
for Test 3A.

8.73.3 Specimens. A minimum of four specimens shall be

evaluated.
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8.73.4 Procedures.

8.73.4.1 Fastener tape breaking strength shall be measured
in accordance with ASTM D 5034, Standard Test Method for
Breaking Strength and Elongation of Textile Fabrics (Grab Test), with
the following modifications:

(1) Specimens shall be tested in the provided width only in
lieu of the specified 100 mm (3.9 in.) width.

(2) Only specimens parallel to the length of the tape shall be
tested.

8.73.4.2 Fastener tape shear strength shall be measured in
accordance with ASTM D 5169, Standard Test Method for Shear
Strength (Dynamic Method) of Hook and Loop Touch Fasteners.

8.73.4.3 Fastener tape shear strength shall be measured in
accordance with ASTM D 5170, Standard Test Method for Peel
Strength ("T” Method) of Hook and Loop Touch Fasteners.

8.73.5 Report. The average breaking strength, shear strength,
and peel strength shall be calculated and recorded.

8.73.6 Interpretation. Pass or fail determinations shall be
based on the average breaking strength, shear strength, and
peel strength specified for Type 2, Class 1 and 4 fastener tapes
as established in Table 1 of A-A 551268, Commercial Item Descrip-
tion, Fastener Tapes, Hook and Loop, Synthetic.

8.74 Glove Tool Test.

8.74.1 Application. This test shall apply to gloves.

8.74.2 Samples.

8.74.2.1 Samples for conditioning shall be whole glove pairs.

8.74.2.2 Glove pair samples shall be preconditioned as speci-
fied in 8.1.3.

x 100
8.74.3 Specimens.

8.74.3.1 A minimum of three glove pair specimens each for
size small and size large shall be used for testing.

8.74.3.2 Each glove pair specimen shall be tested as a com-
plete set of gloves in new as-distributed condition.

8.74.3.3 Glove pair specimens shall not receive special soften-
ing treatments prior to tests.

8.74.4 Apparatus.

8.74.4.1 Glove tool testing shall be evaluated with the use of
the following apparatus:

(1) Ahand tool vertical test apparatus consisting of one hori-
zontal board with one vertical board attached in the
middle of the horizontal board. The vertical board shall
have holes drilled 50 mm (2 in.) apart in a “I”-shaped
fashion with a row of three holes and a row of one hole
directly under and in the center of the top row.

(2) Four 19 mm (2.5 in.) course thread bolts with nuts and
two washers

(3) % in. drive deep-well 19 mm (2.5 in.) socket

(4) 19 mm (2.5 in.) box-end wrench

(5) % in. drive torque wrench

8.74.5 Procedure.

8.74.5.1 Three testsubjects with the proper hand size shall be
selected for testing size large gloves, and three test subjects
with the proper hand size shall be selected for testing size
small gloves.
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8.74.5.2 The test subject shall be proficient with performing
this test method before conducting any tests.

8.74.5.3 The test subject shall use left or right hand as is
comfortable for the two sides of the board however, the test
subject shall not alternate hands for the same task during the
test series.

8.74.5.4 Before each test trial, the bolts with one washer al-
ready on shall be spaced apart on one side of the vertical
board, and the nuts shall be spaced apart on the other side,
depending on the test subject’s comfort.

8.74.5.4.1 The box-end wrench shall be placed on the side
with the bolts and the torque wrench shall be placed on the
side with the nuts, both within close proximity to the test
board.

8.74.5.4.2 The test facilitator shall hand each washer to the
test subject during the test trials.

8.74.5.5 For each test trial, the test subject shall start on ei-
ther end of the top row of holes as long as this procedure is
repeated for all trials. The test subject shall complete all holes
in order across the top row and then complete the hole in the
bottom row. After completion of the bottom hole the trial shall
be complete.

8.74.5.6 The stopwatch shall be started when the test subject
picks up the first bolt.

8.74.5.7 In starting the test, the test subject shall pick up a
bolt with washer already on with one hand and put it into the
first hole.

8.74.5.8 The test facilitator shall hand the test subject the
second washer on the opposite side of the board.

8.74.5.9 While holding the bolt, the test subject shall place
the second washer on the bolt with the opposite hand on the
other side of the board.

8.74.5.10 While holding the bolt, the test subject shall place
the nut on the bolt with the opposite hand on the other side of
the board.

8.74.5.11 The test subject shall hold the bolt with one hand
and tighten the nut with the opposite hand until resistance is
met.

8.74.5.12 The test subject shall then use the box-wrench to
hold the bolt secure on one side with the same hand that was
used to insert the bolt.

8.74.5.13 While securing the bolt with the box-wrench, the
test subject shall use the torque wrench to tighten the nut with
the opposite hand, applying 120 in. 1b to simulate snug.

8.74.5.14 When the torque wrench clicks, that hole position
shall be complete and the test subject shall then begin insert-
ing the next bolt and washer already on into the next hole.

8.74.5.15 The trial shall be complete and the stopwatch shall
be stopped when the torque wrench clicks on the bottom
hole.

8.74.5.16 If bolts, nuts, or wrenches are dropped onto the
test surface, the test subject shall pick them up. If washers are
dropped onto the test surface, the test facilitator shall pick
them up and hand them to the test subject. If bolts, nuts,
wrenches, or washers are dropped onto the floor, then the
trial shall be stopped and the full trial shall be repeated.

8.74.5.17 The time to fill all holes for each trial shall be mea-
sured for each test subject and shall be known as the dexterity
test time.

8.74.5.18 The test shall be conducted without the test sub-
ject’s knowledge of the dexterity test time for each repetition.

8.74.5.19 The test subject shall perform at least three test
trials by following the steps in 8.74.5 without gloves until the
coefficient of variation (COV) of the baseline times that of the
person’s last three repetitions does not exceed 8 percent. The
COV shall be calculated as described in 8.74.5.21.1.

8.74.5.20 The test subject shall then perform three test trials
by following the steps in 8.74.5 wearing gloves on each hand
until the COV of the dexterity times that of the person’s fastest
three repetitions does not exceed 8 percent. The test subject
shall perform all three trials using only one pair of gloves.
Each test subject shall receive their own pair of gloves for the
test. The COV shall be calculated as described in 8.74.5.21.1.

8.74.5.21 The COV shall be calculated by dividing the stan-
dard deviation by the average of three repetitions and multi-
plying by 100.

8.74.5.21.1 The standard deviation shall be calculated using
the following formula:

8.74.5.22 The average of the last three repetitions without
gloves where the COV did not exceed 8 percent shall be used
as the baseline dexterity test time (D77,).

8.74.5.23 The average of the three fastest repetitions wearing
gloves where the COV did not exceed 8 percent shall be the
dexterity test time with gloves (DTT,).

8.74.5.24 The dexterity test times with gloves shall be com-
pared with the baseline dexterity test time for each test sub-
ject. The percentage of barehanded control shall be calcu-
lated as follows:

Percent of barehanded control = (DTTg /DTTb) x 100

where:
DTT, = average dexterity time with gloves (sec)
DTT, = average baseline dexterity test time (sec)

8.74.6 Report.

8.74.6.1 The average percentage of barehanded control shall
be recorded and reported for each test subject.

8.74.6.2 The average percentage of barehanded control for
all test subjects shall be recorded and reported for each size.

8.74.7 Interpretation.

8.74.7.1 The average percentage of barehanded control for
size small and size large shall be used to determine pass or fail
performance.

8.74.7.2 Failure of either size shall constitute failure of the
test.
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Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document

but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text
paragraphs.
A.1.1 Organizations responsible for specialized functions in-
cluding, but not limited to, wildland fire fighting, proximity
fire fighting, and other specialized fire fighting, emergency
medical service, special operations, and hazardous materials
response should use appropriate protective clothing and pro-
tective equipment specifically designed for those activities.

A.1.1.3 While separate requirements are specified for struc-
tural fire fighting and proximity fire fighting protective ele-
ments, the optional CBRN requirements apply to ensembles
only. Individual elements cannot be separately certified to the
optional CBRN criteria in this standard. Only complete en-
sembles, in which all necessary elements are specified to
achieve the stated performance requirements, can be certified
to the optional CBRN criteria in this standard.

A.1.1.3.1 Users are cautioned that exposure of ensembles to
CBRN terrorism agents should require disposal, particularly if
the effectiveness of decontamination cannot be assessed.

A.1.1.5 Fire and emergency response organizations are cau-
tioned that accessories are not a part of the certified product but
could be attached to the certified product by a means not engi-
neered, manufactured, or authorized by the manufacturer.

Fire and emergency response organizations are cautioned
that if the accessory or its means of attachment causes the
structural integrity of the certified product to be compro-
mised, the certified product might not comply with the stan-
dard for which it was designed, manufactured, and marketed.
Additionally, if the accessory or its attachment means are not
designed and manufactured from materials suitable for the
hazardous environments of emergency incidents, the failure
of the accessory or its attachment means could cause injury to
the emergency responder.

Because the aftermarket for certified product accessories is
so broad, fire and emergency response organizations are ad-
vised to contact both the manufacturer of the accessory and
the manufacturer of the certified product and verify that the
accessory and its means of attachment are suitable for use in
the intended emergency response environment. Fire and
emergency response organizations should seek and receive
written documentation from both the accessory manufacturer
and the manufacturer of the certified product to validate the
following information:

(1) The accessory for a certified product, and its attachment
method, will not degrade the designed protection or per-
formance of the certified product below the require-
ments of the product standard to which it was designed,
manufactured, tested, and certified.

(2) The accessory, when properly attached to the certified prod-
uct, shall not interfere with the operation or function of the
certified product, or with the operation or function of any of
the certified product’s component parts.

Users are also cautioned that the means of attachment of
the accessory that fail to safely and securely attach the acces-
sory to the certified product can cause the accessory to be
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inadvertently dislodged from the certified product and create
arisk to the wearer or other personnel in the vicinity.

A.1.2 This standard is not designed to be utilized as a purchase
specification. It is prepared, as far as practicable, with regard to
required performance, avoiding restriction of design wherever
possible. Purchasers should specify departmental requirements
for items such as color, markings, closures, pockets, and patterns,
or other features related to specific elements or ensembles. Tests
specified in this standard should not be deemed as defining or
establishing performance levels for protection from all structural
or proximity fire fighting environments, or in all CBRN terrorism
incident environments, when the CBRN terrorism agent option
is applied to ensembles.

A.1.2.3 The testing requirements in Chapter 8 of this stan-
dard are not intended to establish the limitations of the work-
ing environment for fire fighting but are intended to establish
material performance. Users should be advised that when a
continual increase of heat is felt through the protective en-
semble, the protective ensemble could be nearing its maxi-
mum capability and injury could be imminent.

Users should be advised that if unusual conditions prevail,
or if there are signs of abuse or mutilation of the protective
ensemble or any element or component thereof, or if modifi-
cations or replacements are made or accessories are added
without authorization of the protective ensemble element
manufacturer, the margin of protection might be reduced.

Users should be advised that the protective properties in
new structural firefighting protective ensemble elements, as
required by this standard, can diminish as the product is worn
and ages.

A.1.3.2 Specific design and performance criteria are estab-
lished in this standard to demonstrate limited protection
again CBRN terrorism agents to permit fire fighters to escape
and provide limited rescue while escaping the contaminated
environment when encountering terrorism incidents. The cri-
teria are not intended to provide for reentry of fire fighters
into the contaminated environment. Radiological and nuclear
protection is limited to the hazards associated with radiologi-
cal particulates. This standard does not establish specific crite-
ria for protection from ionizing radiation. Moreover, this stan-
dard does not establish criteria for protection from all
chemical warfare agents, protection from all biological agents,
protection from all weapons of mass destruction, or protec-
tion from all toxic industrial chemicals.

A.1.3.8 See A.1.1.5.

A.3.2.1 Approved. The phrase “authority having jurisdiction,”
or its acronym AHJ, is used in NFPA documents in a broad
manner, since jurisdictions and approval agencies vary, as do
their responsibilities. Where public safety is primary, the au-
thority having jurisdiction may be a federal, state, local, or
other regional department or individual such as a fire chief;
fire marshal; chief of a fire prevention bureau, labor depart-
ment, or health department; building official; electrical in-
spector; or others having statutory authority. For insurance
purposes, an insurance inspection department, rating bureau,
or other insurance company representative may be the au-
thority having jurisdiction. In many circumstances, the prop-
erty owner or his or her designated agent assumes the role of
the authority having jurisdiction; at government installations,
the commanding officer or departmental official may be the
authority having jurisdiction.
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A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase “au-
thority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where pub-
lic safety is primary, the authority having jurisdiction may be a
federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; build-
ing official; electrical inspector; or others having statutory
authority. For insurance purposes, an insurance inspection de-
partment, rating bureau, or other insurance company repre-
sentative may be the authority having jurisdiction. In many
circumstances, the property owner or his or her designated
agent assumes the role of the authority having jurisdiction; at
government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.2.4 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdic-
tion should utilize the system employed by the listing organi-
zation to identify a listed product.

A.3.3.6 Bitragion Coronal Arc. See Figure A.3.3.6.

A.3.3.7 Bitragion Inion Arc. For test purposes, the bitragion
inion arc is identified as Datum Plane 10. See Figure A.3.3.7.

FIGURE A.3.3.6 Bitragion Coronal Arc.

FIGURE A.3.3.7 Bitragion Inion Arc.

A.3.3.15 CBRN Barrier Layer. While it is recognized that the
entire composite will affect the performance of the ensemble in
preventing the penetration of CBRN agents, the identification of
the CBRN barrier material is intended to assist with the applica-
tion of specific ensemble and element tests in this standard.

A.3.3.16 CBRN Terrorism Agents. Chemical terrorism agents
include solid, liquid, and gaseous chemical warfare agents and
toxic industrial chemicals. Chemical warfare agents include,
but are not limited to, GB (sarin), GD (soman), HD (sulfur
mustard), VX, and specific toxic industrial chemicals. Many
toxic industrial chemicals, for example chlorine and ammo-
nia, are identified as potential chemical terrorism agents be-
cause of their potential availability and degree of injury they
could potentially inflict.

Biological agents are bacteria, viruses, or the toxins derived
from biological material. The CBRN ensemble protects against
biological particles dispersed as aerosols and liquid-borne patho-
gens. Airborne biological agents could be dispersed in the form
of liquid aerosols or solid aerosols (i.e., a powder of bacterial
spores). Liquid-borne pathogens could be potentially encoun-
tered during a terrorism incident as a result of deliberate disposal
or from body fluids released by victims of other weapons (i.e.,
explosives, firearms).

CBRN ensembles protect from radiological particulates
dispersed as aerosols. The protection is defined for blocking
or filtering airborne particulate matter and liquid and solid
aerosols, but not for radiological gases or vapors. Airborne
particulates have the ability to emit alpha- and beta-particles
and ionizing radiation from the decay of unstable isotopes.

A.3.3.40 Entry Fire Fighting. Examples of fires that commonly
produce extreme levels of convective, conductive, and radiant
heat and could result in incidents incorporating entry fire
fighting operations include, but are not limited to, bulk flam-
mable liquid fires, bulk flammable gas fires, bulk flammable
metals, and aircraft fires. Highly specialized thermal protec-
tion is necessary for persons involved in such extraordinarily
specialized operations due to the scope of these operations
and because direct entry into flames is made. Usually these
operations are exterior operations as in outside of structures.
Entry fire fighting is not structural fire fighting.

A.3.3.41 Faceshield. The faceshield is not intended as pri-
mary eye protection.

A.3.3.47 Footwear. See Figure A.3.3.47.

A.3.3.57 Gusset. The gusset generally lacks some layers used
in the construction of the footwear upper or might include
different layers for the purpose of being flexible. The gusset is
not observable from the front of the footwear when the foot-
wear is donned or laced up.

A.3.3.84 Particulates. For the purpose of this standard, par-
ticulates do not include aerosol or suspended liquid droplets
in air. Aerosols are considered liquids.

A.3.3.98 Proximity Fire Fighting. Examples of fires that com-
monly produce high levels of radiant heat, as well as convec-
tive and conductive heat, and could result in incidents incor-
porating proximity fire fighting operations include, but are
not limited to, bulk flammable liquid fires, bulk flammable gas
fires, bulk flammable metal fires, and aircraft fires. These op-
erations usually are exterior operations but might be com-
bined with interior operations. Proximity fire fighting is not
structural fire fighting but might be combined with structural
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FIGURE A.3.3.47 Identification of Footwear Terms.

fire fighting operations. Proximity fire fighting also is not en-
try fire fighting. The fire fighting activities differ from “entry
fire fighting” as proximity fire fighting does not include direct
entry of fire fighters into flames. Proximity operations are per-
formed close to the actual fire where the high levels of radiant
heat as well as the convective and conductive heat would over-
tcome the thermal protection provided by structural fire fighting
protective ensembles and the proximity fire fighting protective
ensembles provide enhanced protection from these thermal ex-
posures. After the fire and heat have been controlled at a prox-
imity fire fighting incident, entry into structures or enclosures by
fire fighters protected by proximity fire fighting protective en-
sembles could be made where the incident requires additional
operations for control of the incident.

A.3.3.110 Radiological Particulate Terrorism Agents. This
standard only provides partial protection from certain radia-
tion sources. By their nature, these ensembles provide protection
from alpha-particles, and the element materials and distance will
significantly attenuate beta-particles. These ensembles do not
provide any protection from ionizing radiation, such as gamma-
and x-rays, other than to keep the actual radiological particulate
from direct skin contact.

A.3.3.117.2 Major A Seam. Each TC can identify the various
layers in the annex if so desired.

A.3.3.127 Structural Fire Fighting Protective Ensemble. Struc-
tural fire fighting protective ensembles include, but are not
limited to, garments, helmets, hoods, gloves, and footwear.

A.3.3.140 Tongue. The tongue might or might not be made of
the same composite as the footwear upper. The tongue might be
of a similar material composite as the footwear gusset.

A.3.3.146 Upper. See Figure A.3.3.47.

A.4.1.4 NFPA, from time to time, has received complaints
that certain items of fire and emergency services protective
clothing or protective equipment might be carrying labels
falsely identifying them as compliant with an NFPA standard.
NFPA advises those purchasing protective ensembles or
protective ensemble elements to be aware of the following:
For protective ensembles or protective ensemble elements
to meet the requirements of NFPA 1971, Standard on Protective
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Ensembles for Structural Fire Fighting and Proximity Fire Fighting, they
must be certified by an independent third-party certification or-
ganization. In addition, the item must carry the label, symbol, or
other identifying mark of that certification organization.

A protective ensemble or element that does not bear the
mark of an independent third-party certification organization
is not compliant with NFPA 1971 even if the product label
states that the protective ensemble or element is compliant.

For further information about certification and product
labeling, Chapters 4 and 5 of NFPA 1971 should be refer-
enced. Also, the definitions for Certification/Certified, Labeled,
and Listed in Chapter 3 should be reviewed.

Third-party certification is an important means of ensuring
the quality of fire and emergency services protective clothing
and equipment. To be certain that an item is properly certi-
fied, labeled, and listed, the NFPA recommends that prospec-
tive purchasers require appropriate evidence of certification
for the specific product and model from the manufacturer
before purchasing. Prospective purchasers also should contact
the certification organizations and request copies of the certi-
fication organization’s list of certified products to the appro-
priate NFPA standard. This listing is a requirement of third-
party certification by this standard and is a service performed
by the certification organization.

All NFPA standards on fire and emergency services protec-
tive clothing and equipment require that the item be certified
by an independent third-party certification organization and,
as with NFPA 1971 protective ensembles or protective en-
semble elements, all items of fire and emergency services pro-
tective clothing and equipment must carry the label, symbol,
or other identifying mark of that certification organization.

Any item of protective clothing or protective equipment
covered by an NFPA standard that does not bear the mark of
an independent third-party certification organization is not
compliant with the appropriate NFPA standard even if the
product label states that the item is compliant.

A4.2.1 The certification organization should have a suffi-
cient breadth of interest and activity so that the loss or award
of a specific business contract would not be a determining
factor in the financial well-being of the agency.

A.4.2.5 The contractual provisions covering certification pro-
grams should contain clauses advising the manufacturer that,
if requirements change, the product should be brought into
compliance with the new requirements by a stated effective
date through a compliance review program involving all cur-
rently listed products.

Without these clauses, certifiers would not be able to move
quickly to protect their name, marks, or reputation. A product
safety certification program would be deficient without these
contractual provisions and the administrative means to back
them up.

A.4.2.6 Investigative procedures are important elements of an
effective and meaningful product safety certification program. A
preliminary review should be carried out on products submitted
to the agency before any major testing is undertaken.

A.4.2.7.1 For further information and guidance on recall
programs, see 29 CFR 7, Subpart C.

A.4.2.9 Such factory inspections should include, in most in-
stances, witnessing of production tests. With certain products,



