
 

 

NFPA Technical Committee on 

 Structural and Proximity Fire Fighting Protective Clothing and Equipment 

NFPA 1971 FIRST DRAFT MEETING 

Colorado Springs, CO 

June 21-24, 2016 

 

AGENDA 

 

 

1. Call to order at 8:00am 

2. Introductions 

3. Opening remarks – Chairman King 

4. Review and approval of minutes from previous meeting 

5. Presentations 

a. Jian Xiang, Global Fire Service Technology Guardian, Dupont Protection 

Technologies 

b. Holly Blake, W.L. Gore 

c. Michael Salvato, Stedfast USA 

d. Steven Corrado, UL, LLC 

6. NFPA Staff Liaison report - Chris Farrell 

7. NFPA 1971 Second Draft 

a. Task Group Reports 

b. Act on remaining Public Comments 

8. New business 

9. Old business 

10. Other items 

11. Next meeting for 1851 

12. Adjourn 

 

 

 



MINUTES OF THE MEETING 
 

TECHNICAL COMMITTEE ON  STRUCTURAL AND PROXIMITY FIRE FIGHTING 
PROTECTIVE CLOTHING AND EQUIPMENT 

Baltimore, MD 

9-11 September 2015 

FIRST DRAFT MEETING 

 
09 September 2015 
Agenda items 1 and 2: Call to Order, Introduction of Members and Guests 
 
TC Chairman King called the meeting to order at 0800.  Chairman King then called for an 
introduction of members and guests. 
 
The following members and guests were present: 

Principal Members Present: 
  
Stephen King Chair, FDNY (retired) 
Steven Corrado Underwriters Laboratories, Inc 
Paul Curtis L.N. Curtis & Sons 
David Fanning E.D. Bullard Company 
William Fithian Safety Equipment Institute (SEI) 
Patricia Freeman Globe Manufacturing Company, LLC 
Richard Granger Charlotte Fire Department 
A. Ira Harkness U.S. Department of the Navy 
William Haskell NIOSH-NPPTL 
Earl Hayden International Association of Fire Fighters 
John Karban FireDex, LLC 
Kim Klaren Fairfax County Fire & Rescue Department 
Steve Lakey Verified Independent Service Providers Association 
Karen Lehtonen Lion Group, Inc. 
Michael McKenna Michael McKenna & Associates, LLC 
Daniel Melia Fire Department City of New York 
Louis Ott Gentex Corporation 
Tom Ragan Shelby Specialty Gloves 
Jim Reidy Texas State Association of Fire Fighters 
John Rihn Mine Safety Appliances Company 
R. Wendell Robison National Volunteer Fire Council 
Kelly Sisson Heartland Fire & Rescue 
Jeffrey Stull International Personnel Protection, Inc 
Tim Tomlinson  Addison Fire Department 



Robert Tutterow Fire Industry Equipment Research Organization 
Craig Weinschenk National Institute of Standards & Technology 
Richard Weise Southern Area Fire Equipment Research 
Harry Winer HIP Consulting, LLC 

 

 

 
Guests Present: 
Robin Tutor (via phone) Underwriters Laboratories, Inc. 
Damian Owens Charlotte 
John Caufield NFPA Regional Director 
Harish Lilani NORFAB Corp 
Tim Gardner 3M 
Scott Cheek Honeywell 
Jacques Cantin Safety Components 
Chad Sears Stedfast 
Mike Salvato Stedfast 
Jack Kay Stedfast 
Allen Maples W.L. Gore 
Jennifer Brust Honeywell 
Brian Marenco Honeywell 
Jim Walter Honeywell 
Diane Hess PBI Performance Products 
Brian Shiels PBI Performance Products 
Richard McNeely ORAFOL Americas Inc 
Chris Gaudette ORAFOL Americas Inc 
Tom Flaherty ORAFOL Americas Inc 
Bill Burke Fire-Dex 
Ronald Krusleski Houston Fire Department 
Jessie Gentry Dallas Fort Worth Airport Fire 
Holly Blake W.L. Gore 
Tom Foley TENCATE 

Alternate Members Present: 
  
Thomas Clark Minnesota Professional Fire Fighters 
Jonathan Fesik Fire Industry Repair Maintenance Inc. 
Tom Hamma Heartland Fire & Rescue 
Tricia Hock Safety Equipment Institute (SEI) 
Pamela Kavalesky Intertek Testing Services 
Michael Laton Honeywell First Responder Products 
Amanda Newsom (via phone) Underwriters Laboratories, Inc 
Marni Schmid (Secretary) Fortunes Collide Marketing/Alt. for F.I.E.R.O. 
Jeff Sedivec L.N. Curtis & Sons 
Daniel Silvestri Verified Independent Service Providers Association 
Jay Tarley National Institute for Occupational Safety & Health 
Patrick Woods  Fire Department City of New York 

Staff Liaison 
Chris Farrell National Fire Protection Association 
Ed Conlin National Fire Protection Association 



Guests Present (cont’d):  
Angel Sanchez Phenix Technology, Inc 
Shawn Russell Phenix Technology, Inc 
Bob Keys FDNY Consulting 
Stephane Rousse Innotex 
  
Jennifer Wise W.L. Gore 
Jairo Rodriguez Miami Dade Fire 
Ed MacDonald Stanfield’s 
Steve Asthalter Stanfield’s 
John Kilcoyne Dragon Fire 
Janeane Matra Majestic Fire Apparel 
Jian Xiang DuPont 
Jordan Carlen DuPont 
Matt Colatrylio TENCATE 
Mark Williams W.L. Gore 
Daniel Theriault U.S. Navy 
Peter Morabito SEI 
R. Scott Colvin Maryland Fire Equipment 
Tom Lochner FireCraft Safety 
Charles Dunn TenCate Protective Fabrics 
Bart McCool TenCate Protective Fabrics 
Jessica Ambrose Globe Manufacturing Company 
Kirk Owen Veridian 
Bill Van Lent Veridian 
Dennis Magill Lion 
Josh Frank Lion 
James Baker Lion Total Care 
Guy Lucas Safety Components 
Brian Barton Stedfast 
Shawn Deaton NC State University 

 

Agenda Item 3: Opening Remarks – Chairman King: 
Chairman King welcomed everyone to the meeting, reviewed the meeting agenda, and described 
the process that would be followed for reviewing the Public Inputs. 
 

Agenda Item 4: Review and approval of the TC Minutes of the Hartford, CT meeting May 
12-13, 2015: 
The minutes were reviewed and approved by the Technical Committee. 
 

Agenda Item 5: Staff Liaison Report: 
Chris Farrell provided the NFPA Staff Liaison report including the NFPA rules and procedures 
for the meeting.  
 
 



Agenda Item 6: First Draft 
The Technical Committee addressed 233 Public Inputs and submitted First Revisions as required 
to update the standard. 
 

Agenda Item 7: New Business 
Task groups were assigned to follow up on First Revisions requiring more data collection and 
analysis before the Public Comment period closes on May 16, 2016.  A teleconference will be 
schedule to clarify next steps. 
A conference call is scheduled on May 23, 2016 at 1pm ET to assign Public Comments to task 
groups. 
 

Agenda Item 8: Old Business 
No Old Business to discuss 
 

Agenda Item 9: Other Items 
No Other Items to discuss 
 

Agenda Item 10: Next Meeting 
The next meeting will be held July 12-14, 2016 to act on Public Comments, location TBA. 
 

Agenda Item 11: Adjournment 
Chairman King adjourned the meeting at 4:59 p.m. ET on Thursday, September 10, 2015.   
 

 



Public Comment No. 2-NFPA 1971-2016 [ Global Input ]

The Correlating Committee directs the Technical Committee on Structural and Proximity
Firefighting Protective Clothing and Equipment, FAE-SPF, to validate new or significantly revised
test methods and associated minimum performance criteria through the following:

1. Provide a rationale with supporting evidence that substantiates the need or the rationale for
establishing new test methods or criteria or for revising existing test methods or criteria in terms
of field relevance, fire service needs, safety concerns, recognition of new product technology,
accounting for advances in testing technology, or accomplishing other clearly stated objectives.

Examples of supporting evidence can include the documentation of specific safety issues that
have been identified by end user or other groups, which may include statistics on the number of
incidents or highlight specific cases where the issues have arisen. Other forms of supporting
evidence can include aspects of existing requirements that unduly prevent the proper testing or
consideration of new product technologies because the existing test methods or criteria are found
to be design- restrictive, or information that shows that new test methods have become available
that provide more reliable or relevant forms of evaluation for the specific product property or
attribute under consideration. The provision of scientific papers, test data, or statistics provides a
more robust justification for supporting evidence.

2. Conduct an assessment to determine the potential impact of the new or significantly revised test
methods or criteria on products that have already been certified or fielded.

The nature of this requirement is to have the TC assess what the anticipated impact of the new or
modified requirements are relative to specific products. It is not the intent to identify specific
products that might be excluded by a new or modified requirement, but rather for the submitter to
provide an analysis for the types of products that might be affected, with an indication as to why
the affected products do not provide adequate performance.

3. Establish Intra-laboratory repeatability and inter-laboratory reproducibility for new or
significantly revised test methods. Where possible, test methods shall include procedures for their
calibration. The principal certification organizations and their laboratories shall formally affirm to
the TC that the tests can be conducted reliably as proposed at least by the time of the second
draft.

An essential part of the validation process is to include an assessment of the repeatability (intra-
laboratory precision) and reproducibility (inter-laboratory precision) of any new test method or
significant modification of an existing test method. This information is important for establishing
the reliability of the test method and should, as a minimum, include those laboratories that provide
certification services for the relevant product standard. This information may also be useful in
setting specific criteria to account for expected test method variability.
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4. Establish the relevance of test methods and any associated criteria
through a determination of how proposed or significantly revised test
methods identify meaningful differences in product performance
consistent with field performance.

Attempts should be made to determine the degree to which new or
significantly revised test methods identify meaningful differences in
product performance or relate to the field performance of products. One
recommended approach is to identify product types that are considered to
be unsuitable based on end user field experience and evaluate those
products alongside other products to determine if the test method suitably
identifies meaningful differences in performance consistent with observed
field performance. Another approach is to demonstrate the impact and
relevance of test results for

products through carefully designed experiments carried out in the field.
Lastly, one additional approach is to relate proposed criteria to specific
safety levels that can be documented through scientific or other
reasonably based field investigative work.

5. Provide test data and any other supporting documentation to the
members of the respective TC

and the CC, or any individuals who may request this information.

Access to the information on which new or significantly revised test
methods and criteria are based should be available to all parties seeking
this information, including TC members, CC members, and individuals
outside the committee process (through the NFPA). Supporting
documentation that includes, but is not limited to, proposed new or
modified methodology/criteria with justification statements, supporting
evidence, test data, references to published papers or statistics, inter-
laboratory test results, and other information should be maintained by the
TC as part of meeting minutes or made available elsewhere on the NFPA
TC website page.

6. Provide at least one of the following visual illustrations of the proposed
test equipment and test material(s) to the respective TC and CC:

a. Video(s)

b. Photo(s)

c. Drawings(s)

The visual illustrations shall be provided along with the submittal.

Visual illustrations help TC and CC members better understand the
proposed new test or modified test.

Additional Proposed Changes

File Name Description Approved

1971_A2017_FAE-AAC_CCNotes_1.pdf 1971_CCNote_1 

Statement of Problem and Substantiation for Public Comment

This Public Comment appeared as CC Note No. 1 in the First Draft Report

Related Item

Correlating Committee Note No. 1-NFPA 1971-2016 [Global Input]

Submitter Information Verification

Submitter Full Name: Cc On Fae-Aac
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Organization: NFPA

Street Address:

City:

State:

Zip:

Submittal Date: Wed Mar 16 09:58:07 EDT 2016
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Public Comment No. 88-NFPA 1971-2016 [ Chapter 2 ]

Chapter 2 Referenced Publications

2.1 General.

The documents or portions thereof listed in this chapter are referenced within this standard and shall be
considered 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, 2018 edition.

NFPA 1851, Standard on Selection, Care, and Maintenance of Protective Ensembles for Structural Fire
Fighting and Proximity Fire Fighting, 2014 edition.

NFPA 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency
Services, 2013 edition.

NFPA 1983, Standard on Life Safety Rope and Equipment for Emergency Services, 2017 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, 2013.

AATCC 42, Test Method for Water Resistance: Impact Penetration Test, 2013.

AATCC 61, Colorfastness to Laundering, Home and Commercial: Accelerated, 2013.

AATCC 70, Test Method for Water Repellency: Tumble Jar Dynamic Absorption Test, 2014.

AATCC 135, Dimensional Changes in Automatic Home Laundering of Woven and Knit Fabrics, 2004.
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2.3.2 ASTM Publications.
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ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM A666, Standard Specification for Annealed or Cold Worked Austenitic Stainless Steel Sheet, Strip,
Plate, and Flat Bar, 2015.

ASTM B117, Standard Method of Salt Spray (Fog) Testing, 2011.

ASTM B152, Specification for Copper Sheet, Strip Plate, and Rolled Bar, 2013.

ASTM D737, Standard Test Method for Air Permeability of Textile Fabrics, 2012.

ASTM D751, Standard Test Methods for Coated Fabrics, 2011.

ASTM D1003, Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics, 2013.

ASTM D1683, Standard Test Method for Failure in Sewn Seams of Woven Fabrics, 2011.

ASTM D1776, Standard Practice for Conditioning Textiles for Testing, 2015.

ASTM D3940, Standard Test Method for Bursting Strength (Load) and Elongation of Sewn Seams of Knit or
Woven Stretch Textile Fabrics, 1983.

ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory Cylinder
Method), 2013.

ASTM D4966, Standard Test Method for Abrasion Resistance of Textile Fabrics (Martindale Abrasion Test
Method), 2012, e1.

ASTM D5034, Standard Test Method for Breaking Strength and Elongation of Textile Fabrics (Grab Test),
2013.

ASTM D5169, Standard Test Method for Shear Strength (Dynamic Method) of Hook and Loop Touch
Fasteners, 2015.

ASTM D5170, Standard Test Method for Peel Strength (“T” Method) of Hook and Loop Touch Fasteners,
2015.

ASTM D5587, Standard Test Method for the Tearing Strength of Fabrics by Trapezoid Procedure, 2015.

ASTM D6413, Standard Test Method for Flame Resistance of Textiles (Vertical Test), 2015.

ASTM D6775, Standard Test Method for Breaking Strength and Elongation of Textile Webbing, Tape and
Braided Material, 2013.

ASTM D6797, Standard Test Method for Bursting Strength of Fabrics Constant-Rate-of-Extension (CRE)
Ball Burst Test, 2015.

ASTM D7138, Standard Test Method to Determine Melting Temperature of Synthetic Fibers, 2008.

ASTM E162, Standard Test Method for Surface Flammability of Materials Using a Radiant Heat Energy
Source, 2015.

ASTM E809, Standard Practice for Measuring Photometric Characteristics of Retroreflectors, 2013.

ASTM E991, Standard Practice for Color Measurement of Fluorescent Specimens, 2011.

ASTM E1164, Standard Practice for Obtaining Spectrometric Data for Object Color Evaluation, 2012.

ASTM E2152, Standard Practice for Computing the Colors of Fluorescent Objects from Bispectral
Photometric Data, 2012.

ASTM E2153, Standard Practice for Obtaining Bispectral Photometric Data for Evaluation of Fluorescent
Color, 2011.

ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to Penetration by
Liquids, 2010.

ASTM F1060, Standard Test Method for Thermal Protective Performance of Materials for Protective
Clothing for Hot Surface Contact, 2008.

ASTM F1154, Standard Practice for Qualitatively Evaluating the Comfort, Fit, Function, and Integrity of
Chemical Protective Suit Ensembles, 2011.

ASTM F1215, Test Method for Determining the Initial Efficiency of a Flatsheet Filter Medium in an Airflow
Using Latex Spheres, 1998.

ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture, 2013 e1.
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ASTM F1359/F1359M , Standard Test Method for Liquid Penetration Resistance of Protective Clothing or
Protective Ensembles Under a Shower Spray While on a Mannequin Manikin , 2013 2016 .

ASTM F1671, Standard Test Method for Resistance of Materials Used in Protective Clothing to Penetration
by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage Penetration as a Test System, 2013.

ASTM F1790, Standard Test Methods for Measuring Cut Resistance of Materials Used in Protective
Clothing with CPP Test Equipment, 2014.

ASTM F1868, Standard Test Method for Thermal and Evaporative Resistance of Clothing Materials Using a
Sweating Hot Plate, 2014.

ASTM F1939, Standard Test Method for Radiant Heat Resistance of Flame Resistant Clothing Materials
with Continuous Heating, 2015.

ASTM F2010, Standard Test Method for Evaluation of Glove Effects on Wearer Hand Dexterity Using a
Modified Pegboard Test, 2010.

ASTM F2412, Standard Test Methods for Foot Protection, 2011.

ASTM F2413, Standard Specification for Performance Requirements for Protective (Safety) Toe Cap
Footwear, 2011.

ASTM F2731, Standard Test Method for Measuring the Transmitted and Stored Energy in Fire Fighter
Protective Clothing Systems, 2011.

ASTM F2849, Standard Test Method for Evaluation of Materials, Protective Clothing and Equipment for
Heat Resistance Using a Hot Air Circulating Oven, 2014.

ASTM F2913, Standard Test Method for Measuring the Coefficient of Friction for Evaluation of Slip
Performance of Footwear and Test Surfaces/Flooring Using a Whole Shoe Tester, 2011.

ASTM F2961, Standard Test Method for Characterizing Gripping Performance of Gloves Using a Torque
Meter, 2015.

ASTM G155, Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic
Materials, 2013.

2.3.3 CIE Publications.

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

ISO/CIE 10526, Calorimetric Illuminants, 1999.

2.3.4 CSA Publications.

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

CSA Z195, Protective Footwear, 2009.

2.3.5 FIA Publications.

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

FIA 1209, Whole Shoe Flex, 1984.

2.3.6 GSA Publications.

U.S. General Services Administration, 1800 F Street, N.W., Washington, DC 20405.

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

2.3.7 ISEA Publications.

International Safety Equipment Association, 1901 North Moore Street, Arlington, VA 22209-1762.

ANSI/ISEA 107, High-Visibility Safety Apparel and Headwear, 2010 2015 .

ANSI/ISEA Z87.1, Occupational and Educational Personal Eye and Face Protection Devices, 2015.
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2.3.8 ISO Publications.

International Organization for Standardization, ISO Central Secretariat, BIBC II, Chemin de Blandonnet 8,
CP 401, 1214 Vernier, Geneva, Switzerland.

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

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

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

ISO 6530, Protective clothing — Protection against liquid chemicals — Test method for resistance of
materials to penetration by liquids, 2005.

ISO 9001, Quality management systems — Requirements, 2008.

ISO 11092, Textiles — Physiological effects — Measurement of thermal and water-vapour resistance under
steady-state conditions (sweating guarded-hotplate test), 2014.

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

ISO 17025, General requirements for the competence of testing and calibration laboratories, 2005.

ISO/IEC 17065, Conformity assessment — Requirements for bodies certifying products, processes, and
services, 2012.

ISO 17492, Clothing for protection against heat and flame — Determination of heat transmission on
exposure to both flame and radiant heat, 2003.

2.3.9 SAE Publications.

SAE International, 400 Commonwealth Drive, Warrendale, PA 15096.

SAE J211-1, Instrumentation for Impact Test, Part 1 – Electronic Instrumentation, 2014.

2.3.10 U.S. Department of Defense Publications.

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

2.3.11 U.S. Government Publications.

U.S. Government Publishing Office, 732 North Capitol Street, NW, Washington, DC 20401-0001.

Title 29, Code of Federal Regulations, Part 1910.132, “Personal Protective Equipment: General
Requirements.” 1994.

Title 29, Code of Federal Regulations, Part 1910.134, “Personal Protective Equipment: Respiratory
Protection.”

2.3.12 U.S. Military Publications.

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

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

2.3.13 Other Publications.

Merriam-Webster's Collegiate Dictionary, 11th edition, Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections. (Reserved)

Statement of Problem and Substantiation for Public Comment

Update referenced publications in Chapter 2 based on revisions to these standards as well as revisions made to 
test methods during public comments.

Related Item
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First Revision No. 137-NFPA 1971-2015 [Chapter 2]

Submitter Information Verification

Submitter Full Name: Karen Lehtonen

Organization: Lion Group, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 12:34:36 EDT 2016
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Public Comment No. 124-NFPA 1971-2016 [ New Section after 2.3.2 ]

Add Referenced Publication

ASTM F2299/F2299M, Standard Test Method for Determining the Initial Efficiency of Materials Used
in Medical Face Masks to Penetration by Particulates Using Latex Spheres , 2010.

Statement of Problem and Substantiation for Public Comment

Needed to support the introduction of an alternative test method (Particulate Blocking Test)

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 13:33:14 EDT 2016
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Public Comment No. 43-NFPA 1971-2016 [ Section No. 2.3.2 ]
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2.3.2 ASTM Publications.
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ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

ASTM A666, Standard Specification for Annealed or Cold Worked Austenitic Stainless Steel Sheet, Strip,
Plate, and Flat Bar, 2015.

ASTM B117, Standard Method of Salt Spray (Fog) Testing, 2011.

ASTM B152, Specification for Copper Sheet, Strip Plate, and Rolled Bar, 2013.

ASTM D737, Standard Test Method for Air Permeability of Textile Fabrics, 2012.

ASTM D471, Standard Test Method for Rubber Property-Effect of Liquids , 2016

ASTM D751, Standard Test Methods for Coated Fabrics, 2011.

ASTM D1003, Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics, 2013.

ASTM D1683, Standard Test Method for Failure in Sewn Seams of Woven Fabrics, 2011.

ASTM D1776, Standard Practice for Conditioning Textiles for Testing, 2015.

ASTM D3940, Standard Test Method for Bursting Strength (Load) and Elongation of Sewn Seams of Knit or
Woven Stretch Textile Fabrics, 1983.

ASTM D4157, Standard Test Method for Abrasion Resistance of Textile Fabrics (Oscillatory Cylinder
Method), 2013.

ASTM D4966, Standard Test Method for Abrasion Resistance of Textile Fabrics (Martindale Abrasion Test
Method), 2012, e1.

ASTM D5034, Standard Test Method for Breaking Strength and Elongation of Textile Fabrics (Grab Test),
2013.

ASTM D5169, Standard Test Method for Shear Strength (Dynamic Method) of Hook and Loop Touch
Fasteners, 2015.

ASTM D5170, Standard Test Method for Peel Strength (“T” Method) of Hook and Loop Touch Fasteners,
2015.

ASTM D5587, Standard Test Method for the Tearing Strength of Fabrics by Trapezoid Procedure, 2015.

ASTM D6413, Standard Test Method for Flame Resistance of Textiles (Vertical Test), 2015.

ASTM D6775, Standard Test Method for Breaking Strength and Elongation of Textile Webbing, Tape and
Braided Material, 2013.

ASTM D6797, Standard Test Method for Bursting Strength of Fabrics Constant-Rate-of-Extension (CRE)
Ball Burst Test, 2015.

ASTM D7138, Standard Test Method to Determine Melting Temperature of Synthetic Fibers, 2008.

ASTM E162, Standard Test Method for Surface Flammability of Materials Using a Radiant Heat Energy
Source, 2015.

ASTM E809, Standard Practice for Measuring Photometric Characteristics of Retroreflectors, 2013.

ASTM E991, Standard Practice for Color Measurement of Fluorescent Specimens, 2011.

ASTM E1164, Standard Practice for Obtaining Spectrometric Data for Object Color Evaluation, 2012.

ASTM E2152, Standard Practice for Computing the Colors of Fluorescent Objects from Bispectral
Photometric Data, 2012.

ASTM E2153, Standard Practice for Obtaining Bispectral Photometric Data for Evaluation of Fluorescent
Color, 2011.

ASTM F903, Standard Test Method for Resistance of Protective Clothing Materials to Penetration by
Liquids, 2010.

ASTM F1060, Standard Test Method for Thermal Protective Performance of Materials for Protective
Clothing for Hot Surface Contact, 2008.

ASTM F1154, Standard Practice for Qualitatively Evaluating the Comfort, Fit, Function, and Integrity of
Chemical Protective Suit Ensembles, 2011.

ASTM F1215, Test Method for Determining the Initial Efficiency of a Flatsheet Filter Medium in an Airflow
Using Latex Spheres, 1998.
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ASTM F1342, Standard Test Method for Protective Clothing Material Resistance to Puncture, 2013 e1.

ASTM F1359, Standard Test Method for Liquid Penetration Resistance of Protective Clothing or Protective
Ensembles Under a Shower Spray While on a Mannequin Manikin , 2013 2016 .

ASTM F1671, Standard Test Method for Resistance of Materials Used in Protective Clothing to Penetration
by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage Penetration as a Test System, 2013.

ASTM F1790, Standard Test Methods for Measuring Cut Resistance of Materials Used in Protective
Clothing with CPP Test Equipment, 2014.

ASTM F1868, Standard Test Method for Thermal and Evaporative Resistance of Clothing Materials Using a
Sweating Hot Plate, 2014.

ASTM F1939, Standard Test Method for Radiant Heat Resistance of Flame Resistant Clothing Materials
with Continuous Heating, 2015.

ASTM F2010, Standard Test Method for Evaluation of Glove Effects on Wearer Hand Dexterity Using a
Modified Pegboard Test, 2010.

ASTM F2412, Standard Test Methods for Foot Protection, 2011.

ASTM F2413, Standard Specification for Performance Requirements for Protective (Safety) Toe Cap
Footwear, 2011.

ASTM F2731, Standard Test Method for Measuring the Transmitted and Stored Energy in Fire Fighter
Protective Clothing Systems, 2011.

ASTM F2849, Standard Test Method for Evaluation of Materials, Protective Clothing and Equipment for
Heat Resistance Using a Hot Air Circulating Oven, 2014.

ASTM F2913, Standard Test Method for Measuring the Coefficient of Friction for Evaluation of Slip
Performance of Footwear and Test Surfaces/Flooring Using a Whole Shoe Tester, 2011.

ASTM F2961, Standard Test Method for Characterizing Gripping Performance of Gloves Using a Torque
Meter, 2015.

ASTM G155, Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic
Materials, 2013.

Statement of Problem and Substantiation for Public Comment

An updated reference is provide for liquid integrity testing of garments and ensembles. An additional references is 
needed to support liquid penetration resistance testing.

Related Item

Public Input No. 225-NFPA 1971-2015 [Global Input]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 16:14:03 EDT 2016
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Public Comment No. 152-NFPA 1971-2016 [ Section No. 2.3.7 ]

2.3.7 ISEA Publications.

International Safety Equipment Association, 1901 North Moore Street, Arlington, VA 22209-1762.

ANSI/ISEA 107, American National Standard for High -  Visibility Safety Apparel and
Headwear Accessories , 2010 2015 .

ANSI/ISEA Z87.1, Occupational and Educational Personal Eye and Face Protection Devices, 2015.

Statement of Problem and Substantiation for Public Comment

These are editorial comments as they are updates of references to the ANSI/IEA 107 standard.

Related Item

First Revision No. 137-NFPA 1971-2015 [Chapter 2]

Submitter Information Verification

Submitter Full Name: Tim Gardner

Organization: 3M Company

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 17 09:36:25 EDT 2016
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Public Comment No. 3-NFPA 1971-2016 [ Section No. 2.3.8 ]

2.3.8 ISO Publications.

International Organization for Standardization, ISO Central Secretariat, BIBC II, Chemin de Blandonnet 8,
CP 401, 1214 Vernier, Geneva, Switzerland.

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

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

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

ISO 6530, Protective clothing — Protection against liquid chemicals — Test method for resistance of
materials to penetration by liquids, 2005.

ISO 9001, Quality management systems — Requirements, 2008.

ISO 9001, Quality management systems - Requirements, 2015.

ISO 11092, Textiles — Physiological effects — Measurement of thermal and water-vapour resistance under
steady-state conditions (sweating guarded-hotplate test), 2014.

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

ISO 17025, General requirements for the competence of testing and calibration laboratories, 2005.

ISO/IEC 17065, Conformity assessment — Requirements for bodies certifying products, processes, and
services, 2012.

ISO 17492, Clothing for protection against heat and flame — Determination of heat transmission on
exposure to both flame and radiant heat, 2003.

Additional Proposed Changes

File Name Description Approved

1971_A2017_FAE-AAC_CCNotes_2.pdf 1971_CCNotes_2 

Statement of Problem and Substantiation for Public Comment

This Public Comment appeared as CC Note No 2 in the First Draft

Related Item

Correlating Committee Note No. 2-NFPA 1971-2016 [Chapter 2]

Submitter Information Verification

Submitter Full Name: Cc On Fae-Aac

Organization: NFPA

Street Address:

City:

State:

Zip:

Submittal Date: Wed Mar 16 10:07:21 EDT 2016
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Public Comment No. 125-NFPA 1971-2016 [ New Section after 3.3 ]

Add definitiion

3.3.XXX  Particulate Blocking Layer – The layer or layers of an element or item that principally
prevents the ingress of particles.

Statement of Problem and Substantiation for Public Comment

Needed to support the introduction of an alternative test method (Particulate Blocking Test)

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 13:35:51 EDT 2016
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Public Comment No. 110-NFPA 1971-2016 [ Section No. 3.3.85 ]

3.3.85 *    Particulates.

Finely divided solid matter that is dispersed in air.

Statement of Problem and Substantiation for Public Comment

The term was originally included for optional CBRN ensembles. While the CBRN term itself is still captured in the 
standard, as a means for indicating that this level of performance is covered in a different standard, the 
particulates term is no longer needed.

Related Item

Public Input No. 251-NFPA 1971-2015 [Global Input]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 07:15:14 EDT 2016
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Public Comment No. 128-NFPA 1971-2016 [ New Section after 4.3.16 ]

New Paragraphs to Address Alternative Approach to Provision of a Technical Data Package

4.3.17

In order to facilitate the provision of compliance data from the manufacturer to purchaser or authority having
jurisdiction, the certification organization shall provide a comprehensive report that provides all design, and
performance inspection and test data demonstrating compliance of the element or ensemble with the
respective requirements of the standard. The report shall include a summary table of all the relevant
performance requirements that apply to the specific element or ensemble. The summary table shall
concisely indicate the paragraph requirement in this standard, along with the minimum requirement, and
observations or measured values as required to be reported by the test method. The data shall be based on
the initial certification data for the product using full replicate data.

4.3.17.1

The certification organization shall be permitted to omit certain performance data when these data are
contained in separate reports for inidivdual materials, components, or parts of the elements or ensembles
that are shared by multiple elements or ensembles, and which are provided in separate reports that also
have a table of the performance requirements that apply to that specific individual materials, components, or
part of the element or ensemble. The omission of these performance data shall be permitted when the
references are made to the separate reports as part of the comprehensive report described in 4.3.17. These
separate summary tables shall concisely indicate the paragraph requirement in this standard, along with the
requirement, and observation or measured value as required to be reported by the test method.  

Statement of Problem and Substantiation for Public Comment

The proposed new paragraphs are intended to help provide compliance data in a more consistent and concise 
fashion that lets the authority having jurisdiction or purchaser more easily review this information. A provision has 
been provided that allows this information to be split into separate reports that pertain to individual materials, 
components, or parts that are separated tested and reported.

Related Item

Public Input No. 224-NFPA 1971-2015 [New Section after 5.4]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 14:11:22 EDT 2016
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Public Comment No. 4-NFPA 1971-2016 [ New Section after 4.5.3 ]

A.4.5.3

In September of 2015, a revised edition of ISO 9001 Quality management systems – Requirements

was issued. Both the 2008 and 2015 editions of the standard are being referenced in this revision of the
standard to allow manufacturer’s sufficient amount of time to transition their quality management systems
registration to this new edition.

Additional Proposed Changes

File Name Description Approved

1971_A2017_FAE-AAC_CCNotes_3.pdf 1971_CCNote_3 

Statement of Problem and Substantiation for Public Comment

This Public Comment appeared as CC Note No. 3 in the First Draft

Related Item

Correlating Committee Note No. 3-NFPA 1971-2016 [Sections 4.5.3, 4.5.4]

Submitter Information Verification

Submitter Full Name: Cc On Fae-Aac

Organization: NFPA

Street Address:

City:

State:

Zip:

Submittal Date: Wed Mar 16 10:10:50 EDT 2016
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Public Comment No. 90-NFPA 1971-2016 [ Section No. 4.5.3.1 ]

4.5.3.1

Registration to the requirements of ISO 9001, Quality management systems — Requirements, shall be
conducted by a registrar that is accredited for personal protective equipment in accordance with ISO Guide
62, General requirements for bodies operating assessment and certification/registration of quality 17021,
Conformity assessment - Requirements for bodies providing ausit and certification of managemet systems .
The registrar shall affix the accreditation mark on the ISO registration certificate.

Statement of Problem and Substantiation for Public Comment

ISO Guide 62 has been replaced so this reference needs to be updated.

Related Item

First Revision No. 19-NFPA 1971-2015 [Sections 4.5.3, 4.5.4]

Submitter Information Verification

Submitter Full Name: Karen Lehtonen

Organization: Lion Group, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 12:44:04 EDT 2016
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Public Comment No. 20-NFPA 1971-2016 [ Sections 5.1.7, 5.1.8, 5.1.9, 5.1.10 ]

Sections 5.1.7, 5.1.8, 5.1.9, 5.1.10

5.1.7

The following information shall also be printed legibly on each product label with all letters at least 1.5 mm (
1⁄16 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 number, 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

(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

(11)

5.1.7.1

 For garments only, where the principal material of construction is a component that is listed, the component
name under which it is listed shall be identified.

5.1.7.2

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) .

5.1.7.3*

For footwear only, principal materials of construction shall include at least the outer shell, moisture barrier,
and thermal liner materials. 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.

5.1.7.4 *    

For helmets only, principal materials of construction shall include generic terminology for the shell material
provided.

5.1.7.5 *    

For gloves only, principal materials of construction shall include at least the outer shell, moisture barrier,
thermal liner, and wristlet materials. 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.

5.1.8 *    

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

5.1.9 7.4 *

For principal materials of construction of helmets, the shell material shall be provided.
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5.1.10 7.5 *

For principal materials of construction of gloves, at least the outer shell, moisture barrier, thermal liner, and
glove interface component (wristlet) shall be listed. Generic names of materials shall be permitted to be
used. If used, the type of leather shall be listed. Any additional materials that are used throughout the
significant portion of the glove’s construction shall also be listed on the label.

Statement of Problem and Substantiation for Public Comment

Editorial.  Deletes redundant language added during public input process.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 21-NFPA 1971-2016 [Sections A.5.1.7.3, A.5.1.7.4, A.5.1.7.5, A.5.1.8,
A.5.1.9,...]

Related Item

First Revision No. 24-NFPA 1971-2015 [Sections 5.1.7, 5.1.8, 5.1.9, 5.1.10, 5.1.11]

Submitter Information Verification

Submitter Full Name: Robin Tutor

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 05 14:16:40 EDT 2016
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Public Comment No. 107-NFPA 1971-2016 [ New Section after 5.2.5 ]

5.2.6

For barrier hoods only, the following additional language shall be provided on the product label:

 “THIS HOOD PROVIDES LIMITED BARRIER PROTECTION.”

Statement of Problem and Substantiation for Public Comment

This requirement should be part of the structural labeling requirements, in the first draft report it was inserted into 
5.3.6 which are the proximity labeling requirements. 

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 106-NFPA 1971-2016 [Section No. 5.3.6]

Related Item

First Revision No. 27-NFPA 1971-2015 [New Section after 5.3.5]

Submitter Information Verification

Submitter Full Name: Karen Lehtonen

Organization: Lion Group, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Sun May 15 18:48:50 EDT 2016
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Public Comment No. 106-NFPA 1971-2016 [ Section No. 5.3.6 ]

5.3.6   

For barrier hoods only, the following additional language shall be provided on the product label:

 “THIS HOOD PROVIDES LIMITED BARRIER PROTECTION.”

Statement of Problem and Substantiation for Public Comment

This section should be part of the structural ensemble, not the proximity ensemble.  A separate comment has 
been submitted to insert this language into the structural requirements in 5.2.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 107-NFPA 1971-2016 [New Section after 5.2.5]

Related Item

First Revision No. 27-NFPA 1971-2015 [New Section after 5.3.5]

Submitter Information Verification

Submitter Full Name: Karen Lehtonen

Organization: Lion Group, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Sun May 15 18:47:06 EDT 2016
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Public Comment No. 35-NFPA 1971-2016 [ Section No. 6.4.5 [Excluding any

Sub-Sections] ]

The helmet If, integrated with the helmet, the faceshield or the faceshield/goggle component, 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

Statement of Problem and Substantiation for Public Comment

This change allows for the inclusion of face and eye protection if the protection is integrated into the helmet so that 
it is beneath the shell when in the stowed position.  It prohibits the use of externally mounted eye and face 
protection.

NFPA 1500, Standard on Fire Department Occupational Safety and Heath Program (2013 revision) chapter 7.18 is 
the section on Face and Eye Protection states the following:
7.18.1  Primary eye protection appropriate for a given specific hazard shall be provided for and used by members 
exposed to that specific hazard.
7.18.1.1*  Primary eye protection shall meet the requirements of ANZI Z87.1 Practice for Occupational and 
Educational Eye and Face Protection.
7.18.1.2  Face protection shall be in addition to primary eye protection unless SCBA is being used.
7.18.1.3  The helmet faceshield alone shall not shall not be considered and shall not be used as primary eye 
protection.
7.18.2  The full facepiece of SCBA shall constitute face and eye protection when worn.
7.18.2.1  SCBA that has a face-mounted regulator that when disconnected provides a direct path for lying objects 
to strike the face or eyes shall have the regulator attached in order to be considered face and eye  protection.
7.18.3  When operating in the hazardous area at an emergency scene without the full facepiece of respiratory 
protection being worn, members shall wear primary eye protection that is designed to protect the member's eyes 
from the expected hazard.

Eye and face protection should be considered as "stand alone" elements or omitted completely from this standard. 

This issue as proposed during the public input period and the TC did not accept the language to remove externally 
eye and face protection from helmets.  The substantiation stated "...The TG concluded that removing the 
faceshield or goggles or both from the standard at this time would be a step backwards.  During structural fire 
fighting the SCBA facepiece provides eye protection but during other routine operations the faceshield or goggles 
or both will provide better eye protection for the fire fighter when properly worn".  And, "We were unable to locate 
any data that shows fire fighter injuries would be reduced if the faceshield or goggles or both were removed from 
the helmet."

Of course, there is no data that shows injuries would be reduced.  There is no database that captures this type 
information.  The existing design requirements add unnecessary weight to the helmet and creates a top-heavy 
helmets.  There have been lawsuits filed about the "bobblehead" effect of existing helmets.  More importantly, the 
current design allows for the faceshield and goggles or both, to be exposed to the toxic fire environment and 
abrasion. Few, if any, faceshields, goggles, "flip-downs" or any combination thereof, currently mounted and 
in-service on helmets are clean and abrasion free enough to provide the fire fighter good visibility when deployed. 

Cancer awareness and prevention is paramount in any fire fighter health discussion.  Yet, NFPA 1971 currently 
allows for goggles that can have a face seal that, by design, come in direct contact with the contaminated helmet 
when stowed, and then placed directly against the fire fighter's face when deployed.  

Minimizing all these health and safety issues is clearly NOT a step backwards.  It is a step forward.

Related Item
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Public Input No. 135-NFPA 1971-2015 [Section No. 6.4.5]

Submitter Information Verification

Submitter Full Name: Robert Tutterow

Organization: Fire Industry Education Resource Organization

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 14:55:41 EDT 2016
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Public Comment No. 34-NFPA 1971-2016 [ Section No. 6.5.2 [Excluding any

Sub-Sections] ]

Helmets shall consist of at least all of the following assembled components:

(1) Shell

(2) Energy absorbing system

(3) Retention system

(4) Fluorescent and retroreflective trim

(5) Ear covers

(6)  A faceshield or goggles, or both

(7)

Statement of Problem and Substantiation for Public Comment

NFPA 1500, Standard on Fire Department Occupational Safety and Heath Program (2013 revision) chapter 7.18 is 
the section on Face and Eye Protection states the following:
7.18.1  Primary eye protection appropriate for a given specific hazard shall be provided for and used by members 
exposed to that specific hazard.
7.18.1.1*  Primary eye protection shall meet the requirements of ANZI Z87.1 Practice for Occupational and 
Educational Eye and Face Protection.
7.18.1.2  Face protection shall be in addition to primary eye protection unless SCBA is being used.
7.18.1.3  The helmet faceshield alone shall not shall not be considered and shall not be used as primary eye 
protection.
7.18.2  The full facepiece of SCBA shall constitute face and eye protection when worn.
7.18.2.1  SCBA that has a face-mounted regulator that when disconnected provides a direct path for lying objects 
to strike the face or eyes shall have the regulator attached in order to be considered face and eye  protection.
7.18.3  When operating in the hazardous area at an emergency scene without the full facepiece of respiratory 
protection being worn, members shall wear primary eye protection that is designed to protect the member's eyes 
from the expected hazard.

Eye and face protection should be considered as "stand alone" elements or omitted completely from this standard. 

This issue as proposed during the public input period and the TC did not accept the language to remove externally 
eye and face protection from helmets.  The substantiation stated "...The TG concluded that removing the 
faceshield or goggles or both from the standard at this time would be a step backwards.  During structural fire 
fighting the SCBA facepiece provides eye protection but during other routine operations the faceshield or goggles 
or both will provide better eye protection for the fire fighter when properly worn".  And, "We were unable to locate 
any data that shows fire fighter injuries would be reduced if the faceshield or goggles or both were removed from 
the helmet."

Of course, there is no data that shows injuries would be reduced.  There is no database that captures this type 
information.  The existing design requirements add unnecessary weight to the helmet and creates a top-heavy 
helmets.  There have been lawsuits filed about the "bobblehead" effect of existing helmets.  More importantly, the 
current design allows for the faceshield and goggles or both, to be exposed to the toxic fire environment and 
abrasion. Few, if any, faceshields, goggles, "flip-downs" or any combination thereof, currently mounted and 
in-service on helmets are clean and abrasion free enough to provide the fire fighter good visibility when deployed. 

Cancer awareness and prevention is paramount in any fire fighter health discussion.  Yet, NFPA 1971 currently 
allows for goggles that can have a face seal that, by design, come in direct contact with the contaminated helmet 
when stowed, and then placed directly against the fire fighter's face when deployed.  

Minimizing all these health and safety issues is clearly NOT a step backwards.  It is a step forward.
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Related Item

Public Input No. 133-NFPA 1971-2015 [Section No. 6.5.2 [Excluding any Sub-Sections]]

Submitter Information Verification

Submitter Full Name: Robert Tutterow

Organization: Fire Industry Education Resource Organization

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 12:57:21 EDT 2016
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Public Comment No. 37-NFPA 1971-2016 [ Section No. 6.5.2.1 ]

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 so that it is beneath the shell when in the stowed position .

Statement of Problem and Substantiation for Public Comment

This change prohibits the use of faceshields being mounted externally to the helmet where they are exposed to 
the toxins and mechanical damage encountered during structural fire fighting.

NFPA 1500, Standard on Fire Department Occupational Safety and Heath Program (2013 revision) chapter 7.18 is 
the section on Face and Eye Protection states the following:
7.18.1  Primary eye protection appropriate for a given specific hazard shall be provided for and used by members 
exposed to that specific hazard.
7.18.1.1*  Primary eye protection shall meet the requirements of ANZI Z87.1 Practice for Occupational and 
Educational Eye and Face Protection.
7.18.1.2  Face protection shall be in addition to primary eye protection unless SCBA is being used.
7.18.1.3  The helmet faceshield alone shall not shall not be considered and shall not be used as primary eye 
protection.
7.18.2  The full facepiece of SCBA shall constitute face and eye protection when worn.
7.18.2.1  SCBA that has a face-mounted regulator that when disconnected provides a direct path for lying objects 
to strike the face or eyes shall have the regulator attached in order to be considered face and eye  protection.
7.18.3  When operating in the hazardous area at an emergency scene without the full facepiece of respiratory 
protection being worn, members shall wear primary eye protection that is designed to protect the member's eyes 
from the expected hazard.

Eye and face protection should be considered as "stand alone" elements or omitted completely from this standard. 

This issue as proposed during the public input period and the TC did not accept the language to remove externally 
eye and face protection from helmets.  The substantiation stated "...The TG concluded that removing the 
faceshield or goggles or both from the standard at this time would be a step backwards.  During structural fire 
fighting the SCBA facepiece provides eye protection but during other routine operations the faceshield or goggles 
or both will provide better eye protection for the fire fighter when properly worn".  And, "We were unable to locate 
any data that shows fire fighter injuries would be reduced if the faceshield or goggles or both were removed from 
the helmet."

Of course, there is no data that shows injuries would be reduced.  There is no database that captures this type 
information.  The existing design requirements add unnecessary weight to the helmet and creates a top-heavy 
helmets.  There have been lawsuits filed about the "bobblehead" effect of existing helmets.  More importantly, the 
current design allows for the faceshield and goggles or both, to be exposed to the toxic fire environment and 
abrasion. Few, if any, faceshields, goggles, "flip-downs" or any combination thereof, currently mounted and 
in-service on helmets are clean and abrasion free enough to provide the fire fighter good visibility when deployed. 

Cancer awareness and prevention is paramount in any fire fighter health discussion.  Yet, NFPA 1971 currently 
allows for goggles that can have a face seal that, by design, come in direct contact with the contaminated helmet 
when stowed, and then placed directly against the fire fighter's face when deployed.  

Minimizing all these health and safety issues is clearly NOT a step backwards.  It is a step forward.

Related Item

Public Input No. 134-NFPA 1971-2015 [Sections 6.5.2.1, 6.5.2.2]

Submitter Information Verification
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Submitter Full Name: Robert Tutterow

Organization: Fire Industry Education Resource Organization

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 15:14:19 EDT 2016
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Public Comment No. 98-NFPA 1971-2016 [ Section No. 6.5.2.1 ]

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.

Statement of Problem and Substantiation for Public Comment

This Public Comment is being submitted on behalf of the Helmet Task Group. 

The language balloted at first revision should be left as is and read the following:

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

The Helmet Task Group is unable to find substantiating data showing reoccurring injures related to externally 
attached components which have lead to injuries do to an imbalance these components creates on a helmet. The 
task group feels the inclusion of the proposed changes potentially leads to the  risk of a more serious injury to 
firefighters if such components are removed.  Additionally the proposed public comment would  limit the options  
for compliant eye protection available to the fire service ,  in turn, introducing unnecessary restrictions when 
specifying and purchasing such elements the fire service deems best suited  by individual  departments.

Related Item

Public Input No. 132-NFPA 1971-2015 [Section No. 6.4]

Public Input No. 134-NFPA 1971-2015 [Sections 6.5.2.1, 6.5.2.2]

Public Input No. 135-NFPA 1971-2015 [Section No. 6.4.5]

Public Input No. 135-NFPA 1971-2015 [Section No. 6.4.5]

Public Input No. 136-NFPA 1971-2015 [Section No. 6.5.5]

Submitter Information Verification

Submitter Full Name: Tim Tomlinson

Organization: Addison Fire Department

Affilliation: Gear Cleaning Solutions, LLC
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Public Comment No. 117-NFPA 1971-2016 [ Section No. 6.5.4.4 ]

6.5.4.4

Helmet If made from washable textile materials, helmet ear covers shall be detachable.

Statement of Problem and Substantiation for Public Comment

The importance of being able to clean gear thoroughly and often is understood, but 6.5.4.4 as proposed is too 
design restrictive.  Requiring the ear cover to be detachable could have some unintended consequences on the 
market - for instance it could potentially prevent certain European style fire helmets from being certified to NFPA 
1971.

Related Item

Public Input No. 216-NFPA 1971-2015 [Section No. 6.5.4]

Submitter Information Verification
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Public Comment No. 123-NFPA 1971-2016 [ Section No. 6.5.4.4 ]

6.5.4.4   

Helmet ear covers shall be detachable.

Statement of Problem and Substantiation for Public Comment

The addition of the language in section 6.5.4.4 as proposed should be rejected and removed regarding the 
attachment and detachment of earlaps.  The proposed language defines a design requirement that 
understandably and agreeably has an ultimate goal of cleaning which is already addressed in NFPA 1851.  
Furthermore, the requirement to make all earlaps detachable is design restrictive and will force certain helmet 
models out of the market particularly in regard to full head-cover, "European style", helmets whereby ear and side 
of face protection are integral to the helmet shell.

While the need to "easily" clean and decontaminate helmet ensembles to help ensure firefighter health and safety 
is fully supported, the selection, care, and maintenance of protective ensembles for structural and proximity 
firefighting is already addressed in NFPA 1851, Chapter 7, "Cleaning and Decontamination".  This standard clearly 
indicates that the manufacturer's instructions provide guidance on how to clean their ensemble, and in the 
absence of that instruction the standard itself provides guidance.  The ease by which any ensemble's individual 
design element is able to be cleaned should be determined by the AHJ's individual assessment and evaluation of 
the ensemble. 

The committee should reject the proposed language in Section 6.5.4.4 for this reason and not incorporate it into 
the NFPA 1971, 2018  revision.

Related Item
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Public Comment No. 36-NFPA 1971-2016 [ Section No. 6.5.5 ]

6.5.5

Faceshield If provided, the faceshield /goggle components shall meet the respective 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.

Statement of Problem and Substantiation for Public Comment

This change addresses face and eye protection if the protection is stowed beneath the shell of the helmet.  If not 
protected during stowage, unnecessary safety and health risks are encountered by the fire fighter.

NFPA 1500, Standard on Fire Department Occupational Safety and Heath Program (2013 revision) chapter 7.18 is 
the section on Face and Eye Protection states the following:
7.18.1  Primary eye protection appropriate for a given specific hazard shall be provided for and used by members 
exposed to that specific hazard.
7.18.1.1*  Primary eye protection shall meet the requirements of ANZI Z87.1 Practice for Occupational and 
Educational Eye and Face Protection.
7.18.1.2  Face protection shall be in addition to primary eye protection unless SCBA is being used.
7.18.1.3  The helmet faceshield alone shall not shall not be considered and shall not be used as primary eye 
protection.
7.18.2  The full facepiece of SCBA shall constitute face and eye protection when worn.
7.18.2.1  SCBA that has a face-mounted regulator that when disconnected provides a direct path for lying objects 
to strike the face or eyes shall have the regulator attached in order to be considered face and eye  protection.
7.18.3  When operating in the hazardous area at an emergency scene without the full facepiece of respiratory 
protection being worn, members shall wear primary eye protection that is designed to protect the member's eyes 
from the expected hazard.

Eye and face protection should be considered as "stand alone" elements or omitted completely from this standard. 

This issue as proposed during the public input period and the TC did not accept the language to remove externally 
eye and face protection from helmets.  The substantiation stated "...The TG concluded that removing the 
faceshield or goggles or both from the standard at this time would be a step backwards.  During structural fire 
fighting the SCBA facepiece provides eye protection but during other routine operations the faceshield or goggles 
or both will provide better eye protection for the fire fighter when properly worn".  And, "We were unable to locate 
any data that shows fire fighter injuries would be reduced if the faceshield or goggles or both were removed from 
the helmet."

Of course, there is no data that shows injuries would be reduced.  There is no database that captures this type 
information.  The existing design requirements add unnecessary weight to the helmet and creates a top-heavy 
helmets.  There have been lawsuits filed about the "bobblehead" effect of existing helmets.  More importantly, the 
current design allows for the faceshield and goggles or both, to be exposed to the toxic fire environment and 
abrasion. Few, if any, faceshields, goggles, "flip-downs" or any combination thereof, currently mounted and 
in-service on helmets are clean and abrasion free enough to provide the fire fighter good visibility when deployed. 

Cancer awareness and prevention is paramount in any fire fighter health discussion.  Yet, NFPA 1971 currently 
allows for goggles that can have a face seal that, by design, come in direct contact with the contaminated helmet 
when stowed, and then placed directly against the fire fighter's face when deployed.  

Minimizing all these health and safety issues is clearly NOT a step backwards.  It is a step forward.

Related Item
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Public Comment No. 39-NFPA 1971-2016 [ Section No. 6.5.5 ]

6.5.5

Faceshield If provided, faceshield /goggle components shall meet the respective 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.

Statement of Problem and Substantiation for Public Comment

Revised wording does not require eye and face protection to be part of the helmet.

NFPA 1500, Standard on Fire Department Occupational Safety and Heath Program (2013 revision) chapter 7.18 is 
the section on Face and Eye Protection states the following:
7.18.1  Primary eye protection appropriate for a given specific hazard shall be provided for and used by members 
exposed to that specific hazard.
7.18.1.1*  Primary eye protection shall meet the requirements of ANZI Z87.1 Practice for Occupational and 
Educational Eye and Face Protection.
7.18.1.2  Face protection shall be in addition to primary eye protection unless SCBA is being used.
7.18.1.3  The helmet faceshield alone shall not shall not be considered and shall not be used as primary eye 
protection.
7.18.2  The full facepiece of SCBA shall constitute face and eye protection when worn.
7.18.2.1  SCBA that has a face-mounted regulator that when disconnected provides a direct path for lying objects 
to strike the face or eyes shall have the regulator attached in order to be considered face and eye  protection.
7.18.3  When operating in the hazardous area at an emergency scene without the full facepiece of respiratory 
protection being worn, members shall wear primary eye protection that is designed to protect the member's eyes 
from the expected hazard.

Eye and face protection should be considered as "stand alone" elements or omitted completely from this standard. 

This issue as proposed during the public input period and the TC did not accept the language to remove externally 
eye and face protection from helmets.  The substantiation stated "...The TG concluded that removing the 
faceshield or goggles or both from the standard at this time would be a step backwards.  During structural fire 
fighting the SCBA facepiece provides eye protection but during other routine operations the faceshield or goggles 
or both will provide better eye protection for the fire fighter when properly worn".  And, "We were unable to locate 
any data that shows fire fighter injuries would be reduced if the faceshield or goggles or both were removed from 
the helmet."

Of course, there is no data that shows injuries would be reduced.  There is no database that captures this type 
information.  The existing design requirements add unnecessary weight to the helmet and creates a top-heavy 
helmets.  There have been lawsuits filed about the "bobblehead" effect of existing helmets.  More importantly, the 
current design allows for the faceshield and goggles or both, to be exposed to the toxic fire environment and 
abrasion. Few, if any, faceshields, goggles, "flip-downs" or any combination thereof, currently mounted and 
in-service on helmets are clean and abrasion free enough to provide the fire fighter good visibility when deployed. 

Cancer awareness and prevention is paramount in any fire fighter health discussion.  Yet, NFPA 1971 currently 
allows for goggles that can have a face seal that, by design, come in direct contact with the contaminated helmet 
when stowed, and then placed directly against the fire fighter's face when deployed.  

Minimizing all these health and safety issues is clearly NOT a step backwards.  It is a step forward.

Related Item

Public Input No. 135-NFPA 1971-2015 [Section No. 6.4.5]
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Public Comment No. 7-NFPA 1971-2016 [ Section No. 6.7 ]

6.7   Protective Glove Elements Design Requirements for Both Ensembles.

6.7.1   

Protective glove elements shall have at least the applicable design requirements specified in this section
when inspected 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 performance 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
intended 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 Section 7.16 , Protective Wristlet Interface
Component Performance 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 Performance Requirements for Both Ensembles; 7.8 , Additional Performance
Requirements for Structural Fire Fighting Protective Glove Elements Only; and 7.9 , Additional
Performance Requirements for Proximity Fire Fighting Protective Glove Elements Only, as applicable.

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 requirements in Sections 7.7 , 7.8 , and 7.9 , as applicable.

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

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   

A 1 lb weight shall be attached to the end of the glove body, glove interface component, or glove extension.
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
measuring down the following distances, which are provided according to glove size, from the finger crotch
of digit two and from the finger crotch of digit three:

(1)  70N (normal): 9.46 cm (3.72 in.)

(2)  70W (wide): 10.04 cm (3.95 in.)

(3)  76N (normal): 10.68 cm (4.20 in.)

(4)  76W (wide): 11.21 cm (4.42 in.)

(5)  82N (normal): 11.73 cm (4.62 in.)

6.7.3.5.5   

A straight 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.
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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 circumference 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 numerals 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 (  1 ⁄ 8  in.) as shown in Figure 6.7.5 .

6.7.5.2   

Finger circumference shall be measured at the proximal interphalangeal joint (first knuckle).
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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 subject'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.

6.7.5.4.3   

The straight line distance between the two points shall be measured to the nearest 3 mm (  1 ⁄ 8  in.) as
shown in Figure 6.7.5 .

6.7.6 *    

In order to label or otherwise represent a glove as compliant with the requirements of this standard, the
manufacturer shall provide gloves in the following sizes:

(1)  64N (normal)

(2)  70N (normal)

(3)  70W (wide)

(4)  76N (normal)

(5)  76W (wide)

(6)  82N (normal)

(7)  82W (wide)

6.7.6.1   

The glove sizes from 64N through 82W indicated on the label shall be determined by the hand dimensions
given in Figure 6.7.6.1 .

Figure 6.7.6.1 NFPA 1971 Size Definitions.

6.7.7 *    

The glove size indicated on the label shall be determined by the hand dimensions given in Figure 6.7.6.1 .

6.7.7.1   

Where custom sized or specially fitted gloves are provided, the glove size indicated on the label shall be
determined by the closest hand dimensions given in Figure 6.7.6.1 , followed by the word “Custom.”

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

43 of 246 6/3/2016 12:32 PM



Additional Proposed Changes

File Name Description Approved

NFPA_1971_gloves_-_NIOSH_comments_v2_-_cleared_by_OD.docx

Statement of Problem and Substantiation for Public Comment

The NIOSH Division of Safety Research (DSR) during 2009-2012 conducted a study of body size and shape, or 
anthropometric survey, of U.S. firefighters.  NIOSH agrees with the NFPA Glove Task Group concern that the 
percentage of male and female firefighters may not be fit properly by this glove sizing system in the NFPA 1971, 
2013 Edition.  The 1971 Technical Committee has developed a revised glove sizing system which is defined in the 
document out for Public Comment.  The provided (up-loaded) document entitled "NIOSH Comments on Proposed 
NFPA 1971 Glove Sizing Changes" has been provided for consideration by the Technical Committee and Glove 
Task Group for further revision to the proposed glove sizing ranges in the next edition of this NFPA 1971 standard.  
This Public Comment is submitted by William Haskell from NIOSH and the Principal Voting member of the 
Technical Committee on Structural and Proximity Fire Fighting Protective Clothing and Equipment (FAE-SPF) on 
behalf of Dr. Hongwei Hsiao.  Dr. Hsiao can provided additional information on NIOSH provided comments and 
recommended glove sizing structure should the Glove Task Group have further questions or need clarifications on 
the content of the NIOSH research findings and glove sizing recommendations.   

Hongwei Hsiao, Ph.D.
Chief, Protective Technology Branch
Division of Safety Research
National Institute for Occupational Safety and Health
1095 Willowdale Rd., Morgantown, WV 26505
304-285-5910 (voice); 304-285-6047 (fax)
hxh4@cdc.gov (email)
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NIOSH Comments on Proposed NFPA 1971 Gloves Sizing Changes 

The National Institute for Occupational Safety and Health (NIOSH) appreciates the opportunity 

to provide the following comments in response to the call for public comments on the proposed 

changes to the next edition of the National Fire Protection Association (NFPA) 1971 Standard 

on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting. Our 

comments pertain to proposed glove sizing changes and are based on the NFPA 1971 Glove 

Task Group presentation materials [Gore 2015], and Chapter 6 in the proposed revision 

available at www.nfpa.org/1971.    

During 2009-2012, NIOSH conducted a study of body size and shape (or anthropometric 

survey) of U.S. firefighters. The data were collected using a stratified sampling plan of 3-age 

by 3-race/ethnicity combinations for 863 male and 88 female firefighters across four 

geographic regions of the U.S. The stratified study design, representing a comprehensive, yet 

cost-effective approach, was derived based on the U.S. Fire Department Profile of 1,136,650 

firefighters. The study design was reviewed by national experts with anthropometry research 

knowledge. This 4-year field study was the first of its kind, a large-scale anthropometry study 

of firefighters. The study determined that firefighters, on average, have a larger build (e.g., 

chest and waist circumferences and shoulder breadth) than the general U.S. population [Hsiao 

et al. 2014]. A detailed analysis of the data also revealed that firefighters have larger hand 

breadth and finger dimensions than military personnel [Hsiao et al. 2015].  The data are 

available at the NIOSH Research Data web page (http://www.cdc.gov/niosh/data/datasets/rd-

1007-2015-0/default.html). NIOSH also developed an array of four anthropometric theories 

(quantification of human body size and shape) for defining personal protective equipment 

(PPE) fit and sizing schemes [Hsiao 2013].  

NIOSH agrees with the NFPA Glove Task Group report that the percentage of male and 

female firefighters that are not adequately fit by the current sizing system is an important issue 

[Gore 2015]. Using U.S. Army soldier hand circumference and index finger length data 

published in 1991, the Task Group projected that 68% of males and 42% females would fit the 

current NFPA 1971 sizing system. In the NIOSH fire fighter anthropometry survey, 74% of 

males and 49% of females reported that the gloves they used fit them adequately [Hsiao et al. 

2015]. Both reports confirm a need to update the current NFPA sizing structure to 

accommodate more firefighters. 

http://www.nfpa.org/1971
http://www.cdc.gov/niosh/data/datasets/rd-1007-2015-0/default.html
http://www.cdc.gov/niosh/data/datasets/rd-1007-2015-0/default.html
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The NFPA 1971 Glove Task Group proposed to use index finger length and hand breadth as 

references to establish a new sizing system. The NIOSH study on variation of firefighter hand 

dimensions revealed that palm breadth and middle and index fingers have the most 

distinguishable features as compared to other hand/finger measurements [Hsiao et al. 2015].  

Both reports conclude that hand/palm width and index/middle finger length are critical 

dimensions for establishing a practical glove sizing system.   

The NFPA 1971 Glove Task Group proposed expanding the current sizing system from 5 (or 

7) sizes to 12 sizes by adding “Wide” and “Extra Wide” classes for each of the 4 index-finger-

length incremental levels. The NIOSH analysis on hand/finger dimension variations in 

contemporary fire fighters recommended the addition of two “wide” sizes and offered a solution 

to keep the sizing system to 7 sizes [Hsiao et al. 2015]. While the two analyses both propose 

establishing “wide” sizes, the NIOSH report suggested that further study of comfort and 

dexterity tolerance ranges of gloves for palm and finger components is needed before 

expanding sizes further, as some extreme sizes (such as 64N and 64XW in the proposed 

NFPA standards) may be unnecessary.   

The NFPA 1971 Glove Task Group suggested a range of 74 millimeters (mm) to 111 mm for 

hand breadth and 61 mm to 85 mm for index finger length as the sizing structure, based on the 

Army soldier hand dimension data published in 1991.  These data are quite different from the 

NIOSH hand/finger anthropometric data [Hsiao et al. 2015].  The NIOSH data show that 

firefighter hand breadth is in the range of 82 mm (2.5th percentile female) to 109 mm (97.5th 

percentile male) and the index finger length is in the range of 64 mm (2.5th percentile female) 

to 89 mm (97.5th percentile male). NIOSH recommends the committee use the NIOSH 

firefighter data instead of the Army data which do not accurately represent the current U.S. 

firefighter population. An analysis describing the anthropometry differences among 

occupational groups emphasized that “designers who formulate anthropometric guides for the 

development and selection of personal protective equipment (PPE) sizes need to incorporate 

the correct data for the target occupations in the guideline development process” [Hsiao et al. 

2002; page 147].   

Additionally, while the intention of the proposed concept of “half-width” NFPA sizing (i.e., 

expanding the 5 or 7 NFPA sizes to 12 sizes by splitting one hand breadth level into two 

levels) to minimize overlapping sizing ranges is understandable, the “linear sizing structure 
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concept” does not really resolve the mismatch among hand size, glove use, and glove size 

specifications. Firefighter glove fit is multidimensional. While hand breadth and index finger 

length have distinguishable features in describing hand sizes and shapes, they only explain 

about two thirds of hand/finger variations. Other finger dimensions vary to some degree as 

well. Therefore, overlapping sizing ranges is unavoidable and practical. One solution to 

address this issue while still making the sizing chart simple for end users is to use a logistic 

regression approach [Hsiao 2013; page 15].  The logistic regression approach is a probability-

based method to determine which size would best fit a person when two or more sizes of 

personal protective equipment have overlapping sizing ranges. We have included below an 

example of a sizing map, using 7 overlapping sizes, to demonstrate the concept (see Figure 

1). The concept has been successfully implemented in fall arrest harness sizing practices 

[Hsiao et al. 2009; page 1139]. In the figure, the black boxes denote the proposed 12 new 

sizes by the NFPA Glove Task Group. The boxes in color marked by dotted lines indicate the 

covered ranges of hand breadth and index finger length of each size for a total of 7 sizes 

based on the NIOSH data [Hsiao et al. 2015]. The 7 boxes overlap, which reflects the 

circumstance of firefighter hand/finger shape and dimensions when only hand breadth and 

index finger length are used in setting up a sizing chart. The solid color areas denote the sizing 

structure, based on a logistic regression concept [Hsiao et al. 2009]. Firefighters can find their 

best-fit size easily.   
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Figure 1. The black boxes denote the proposed 12 new sizes by the NFPA Glove Task Group.  
The boxes in colors marked by dotted lines indicate the covered ranges of hand breadth and 
index finger length of each size for a total of 7 sizes, as reported in a peer-reviewed publication 
[Hsiao et al. 2015]. The 7 boxes overlap with each other, which reflects the circumstance of 
firefighter hand/finger shape and dimensions when only hand breadth and index finger length 
are used in setting up a sizing chart. The solid color areas denote an alternative sizing 
structure, based on a logistic regression concept [Hsiao et al. 2009]. 

 

It should be emphasized that extreme sizes typically cover a small percentage of users. 

Splitting any extreme size as proposed by the Task Group may not solve the misfit issue. The 

use of the 25-year old military data for fire fighters who have different hand/finger dimensions 

and shape is problematic in addressing the glove misfit problem. NIOSH can provide additional 

information on our comments and the recommended glove sizing structure should the Task 

Group have further questions.  
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Public Comment No. 83-NFPA 1971-2016 [ Section No. 6.14.2 ]

6.14.2

The portions of the barrier hood interface component that include a barrier material specifically for meeting
the requirements of 7.14.1 shall include all areas of the hood to at least 75 mm (3 in.) above the reference
plane and all areas of the hood to at least 75 mm (3 in.) below the reference plane as measured when the
hood is placed on an ISO Size J headform.

6.14.2  The por ons of the barrier hood interface component that include a barrier material specifically for

mee ng the requirements of 7.14.1 shall include all areas of the hood to at least  75 mm (3 in.)     37mm (1.5 in.)  

above the reference plane and all areas of the hood to  at least 75 mm (3 in.)     200mm (8 in.) at the sides and

225mm (9 in.) at the front and rear   below the reference plane as measured when the hood is placed on an ISO

Size J headform.

Statement of Problem and Substantiation for Public Comment

JUSTIFICATIONS
ABOVE REFERENCE PLANE:  
• This safely maximizes  the number of square inches of non-barrier area on the crown of the head to allow the 
greatest  amount of unrestricted moisture vapor and highest levels of air permeability
• To determine the it is safe, and that this defined crown area is indeed going to be shielded by the fire helmet: 
we took the shallowest fire helmet suspension we could find;  setting the suspension to its shallowest possible 
setting; then fitted it onto the ISO head form we measured vertically from the Reference Plane to 5/8” above the 
lowest horizontal portion of the helmet suspension headband; it was determined that at 1.5” above the Reference 
Plane that even if the firefighter were to wear their helmet in a tilted fashion, that the helmet and its 
suspension/headband  would always cover the maximized permeable crown  area as defined as  1.5” above the 
Reference Plane
BELOW THE REFERENCE PLANE:
• Based on the IAFF FAST Testing results, it readily apparent that it is necessary to provide barrier protection 
the wearer’s neck, and 3” below the Reference Plane would not even fall below most firefighter’s ear lobes, let 
alone offer any protection to any portion of the firefighter’s neck.
• To determine the minimum amount of barrier below the Reference Plane: several models and sizes of hoods 
were examined, measured and marked while being worn with turnout coats, by individuals with hat sizes from 6 ½  
to almost 7 ¾;  theses hood were then placed on the ISO head form to determine the minimum distance below the 
Reference Plane needed to protect the neck; it was determined that 8” at the sides and 9” at the front and rear 
would be sufficient.
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Related Comment Relationship

Public Comment No. 84-NFPA 1971-2016 [Section No. 6.14.3]

Related Item

First Revision No. 44-NFPA 1971-2015 [Section No. 6.18]

Submitter Information Verification

Submitter Full Name: Alan Schierenbeck

Organization: Honeywell Fire Responders

Affilliation: Honeywell

Street Address:

City:

State:

Zip:

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

45 of 246 6/3/2016 12:32 PM



Submittal Date: Fri May 13 11:59:27 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

46 of 246 6/3/2016 12:32 PM



Public Comment No. 64-NFPA 1971-2016 [ Section No. 6.14.3 ]

6.14.3

Binding around the barrier hood face opening shall be permitted to exclude barrier material specifically for
meeting the requirements of 7.14.1 for a distance of 6 25 mm (¹ ⁄ 4   inch) from the inner edge of the hood
face opening.

Statement of Problem and Substantiation for Public Comment

The typical width for the binding material is greater than 1/4 inch. 1 inch wide binding is being proposed to allow 
for current materials to continue to be used.

Related Item
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Public Comment No. 84-NFPA 1971-2016 [ Section No. 6.14.3 ]

6.14.3

Binding around the barrier hood face opening shall be permitted to exclude barrier material specifically for
meeting the requirements of 7.14.1 for a distance of 6 mm ( 1⁄4 inch) from the inner edge of the hood face
opening.

6.14.3  Any combination of  Binding  elastic and stitching   around the hood face opening shall be
permitted to exclude barrier material specifically for meeting the requirements of 7.14.1. When measured
with the hood laying flat on a surface with the face opening side facing upwards, the hood’s barrier
material shall be allowed a clearance  distance from the face opening’s binding, elastic, and/or
stitching  of 6 mm (1/4 inch)  18mm (3/4 in.)  from the inner  most   edge   row of stitching  of the
hood face opening

Statement of Problem and Substantiation for Public Comment

JUSTIFICATION
• The overlap and interface of the hood face opening to the SCBA air mask is critical to minimize the entry of 
particulates of combustion. This includes the not only the entire construction of the face opening itself, but also the 
material(s) used for the body of the hood and barrier(s) regardless of what they may be, that surround the 
construction of the face opening.
• The face opening which includes the binding, elastic, and/or stitching is required to overlap the air 
mask-to-face gasket by at least one half inch when worn it that fashion, and would also be applicable to proper 
interface of hood-to-air mask when the face opening is worn more forward on the air mask so that it overlaps the 
Lens Piece of the air mask
• To determine the amount of “barrier gap” in both styles of wearing of the hood: air masks from SCOTT, MSA 
and Honeywell/Sperian/SurvirAir that cover the last fifteen years of production were selected and placed one at a 
time on the ISO head form; all four sizes of the Honeywell particulate reduction hood were then fit to the air 
mask/head form, in both styles of wearing, gasket-interface and air mask lens-interface; It was determined that a 
barrier clearance area of ¾” would be sufficient to interface with all brands and style of air masks; VALIDATION:  
FAST Testing was then conducted at RTI in Raleigh N.C. following the same military protocol, and using the same 
test subject, as in the earlier IAFF Study which confirmed the ¾” clearance area for the barrier around the face 
opening construction offered  superior levels of protection
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Public Comment No. 144-NFPA 1971-2016 [ New Section after 6.19.1.5 ]

6.19.1.6

The manufacturer shall be permitted to specify under garments or other accessory garments worn as part of
the ensemble when the specific items are specified to be worn with the ensemble on the product label, are
involved in the evaluation of the ensemble for overall liquid integrity and particulate inward leakage, and
must be worn in order for the ensemble to function for providing wearer protection from liquid and
particulate exposure. The additional under garments or other accessory garments shall be permitted to
contribute to the performance of other ensemble requirements in other parts of this standard.

Statement of Problem and Substantiation for Public Comment

This additional requirement as part of the optional criteria provides flexibility in the design for how garment 
elements may be combined with other elements of the ensemble.
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Public Comment No. 45-NFPA 1971-2016 [ Section No. 7.1.2 ]

7.1.2

Garments shall be tested for overall liquid penetration resistance as specified in Section 8.48, Whole
Garment and Ensemble Liquid Penetration Test, and shall allow no liquid penetration except as permitted
in 8 .48.8.2.

Statement of Problem and Substantiation for Public Comment

The proposed change provided consistency for the interpretation of pass/fail performance as addressed in the 
updated test method.

Related Item

First Revision No. 144-NFPA 1971-2015 [Section No. 8.47.1]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 16:27:40 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

50 of 246 6/3/2016 12:32 PM



Public Comment No. 132-NFPA 1971-2016 [ Section No. 7.1.13 ]

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 lbf) force for Major A
seams, 334 N (75 lbf) force for Major B seams, and 180 N (40 lbf) 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 acceptable where the fabric strength is less than the required
seam strength specified in 7.1.13.1, providing the fabric fails without failure of the seam seam failure due
to fabric rupture occurs without sewing thread rupture below the applicable forces specified in 7.1.13.1.

7.1.13.3

Seam breaking strength shall be considered acceptable where the mode of failure is attributable to yarn
slippage of the fabric in the sewn seam at values less than the required seam strength specified in
7.1.13.1, providing the fabric fails without failure of the seam seam failure due to yarn slippage occurs
without sewing thread rupture below the applicable forces specified in 7.1.13.1.

7.1.13.4

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

7.1.13.5

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

Statement of Problem and Substantiation for Public Comment

The addition of allowing seam failure due to yarn slippage references terminology used in ASTM D1683.  That test 
method details three modes of seam failure: sewing thread rupture, fabric rupture, or yarn slippage adjacent to the 
stitches.  

The newly proposed language simply utilizes all the terms from ASTM D1683 consistently to avoid confusion.  It 
clarifies the message that seam failure due to sewing thread rupture is not permissible, but other modes of failure 
may be permissible.  

Related Item

First Revision No. 48-NFPA 1971-2015 [New Section after 7.1.13.2]

Submitter Information Verification

Submitter Full Name: Brian Shiels

Organization: PBI Performance Products, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 15:06:31 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

51 of 246 6/3/2016 12:32 PM



Public Comment No. 11-NFPA 1971-2016 [ Section No. 7.1.13.3 ]

7.1.13.3   

Seam breaking strength shall be considered acceptable where the mode of failure is attributable to yarn
slippage of the fabric in the sewn seam at values less than the required seam strength specified in
7.1.13.1 , providing the fabric fails without failure of the seam below the applicable forces specified in
7.1.13.1 .

Additional Proposed Changes

File Name Description Approved

Seams.jpeg Seam breaking / seam slipping illustration 

Statement of Problem and Substantiation for Public Comment

allowance of seam slippage limits failures to the thread breaking only.  The attached photo illustrates a failure due 
to thread breaking and a compliant seam due to slippage (with the proposed wording).  Both result in loss in 
integrity of the garment and reduce protection.  This type of slippage is not generally evaluated during the trap tear 
and breaking strength tests.
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Public Comment No. 138-NFPA 1971-2016 [ Section No. 7.1.13.3 ]

7.1.13.3   

Seam breaking strength shall be considered acceptable where the mode of failure is attributable to yarn
slippage of the fabric in the sewn seam at values less than the required seam strength specified in
7.1.13.1 , providing the fabric fails without failure of the seam below the applicable forces specified in
7.1.13.1 .

Statement of Problem and Substantiation for Public Comment

Excessive yarn slippage is evidence of a poorly constructed fabric.  The proposed comment would allow a fabric to 
be compliant by simply slipping, not breaking out of a seam.  This language would allow seams to fail at even 
lower than current NFPA 1971 compliance values, as long as yarn “slips” out.  In fact, seams can fail at any 
strength, even as low as 10 lbs., provided they fail through yarn slippage according to this revision.  It is 
unacceptable for inadequately constructed fabrics to slip or pull through seams to the point where large areas of 
fabric could open, exposing the moisture barrier and creating an unsafe condition.  Section 7.1.13.3 should 
therefore be eliminated from the standard.
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Public Comment No. 32-NFPA 1971-2016 [ Section No. 7.1.13.3 ]

7.1.13.3   

Seam breaking strength shall be considered acceptable where the mode of failure is attributable to yarn
slippage of the fabric in the sewn seam at values less than the required seam strength specified in
7.1.13.1 , providing the fabric fails without failure of the seam below the applicable forces specified in
7.1.13.1 .

Statement of Problem and Substantiation for Public Comment

I feel adding this statement may result in the safety of the fire fighter. Allowing yarn slippage in the fabric, is 
allowing a poorly constructed fabric to be used in the fire industry.  Yarn slippage may result in gaps in the outer 
shell which may cause an unsafe situation to the fire fighter. These types of fabrics may require a different seam 
type to be used. Stating that the standard types of seams which we have used in the past and are robust for the 
past fabrics, is not a good enough reason to allow yarn slippage which would open up the outer shell. 
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Public Comment No. 5-NFPA 1971-2016 [ Section No. 7.1.18 ]

7.1.18

Garment outer shells and collar linings shall be individually tested for resistance to water absorption as
specified in Section 8.25, Water Absorption Resistance Test, and shall not have more than 10 15 percent
water absorption.

Statement of Problem and Substantiation for Public Comment

The proposed change in the Water Absorption testing requirements would directly impact Milliken's 7.5oz Hydropel 
Synergy product, which is used as an outershell fabric for NFPA 1971.  This product has been used in this market 
for decades.
 
Please see below as to our concern about the proposed change:   
 
Based on S/8532, 7.5oz Synergy Hydropel, test data from 2015 – current, if the water absorption test 
requirements* were lowered from maximum 30% to maximum 10%, we would have:
 
1. Passed 71% of the lots with 29% being marginally passing 9-10%
2. Failed 29% of the lots with results ranging from 11-15%
 
(*Specimens shall be subjected to five cycles of washing and drying.)
 
If the requirement were to be lowered to maximum 15%, same as NFPA 1951 (Standard on Protective Ensembles 
For Technical Rescue Incidents), all test results would have passed.
 
As you can see from above, the water absorption change to 10% does concern Milliken & Company, however, we 
would be okay with a 15% maximum.  This change to 15% would be a 50% reduction from the current 30% 
maximum requirement and in our opinion, would be beneficial to the end user and not detrimental to the 
manufacturers or industry.
 
However, the request to lower it to 10%, is quite interesting for multiple reasons.  I will comment on one of these 
reasons in particular.  There are currently patents in the industry that state if the water absorption is 8% or less for 
a garment in this end use, for this market, using an FR fabric, you are infringing on their patent.  
 
The reason why I think this is important to note, is that this desire to lower the maximum water absorption to 10% 
would mean that industry, outside of the patent holder, would have a 2% window to be able to supply fabric that 
was passing the specification requirement, yet not infringing on patents.
 
Obviously, no one could guarantee that their products always fell between 8% and 10%.  Furthermore, fabrics that 
fell outside of this range would be deemed unsellable either due to the patent or the specification requirement.

I am happy to comment further or answer any questions that may arise.
 
Most Sincerely,
David

David Eskew
Milliken & Company
Sales Manager - Fire Service
David.Eskew@Milliken.com
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Public Comment No. 140-NFPA 1971-2016 [ Section No. 7.1.19 ]

7.1.19   

Garment outer shells and collar linings shall be individually tested for liquid repellency as specified in
Section 8.25 , Water Absorption Resistance Test, and shall have an index of repellency of 80 percent or
greater against each liquid chemical.

Additional Proposed Changes

File Name Description Approved

CEN-TC162-
WG2_N0903_N903_Draft_Agenda_CEN_TC162_WG2_18_-19_.pdf

EN 469 Run off test 
working group items 

CEN-TC162-
WG2_N0910_N910_PG_Chemicals_draft_agenda_Helsinki_.pdf

EN 469 Run off test 
working group items 

Statement of Problem and Substantiation for Public Comment

Newly proposed section 7.1.19 is based on a European EN/ISO (EN469/ISO 11613) requirement for Structural 
Fire Fighting gear. Due to major difficulties in compliance with this requirement the EN 469 committee has now 
established a working group to determine if this test method needs to be altered or deleted for the next version of 
their standard and therefore it is premature to include section 7.1.19 in NFPA 1971.   Copies of the EN 469 
working group work items are attached.7.2.7
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Public Comment No. 33-NFPA 1971-2016 [ Section No. 7.1.19 ]

7.1.19   

Garment outer shells and collar linings shall be individually tested for liquid repellency as specified in
Section 8.25 , Water Absorption Resistance Test, and shall have an index of repellency of 80 percent or
greater against each liquid chemical.

Statement of Problem and Substantiation for Public Comment

The requirement discusses liquid chemicals and the test method 8.25 is for water  absorption resistance therefore 
since there is no test method to review i feel the section should be eliminated.
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Public Comment No. 12-NFPA 1971-2016 [ Section No. 7.2.6 ]

7.2.6

Where garment element sleeve composites contain enhancements Garment element sleeves containing
enhancements exterior to the outer shell shall be considered enhanced composites.  Enhancements
include items 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 8.67, Transmitted and Stored Thermal Energy Test, and shall have an average
predicted time to second degree burn of 130 seconds or greater.

Statement of Problem and Substantiation for Public Comment

Editorial changes were made to provide clarification and enhance the usability of the standard.  No performance 
requirements were changed.
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Public Comment No. 105-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7   

Garment composites shall be tested for water vapor resistance as specified in Section 8.75 , Water Vapor
Resistance ( R et  ) Test, and shall have an average water vapor resistance of less than or equal to 30

m 2 Pa/W.

Statement of Problem and Substantiation for Public Comment

First Revision No. 52 should be rejected for the following reasons.  This input was received late and therefore was 
not included in the original packets for consideration by the technical committee members.  The input was sent 
directly to the Test Method task group only and many technical committee members did not know out about the 
input until the meeting.  This lead, among other reasons, for this input to be not properly discussed at the First 
Input meeting of the 1971 Technical Committee meeting.  This input was rushed and pushed through with very 
little, if any, meaningful discussion. There was a far better discussion at the Correlating Committee meeting then at 
the Technical Committee.

The proposed level of 30 m2-Pa/W would remove many currently certified composite combinations.  The Technical 
Committee has been reluctant to do so in the past when there were proposals for higher THL numbers.  One of 
the main arguments in the last two revisions for not raising THL was the desire to not remove certified composites. 

Changing the fire service understanding of THL and adding Ret would require a change in the thought process of 
the fire service.  A similar change would have been necessary had the TC chosen keep the ASTM TPP test, but 
the TC didn’t want to move away from the value of 35 – in part to not confuse the fire service.  We would certainly 
be confusing them here.  

This public input appears to be a thinly veiled attempt to get a test method into 1971 that benefits a single 
product.  Without this becoming part of the standard the product has no market leverage because as a system the 
THL values are unremarkable.  The interested manufacturer funded an “independent” study in order to get the 
issue considered for NFPA 1971.  Those results have already been used as marketing data at FDIC 2016, but the 
data has not been released to the technical committee for consideration before the June meeting. I have a hard 
time accepting that this should be okay.  

This public input was added because the original submitter is unhappy with THL.  I believe a better solution than 
adding Ret without proper documentation, discussion, and unbiased testing would be to get the moisture barrier 
manufacturers to jointly do testing and develop a better test method for the next revision.  Reject FR-52 and do 
something beneficial for the fire service.  

Related Item
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Public Comment No. 119-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7*

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and Level 2 garment composites shall have an average water vapor resistance of

less than or equal to 30 m2Pa/W whereas Level 1 garment composites shall have an average water vapor

resistance that is greater than 30 m 2 Pa/W but less than or equal to 45 m 2 Pa/W .

Statement of Problem and Substantiation for Public Comment

The proposed performance level for this new test was aggressively set (as put forth as a place holder) and if 
enacted at the first draft level would eliminate affect a significant number of garment composites that are now in 
the marketplace.

The water vapor resistance test method has demonstrated utility in other related protective clothing industries 
where barrier materials are used. For example, evaporative resistance has been proposed for both hazardous 
materials protective ensembles and emergency medical protective garment since it has been observed that barrier 
materials with none or extremely low levels of breathability can be qualify against standards based solely on total 
heat loss testing. For example, NFPA 1994 Class 3 has a minimum performance requirement for total heat loss 
(THL) testing that had been set at 200 W/m2. However, it was demonstrated to the committee that even a “Hefty” 
garbage bag material had a measured THL value of 245 W/m2. Moreover, several composites or materials were 
shown to provide THL values above the 200 W/m2 requirement but consisted of very light films or heavy coatings 
that clearly were not breathable because of their conductive properties.

Water vapor resistance requirements has been successfully demonstrated in other standards, including for 
firefighter and other forms of clothing. The proposed two level criteria provide a basis for classification that is 
consistent with EN 469, Protective clothing for firefighters - Performance requirements for protective clothing for 
firefighting. A two level performance classification increases the level of acceptable water vapor resistance but 
also provides a benefit for conveying a distinction between composites with lower and higher levels of water vapor 
resistance.

Related Public Comments for This Document

Related Comment Relationship
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Public Comment No. 127-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test.   Composites shall be designated as Level 1 when having an average water vapor

resistance of less than or equal to 20 m  2  Pa/W.  Composites shall be designated as Level 2 when

having an average water vapor resistance of greater than 20 m  2  Pa/W , and shall have less than or

equal to 40 m  2  Pa/W.  Composites shall be designated as Level 3 when having an average water vapor

resistance of greater than 40 m  2  Pa/W, and less than or equal to 30 70 m  2  Pa/W.   Composites

shall not have an average water vapor resistance greater than 70 m  2  Pa/W.

Statement of Problem and Substantiation for Public Comment

By setting a maximum Ret of 30 m2Pa/W, there would be an overall reduction of heat stress to the firefighter but it 
would also likely mean that more than half of the current certified garment composite options would be eliminated, 
and this may be overly limiting for some departments.  By establishing different levels of performance with an 
upper limit of 70 m2Pa/W, this would likely be inclusive of all currently certified garment composites, and allow 
some latitude per department to select the minimum performance value that is appropriate for their needs.  For 
example, if some  departments never wear gear for extended periods of time, only work in very mild or even cold 
environments, and feel they have addressed any significant risk of heat stress through other processes or 
practices, they may choose a Level 3 performance as the appropriate minimum performance.  Other departments 
that feel driving to minimize the heat stress on their firefighters is critical to their needs, and may work in hot or 
sunny conditions, may decide to require Level 1 performance.  Level 1 performance pushes the boundaries of 
what is possible today, with only a handful of composites capable of achieving this.  Level 2 performance 
encompasses more than 50% of the certified composites.  And Level 3 performance is likely inclusive of all 
remaining composites.  These specific levels are also consistent with levels established in an existing Standard 
applied to environmental protection in workwear in heavy work environments (EN343, Protective clothing – 
Protection against rain).   
A recent set of testing conducted by the Test Method Task Group included the evaluation of THL and Ret of 12 
certified composites using a wide range of component recognized materials.  The THL values spanned a range 
from 207 to 303 W/m2, with an average of 252.  The Ret values spanned a range of from 62.0 to 24.0, with an 
average of 38.7.  There was no correlation between THL and Ret results, indicating that those tests are providing 
different information than one another.   

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]
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Public Comment No. 141-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30 to 70

m2Pa/W.

Statement of Problem and Substantiation for Public Comment

The performance requirement for Ret of 30 m2Pa/W should be increased to 70 m2Pa/W.  Third party testing 
performed by UL at Hohenstein for the Testing Task group using currently compliant composites gave Ret values 
ranging from 24.01 to 62 m2Pa/W.  A compliant composite with more than adequate THL of 255 W/m2 tested at 
only 62 m2Pa/W for Ret.  There is no justification for eliminating composites with compliant THL’s on the basis of 
Ret.

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]
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Public Comment No. 31-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30 60

m2Pa/W.

Statement of Problem and Substantiation for Public Comment

After viewing test data by the testing task group, I felt that a value of 30 would eliminate to many common 
composites used today.

Related Item

Public Input No. 31-NFPA 1971-2013 [Global Input]
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Public Comment No. 59-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.It is now time to consider the elimination of Ret from the draft of this standard.  To date we
have only seen confounding marketing data concerning the value of Ret.  No information has been
presented in a manner that allows for effective and timely discussion or review by committee members and
industry.

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification
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Public Comment No. 60-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.There has been no thoughtful, independent study presented that validates Ret as suitable
performance for protecting end-users from heat stress.  We have only seen one company’s marketing
hype.

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: Stedfast

Street Address:

City:

State:

Zip:

Submittal Date: Wed May 11 15:37:34 EDT 2016
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Public Comment No. 61-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.There is no information that establishes a minimum or maximum Ret value necessary to
protect end-users from heat stress for the products being certified under this standard. 

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato
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Public Comment No. 62-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.Ret results over estimate evaporative heat loss except for a narrow set of environmental
conditions.  We believe that Ret results are generally misleading.  We have found in our own testing as well
as several research papers that condensation within the layers slows down the evaporation and reduces the
true cooling effect (Haveninth G. et al.  Apparent latent heat of evaporation from clothing: attenuation and
‘heat pipe’ effects. J. App. Physiol, Vol 104, January 2008).

Additional Proposed Changes

File Name Description Approved

Havenith_et_al_2008_must_do_wet_and_dry.pdf Study referenced in comment 

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification
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Public Comment No. 67-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.There is longstanding, known value for THL, there has been no valid data or independent
studies to support the addition of Ret.  The proposed rational is flawed because Ret results over estimate
evaporative heat loss except for a narrow set of environmental conditions.   The study quoted to support
the addition of Ret is flawed.

a.        The Umbach Study does not investigate the same material ensembles currently
available that meet the other NFPA requirements.

b.       Umbach develops his ‘satisfactory’ Ret measurement from a ‘non-real world’ based
test method.  The mannequin study was conducted with all closures sealed so that Wet
Heat Loss could occur only through the material.

c.        Although he does recognize the importance of ‘ventilation’ or Convective
Evaporation, he fails to include this and the other components of TOTAL Heat Loss into his
study.

d.        Umbach concludes that sufficiently good wearing comfort (not physiological heat

stress) can only be ensured at ambient temperatures around 20  o  C and moderate

physical activity when the Ret < 200  X 10  -3   m  2   * mbar /W.  [1]     

Additional Proposed Changes

File Name Description Approved

K-H_Umbach_1986_article_-TRANSLATED.pdf

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST
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Zip:
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Public Comment No. 68-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.In accordance with the Supplementary Operating Procedures the criteria “2.2.1 Why is this
new test necessary?”  has not been met.  No supporting evidence has been presented that supports the
rational for adding Ret.  No problem has been clearly identified that requires the addition of this method.
 THL is already protecting end-users from heat stress.  

Additional Proposed Changes

File Name Description Approved

Supplemental_Operating_Procedures.pdf

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:
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Zip:

Submittal Date: Thu May 12 15:53:13 EDT 2016
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Public Comment No. 69-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from the DRAFT and any final versions of this standard during this
revision cycle.  In accordance with the Supplementary Operating Procedures the criteria 2.1.2. No
assessment has been made for the impact of Ret on products that are already certified, in the field and are
deem to have acceptable performance.  In our brief initial assessment many composites will no longer meet
NFPA 1971 if Ret is added to the standard.

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:
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Public Comment No. 70-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.   In accordance with the Supplementary Operating Procedures the criteria 2.1.3. the Intra-
laboratory repeatability and inter-laboratory reproducibility has not been established for Ret as tested on
NFPA certified gear . 

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:
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State:

Zip:

Submittal Date: Thu May 12 16:32:40 EDT 2016
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Public Comment No. 71-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.  In accordance with the Supplementary Operating Procedures the criteria 2.1.4. the relevance
of Ret and any associated criteria has not been established that discriminates how product performance to
Ret is consistent to field performance of gear.

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 16:34:56 EDT 2016
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Public Comment No. 72-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.  In accordance with the Supplementary Operating Procedures the criteria 2.1.5. test data and
other supporting documentation have not been provided to respective Technical Committees or Correlating
Committees or any other individuals.

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 16:36:22 EDT 2016
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Public Comment No. 74-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.  A proven test that provides a minimum level of protection for heat stress already exists, THL. 
If the end-user community wishes to further reduce their susceptibility to heat stress they can individually

specify THL values greater than the minimum established in the standard (205 W/m 2  is specified in NFPA
1971 Standard).  End-user communities do this now.  In addition to specifying high THL levels, end-user
communities could individually specify Ret values without incorporating Ret into the standard.  After all, the
intent of the standard is to establish minimum performance.  THL accomplishes this without inserting a
separate Ret performance into NFPA Standards. 

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 16:37:35 EDT 2016
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Public Comment No. 75-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.  It is also important to consider that Ret is potentially a technology limiting performance
attribute. Establishing Ret as a separate performance measure will prevent the insertion of new active
cooling technologies for improving THL performance and reducing end-user heat stress simply because they
are not vapor permeable(Ret).

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 16:39:11 EDT 2016
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Public Comment No. 76-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.  A well conducted, independent study would be necessary to properly asses the value of Ret
and establish a maximum resistance performance to end-users from heat stress.  The money and effort to do
this could be better spent to study ways to protect firefighters from cancer and other risks.  THL already
provides a proven reduction in heat stress.

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that has not been properly 
validated as per the Supplemental Operating Procedures.  THL is an accepted and understood measure that has 
been proven to protect end-users. 

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 16:40:06 EDT 2016
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Public Comment No. 77-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7

Garment composites shall be tested for water vapor resistance as specified in Section 8.75, Water Vapor
Resistance (Ret ) Test, and shall have an average water vapor resistance of less than or equal to 30

m2Pa/W.

Paragraph 7.2.7 should be REMOVED from this DRAFT and any final versions of this standard during this
revision cycle.  Based on the marketing information from Gore, adding Ret to this standard provides them
with a more legitimate marketing campaign.  Their own marketing data demonstrates that their new
product, Parallon, has poor THL performance when compared with similar composites.  Without Ret, Gore
has no good story for the performance of Parallon.  There has been no independent statistical study,
similar to the Indy Study, that proves Parallon or Ret protects end-users from physiological changes
leading to heat stress.  To date, we have only seen marketing data that is suspect due to the source and
secrecy.    

Additional Proposed Changes

File Name Description Approved

Poor_THL_for_Parallon.pdf Table taken from Gore marketing brochure labelled GPF2106.0416.1 

Statement of Problem and Substantiation for Public Comment

Removing Ret from the DRAFT standard will prevent the addition of a new requirement that is based on marketing 
and not proven to protect end-users.  THL is an accepted and understood measure that has been proven to 
protect end-users.

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Michael Salvato

Organization: STEDFAST

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 17:19:44 EDT 2016
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Public Comment No. 93-NFPA 1971-2016 [ Section No. 7.2.7 ]

7.2.7   

Garment composites shall be tested for water vapor resistance as specified in Section 8.75 , Water Vapor
Resistance ( R et  ) Test, and shall have an average water vapor resistance of less than or equal to 30

m 2 Pa/W. After reviewing the tests results comparing THL and RET, it is not clear what this means or what
benefit or detriment this is to firefighters. I do not support adding RET to the document at this time.

Statement of Problem and Substantiation for Public Comment

This public comment is being submitted on behalf of the garment task group, and is the result of a series of polls 
as to which requirements might be of benefit to an end user; the attached list is the result of the majority vote of 
that task group.

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Tim Durby

Organization: Prescott Fire Department

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 13:14:50 EDT 2016
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Public Comment No. 28-NFPA 1971-2016 [ Section No. 7.3.2 ]

7.3.2

Garment outer shells, - or garment composite consisting of but not limited to the outer shell,
thermal lining, and moisture barrier  , 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.

Additional Proposed Changes

File Name Description Approved

FR_7.3.2.pdf RPP Graphs and Test History  

Statement of Problem and Substantiation for Public Comment

This is the justification to remove the proposed change to the Proximity Radiant Protective Test method.

The definition of ' Proximity Firefighting is Specialized firefighting operations that can include the activities of 
rescue, fire suppression, and property conversation at incidents involving fires producing high levels of radiant 
heat as well as conductive and convective heat'. 

By changing the test procedure from single layer of outer shell to the total multilayer composite we will be reducing 
the protection level of the Proximity Firefighter by over 80%.This would be leaving the Proximity Firefighter 
vulnerable to a potential severe burn risk.

When testing a typical single layer of non reflective or structural outer shell the RPP has an intersect time of under 
4 seconds. While the minimum single layer requirement is currently a minimum of 20 seconds. If this multilayer 
change is to remain in the document the firefighter may think he is protected from the high level of radiant heat but 
once into that situation it will be too late to back out.

I am sending test graphs of single layer of reflective and non reflective RPP test.

I am also sending a white paper on the history of the development of the test method both by the military and the 
NFPA.

Related Item

First Revision No. 53-NFPA 1971-2015 [Section No. 7.3.2]

Submitter Information Verification

Submitter Full Name: Louis Ott

Organization: Gentex Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 09 14:05:01 EDT 2016
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Public Comment No. 30-NFPA 1971-2016 [ Section No. 7.3.2 ]

7.3.2

Garment outer shells , or garment composite consisting of but not limited to the outer shell, thermal lining,
and moisture barrier, 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.

Statement of Problem and Substantiation for Public Comment

It was not the intent of the original NFPA 1976 committee for this to be a whole composite test. This RPP 
equipment sample holder was not designed to accommodate multiple layers, you can not control the pressure on 
thick materials such as lining systems and because o this you do not receive reproducible results. A new sample 
holder would have to be developed. This change only effects the garment and doesn't discuss the other items of 
the ensemble.
                                                                                               Development of Proximity Requirements
                                                                                                                                By
                                                                                                                 HIP Consulting LLC
     There has been a number of misconceptions as to what the radiant heat requirements in NFPA 1971 really 
means and what the equipment was developed for. Within this paper I will be explaining how the requirement was 
initially developed by the Department of Defense and how it was transferred into the NFPA 1976, 1992 edition.
     In the late 60's The Department of Defense formed the Fire Fighting Tri-Service Working Group to perform 
research and establish requirements for firefighting PPE and equipment. This group aim was to be a central point 
for firefighting, eliminate duplication and standardize equipment throughout all services.
     One of the R&D projects was a fire fighters exposure study for aircraft fuels. A contract was awarded to Cornell 
Aeronautical Laboratories. The study involved testing a number of JP and aviation fuels in different size pool fires. 
The study concluded that the maximum heat within the fire was 8.0 cal per cm sq-sec.  It was concluded that the 
predominant heat was radiant heat and convective heat was only significant in the downwind direction. From this 
study a test instrument (Laboratory) was developed to duplicate the pool fires. The instrument was called "Fire 
simulator". The fire simulator was the test instrument used to test complete composite systems. The fire simulator 
had two vertical banks of quartz lamps, convective blower, sample cell, and a heat flux transducer. All components 
of this test instrument were water cooled because of the time required to run a test. Do to the long duration of the 
test it was mandatory that every component from the lamps to the cell and shutter be water cooled. It was a 
requirement of the laboratory to run this testing on this equipment every time a change in any component was 
considered. This was used as a research tool only. From both testing conducted at Cornell and by the tri service 
working group in the Mid 70's a requirement /system was developed. The system was three layers as we have 
today, but a much heavier and isolative system than we have today. Detail purchase specifications were written 
around the clothing and components.  The detailed purchase descriptions were written in a way that it was 
impossible to deviate from the selected materials.
     The detail specification on the outer shell material required unique types of quality control testing. The outer 
shell was an aluminum transfer onto an asbestos fabric. This transfer was accomplished at the garment 
manufacturer’s plant. To insure that the transfer was accomplished correctly, the fabric had to be tested at the 
Defense Logistics Agency Textile Laboratory in Philadelphia. The quality control tests were developed by 3M Co. 
for D.O.D. 3M was the manufacturer of the transfer film. The test methods can be found today in NFPA 1971. 
     The only test method that changed from the military specifications to NFPA 1976 was the radiant test method, I 
will discuss why the test method and requirements were changed later. As I mentioned before this test apparatus 
was designed by 3M as a pass / fail test for the laboratory in Philadelphia. The original machine did not use a 
sensor block it used a piece of blotting paper that had to conform to a Federal Standard. Therefore there was very 
little variation within the blotting paper. The test was run at 1.9 cal. This value came from the Cornell work; it was 
the radiant portion of the heat only downwind from the fire at a given distance. The sample holder consisted of the 
outer shell and a piece of the blotting paper. The test was run for 25 seconds and any discoloration of the paper 
was a failure. The test was run just to insure that the proper amount of aluminum was transferred to the face of the 
fabric. 
     In 1989 the NFPA contacted DOD and requested that a representative of DOD attend a NFPA 1976 meeting 
and give a presentation as too their requirements for proximity clothing, the meeting was held in Dallas TX.  The 
76 committee decided to adopt the basic concept of the quality control tests on the outer shell to insure 
appropriate radiant protection. The committee wanted the radiant test to reflect the amount of radiant energy that 
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was transmitted through the outer shell and to create a minimum value that the outer shell needed to meet. To do 
this they added a sensor to the back of the fabric holder to register the amount of radiant heat that was transmitted 
through the shell and modified the radiant load from 1.9 cal to 2.0. This was done to stay consistent with the 
structure heat flux used in the NFPA 1971 standard for Structural Fire Fighting and to facilitate and make the 
calibration easier for the testing laboratories.  The NFPA also stated that they wanted 76 garments to meet all of 
the 71 requirements plus meeting the additional radiant heat requirements for the outer shell. The secretary of the 
committee (Mr. Granby) was tasked with converting the government text to NFPA language and the Navy 
volunteered to perform testing with the TPP sensor behind the sample instead of the blotting paper. Both tasks 
were accomplished by the next meeting. The results of the radiant testing showed that the time to a second 
degree burn was 25 - 30 seconds depending on the outer shell tested. The 76 committee select 20 seconds as the 
pass / fail criteria. The Navy during the first meeting explained the full composite test using the fire simulator and 
the NFPA turned it down stating they already had a composite test in the TPP test method and they didn't need a 
second one with a new piece of test equipment. The Navy also stated that the 3M test equipment couldn’t be used 
for a complete composite because it wasn’t water cooled and the sample holder wasn’t designed for multiple 
layers. 
     The write-up above gives an insight into how proximity standard have been developed in the past and hopefully 
will help decision makers, make the right changes to standards and to any further R&D testing that may be 
required before standards are changed.

Harry P Winer
HIP Consulting LLC

Related Item

First Revision No. 53-NFPA 1971-2015 [Section No. 7.3.2]
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Public Comment No. 23-NFPA 1971-2016 [ Section No. 7.4.7 ]

7.4.7

Helmets shall be tested for retention ability as specified in Section 8.34, Retention System Test, without
any break occurring and without any resulting slip or stretch of more than 20 mm (13⁄16 in.).

Statement of Problem and Substantiation for Public Comment

This PC is on behalf of the Helmet Task Group.

The Helmet Task Group is recommending to keep the language as it stands in the first revision which is as follows.

Helmets shall be tested for retention ability as specified in Section 8.34, Retention System Test, without any break 
occurring and without any resulting slip or stretch of more than 20 mm ( ¹³⁄16 in.).

The intent of performance requirement 7.4.7 is to ensure helmet retention for the wearer.  There is no data to 
neither support nor suggest a “stretchable” or elastic chinstrap within a fire resistant cover or sleeve would provide 
equal or better retention capability nor dissipate and absorb impact forces on helmets as required within this 
standard.  The Task Group encourages the submitter to continue work on the concept but does not feel it is ready 
to be accepted for further consideration within the standard.

Related Item

Public Input No. 105-NFPA 1971-2015 [Section No. 7.4.10]

Public Input No. 106-NFPA 1971-2015 [Section No. 7.4.11]

Submitter Information Verification
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Public Comment No. 49-NFPA 1971-2016 [ Section No. 7.5.10 ]

7.5.10

Helmet ear covers Helmets shall be capable of being detached from and reinstalled on the helmet per the
manufacturer’s instructions within a period of 20 tested for ease of ear cover removal as specified in 8.76.
Ear Cover Removal Test, and shall be removable within 10 minutes.

Statement of Problem and Substantiation for Public Comment

There is no associated test method for making this assessment of helmet performance (ease of ear cover removal. 
The period of 10 minutes is too long considering that if it is too difficult to remove ear covers, then end users are 
likely to go to the trouble of removing them for cleaning. The removal of a liner from most coat shells generally 
takes less than 2 minutes. Reinstallation of that lining may take as much as 5 minutes, far shorter than the 
proposed change here.

Related Item

First Revision No. 36-NFPA 1971-2015 [New Section after 7.5.9]
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Public Comment No. 63-NFPA 1971-2016 [ Section No. 7.6.19 ]

7.6.19

Helmet faceshield 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 50 5 percent.

Statement of Problem and Substantiation for Public Comment

This is being submitted on behalf of the NFPA 1971 TC Helmet Task Group.  PI 145 was used as a placeholder for 
new abrasion requirements - this comment updates the language based on recent abrasion performance and 
validation testing by the proximity faceshield supplier.  Further validation testing by UL and Intertek is pending.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 65-NFPA 1971-2016 [Section No. 8.22.8]

Related Item

Public Input No. 145-NFPA 1971-2015 [New Section after 7.7]

Submitter Information Verification
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Public Comment No. 58-NFPA 1971-2016 [ Section No. 7.6.20 ]

7.6.20

Proximity faceshields shall be tested for adhesion of reflective coating as specified in Section 8.46,
Adhesion of Reflective Coating on Proximity Faceshield — Tape Method, and shall show no evidence of
the coating on the tape removal not to exceed 3B classification (5-15% removal) as per the ASTM

D3359-09 e2  Test Method B-Cross-Cut Tape Test .

Statement of Problem and Substantiation for Public Comment

This PI is being submitted on behalf of the NFPA 1971 TC Helmet Task Group addressing PI 144 to add 
clarification and test requirement acceptance criteria to proximity faceshield reflective coatings.  This language is 
based on testing performed by the faceshield supplier.  Further validation testing is to be performed by the 
certifying test labs.

Related Item

Public Input No. 144-NFPA 1971-2015 [New Section after 7.7]

Submitter Information Verification
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Public Comment No. 112-NFPA 1971-2016 [ Section No. 7.7.25 ]

7.7.25

Portions of the The glove body composite representative of at the back of the glove shall be tested for
radiant heat resistance Radiant Heat Resistance as specified in Section section 8.71 , Radiant Heat
Resistance Test 4 Transmitted and Stored Thermal Energy Test , and shall have a second-degree burn
time of not less than 90.0 130 seconds.

Additional Proposed Changes

File Name Description Approved

Study_to_Develop_an_NFPA_1971_Radiant_Test_for_Glove_Back_Final.pdf Validation Study 

Statement of Problem and Substantiation for Public Comment

The proposed test is intended to provide a more realistic and repeatable evaluation of back of the hand glove 
insulation that is typically exposed to radiant heat rather than conduct heat. The validation of the proposed 
requirement and modifications to the already standardized test method is reported in the attached white paper.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 113-NFPA 1971-2016 [Section No. 8.71]

Public Comment No. 114-NFPA 1971-2016 [Section No. 8.1.9]

Public Comment No. 115-NFPA 1971-2016 [Section No. 8.67.1]

Public Comment No. 116-NFPA 1971-2016 [New Section after 8.67.7]
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Study to Develop an NFPA 1971 Radiant Test for Glove Back-of-Hand using 
Stored Energy Test Apparatus 

May 5, 2016 

By 

Mark A. Williams (W.L. Gore & Associates, Inc.) 

 

Radiant Test Method Subcommittee – NFPA 1971 Glove Task Group: 

William J. Gorak (W.L. Gore & Associates, Inc.) 

Jeff Stull (International Personnel Protection, Inc.) 

Harry Winer (HIP Consulting LLC) 

Executive Summary 

A new test method for the back-of-glove is proposed by Radiant Test Method Subcommittee of the 
NFPA 1971 Glove Task Group which is more realistic and reproducible than the current test (Conductive 
Heat Resistance Test 1).  The method meets the objective of failing glove composites that historically 
performed poorly in the field without resulting in false failures of flexible composites that historically 
performed well in the field.  

Background 

NFPA 1971 prior to the 2007 edition included Section 8.7 Conductive Heat Resistance Test 1 to test the 
palm of structural firefighting gloves. NFPA 1971 2007 edition extended this test to the back of the glove 
with the compressive force increased from 0.5 psi to 2 psi.  The extension was added in final stages of 
the new edition with the justification that firefighters needed better radiant heat protection on the back 
of the hand.  This change was made with very limited data and little discussion within the Glove Task 
Group.  

During the revision of NFPA 1971 for the 2013 edition, the Glove Task Group noted several problems 
with the CHR test as applied to the back of the glove: 

1) Much discussion was held around the justification for why a conductive heat transfer test was added 
to model radiant heat transfer. 

2) The Conductive Heat Resistance became very difficult to conduct reproducibly when the required 
sensor pressure was increased from 0.5 to 2 psi. 

3) The wetting method was not reproducible—a pouch simulating the glove is submerged, then hung to 
dry and then pressed with blotting paper. No intermediate measurements were required to determine 
that the wetting was consistent between tests and clear differences were apparent when test operators 
were observed in performing the specified technique. 
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4) Many glove body composites that had been used for many years in the industry became 
noncompliant with the new requirements.  The addition of extra thermal insulation layers to the back of 
glove frequently did not make the gloves compliant. Instead, some manufacturers achieved compliance 
by adding extra non-contiguous moisture barrier for passing the test. 

Following these observations, the consensus on the Glove Task Group as the 2013 revision process 
neared completion was to remove the test or at least to drop the compressive force from 2 psi to 0.5 
psi.  However, FDNY reported that the Blazefighter glove resulted in burn injuries to 14 firefighters.  A 
further investigation found that the model of Blazefighter that was being worn was modified from the 
the original field test and certification samples and that the modified gloves failed the wet CHR test on 
the back of the glove. This incident led to the Glove Task Group recommending to keep the wet CHR test 
in the 2013 edition with only minor changes to improve the reproducibility of the test. 

A subcommittee was formed to develop an improved test during the 2018 edition revision. 

This report summarizes the work on one of two possible tests that were developed. 

Experimental Design 

Initial Glove Wetting Investigation. An initial investigation was carried to examine the levels of wetness 
in gloves. A study was undertaken where fire fighters wore different four different NFPA 1971 compliant 
gloves as part of their normal protective ensemble during different simulated fireground activities. The 
selected gloves represented a range of different materials and were properly fitted to the firefighter test 
subjects. Eight firefighters from the San Antonio Fire Department volunteered for this study and the San 
Antonio Fire Department Training Academy was used for staging the firefighting exercises that included 
simulated suppression of a gas-fueled fire by two engine  companies manning a 1 ¾ in hose in the burn 
building. This activity included each fire fighter crawling on a water-laden floor of an adjacent space for a 
period of 2 to 3 minutes. The overall combination of activities was found to span 8 to 10 minutes. These 
activities were performed in full fire fighter protective clothing ensembles. Following their use of the 
gloves, the gloves were taken apart and the weights for each of the different parts and layers were 
measured. This information was used to determine how gloves get wet and where the moisture resides 
in the gloves following “wet” operations. Two later evaluations were conducted to determine the 
“saturation” moisture levels in gloves. One of these evaluations was conducted using the original 
dissected gloves while a second evaluation was done on whole gloves, followed by glove dissection to 
determine moisture levels in the individual glove parts. This study has the following findings: 

• The principal conclusion of this work is that gloves absorb moisture in the various layers 
differently based on the type of materials and the overall glove construction. 

• In general, these levels are higher for outer shell and other components exterior of the barrier 
layer. 

• Moisture barriers and thermal barrier linings tend to absorb less water in use given their proximity 
to water exposure. Perspiration is likely to also to be a significant source of water 

• It is presumed that water exposure occurs primarily through exterior contact with water spray 
and wet surfaces, but some moisture may enter gloves through the gauntlet opening.  

• The specific levels of moisture in gloves were found to range from 6.3 to 39% for the outer shell, 
3.4 to 18.6% for the moisture barrier, and 8.5 to 35.0% for the thermal barrier. 
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• Based on this work, it was concluded there is no “typical” level of water found in the layers of a 
fire glove. Therefore, the path was chosen to develop a radiant test method using the well-known 
worst case of a damp liner with a dry shell. 

Development of an Alternative Back of the Glove Radiant Insulation Test. Investigations were carried 
out to determine a suitable approach for measuring the radiant heat transfer resistance of glove 
composite materials. Two different techniques were considered: 

1. The application of the current fuel-fired radiant panel used in evaluation of SCBA facepieces at a 
heat flux of 15 kW/m2 ± 0.5 kW/m2 (0.36 cal/cm2s ± 0.012 cal/cm2s) as part of NFPA 1981 (Fire 
service SCBA). 

2. The use of the stored energy test procedures specified in ASTM F1731, ASTM F2731, Standard 
Test Method for Measuring the Transmitted and Stored Energy in Fire Fighter Protective Clothing 
Systems, as now applied for reinforcements on garment sleeves. 

Both approaches were investigated with a series of experiments carried out. While the fuel-fired radiant 
panel technique was found to have merit and was in fact submitted in the form of public input as a 
proposed Radiant Heat Resistance Test 4 in the First Draft of NFPA 1971-2018, it was found to require 
more work to provide a robust, validated test procedure. One of the principal limitations of the test is 
the manner for reproducibly setting the distance of the specimen from the radiant heat source.  

Test Samples. The Radiant Test Method Subcommittee chose instead to work with the already 
standardized ASTM F2731 stored energy test method. For the purposes of this test’s development, the 
following specimens were chosen that were relevant to setting a requirement: 

A) Blazefighter glove: FDNY reported 14 firefighters experienced back of hand burns while wearing this 
glove while other firefighters wearing other gloves at the same fire scenes did not.  

B) Cowsplit leather/CROSSTECH® DIRECT GRIP® insert: Firefighters in training simulators (“flashover 
chambers”) reported hot back-of-hands while wearing this composite 

C) Cowsplit leather/Modacrylic nonwoven/CROSSTECH® DIRECT GRIP® insert: Same as “B” with the 
addition of Modacrylic nonwoven added as an insulation layer.  Over 100,00 pairs of this model were 
worn from 1999 to 2007 without reports of hot hands or burns. This composite failed the wet CHR test 
of the back of glove that was added 2013 edition. 

Specimens were also chosen that were known to have acceptable field performance and would help 
validate the new test and requirement: 

D) Cowsplit leather/Polyurethane barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 

E) Cowsplit leather/CROSSSTECH® barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 
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Since the number of Blazefighter samples available was limited, four more textile shell variables were 
added to the experiment due to their similarity to the Blazefighter-style of construction: 

F) KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

G) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

H) KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

I) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

 

Results 

The method is described in the Public Comments 1971-114 through 1971-116 submitted to the NFPA 
1971 technical committee. In these procedures, the liner is first wetted evenly with a spray of water and 
then the sample is placed in the stored energy tester.  The test is run in radiant mode to the 2nd degree 
burn point without compression. 

It was found in preliminary testing that damp liner with a dry shell always resulted in the shortest time 
to 2nd degree burn. The minimum value generally was observed at 0.05 to 0.09 g/in2.  

Results: Predicted second-degree burn time (seconds) at various liner water levels (g/in2) 

 Short Description 0 0.028 0.042 0.056 0.069 0.083 0.097 0.111 0.139 
0.167 

A Blazefighter     148          142      123      113      120       

B Leather/CTDG           135      104      115         

C Leather/Modacrylic/CTDG           203      223      239         

D Leather/PU/Modacrylic     230          187      207           

E Leather/CT/Modacrylic     228        184      160      168            176 

F Knit/PU/Modacrylic     110      100        89        85            86               84 91 

G Knit/knit/PU/Modacrylic             140      151         

H Knit/CT/Modacrylic 114  114  104      91  92        100     

I Knit/knit/CT/Modacrylic 202      170     154     153   166    
 

 

Conclusions and Recommendations for Setting a Requirement Level 

Variables A & B lead to the conclusion that the variables with values below 113 seconds are 
unacceptable. 

Variable C, D, E lead to the conclusion that the variables with values above 160 seconds are acceptable 

Variable Short Description Minimum 
A Blazefighter           113  
B Leather/CTDG           104  
C Leather/Modacrylic/CTDG           203  
D Leather/PU/Modacrylic           187  
E Leather/CT/Modacrylic           160  
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F Knit/PU/Modacrylic             84  
G Knit/knit/PU/Modacrylic           140  
H Knit/CT/Modacrylic           91 
I Knit/knit/CT/Modacrylic          153  

 

A requirement of 130 seconds is thus proposed is proposed. 

As described in the Experimental Design section, Variables A, B, F, and H, should fail the requirement 
based on historical performance of these and similar composites.  Variables C, D, E, G, and I, should pass 
the requirement based on historical performance of these and similar composites. 

Comparison to current NFPA 1971 Back-of-Glove Test Method (section 7.7.4 and 8.7) 

 

 

NOTE: The Blazefighter fails both tests.  Field proven and very flexible variable C & E both robustly pass 
the new test despite a long history of sporadically failing the current test. 
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Reproducibility Data 

The Blazefighter sample was cut from the back of the glove.  A special sample holder was made due to 
the smaller specimen size.  The following samples were run to explore the possible effect of the smaller 
sample holder and precision of the method on replicates: 

   
Water 
level  

Variable Short Description 
Sample Holder 
Aperature 0.069  Comments 

G Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

140    

H Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

150    

I Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

145    

J Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

110    

K Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

130  Reused Sample G 
 

Precision for the average of five specimens measured with the Stored Energy test work is generally +/- 
5%. Based on this limited data set, the average of the two Sample Holder Aperature sizes is within +/- 
6.5% (145 versus 128). Even if 13% was added to the Blazefighter values (113 x 1.13= 127), the 
Blazefighter will fail the criteria of 130. 
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Public Comment No. 146-NFPA 1971-2016 [ Section No. 7.10.14 ]

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 unaided eye .

Statement of Problem and Substantiation for Public Comment

Sections 7.1.21 (garments), 7.4.14 (helmets), 7.7.21 (glove elements), 7.10.14 (footwear), and 7.13.10 (hood 
interface components) all refer to Section 8.41, Label Durability and Legibility Test 1.  Sections 7.1.21, 7.4.14, and 
7.7.21 are all worded the same and do not include "to the unaided eye" at the end, sections 7.10.14 and 7.13.10 
are worded the same as the other sections but add, "to the unaided eye" at the end.  Section 8.41.4.3.2 specifies 
how legibility should be determined and includes "to the unaided eye by a person with 20/20 vision" so removing 
this from the performance requirement does not remove it from the test method and makes the performance 
requirements consistent.

Related Item

Public Input No. 245-NFPA 1971-2015 [New Section after B.3]

First Revision No. 167-NFPA 1971-2015 [New Section after B.3]

Submitter Information Verification

Submitter Full Name: Marni Schmid

Organization: Fortunes Collide Marketing LLC

Affilliation: F.I.E.R.O.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 16:16:51 EDT 2016
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Public Comment No. 101-NFPA 1971-2016 [ Sections 7.13.8, 7.13.9 ]

Sections 7.13.8, 7.13.9

7.13.8

Knit hood 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 lbf).

7.13.9

Knit hood 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 lbf).

Statement of Problem and Substantiation for Public Comment

When these requirements were written for the 1997 edition of NFPA 1971, the presumption was that materials 
used in the construction of hoods were exclusively knit fabrics. At that time, the committee never intended to 
exclusively apply strength requirements to knit fabrics only. The proposed changes apply a meaningful strength 
requirement to all layers used in the construction of hoods. Burst strength testing does not discriminate against the 
type of fabric as does tensile strength or tear resistance testing and can be applied to any type of fabric.This issue 
warrants consideration because of the addition of particulate barrier requirements for hoods and potentially other 
parts of the ensemble. 

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 102-NFPA 1971-2016 [Section No. 8.13]

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Sun May 15 06:49:48 EDT 2016
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Public Comment No. 149-NFPA 1971-2016 [ New Section after 7.13.10 ]

7.13.10

Except where hoods are also certified to the requirements of Section 7.14, knit hood materials shall be
tested for air permeability as specified in Section 8.73, Air Permeability Test, and shall have an air

permeation of 8.5 m 3 /min/m 2  (50 ft 3 /min/ft 2 ).

Statement of Problem and Substantiation for Public Comment

The proposed requirements is intended that where manufacturer intend to incorporate a barrier material for 
purposes of blocking particulate that the optional requirements are applied.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 150-NFPA 1971-2016 [Section No. 8.73]

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 16:39:26 EDT 2016
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Public Comment No. 147-NFPA 1971-2016 [ Section No. 7.13.10 ]

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 .

Statement of Problem and Substantiation for Public Comment

Sections 7.1.21 (garments), 7.4.14 (helmets), 7.7.21 (glove elements), 7.10.14 (footwear), and 7.13.10 (hood 
interface components) all refer to Section 8.41, Label Durability and Legibility Test 1.  Sections 7.1.21, 7.4.14, and 
7.7.21 are all worded the same and do not include "to the unaided eye" at the end, sections 7.10.14 and 7.13.10 
are worded the same as the other sections but add, "to the unaided eye" at the end.  Section 8.41.4.3.2 specifies 
how legibility should be determined and includes "to the unaided eye by a person with 20/20 vision" so removing 
this from the performance requirement does not remove it from the test method and makes the performance 
requirements consistent.

Related Item

Public Input No. 245-NFPA 1971-2015 [New Section after B.3]

First Revision No. 167-NFPA 1971-2015 [New Section after B.3]

Submitter Information Verification

Submitter Full Name: Marni Schmid

Organization: Fortunes Collide Marketing LLC

Affilliation: F.I.E.R.O.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 16:28:10 EDT 2016
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Public Comment No. 148-NFPA 1971-2016 [ New Section after 7.14 ]

Add new performance requirement and associated test method

7.14.X  Hood composite materials that incorporate a particulate blocking layer shall be tested for
transmitted and stored thermal energy as specified in Section 8.71, Transmitted and Stored
Thermal Energy, and shall have a predicted time to second degree burn greater than or equal to 100
seconds.

8.71  Transmitted and Stored Thermal Energy Test

8.71.1  Application

8.71.1.1  This test method shall apply to garment sleeve composites containing enhancements as
defined in 7.2.4 exterior to the outer shell and  particulate blocking hoods .

8.71.1.3  Modifications to this test method for testing particulate blocking hoods shall be
specified in 8.71.X

8.71.X Specific requirements for testing particulate blocking hoods

8.71.X.1  Samples.

8.71.X.1.1  Specimens for conditioning shall measure 150 mm x 150 mm /- 6 mm (6 in. x 6 in. /-
1/4in.).

8.71.X.1.2  Specimens shall consist of a composite constructed of the layers utilized in the
particulate blocking hoods, oriented in the order as worn.

8.71.X.2  Specimens.

8.71.X.2.1  A total of 5 specimens shall be tested.

8.71.X.2.2  The specimens shall be preconditioned by uniformly applying 3.4 grams /- 0.2 grams
of water to the innermost layer of the composite and shall be tested within 2 minutes after
preconditioning.  

8.71.X.3  Procedure

8.71.X.3.1  Transmitted and stored thermal energy testing shall be conducted in accordance with
ASTM F2731, Standard Test Method for Measuring the Transmitted and Stored Thermal Energy in
Fire Fighter Protective Clothing Systems , Procedure B, with the following modifications:

                (1) Compression of the specimen shall not be required.

                (2) The exposure time shall be for a period of 120 seconds, 1/ – 0 seconds or until a time
to predicted second degree burn is achieved.

8.71.X.4  Report

8.71.X.4.1  The average time to second degree burn shall be calculated, recorded, and reported. If
no burn injury occurs, the time to second degree burn shall be reported as “no burn”.

8.71.X.5  Interpretation

8.71.X.5.1  Pass/fail determination shall be based on the average reported time to second degree
burn of all specimens tested.

Statement of Problem and Substantiation for Public Comment

If the Total Heat Loss requirement in hoods (7.14.4) is set too high, it could result in the manufacture of lighter 
and/or thinner hoods which could lead to a drop in thermal insulation, even though it meets the minimum TPP 
requirement of 20 (7.13.2).  The TPP is a flashover exposure and does not represent protection in a sub flash 
scenario.  In some of the work I have been doing with barrier inclusion in hoods with moisture present, I have 
observed a significant reduction in sub flashover thermal protection when the composite is wet.  It is unknown if 
the drop is meaningful in the field.  However, a drop in protection from where current products are performing 
today is not likely desired.  Preventing this could be accomplished by setting a minimum thermal resistance for 
hoods when dry, and then ensuring that in the wet condition the protection does not drop too significantly from this 
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minimum level.  A means for this is provided.  Additionally, some firefighters have expressed a concern that too 
much thermal resistance can reduce situational awareness, so a maximum thermal resistance could be 
considered as well.

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 16:34:01 EDT 2016
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Public Comment No. 139-NFPA 1971-2016 [ Section No. 7.14 ]

7.14* Additional Optional Performance Requirements for Structural Fire Fighting Protective Hood Interface
Components Providing Particulate Protection Only.

7.14.1

Hood composite materials shall meet all performance criteria specified in Section 7.13, Protective Hood
Interface Component Performance Requirements for Both Ensembles.

7.14.2

Hood composite materials that incorporate a particulate barrier shall be tested for resistance to particulate
penetration as specified in Section 8.72, Particulate Filtration Efficiency Test, and shall have a particulate
filtration efficiency of 90 percent or greater for each particle size from 0.2 μm to 2.0 μm (12.5 mesh to 250
mesh).

7.14.3

Hood composite materials that incorporate a moisture barrier shall use moisture barriers that meet the
criteria in 7.1.3, 7.1.4, 7.1.7, 7.1.14, 7.1.15, 7.1.17, and 7.1.23.

7.14.4

Hood composite materials shall be tested for evaporative heat transfer as specified in Section 8.33, Total

Heat Loss (THL) Test, and shall have a THL of not less than 400 W/m2.

Statement of Problem and Substantiation for Public Comment

The title of this section is not reflective of the new category for hood products. An asterisk has been added for 
incorporating a related annex section.

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 15:47:05 EDT 2016
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Public Comment No. 80-NFPA 1971-2016 [ Section No. 7.14.2 ]

7.14.2

Hood composite materials that incorporate a particulate barrier shall be tested for resistance to particulate
penetration as specified in Section 8.72, Particulate Filtration Efficiency Test, and shall have a particulate
filtration efficiency of 90 percent or greater for each particle size from 0.2 μm to 2.0 μm (12.5 mesh to 250
mesh).

Hood composite material that incorporate a particulate barrier shall be first tested for air permeability as
specified in Section 8.73, and shall have an air permeability of 10cfm/ft^2 or greater.   Once the hood
composite meets the air permeability minimum requirement, the composite should then be tested for
resistance to particulate penetration in Section 8.72, Particulate Filtration Efficiency Test, and shall have a
particulate filtration efficiency of 90 percent or greater for each particle size from 0.1 to 2.0 micron (12.5
mesh to 250 mesh). 

Statement of Problem and Substantiation for Public Comment

I would like to add some detailed performance criteria to the NFPA 1971 standard

Related Item

First Revision No. 48-NFPA 1971-2015 [New Section after 7.1.13.2]

Submitter Information Verification

Submitter Full Name: Jian Xiang

Organization: The DuPont Company, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 10:20:43 EDT 2016
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Public Comment No. 129-NFPA 1971-2016 [ Sections 7.14.2, 7.14.3 ]

Sections 7.14.2, 7.14.3

7.14.2

Hood composite materials that incorporate a particulate

barrier
blocking layer shall be tested for

resistance to
particulate

penetration
blocking as specified in Section 8.72 , Particulate

Filtration Efficiency
Blocking Test, and shall have a

particulate filtration efficiency of 90 percent or greater for each particle size from 0.2 μm to 2.0 μm (12.5
mesh to 250 mesh).
performance factor of 4.5 or greater.

7.14.3

Hood composite materials that incorporate a moisture barrier shall use moisture barriers that meet the
criteria in 7.1.3 , 7.1.4 , 7.1.7 , 7.1.14 , 7.1.15 , 7.1.17 , and 7.1.23 .

Additional Proposed Changes

File Name Description Approved

Substantiation_for_Particulate_Blocking_Test.pdf Substantiation for Particulate Blocking Test  

Statement of Problem and Substantiation for Public Comment

See attachment for full substantiation

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 14:20:15 EDT 2016
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Substantiation for Particulate Blocking Test 

 

A different test method is needed to evaluate the particulate blocking properties of the hood.  As 
written, the performance requirements and associated test methods are technology dependent and 
thereby, design restrictive.  As written in the first draft ballot, a particulate blocking layer must meet 
certain criteria of a moisture barrier or meet a minimum air permeability requirement.  This excludes 
technologies that are air impermeable or permit air flow less than the specified level indicated in the 
currently associated Air Permeability Test (8.73).   This new test method, the Particulate Blocking Test, 
allows both air impermeable to air permeable products to be evaluated using a single test method, 
without disturbing the specimen, to which a single performance criteria can be applied. 

Data shared with the Hoods and Test Method Task Groups from an intralaboratory variability study 
using 5 different composites (as listed below) showed good day to day and within day variability when 
evaluated over 3 days with 7 specimens per day, 3 specimens per composite. 

Sample ID Thickness Air 
Permeability 

A Low High 
B Low None 
C Low Low 
D Medium None 
E High Medium 

 

The standard deviations based on the performance factor as the proposed performance requirement for 
this test method are shown in the table below. 

 

 

 

1 2 3
A - - 0.191 0.172
B - 0.000 - 0.000
C 0.000 0.000 - 0.000
D - 0.000 - 0.000
E 0.203 - 0.099 0.185

Within Day Between Days



Public Comment No. 145-NFPA 1971-2016 [ Section No. 7.14.4 ]

7.14.4

Hood composite materials shall be tested for evaporative heat transfer as specified in Section 8.33, Total

Heat Loss (THL) Test, and shall have a THL of not less than 400 than 325 W/m2.

Statement of Problem and Substantiation for Public Comment

Through numerous wear trials and soliciting feedback from firefighters during the product development process, 
end users are demanding that the head and neck area require higher breathability due to the sensitivity in the 
vulnerable areas around the neck, up jaw, and ears. Firefighter perceived comfort and the ability to transfer 
perspiration from the head area is paramount. The baseline for the Turnout ensemble is 205 W/m2.  With some 
Turnout composites exceeding greater than 315 W/m2 and 2 layer knits (commonly used in hoods) exceeding 400 
W/m2 it seems reasonable to establish a THL requirement for hoods at 325 W/m2.    

Related Item

Public Input No. 248-NFPA 1971-2015 [New Section after 7.14]

Submitter Information Verification

Submitter Full Name: John Karban

Organization: FireDex, LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 16:07:16 EDT 2016
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Public Comment No. 79-NFPA 1971-2016 [ Section No. 7.14.4 ]

7.14.4

Hood composite materials shall be tested for evaporative heat transfer as specified in Section 8.33, Total

Heat Loss (THL) Test, and shall have a THL of not less than 400 W/m2.

(1) Depending on the various structure of base layer material(including thickness, weight, thread counts
and tightness of the structure), our data suggest that THL may be around 400 W/m^2 even without the
use of a particle barrier or a moisture barrier.  it is probably more practical if the committee will
consider to request the THL of the composite of particle barrier to be minimum at 325 W/m^2 so that it
may work for variety base layer of knitted and woven materials.  

Statement of Problem and Substantiation for Public Comment

provide input to adjust minimum requirements

Related Item

First Revision No. 48-NFPA 1971-2015 [New Section after 7.1.13.2]

Submitter Information Verification

Submitter Full Name: Jian Xiang

Organization: The DuPont Company, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 09:05:34 EDT 2016
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Public Comment No. 85-NFPA 1971-2016 [ Section No. 7.14.4 ]

7.14.4

Hood composite materials shall be tested for evaporative heat transfer as specified in Section 8.33, Total

Heat Loss (THL) Test, and shall have a THL of not less than 400 W/m2.

7.14.3  Hood composite materials shall be tested for evaporative heat transfer as specified in Section 8.33,

Total Heat Loss (THL) Test, and shall have a THL of not less than 400 W/m 2  . 300 W/m(2)

Statement of Problem and Substantiation for Public Comment

JUSTIFICATION
• THL has an allowable variance of 8%, and each THL Test Apparatus varies from machine to machine,  and 
results on the same machine and composite can literally vary form one day to the next.
• Adding particulate barrier protection to a firefighting hood will require a balance of materials and just as 
importantly design. In working on this project we ran TPP and THL tests on dozens of material combinations 
including currently available all knit hoods. Only the very lightest weight of the all knit hoods without particulate 
barriers barely exceeded 400 THL only the day they were tested, with many falling in the mid-to-upper middle 
300s.
• Based on current non-barrier THLs being so unexpectedly low, and the fact that adding a barrier could, and 
most likely would, lower the THLs even further, setting the initial THL at 400 would be severely materials restrictive 
and would most likely delay a number of worthy options from entering into use in the field 
• Since we are in totally unexplored territory, and based on all of our Lab Testing and Live Fire burn building 
evaluations, our best educated guess is that at a minimum, when a good design is combined with a THL of at least 
300 that the firefighters needs and protection will be realized. This does not limited the upper end at 300 but does 
not set it so high as to limit the interest in further developing this brand new product category going forward.

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Alan Schierenbeck

Organization: Honeywell Fire Responders

Affilliation: Honeywell

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 12:23:31 EDT 2016
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Public Comment No. 42-NFPA 1971-2016 [ Section No. 7.16.9 ]

7.16.9

Where the coat sleeve end terminates in a garment-glove interface, the interface area shall be tested in
accordance with Section 8. 49 48 , Whole Garment Liquid Penetration Test, and shall allow no liquid
penetration.

Statement of Problem and Substantiation for Public Comment

The incorrect section is referenced.

Related Item

Public Input No. 225-NFPA 1971-2015 [Global Input]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 15:57:19 EDT 2016
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Public Comment No. 114-NFPA 1971-2016 [ Section No. 8.1.9 ]

8.1.9 Wet Conditioning Procedure 2 for Glove Composites.

8.1.9.1

Samples shall be conditioned by being subjected to a water spray that evenly deposits a mist of water on
the thermal barrier layer of the composite using the apparatus and procedures described in 8.1.9.2 through
8.1.9.7.

8.1.9.2*

A means of spraying water at a rate of 0.22 g/s ± 0.5 g/s (0.008 oz/s ± 0.02 oz/s) uniformly over a 150 mm
× 150 mm (6 in. × 6 in.) sample while measuring the weight of the sample shall be employed.

8.1.9.2.1

The nozzle shall be positioned directly over the sample.

8.1.9.2.2

The nozzle for applying the water spray shall be designed not to drip on the sample before the onset or
after the completion of the designated water spray period.

8.1.9.2.3

The spraying shall be conducted in a closed chamber or area that limits disturbance of the mist deposition
of the sample from air currents.

8.1.9.2.4

The sample shall be positioned on a balance that is capable of measuring the sample weight to the nearest
0.1 g (0.004 oz). The balance pan shall have a minimum pan dimension of 150 mm × 150 mm (6 in. × 6
in.).

8.1.9.2.5

The uniformity of the water spray shall be determined (calibration) by measuring the mass of water
deposited into 9 cups that measure 50 mm × 50 mm (2 in. × 2 in.) square that are positioned where water
collects on the sample as shown in Figure 8 .1.9.2.5. Uniformity of the spray pattern shall be determined by
measuring the weight of each dry cup prior to the calibration and then measuring the weight of the cup
following the application of the spray for a period of 20 seconds where the wet cup weights are within 20

percent of each other. The water spray method shall be confirmed to be capable of applying 0.011 g/cm 2

(0.0025 oz/in 2 ) with a coefficient of variance that is less than 15%.

8.1.9.3

Samples for conditioning shall be the innermost layer of the glove composite that are cut to 150 mm × 150
mm (6 in. × 6 in.).

8.1.9.4

The dry weight of the glove composite innermost layer sample to be wetted shall be measured on a spray
chamber balance to the nearest 0.1 g (0.004 oz).

8.1.9.5

A Separate sets of samples shall have a mass of 2.0 g /- 0.1 g (0.070 oz /- 0.004 oz), 2. 5 g ± 0.1 g (0.09
oz ± 0.004 oz), and 3.0 g /- 0.1 g (0.11 oz /- 0.004 oz) of water shall be sprayed on the innermost layer of
the glove composite as confirmed by the measurement of its weight on the balance.

8.1.9.6

Following the application of the water spray, the innermost layer of the glove shall be handled by the edges
and assembled in a composite sample representative of the glove’s construction for the area of the glove to
be evaluated.
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8.1.9.7

Samples subjected to this conditioning shall be evaluated within 5 minutes following the wetting.

Additional Proposed Changes

File Name Description Approved

Figure_8.1.9.2.5.docx Figure 8.1.9.2.5 

Study_to_Develop_an_NFPA_1971_Radiant_Test_for_Glove_Back_Final.pdf Validation Study 

Statement of Problem and Substantiation for Public Comment

The proposed conditioning method provide a more uniform way of applying moisture to the sample. The specified 
levels of moisture are based on validation work that is described in the attached white paper.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 112-NFPA 1971-2016 [Section No. 7.7.25]

Related Item

First Revision No. 77-NFPA 1971-2015 [New Section after 8.1.8]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:
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State:

Zip:

Submittal Date: Mon May 16 08:31:18 EDT 2016
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Figure 8.1.9.2.5 Method of Determination for Water Spray Uniformity 
 
Improved quality photograph to be provided 



Study to Develop an NFPA 1971 Radiant Test for Glove Back-of-Hand using 
Stored Energy Test Apparatus 

May 5, 2016 

By 

Mark A. Williams (W.L. Gore & Associates, Inc.) 

 

Radiant Test Method Subcommittee – NFPA 1971 Glove Task Group: 

William J. Gorak (W.L. Gore & Associates, Inc.) 

Jeff Stull (International Personnel Protection, Inc.) 

Harry Winer (HIP Consulting LLC) 

Executive Summary 

A new test method for the back-of-glove is proposed by Radiant Test Method Subcommittee of the 
NFPA 1971 Glove Task Group which is more realistic and reproducible than the current test (Conductive 
Heat Resistance Test 1).  The method meets the objective of failing glove composites that historically 
performed poorly in the field without resulting in false failures of flexible composites that historically 
performed well in the field.  

Background 

NFPA 1971 prior to the 2007 edition included Section 8.7 Conductive Heat Resistance Test 1 to test the 
palm of structural firefighting gloves. NFPA 1971 2007 edition extended this test to the back of the glove 
with the compressive force increased from 0.5 psi to 2 psi.  The extension was added in final stages of 
the new edition with the justification that firefighters needed better radiant heat protection on the back 
of the hand.  This change was made with very limited data and little discussion within the Glove Task 
Group.  

During the revision of NFPA 1971 for the 2013 edition, the Glove Task Group noted several problems 
with the CHR test as applied to the back of the glove: 

1) Much discussion was held around the justification for why a conductive heat transfer test was added 
to model radiant heat transfer. 

2) The Conductive Heat Resistance became very difficult to conduct reproducibly when the required 
sensor pressure was increased from 0.5 to 2 psi. 

3) The wetting method was not reproducible—a pouch simulating the glove is submerged, then hung to 
dry and then pressed with blotting paper. No intermediate measurements were required to determine 
that the wetting was consistent between tests and clear differences were apparent when test operators 
were observed in performing the specified technique. 
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4) Many glove body composites that had been used for many years in the industry became 
noncompliant with the new requirements.  The addition of extra thermal insulation layers to the back of 
glove frequently did not make the gloves compliant. Instead, some manufacturers achieved compliance 
by adding extra non-contiguous moisture barrier for passing the test. 

Following these observations, the consensus on the Glove Task Group as the 2013 revision process 
neared completion was to remove the test or at least to drop the compressive force from 2 psi to 0.5 
psi.  However, FDNY reported that the Blazefighter glove resulted in burn injuries to 14 firefighters.  A 
further investigation found that the model of Blazefighter that was being worn was modified from the 
the original field test and certification samples and that the modified gloves failed the wet CHR test on 
the back of the glove. This incident led to the Glove Task Group recommending to keep the wet CHR test 
in the 2013 edition with only minor changes to improve the reproducibility of the test. 

A subcommittee was formed to develop an improved test during the 2018 edition revision. 

This report summarizes the work on one of two possible tests that were developed. 

Experimental Design 

Initial Glove Wetting Investigation. An initial investigation was carried to examine the levels of wetness 
in gloves. A study was undertaken where fire fighters wore different four different NFPA 1971 compliant 
gloves as part of their normal protective ensemble during different simulated fireground activities. The 
selected gloves represented a range of different materials and were properly fitted to the firefighter test 
subjects. Eight firefighters from the San Antonio Fire Department volunteered for this study and the San 
Antonio Fire Department Training Academy was used for staging the firefighting exercises that included 
simulated suppression of a gas-fueled fire by two engine  companies manning a 1 ¾ in hose in the burn 
building. This activity included each fire fighter crawling on a water-laden floor of an adjacent space for a 
period of 2 to 3 minutes. The overall combination of activities was found to span 8 to 10 minutes. These 
activities were performed in full fire fighter protective clothing ensembles. Following their use of the 
gloves, the gloves were taken apart and the weights for each of the different parts and layers were 
measured. This information was used to determine how gloves get wet and where the moisture resides 
in the gloves following “wet” operations. Two later evaluations were conducted to determine the 
“saturation” moisture levels in gloves. One of these evaluations was conducted using the original 
dissected gloves while a second evaluation was done on whole gloves, followed by glove dissection to 
determine moisture levels in the individual glove parts. This study has the following findings: 

• The principal conclusion of this work is that gloves absorb moisture in the various layers 
differently based on the type of materials and the overall glove construction. 

• In general, these levels are higher for outer shell and other components exterior of the barrier 
layer. 

• Moisture barriers and thermal barrier linings tend to absorb less water in use given their proximity 
to water exposure. Perspiration is likely to also to be a significant source of water 

• It is presumed that water exposure occurs primarily through exterior contact with water spray 
and wet surfaces, but some moisture may enter gloves through the gauntlet opening.  

• The specific levels of moisture in gloves were found to range from 6.3 to 39% for the outer shell, 
3.4 to 18.6% for the moisture barrier, and 8.5 to 35.0% for the thermal barrier. 
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• Based on this work, it was concluded there is no “typical” level of water found in the layers of a 
fire glove. Therefore, the path was chosen to develop a radiant test method using the well-known 
worst case of a damp liner with a dry shell. 

Development of an Alternative Back of the Glove Radiant Insulation Test. Investigations were carried 
out to determine a suitable approach for measuring the radiant heat transfer resistance of glove 
composite materials. Two different techniques were considered: 

1. The application of the current fuel-fired radiant panel used in evaluation of SCBA facepieces at a 
heat flux of 15 kW/m2 ± 0.5 kW/m2 (0.36 cal/cm2s ± 0.012 cal/cm2s) as part of NFPA 1981 (Fire 
service SCBA). 

2. The use of the stored energy test procedures specified in ASTM F1731, ASTM F2731, Standard 
Test Method for Measuring the Transmitted and Stored Energy in Fire Fighter Protective Clothing 
Systems, as now applied for reinforcements on garment sleeves. 

Both approaches were investigated with a series of experiments carried out. While the fuel-fired radiant 
panel technique was found to have merit and was in fact submitted in the form of public input as a 
proposed Radiant Heat Resistance Test 4 in the First Draft of NFPA 1971-2018, it was found to require 
more work to provide a robust, validated test procedure. One of the principal limitations of the test is 
the manner for reproducibly setting the distance of the specimen from the radiant heat source.  

Test Samples. The Radiant Test Method Subcommittee chose instead to work with the already 
standardized ASTM F2731 stored energy test method. For the purposes of this test’s development, the 
following specimens were chosen that were relevant to setting a requirement: 

A) Blazefighter glove: FDNY reported 14 firefighters experienced back of hand burns while wearing this 
glove while other firefighters wearing other gloves at the same fire scenes did not.  

B) Cowsplit leather/CROSSTECH® DIRECT GRIP® insert: Firefighters in training simulators (“flashover 
chambers”) reported hot back-of-hands while wearing this composite 

C) Cowsplit leather/Modacrylic nonwoven/CROSSTECH® DIRECT GRIP® insert: Same as “B” with the 
addition of Modacrylic nonwoven added as an insulation layer.  Over 100,00 pairs of this model were 
worn from 1999 to 2007 without reports of hot hands or burns. This composite failed the wet CHR test 
of the back of glove that was added 2013 edition. 

Specimens were also chosen that were known to have acceptable field performance and would help 
validate the new test and requirement: 

D) Cowsplit leather/Polyurethane barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 

E) Cowsplit leather/CROSSSTECH® barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 
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Since the number of Blazefighter samples available was limited, four more textile shell variables were 
added to the experiment due to their similarity to the Blazefighter-style of construction: 

F) KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

G) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

H) KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

I) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

 

Results 

The method is described in the Public Comments 1971-114 through 1971-116 submitted to the NFPA 
1971 technical committee. In these procedures, the liner is first wetted evenly with a spray of water and 
then the sample is placed in the stored energy tester.  The test is run in radiant mode to the 2nd degree 
burn point without compression. 

It was found in preliminary testing that damp liner with a dry shell always resulted in the shortest time 
to 2nd degree burn. The minimum value generally was observed at 0.05 to 0.09 g/in2.  

Results: Predicted second-degree burn time (seconds) at various liner water levels (g/in2) 

 Short Description 0 0.028 0.042 0.056 0.069 0.083 0.097 0.111 0.139 
0.167 

A Blazefighter     148          142      123      113      120       

B Leather/CTDG           135      104      115         

C Leather/Modacrylic/CTDG           203      223      239         

D Leather/PU/Modacrylic     230          187      207           

E Leather/CT/Modacrylic     228        184      160      168            176 

F Knit/PU/Modacrylic     110      100        89        85            86               84 91 

G Knit/knit/PU/Modacrylic             140      151         

H Knit/CT/Modacrylic 114  114  104      91  92        100     

I Knit/knit/CT/Modacrylic 202      170     154     153   166    
 

 

Conclusions and Recommendations for Setting a Requirement Level 

Variables A & B lead to the conclusion that the variables with values below 113 seconds are 
unacceptable. 

Variable C, D, E lead to the conclusion that the variables with values above 160 seconds are acceptable 

Variable Short Description Minimum 
A Blazefighter           113  
B Leather/CTDG           104  
C Leather/Modacrylic/CTDG           203  
D Leather/PU/Modacrylic           187  
E Leather/CT/Modacrylic           160  
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F Knit/PU/Modacrylic             84  
G Knit/knit/PU/Modacrylic           140  
H Knit/CT/Modacrylic           91 
I Knit/knit/CT/Modacrylic          153  

 

A requirement of 130 seconds is thus proposed is proposed. 

As described in the Experimental Design section, Variables A, B, F, and H, should fail the requirement 
based on historical performance of these and similar composites.  Variables C, D, E, G, and I, should pass 
the requirement based on historical performance of these and similar composites. 

Comparison to current NFPA 1971 Back-of-Glove Test Method (section 7.7.4 and 8.7) 

 

 

NOTE: The Blazefighter fails both tests.  Field proven and very flexible variable C & E both robustly pass 
the new test despite a long history of sporadically failing the current test. 
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Reproducibility Data 

The Blazefighter sample was cut from the back of the glove.  A special sample holder was made due to 
the smaller specimen size.  The following samples were run to explore the possible effect of the smaller 
sample holder and precision of the method on replicates: 

   
Water 
level  

Variable Short Description 
Sample Holder 
Aperature 0.069  Comments 

G Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

140    

H Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

150    

I Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

145    

J Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

110    

K Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

130  Reused Sample G 
 

Precision for the average of five specimens measured with the Stored Energy test work is generally +/- 
5%. Based on this limited data set, the average of the two Sample Holder Aperature sizes is within +/- 
6.5% (145 versus 128). Even if 13% was added to the Blazefighter values (113 x 1.13= 127), the 
Blazefighter will fail the criteria of 130. 
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Public Comment No. 15-NFPA 1971-2016 [ Section No. 8.1.12 ]

8.1.12 Washing and Drying Procedure for Garments, Gloves, and Glove Pouches.

8.1.12. 1  

The complete garment shall be washed with all closures fastened and the garment in its “as worn”
orientation. Garments with separable liners shall not have the liners separated.

8.1.12. 2    

A front-loading washer/extractor shall be used. The capacity shall be 16 kg (35 lb) or 22.6 kg (50 lb).

8.1.12. 3  

The wash load shall be two-thirds the rated capacity of the washer. If needed to make a full load, similar
material or outer shell material shall be used to make up the difference in weight.

8.1.12. 4    

The wash cycle procedure and water levels specified in Table 8.1.12.4(a)  and Table 8.1.12.4(b) shall be
followed. In addition, the g force shall not exceed 100 g throughout the wash cycle.

Table 8.1.12.4(a) Wash Cycle Procedure for Whole Garments and CBRN Materials Gloves and Glove
Pouches

Temperature

Operation

Time

(min) ±3°C ±5°F Water Level

Suds using AATCC detergent #1993, 1.0 g/gal water 10 49 120 Low*

Drain 1 — — —

Carry-over 5 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 5 — — —

*See Table 8.1.12.4(b) for high and low water levels.

Table 8.1.12.4(b) Water Level for Whole Garments, Gloves, and Glove Pouches Operation Wash Cycle
Procedure

Low Water Level ±1 cm ( 3⁄8 in.) High Water Level ±1 cm ( 3⁄8 in.)

cm in. cm in.

20 7.9 30.5 12

8.1.12. 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.
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8.1.12.6   

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 allowed 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).

8.1.12.7   

Garments, gloves,

7    

Gloves, and glove pouches shall be washed and dried for a total of 5 cycles.

8.1.12.8

For gloves and glove pouches, the The wash load shall be at two-thirds of the rated capacity of the
washer. If ballast is needed to reach two-thirds capacity, 212.6 g (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.

8.1.12.9

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.

8.1.12.10

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-drying mechanism operated at 10ºC ±5°C above current room temperature until dry
but not for less than 8 hours.

Statement of Problem and Substantiation for Public Comment

Removed all reference to Garments and CBRN materials 

Related Item

First Revision No. 79-NFPA 1971-2015 [Section No. 8.1.11]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 02 10:40:25 EDT 2016
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Public Comment No. 78-NFPA 1971-2016 [ Section No. 8.1.12 ]

8.1.12 Washing and Drying Procedure for Garments, Gloves, and Glove Pouches.

8.1.12.1

The complete garment shall be washed with all closures fastened and the garment in its “as worn”
orientation. Garments with separable liners shall not have the liners separated.

8.1.12.2

A front-loading washer/extractor shall be used. The capacity shall be 16 kg (35 lb) or 22.6 kg (50 lb).

8.1.12.3

The wash load shall be two-thirds the rated capacity of the washer.  If ballast is needed to make a full
load, reach two-thirds capacity, for garment samples, similar material or outer shell material shall be used
to make up the difference in weight.  For glove or glove pouch samples, 212.6 g (7.5 oz) woven 93 percent
meta-aramid, 5 percent para-aramid, 2 percent antistat fiber ballast shall be used.

8.1.12.4

The wash cycle procedure and water levels specified in Table 8.1.12.4(a)  and Table 8.1.12.4(b) shall be
followed. In addition, the g force shall not exceed 100 g throughout the wash cycle.

Table 8.1.12.4(a) Wash Cycle Procedure for Whole Garments and CBRN Materials

Temperature

Operation

Time

(min) ±3°C ±5°F Water Level

Suds using AATCC detergent #1993, 1.0 g/gal water 10 49 120 Low*

Drain 1 — — —

Carry-over 5 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 5 — — —

*See Table 8.1.12.4(b) for high and low water levels.

Table 8.1.12.4(b) Water Level for Whole Garments, Gloves, and Glove Pouches Operation Wash Cycle
Procedure

Low Water Level ±1 cm ( 3⁄8 in.) High Water Level ±1 cm ( 3⁄8 in.)

cm in. cm in.

20 7.9 30.5 12

8.1.12.5

Garments Samples 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.

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

105 of 246 6/3/2016 12:32 PM



8.1.12.6

Garments Samples shall be tumbled for 60 minutes and shall be removed immediately at the end of the
drying cycle.

8.1.12.7

At the conclusion of the final drying cycle, the garment samples shall be allowed to air dry for at least 48
hours prior to conducting the test . The and 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).

8.1.12.7   

Garments, gloves, and glove pouches shall be washed and dried for a total of 5 cycles operated at 10ºC
±5°C above current room temperature shall be permitted .

8.1.12.8

  

8.1.12.10   

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, 212.6 g (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.

8.1.12.9   

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.

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 pouch samples
shall be dried on a forced-air, non-tumble-drying mechanism operated at 10ºC ±5°C above current room
temperature until dry but not for less than 8 hours.

8.1.12.9  

Garments, gloves, and glove pouches shall be washed and dried for a total of 5 cycles.

Statement of Problem and Substantiation for Public Comment

Removing redundant wording.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 22-NFPA 1971-2016 [Section No. 8.1.12.2]

Related Item

First Revision No. 79-NFPA 1971-2015 [Section No. 8.1.11]

Submitter Information Verification

Submitter Full Name: Robin Tutor

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 19:56:42 EDT 2016
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Public Comment No. 22-NFPA 1971-2016 [ Section No. 8.1.12.2 ]

8.1.12.2

A front-loading washer/extractor shall be used. The capacity shall be 16 kg (35 lb) or 22.6 kg (50 lb).

Statement of Problem and Substantiation for Public Comment

Since a 2/3 capacity is now being specified, this allows for a wider variety of washer sizes to be used.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 78-NFPA 1971-2016 [Section No. 8.1.12]

Related Item

Public Input No. 249-NFPA 1971-2015 [Section No. 8.1.11]

Submitter Information Verification

Submitter Full Name: Robin Tutor

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 05 15:43:02 EDT 2016
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Public Comment No. 104-NFPA 1971-2016 [ New Section after 8.1.17 ]

NEW FLEXING PROCEDURE FOR BARRIER HOOD PARTICLE RESISTANT LAYER

8.1.18 Flexural Fatigue Procedure for Particle Barrier Layer.

8.1.18.1  Samples shall be subjected to flexural fatigue in accordance with ASTM F 392, Standard Test
Method for Flex Durability of Flexible Barrier Materials,  with the modifications in 8.1.18.2 through 8.1.18.5.

8.1.18.2  Samples shall be flexed at 21°C ± 3°C (70°F ± 5°F) and a relative humidity of 65 percent ± 5
percent.

8.1.18.3  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.

8.1.18.4  The mandrels shall be spaced at a distance of 235 mm ± 6 mm (⁹¹⁄4 in. ± ¹⁄4 in.), in the starting
position and 83 mm (³¹⁄4 in.) at the closed position.

8.1.18.5  One cycle shall consist of a full flex and twisting action.

Statement of Problem and Substantiation for Public Comment

The proposed conditioning procedures are intended to provide a basis for evaluating the particle barrier layer of 
barrier hoods as part of the particulate resistance test.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 103-NFPA 1971-2016 [Section No. 8.72.2] Parent

Related Item

First Revision No. 161-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Sun May 15 09:52:39 EDT 2016
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Public Comment No. 130-NFPA 1971-2016 [ New Section after 8.1.17 ]

Add New Conditioning Technique (renumber as appropriate.  Cross referenced proposed 8.72.3.2
and 8.72.3.4)

8.1.18  Room Temperature Conditioning Procedure for Particulate Blocking Layer

8.1.18.1  Samples shall be conditioned at a temperature of 20ºC /- 3ºC and a relative humidity of 50% /- 5
% for at least 12 hours.  Specimens shall be tested within 5 minutes after removal from conditioning.

Statement of Problem and Substantiation for Public Comment

Needed to support the introduction of an alternative test method (Particulate Blocking Test)

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 14:33:24 EDT 2016
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Public Comment No. 16-NFPA 1971-2016 [ New Section after 8.6.1.11 ]

NEW 8.6.1.12 

Modifications to this test method for testing wristlet materials shall be as specified in 8.6.18.

Statement of Problem and Substantiation for Public Comment

No specific requirements exist for testing wristlet materials

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 17-NFPA 1971-2016 [New Section after 8.6.17.5]

Related Item

First Revision No. 90-NFPA 1971-2015 [Sections 8.6.4, 8.6.5]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 02 11:03:25 EDT 2016
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Public Comment No. 14-NFPA 1971-2016 [ Section No. 8.6.16.11 ]

8.6.16.11

Observations of the ability of the face opening to slide freely over the top half of the hood measuring device
as well as gaps between the hood face opening and the bottom half of the hood measuring device before
and after donning and doffing heat exposure shall be recorded and reported.

Statement of Problem and Substantiation for Public Comment

Incorrect wording for this test method.  Updated to apply to heat resistance testing.

Related Item

First Revision No. 97-NFPA 1971-2015 [Section No. 8.6.16]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 02 10:30:00 EDT 2016
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Public Comment No. 17-NFPA 1971-2016 [ New Section after 8.6.17.5 ]

8.6.18 Specific Requirements for Testing Wristlet Materials

8.6.18.1  Specimen length shall be 150 mm (6 in.)  . Specimen width shall be  the same as  utilized in
the clothing item.  Where wristlets are supplied in a tubular configuration, the specimen shall be slit in the
lengthwise direction to provide a single layer.

8.6.18.2 Specimens shall be tested both before and after being subjected to the procedure specified in
8.1.2.

8.6.18.3 Testing shall be performed as specified in 8.6.2 through 8.6.7. The optional stretching frame
shall not be utilized.

Statement of Problem and Substantiation for Public Comment

No specific requirements existed when testing wristlet materials.  Added clarification for specimen preparation and 
removed the possibility for using the optional stretching frame referenced in ASTM F2894.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 16-NFPA 1971-2016 [New Section after 8.6.1.11]

Related Item

First Revision No. 90-NFPA 1971-2015 [Sections 8.6.4, 8.6.5]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 02 11:06:01 EDT 2016
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Public Comment No. 40-NFPA 1971-2016 [ Section No. 8.7.4 ]

8.7.4 Procedure.

Specimens shall be tested in accordance with ASTM F1060, Standard Test Method for Thermal Protective
Performance of Materials for Protective Clothing for Hot Surface Contact, 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 section of the apparatus lowering the specimen, sensor, 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 automatically by a mechanical or electrical contact when the specimen contacts the
hot plate.

(4) Calibration shall be performed at 280ºC, +  3/−0°C (536 o F, 5/-0 o F) . A calibration media shall be
used that generates a 6- to 7-second time to pain value and a 10- to 12-second time to second-degree
burn value.

Statement of Problem and Substantiation for Public Comment

A tolerance if absence from item 4 under the procedure. The proposed equivalent provides the equivalent 
measurement in English units.

Related Item

First Revision No. 99-NFPA 1971-2015 [Sections 8.7.1, 8.7.2, 8.7.3, 8.7.4, 8.7.5, 8.7.6, 8.7.7]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 15:47:40 EDT 2016
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Public Comment No. 52-NFPA 1971-2016 [ Section No. 8.10.5 ]

8.10.5 Procedure.

Thermal protective performance testing shall be performed in accordance with ISO 17492, Clothing for
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/m2 ± 2 kW/m2 (2.0 cal/cm2s ± 0.05 cal/cm2s) 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.

(4)  The radiant thermal flux source shall consist of nine 500W T3 translucent quartz infrared lamps.

(5)  The specimen mounting plate and specimen holding plate shall be steel having a density of 7800 /-
200 kg/m

Statement of Problem and Substantiation for Public Comment

Adds specifications for the lamps and specimen holder/mounting plates to reflect current practice and reduce 
variability between apparatus.

Related Item

First Revision No. 104-NFPA 1971-2015 [Section No. 8.10.12.2]

Submitter Information Verification

Submitter Full Name: Steven Corrado

Organization: UL LLC

Street Address:
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State:

Zip:

Submittal Date: Wed May 11 08:39:15 EDT 2016
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Public Comment No. 102-NFPA 1971-2016 [ Section No. 8.13 ]

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 D6797, Standard Test Method for Bursting Strength of
Fabrics 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
specimens shall be calculated, recorded, and reported.

8.13.6 Interpretation.

The average burst strength shall be used to determine pass or fail performance.

Statement of Problem and Substantiation for Public Comment

When these requirements were written for the 1997 edition of NFPA 1971, the presumption was that materials 
used in the construction of hoods were exclusively knit fabrics. At that time, the committee never intended to 
exclusively apply strength requirements to knit fabrics only. The proposed changes apply a meaningful strength 
requirement to all layers used in the construction of hoods. Burst strength testing does not discriminate against the 
type of fabric as does tensile strength or tear resistance testing and can be applied to any type of fabric. This issue 
warrants consideration because of the addition of particulate barrier requirements for hoods and potentially other 
parts of the ensemble.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 101-NFPA 1971-2016 [Sections 7.13.8, 7.13.9] Parent comment

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:
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Zip:

Submittal Date: Sun May 15 07:02:40 EDT 2016
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Public Comment No. 41-NFPA 1971-2016 [ Section No. 8.21.1.2 ]

8.21.1.2   

This test method shall also apply to the CBRN barrier layer used in protective elements when the CBRN
barrier layer is the external layer.

Statement of Problem and Substantiation for Public Comment

This section was missed when the CBRN requirements were removed from the standard.

Related Item

Public Input No. 251-NFPA 1971-2015 [Global Input]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 15:54:15 EDT 2016
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Public Comment No. 65-NFPA 1971-2016 [ Section No. 8.22.8 ]

8.22.8 Specific Requirements for Testing Proximity Fire Fighting Helmet Faceshield Component Lenses.

The test shall be run for 50 cycles, +1/−0 cycles abrasive disc pad shall be made from 3M Part #7445
Hand Pad or equivalent .

Statement of Problem and Substantiation for Public Comment

This comment is being submitted on behalf of the NFPA 1971 TC Helmet Task Group.  PI 142 was submitted as a 
placeholder for new abrasion test method language for proximity faceshields.  This comment updates the 
language based on performance and validation abrasion testing performed by the faceshield supplier.  Validation 
testing by UL and Intertek labs is pending.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 63-NFPA 1971-2016 [Section No. 7.6.19]

Related Item

Public Input No. 142-NFPA 1971-2015 [New Section after 8.45]

Submitter Information Verification

Submitter Full Name: David Fanning

Organization: E. D. Bullard Company

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 08:41:56 EDT 2016
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Public Comment No. 24-NFPA 1971-2016 [ Section No. 8.24.9 ]

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. Measurements
shall 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

Specimen face openings with elastic or manually adjustable face openings shall be placed over a hood
measuring device as shown in Figure 8.6.16.4. Specimen face openings in the relaxed state shall slide
freely over the top half of the device where the circumference measures 45.6 cm ± 0.6 cm (18.0 in. ± 0.25
in.). Specimen face openings shall then be placed around the lower half of the device where the
circumference measures 54.5 cm ± 0.6 cm (21.5 in. ± 0.25 in.). Specimens shall then be visually inspected
for gaps between the hood and the measuring device surface.

NEW 8.24.9. 4.1

Specimen hoods with SCBA facepiece interface openings shall be measured as specified in 8.46. 5 .3.

8.24.9.5

After washing, each specimen elastic or manually adjustable face opening shall be placed over a hood
measuring device as shown in Figure 8.6.16.4. Specimen face openings in the relaxed state shall slide
freely over the top half of the device where the circumference measures 45.6 cm ± 0.6 cm (18.0 in. ± 0.25
in.). Specimen face openings shall then be placed around the lower half of the device where the
circumference measures 54.5 cm ± 0.6 cm (21.5 in. ± 0.25 in.). Specimens shall then be visually inspected
for gaps between the hood and the measuring device surface. Specimens shall

NEW  8.24.8.5.1

After washing, each hood with SCBA facepiece interface openings shall be measured as specified in
8.46.5.3.

NEW 8.24.9.5.2

After washing, all specimens shall then 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. Measurements shall be made from the top of the hood to the marks at the back and
both sides of the hood.

8.24.9.6

Observations of the ability of the elastice and mannually adjustable face opening openings to slide freely
over the top half of the hood measuring device as well as gaps between the hood face opening and the
bottom half of the hood measuring device before and after laundering shall be recorded and reported.  The
average percent shrinkage of the SCBA facepiece openings for each hood shall be recorded and reported.

8.24.9.7

Each of the three dimensions from the top of the hood to the marks along the basic plane before and after
laundering shall be recorded and reported.

8.24.9.8

The percent shrinkage of each of the three dimensions from the top of the hood to the marks along the
basic plane shall be individually calculated, recorded, and reported.
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8.24.9.9*

The average percent shrinkage of the three dimensions from the top of the hood to the marks along the
basic plane for all specimens shall be calculated, recorded, and reported.

8.24.9.10*

Pass or fail performance shall be based on the average percent shrinkage of the three dimensions from the
top of the hood to the marks along the basic plane for each specimen.

NEW 8.24.9.11

Pass or fail performance shall also be based on the elastic or manually adjustable face opening being able
to slide freely in the relaxed state over the top half of the hood measuring device and any observations of
gaps between the hood face opening and the hood measuring device. One or more hood specimens failing
this test shall constitute failing performance.

NEW 8.24.9.12

Pass or fail performance shall also be based on the average percent shrinkage of the SCBA facepiece
openings.

Statement of Problem and Substantiation for Public Comment

When the new face opening device was added to the document during the first draft, the SCBA facepiece opening 
instructions were inadvertently deleted.  This comment adds them back to the document. 

Related Item

First Revision No. 118-NFPA 1971-2015 [Sections 8.24.9.3, 8.24.9.4, 8.24.9.5, 8.24.9.6, 8.24.9.7, ...]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 09 08:15:56 EDT 2016
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Public Comment No. 151-NFPA 1971-2016 [ Section No. 8.27 ]

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 moisture barrier materials and moisture
barrier seams, bootie moisture barrier materials and moisture barrier seams where present, and glove
moisture barrier materials and moisture barrier seams.

8.27.1.2

Modifications to this test method for testing garment moisture barrier materials and moisture barrier
seamsand bootie moisture barrier materials and moisture barrier seams where present shall be as
specified in 8.27.7.

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 footwear 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 subjected to the following conditioning:

(1) Specimens shall first be subjected to the procedure specified 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.

(4) Specimens shall then be conditioned as specified in 8.1.3.

8.27.3.3

Footwear specimens to be tested shall be conditioned as specified in 8.1.5 followed by 8.1.3.

8.27.3.4

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 specified 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.
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8.27.4.1

Liquid penetration resistance testing shall be conducted in accordance with ASTM F903, Standard Test
Method for Resistance of Protective Clothing Materials to Penetration by Liquids, using exposure
Procedure C.

8.27.4.2

Each of the following liquids shall be tested separately 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, containing at least 50 percent tributyl phosphate

(4) Surrogate gasoline fuel C as a 45/45/10 percent by volume of toluene, iso-octane, and ethanol,
respectively

(5) Swimming pool chlorinating chemical containing at least 65 percent-free chlorine (saturated solution)

(6) Automobile antifreeze fluid (ethylene glycol, 90 percent by weight or higher concentration)

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 specimen shall be recorded and reported.

8.27.6 Interpretation.

One or more test failures of any specimen 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 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/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/yd2 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 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 conditioning
has been completed and shall become the moisture barrier specimen.

8.27.7.2.1

Where the moisture barrier is configured as indicated in 8.27.7.1.1, specimens shall be permitted to be a
composite 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 Barrier Materials and Moisture Barrier Seams.

8.27.8.1

Specimens shall be representative of the glove moisture barrier and moisture barrier seams. Three
specimens shall be tested.
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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
conditioning 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 moisture 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.

Statement of Problem and Substantiation for Public Comment

Regarding the three potential chemical update on the fire-resistant hydraulic fluid,automobile antifreeze and 
surrogate gasoline.
 
I agree with the antifreeze and surrogate gasoline as both these chemicals can come in contact on a daily basis 
with firefighters,however the fire-resistant hydraulic fluid SKYDROL LD-4 which you are considering containing 
tributyl phosphate is used in the aviation industry only primarily in jumbo jet engines. 
 
On November 17, 2014 the NFPA TIA 13-4 A.8.27.4.2(3) states research has shown that identification of 
fire-resistant hydraulic fluid phosephate ester based that does NOT CONTAIN TRIBUTYL PHOSPHATE 
(ALIPATIC PHOSPHATE) is a better representation of this type of fluid for conducting the liquid penetration test. 
and is more likely for a fire fighter to come in contact with. It also goes on to say the industry has been 
transitioning to hydraulic fluids based on mineral oils, 
 
By making a change to a SKYDROL LD-4 hydraulic fluid that contains Tributyl Phosphate does not make sense.
 
When changes are made that does not help the safety of the firefighter you only increase the cost on those 
products, eventually we keep opening up the door wider for imports to enter this country.   

Related Item

First Revision No. 120-NFPA 1971-2015 [Sections 8.27.1.1, 8.27.1.2]

Submitter Information Verification

Submitter Full Name: Daniel Schaefer
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Organization: Insert Technology Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 17 09:27:30 EDT 2016
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Public Comment No. 48-NFPA 1971-2016 [ Section No. 8.27.4.1 ]

8.27.4.1

Liquid penetration resistance testing shall be conducted in accordance with ASTM F903, Standard Test
Method for Resistance of Protective Clothing Materials to Penetration by Liquids, using exposure

Procedure C at a test temperature of 21 o C, /-3 o C (70 o F, /-5 o F) and relative humidity of 65 percent /- 5
percent .

Statement of Problem and Substantiation for Public Comment

Standardized test conditions are need for this evaluation since chemical penetration and degradation is affected by 
differences in temperature and humidity.

Related Item

First Revision No. 122-NFPA 1971-2015 [Section No. 8.27.4.2]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 17:05:57 EDT 2016
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Public Comment No. 46-NFPA 1971-2016 [ Section No. 8.27.4.2 ]

8.27.4.2*

Each of the following liquids shall be tested separately 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, containing at least 50 to 80 percent tributyl
phosphate

Surrogate gasoline fuel C as a 45/45/10 percent by volume of toluene,

(4) [CAS No. 126-73-8]

(5)  Surrogate gasoline Fuel H as defined in ASTM D 471, Standard Test Method for Rubber Property--
Effect of Liquids , consisting of 42,5% toluene, 42.5% iso-octane, and ethanol 15.0% ethanol ,
by volume, respectively

(6) Swimming pool chlorinating chemical containing at least 65 percent-free chlorine (saturated solution)

(7) Automobile antifreeze fluid (ethylene glycol, 90 percent by weight or higher concentration)

Additional Proposed Changes

File Name Description Approved

Clean_Copy_of_Public_Comment_46_and_47.docx
Clean copy of proposed changes related to 
liquid penetration resistance testing 

Statement of Problem and Substantiation for Public Comment

The proposed changes provide greater detail for the consistent specification and application of the test chemicals.

Related Item

First Revision No. 122-NFPA 1971-2015 [Section No. 8.27.4.2]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 16:34:23 EDT 2016
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Proposed Public Comments Addressing Liquid Penetration Test Method 
 
Reverse deletion of ASTM D 471, Standard Test Method for Rubber Property-Effect of Liquids, 2016 
 
8.27.4.2*   

Each of the following liquids shall be tested separately 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, containing at least 50 to 80 percent 
tributyl phosphate [CAS No. 126-73-8]  

(4)    Surrogate gasoline fuel C a 45/45/10 percent by volume of toluene, iso-octane, and ethanol 
respectively Fuel H as defined in ASTM D 471, Standard Test Method for Rubber Property--
Effect of Liquids, consisting of 42.5% toluene, 42.5% iso-octane, and 15% ethanol, by 
volume, respectively. 

(5)    Swimming pool chlorinating chemical containing at least 65 percent-free chlorine (saturated 
solution)  

(6) Automobile antifreeze fluid (ethylene glycol, 90 perncent by weight or higher concentration) 

 

A.8.27.4.2 The list of common fireground chemicals is intended to provide a number of substances 
to which firefighters may be exposed during ordinary fireground and other emergency operations. It 
is not intended to be an all inclusive list of hazardous liquids to which firefighters may be exposed 
while wearing protective clothing.   

In 2015, the list was reviewed by a task group of the NFPA Technical Committee on Structural and 
Proximity Fire Fighting Protective Clothing and Equipment. The investigation involved a review of 
information indicating differences in the effect of hydraulic fluid on moisture barrier materials, an 
examination of the types of hydraulic fluids used throughout industry, including those in fire service 
tools, and a detailed survey with over 1500 responses that addressed fire service member exposure 
to different liquids on the fireground, including hydraulic fluid. These findings including the survey 
results are captured in supplemental material that was made available to the NFPA. As a result of 
this investigation, it was concluded that different types of fire-resistant hydraulic fluid are still in use 
throughout a variety of industries with some of these hydraulic fluids containing low molecular 
weight phosphate esters. It was further concluded that most gasoline contains ethanol and that 
antifreeze fluid, which predominantly contains ethylene glycol, is frequently encountered and should 
be added to the list of the original five fireground liquid chemicals. 

The list of chemicals is used in the evaluation of the liquid penetration resistance of moisture 
barriers provided in structural and proximity firefighting protective ensemble elements with the 
objective that moisture barrier materials and seams should not allow the penetration of these liquids 
through the element onto the firefighter’s skin. This penetration may occur as the result of the liquid 
causing degradation of the moisture barrier material or seam. In some cases, such as in glove and 
footwear elements. it may not be possible to inspect the moisture barrier.  

 



Public Comment No. 95-NFPA 1971-2016 [ Section No. 8.27.4.2 ]

8.27.4.2

Each of the following liquids shall be tested separately 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, containing at least 50 percent tributyl phosphate

(4) Surrogate gasoline fuel C as a 45/45/10 percent by volume of toluene, iso-octane, and ethanol,
respectively

(5) Swimming pool chlorinating chemical containing at least 65 percent-free chlorine (saturated solution)

(6) Automobile antifreeze fluid (ethylene glycol, 90 percent by weight or higher concentration)

8.27.4.2   

Each of the following liquids shall be tested separately 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, containing at least 50 percent tributyl
phosphate, Manufacturer: BrandXX, Grade/formulation: YYY

(4)  Surrogate gasoline fuel C as a 45/45/10 percent by volume of toluene, iso-octane, and ethanol,
respectively

(5)  Swimming pool chlorinating chemical containing at least 65 percent-free chlorine (saturated
solution)

(6)  Automobile antifreeze fluid (ethylene glycol, 90 percent by weight or higher concentration)

Statement of Problem and Substantiation for Public Comment

8.27.4.2.
A non-specific grade of a fire-resistant hydraulic fluid, phosphate ester base, containing at least 50 percent tributyl 
phosphate is not conducive to uniform and repeatable test results.
Tributyl phosphate based hydraulic fluid has dramatically different rates of imbuing depending upon grade of fluid 
specified.  A test was conducted by Eastman Aviation on four (4) different formulations of Skydrol® (Eastman 
Avaition) for permeation of PPE gloves.  Please note: All are phosphate-ester (Tributyl phosphate) based hydraulic 
fluids.  The mean breakthrough time (in minutes) from one formulation (Skydrol LD-4) to another (Skydrol 5) can 
range from 300 to only 80 minutes. The test time currently is 60 minutes.  This would allow for a larger variation of 
resulte unless a specific grade of hydraulic fluid from just a single manufacturer would need to be specified to 
control this variable.  Also, their *testing has indicated that a temperature differential of only 10°C can cause 
approximately a two-fold decrease in breakthrough time and a similar increase in permeation rate.  This proposal 
will not facilitate consistent results.  Control parameters for this testing need to be developed prior to inclusion in 
this standard to assure consistency of reproducibility of results.
*See web link to test as reported by Eastman Aviation in support data section.

Related Item

First Revision No. 122-NFPA 1971-2015 [Section No. 8.27.4.2]

Submitter Information Verification

Submitter Full Name: Gary Golichowski

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

127 of 246 6/3/2016 12:32 PM



Organization: Honeywell

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 15:03:01 EDT 2016
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Public Comment No. 55-NFPA 1971-2016 [ Section No. 8.34.4.2 ]
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* 8.34.4.2

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

130 of 246 6/3/2016 12:32 PM



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 ( 1⁄2 in.) in diameter with centers that are 75 mm
(3 in.) apart. The mechanical chin structure shall conform to Figure 8.34.4.2(a) , Figure

(NEW) A. 8.34.4.2 (b), and Figure A. 8.34.4.2 (c).

Figure 8.34.4.2(a) Retention Test Fixture.

Figure 8

represents an example of an appropriate Retention Test fixture. Other appropriate test fixtures may be
used.

(NEW) Figure A.8 .34.4.2

(b) Retention Test Setup 1.

Figure 8.34.4.2(c) Retention Test Setup 2.
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Retention Test Setup- (Insert attached photo)

Additional Proposed Changes

File Name Description Approved

New_Fig_A-8-34-4-2.jpg New Figure A.8.34.4.2 - Retention Test Fixture 

Statement of Problem and Substantiation for Public Comment

The current figures describing the retention test fixture are incorrect in that they do not illustrate the test setup 
using the required headform.  Also – the setup is extremely detailed with a specific configuration and dimensions 
where other setups would be appropriate for use. Proposed language maintains the critical parameters for 
conducting the test as mandatory, while shifting the current mandatory figures to the Annex as one acceptable 
configuration for the performance of the test. Also, a new photo is added showing the correct test configuration 
with the headform.  See also associated comment for Section 8.43.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 56-NFPA 1971-2016 [Section No. 8.43.4.1]

Related Item

Public Input No. 227-NFPA 1971-2015 [Section No. 8.34.4.2]

Submitter Information Verification

Submitter Full Name: Steven Corrado

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Wed May 11 10:10:32 EDT 2016
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Public Comment No. 97-NFPA 1971-2016 [ New Section after 8.35.4 ]

TITLE OF NEW CONTENT Revised figure 8.35.4.1

Type your content here ...

FIGURE 8.35.4.1 Suspension System Test Setup as cited in this specification is inconsistent with the
Procedure 8.35.5

The drawing shows a triangular device (presumably a metal wire form) with the strap wrapped around one
leg of said triangle.  To produce a test sample capable of being employed in such fashion would require a
sewn loop at the end opposite the tab being tested so that the wire form could transfer the load to the tab. 

As it is written, 8.35.5.1 “Each helmet suspension strap shall be cut such that sufficient length of strap
remains to be gripped by the movable jaw of the testing machine.”  Also the full width of the strap being
engaged with the jaws si not cited as criteria.  This can allow attachment at one side of said strap and
induce a vector force load not perpendicular to the reference plane as intended.

Additional Proposed Changes

File Name Description Approved

Doc6.doc

Statement of Problem and Substantiation for Public Comment

FIGURE 8.35.4.1 Suspension System Test Setup as cited in this specification is inconsistent with the Procedure 
8.35.5

Related Item

First Revision No. 122-NFPA 1971-2015 [Section No. 8.27.4.2]

Submitter Information Verification

Submitter Full Name: Gary Golichowski

Organization: Honeywell

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 17:01:14 EDT 2016
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Public Comment No. 56-NFPA 1971-2016 [ Section No. 8.43.4.1 ]

* 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. 2.

(NEW) A.843.4. 1  The following diagrams represent an example of an appropriate Retention Test fixture .  
Other appropriate test fixtures may be used.

(NEW) Figure A.8.43.4.1(a) Shell Retention Test Fixture (Insert current figure 8.34.4.2(a)).

(NEW)  Figure A.8.43.4.1(b) Shell Retention Test Setup 1 (Insert current figure 8.34.4.2(b)).

(NEW)  Figure A.8.43.4.1(a) Shell Retention Test Setup 2 (Insert current figure 8.34.4.2(c)).

Statement of Problem and Substantiation for Public Comment

The current figures describing the retention test fixture are actually describing the shell retention test. This will 
place the figures in the Annex as an example of an appropriate fixture.  Also corrects the paragraph reference to 
the tensile test machine. 

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 55-NFPA 1971-2016 [Section No. 8.34.4.2]

Related Item

Public Input No. 227-NFPA 1971-2015 [Section No. 8.34.4.2]

Submitter Information Verification

Submitter Full Name: Steven Corrado

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Wed May 11 10:36:21 EDT 2016
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Public Comment No. 153-NFPA 1971-2016 [ Section No. 8.45.4.3 ]

8.45.4.3 Rainfall Test.

8.45.4.3.1

Specimens of trim shall be tested when wet for retroreflectivity at a rate of 110 mm/hr (4 5⁄16 in./hr) as
specified in Appendix A, “Method of Measuring Wet Performance of Retroreflective Material,” of ANSI/ISEA
107, American National Standard for High Visibility Safety Apparel and Headwear Accessories .

8.45.4.3.2

The coefficient of retroreflectivity (Ra ) shall be measured as specified in 8.45.4.1, 2 minutes ± 15 seconds,

after the rainfall exposure has been started.

Statement of Problem and Substantiation for Public Comment

These are editorial comments as they are updates of references to the ANSI/IEA 107 standard.

Related Item

First Revision No. 141-NFPA 1971-2015 [Section No. 8.45.4.3.1]

Submitter Information Verification

Submitter Full Name: Tim Gardner

Organization: 3M Company

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 17 09:48:13 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

135 of 246 6/3/2016 12:32 PM



Public Comment No. 66-NFPA 1971-2016 [ Section No. 8.46 ]

8.46 Adhesion of Reflective Coating on Proximity Faceshield — Tape Method.

8.46.1 Application.

8.46.1.1   

  This test method shall apply to proximity fire fighting protective faceshields.

8.46.1.2

  

  This test shall apply only to coated materials of the noted element components.

8.46.2 Samples .

8.46.2.1    The samples shall be complete proximity faceshields or reflective coated faceshield
material.

8.46.3 Specimens .

The specimens shall be the same as the samples specified in
8.46.

2.

8.46.4   Apparatus.

8.46.4.1   

The tensile-testing machine described in ASTM D5034, 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).

3.1    A minimum of two proximity faceshield component lenses shall be selected.

8.46.

4

3 .2   

Five 50 mm × 100 mm (2 in. × 4 in.) steel plates conforming to Class 301 or Class 304 of ASTM A666,
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.

8.46.4.3   

A 38 mm (1  1 ⁄ 2  in.) wide steel roller weighing 4.53 kg ± 0.06 kg (10 lb ± 2 oz) shall be used.

8.46.4.4   

A pressure sensitive tape used for testing the adhesion of the coating or the laminate shall be used and
shall have the required adhesion value specified in 8.55.4.6.11 .

8.46.4.5   

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 8.55.4.6.12 .

8.46.4.6   Procedure for Determining Adhesion Value of Candidate Pressure Sensitive Tapes.

8.46.4.6.1   

The equipment specified in 8.55.4.1 , 8.55.4.2 , and 8.55.4.3  shall be used in the procedure for
adhesion value determination.
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8.46.4.6.2   

Prior to each adhesion value determination procedure, the steel plates specified in 8.55.4.2  shall be
thoroughly cleaned with diacetone alcohol, methyl alcohol, or methyl ethyl ketone, using a clean piece of
lint-free wiping tissue.

8.46.4.6.3   

Five specimens from the same production batch of each candidate pressure sensitive tape shall be tested.
Each candidate tape specimen shall measure 25 mm × 200 mm (1 in. × 8 in.).

8.46.4.6.4   

Each of the five tape specimens of one candidate tape sample, specified in 8.55.4.6.3 , shall be applied to
the clean surface of each of the five steel plates, specified in 8.55.4.2 , so that it covers the entire length of
the plate and extends 100 mm (4 in.) beyond one end of the plate.

8.46.4.6.5   

Each candidate tape specimen shall be pressed down by passing the roller, specified in 8.55.4.3 , over the
tape six times, three times in each direction.

8.46.4.6.6   

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.

8.46.4.6.7   

Each plate, with the candidate tape specimen affixed, shall be tested separately for adhesion value
determination.

8.46.4.6.8   

The plate shall be inserted and clamped in the bottom jaw of the tensile-testing machine, specified in
8.55.4.1 , with the free end of the candidate tape specimen oriented downward.

8.46.4.6.9   

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.

8.46.4.6.10   

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.

8.46.4.6.11   

The recorded minimum tension value of the candidate tape specimen shall be the adhesion value.

8.46.4.6.12   

All five specimens of the candidate tape shall have an adhesion value of not less than 4.8 N/cm (2  3 ⁄ 4

lb/in.) width and not more than 6.2 N/cm (3  1 ⁄ 2  lb/in.) width for the pressure sensitive tape to be selected
for use in testing the adhesion of the coating

Five specimens shall be chosen from a minimum of two lenses.  Two specimens shall be taken from
the left viewing area and three specimens shall be taken from the right viewing area.  One of the
three specimens taken from the right viewing area shall be used as the setup sample.

8.46.3.3    All test specimens shall be as described in ASTM Standard Test Method for Measuring
Adhesion by Tape Test Method B -Cross-Cut Tape Test.

8.46.4    Apparatus

8.46.4.1   The proximity faceshield adhesion test apparatus and equipment shall be in accordance
with ASTM D3359-09 Standard Test Methods for Measuring Adhesion by Tape Test Method B-Cross-Cut
Tape Test .

8.46.5 Procedure .
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8.46.5.1   

A razor cut design shall be placed no closer than 25 mm (1 in.) from any edge of the sample, specified in
8.46 , of each of the five specimens. The cut design shall be a 50 mm × 50 mm (2 in. × 2 in.) crosshatched

design. Each razor cut shall be 3.2 mm (  1 ⁄ 8  in.) apart, creating 3.2 mm (  1 ⁄ 8  in.) boxes. The cuts
shall be made with a sharp razor blade through the reflective coating.

8.46.5.2   

Five 25 mm × 200 mm (1 in. × 8 in.) pieces of pressure sensitive tape, taken from a lot of material that has
qualified for use in testing the adhesion of coatings by the procedure specified in 8.46.4.6 , shall be used
for adhesion testing.

8.46.5.3   

One piece of the pressure sensitive tape, specified in 8.46.5.2 , shall be used for each of the specimens.

8.46.5.4   

The pressure sensitive tape shall be applied to the specimens so that it is centered over the cuts specified
in 8.46.5.3  and extends 50 mm (2 in.) beyond one end of the last cut.

8.46.5.5   

The pressure sensitive tape shall be pressed onto the specimen by passing the roller over the specimen
six times, three times in each direction.

8.46.5.6   

A 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.

8.46.5.7   

The free end of the tape shall be pulled upward, peeling the pressure sensitive tape from the specimen.

8.46.5.8   

Following removal of the pressure sensitive tape, the tape and specimen shall be visually examined for
compliance.

8.46.6   Report.

Evidence of any particulate on the pressure sensitive tape adhesive from the coating shall be recorded and
reported.

8.46.7   Interpretation.

  The proximity faceshield adhesion test procedure shall be in accordance with ASTM D3359-09
Standard Test Methods for Measuring Adhesion by Tape Test Method B-Cross-Cut Tape Test.

           8.46.6    Report

8.46.6.1  The proximity faceshield report shall be in accordance with ASTM D3359-09 Standard
Test Methods for Measuring Adhesion by Tape Test Method B-Cross-Cut Tape Test.

8.46.7    Interpretation

8.46.7.1   

A moderate amount of specks on the pressure sensitive tape adhesive from the coating shall constitute
failure.

8.46.7.2   

  The failure of any one specimen shall constitute failure of the test.

Statement of Problem and Substantiation for Public Comment

This PI is being submitted on behalf of the NFPA 1971 TC Helmet Task Group addressing PI 143 to add 
clarification and test requirement acceptance criteria to proximity faceshield reflective coatings. This language is 
based on testing performed by the faceshield supplier. Further validation testing is to be performed by the 
certifying test labs.
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Related Item

Public Input No. 143-NFPA 1971-2015 [New Section after 8.45]

Submitter Information Verification

Submitter Full Name: John Rihn

Organization: Mine Safety Appliances Company

Affilliation: NFPA 1971 TC Helmet Task Group

Street Address:

City:

State:

Zip:

Submittal Date: Thu May 12 14:49:58 EDT 2016
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Public Comment No. 13-NFPA 1971-2016 [ Section No. 8.47 ]

8.47 Hood Opening Size Retention Test.

8.47.1 Application.

8.47.1.1

This test shall apply to the face openings or SCBA facepiece interface openings of protective hoods.

8.47.1.2

Protective hoods with either elastic face openings or manually adjustable face openings shall be tested by
the procedure specified in 8.47.4.

8.47.1.3

Protective hoods designed for interface with a SCBA facepiece(s) shall be tested by the procedure
specified in 8.47.5.

8.47.2 Samples.

8.47.2.1

Samples for conditioning shall be whole hoods.

8.47.2.2

Samples shall be conditioned as specified in 8.1.3.

8.47.3 Specimens.

A minimum of three whole hoods shall be tested.

8.47.4 Procedure for Hoods with Elastic or Manually Adjustable Face Openings.

8.47.4.1    

The hood shall be laid on a flat surface with the face opening facing up.

8.47.4.2   

Specimen face openings shall be placed over a hood measuring device as shown in Figure 8.6.16.4.
Specimen face openings in the relaxed state shall slide freely over the top half of the device where the
circumference measures 45.6 cm ± 0.6 cm (18.0 in. ± 0.25 in.). Specimen face openings shall then be
placed around the lower half of the device where the circumference measures 54.5 cm ± 0.6 cm (21.5 in.
±0.25 in.). Specimens shall then be visually inspected for gaps between the hood and the measuring device
surface.

8.47.4.3 2

The hood shall be positioned on the ISO size J headform 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 headform 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 before doffing.

8.47.4.4 3

Following the 50 cycles, the hood shall be removed from the headform, and the hood shall be allowed to
relax for 1 minute.

8.47.4.5 4

Specimens shall be examined as described in 8.47.4.2 1 .

8.47.5 Procedure for Hoods with SCBA Facepiece Interface Openings.
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8.47.5.1

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 J headform specified in Figure 8.16.4.1.

8.47.5.2

The hood shall then be donned on the headform, placing it over the SCBA facepiece.

8.47.5.3

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.

8.47.5.4

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 designed to be manually adjustable around the hood
face opening/SCBA facepiece interface area, the manual adjustment shall be made during each cycle,
once after donning and again before doffing.

8.47.5.5

Following the 50 cycles, the hood shall be removed from the headform, and the hood shall be allowed to
relax for 1 minute.

8.47.5.6

The hood shall then be donned on the headform, placing it over the SCBA facepiece.

8.47.5.7

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 contact area specified in 8.47.5.3.

8.47.5.8

The amount of overlap shall be measured.

8.47.6 Report for Hoods with Elastic or Manually Adjustable Face Openings.

8.47.6.1

Observations of the ability of the face opening to slide freely over the top half of the hood measuring device
and of gaps between the hood face opening and the bottom half of the hood measuring device before and
after donning and doffing shall be recorded and reported.

8.47. 6.2  

The percent retention of each hood face opening dimensions shall be recorded and reported.

8.47.6.3   

The average percent retention of all hood face opening dimensions for each specimen shall be calculated,
recorded, and reported.

8.47. 7     Report for Hoods with SCBA Facepiece Interface Openings.

8.47.7.1

The amount of overlap shall be recorded and reported for each location.

8.47.7.2

The average amount of overlap shall be recorded and reported for each specimen.

8.47.8 Interpretation for Hoods with Elastic or Manually Adjustable Face Openings.
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8.47.8.1

Pass or fail performance shall be based on the individual face opening openings being able to slide freely
in the relaxed state over the top half of the hood measuring device and any observations of gaps between
the hood face opening and the hood measuring device before and after donning and doffing .

8.47.9 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 specimens failing this test shall constitute failing performance.

Statement of Problem and Substantiation for Public Comment

Adding clarification to the test method to ensure observations are taken before and after donning.

Related Item

First Revision No. 143-NFPA 1971-2015 [Sections 8.46.6, 8.46.7, 8.46.8]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 02 10:15:13 EDT 2016
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Public Comment No. 87-NFPA 1971-2016 [ Section No. 8.47.4.2 ]

8.47.4.2

Specimen face openings shall be placed over a hood measuring device as shown in Figure 8.6.16.4.
Specimen face openings in the relaxed state shall slide freely over the top half of the device where the
circumference measures 45.6 cm ± 0.6 cm (18.0 in. ± 0.25 in.). Specimen face openings shall then be
placed around the lower half of the device where the circumference measures 54.5 cm ± 0.6 cm (21.5 in.
±0.25 in.). Specimens shall then be visually inspected for gaps between the hood and the measuring device
surface.

8.47.4.2  Specimen face openings shall be placed over a hood measuring device as shown in Figure
8.6.16.4. Specimen face openings in the relaxed state shall slide freely over the top half of the device
where the circumference measures 45.6 cm  ± 0.6 cm (18.0 in. ± 0.25 in.).  41.0 cm (16.15 in.)
Specimen face opening shall then be placed around the lower half of the device where the circumference
measures 54.5 cm  ± 0.6 cm (21.5 in. ± 0.25 in.).  50.3 cm (19.8 in.)  Specimens shall then be visually
inspected for gaps between the hood and the measuring device surface

Statement of Problem and Substantiation for Public Comment

JUSTIFICATION

CONE MEASURING DEVICE:
• We agree that the old 120 mm minimum diameter was too small for individuals with large heads/necks, and 
that the upper end currently set at 145 mm could be increased, and as a manufacturer we would explore that 
larger option but only after thorough and extensive field use evaluation. 
• However, using the Cone Device, based on these dimensions, is a leap into uncharted territory equivalent to 
a smallest face opening diameter of 145mm, and the largest face opening of 173.41mm, when measured using 
the current/old face opening measuring.
• We have over five years of extensive field use and abuse on hood face openings that under the old/current 
measuring method fall into the 130mm-138mm range. No matter how much use, cleaning and care, this size face 
opening has proven safe, reliable, and comfortable in head/neck sizes in the lower 99+ percentile of our firefighter 
customer base
• Our Cone Measuring Device dimensions recommendation is based on: upping the smallest face opening size 
by 10 millimeters to 130mm based on the old/current method, and increasing the range of the face opening size 
from the current 25mm range (the old/current method of 120mm – 145mm) to a range of 30mm (130mm – 160mm)
• We set the upper range at 160mm based on UL’s Task Group work where a hood face opening that 
measured on average 162mm failed on the current dimensions of the proposed Measuring Cone Device of 
173.41mm. This indicates to us that there are many things we do not yet know about this measuring device and its 
effect on hood face openings and firefighter safety, therefore the prudent avenue to pursue is to move cautiously 
and judiciously since the cone would be moving from a quantitative method to a more subjective method. 
• Our proposed new range encompasses what is a proven totally safe lower end that still increases the 
minimum by 10mm, and would allow manufactures and end users the time to prudently investigate and validate 
hood face openings up to 160mm without putting firefighters at risk of being burned

Related Item

First Revision No. 97-NFPA 1971-2015 [Section No. 8.6.16]

Submitter Information Verification

Submitter Full Name: Alan Schierenbeck

Organization: Honeywell Fire Responders

Affilliation: Honeywell

Street Address:

City:
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State:

Zip:

Submittal Date: Fri May 13 12:29:46 EDT 2016
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Public Comment No. 44-NFPA 1971-2016 [ Section No. 8.48 ]

8.48 Whole Garment and Ensemble Liquid Penetration Test.

8.48.1 Application.

8.48.1.1

This test method shall apply to protective garments, protective coats with an integrated garment-glove
interface, protective trousers with integrated booties, and entire ensembles that are being evaluated for the
optional liquid and particulate contaminant protection.

8.48.1.2

Modifications to this test method for testing protective coats and protective coats with an integrated
garment-glove interface shall be as specified in 8.48.9.

8.48.1.3

Modifications to this test method for testing protective trousers and protective trousers with integrated
booties shall be as specified in 8.48.10.

8.48.1.4

Modifications to this test method for testing protective coat and trouser sets or protective coveralls shall be
as specified in 8.48.11.

8.48.1.5

Modifications to this test method for testing proximity fire fighting ensemble garment elements shall be as
specified in 8.48.12.

8.48.1.6

Modifications to this test method for testing entire ensembles for optional liquid and particulate contaminant
protection shall be as specified in 8.48.13.

8.48.2 Samples.

8.48.2.1

Samples shall be complete garments or ensemble elements.

8.48.2.2

Samples shall be conditioned as specified in 8.1.3.

8.48.3 Specimens.

8.48.3.1

A minimum of three specimens shall be tested. Specimens shall consist of individual coats, trousers, or
coverall elements; sets of coats and trousers elements, or entire ensembles for liquid and particulate
contaminant protection. Each element shall have in place all layers that are required for the element to be
compliant.

8.48.3.2

The size of the elements comprising the specimens shall be chosen to conform with the dimensions of the
mannequin for proper fit of the specimen on the mannequin in accordance 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 circumference, and inseam height.

8.48.3.3

Specimens to be tested shall be conditioned as specified in 8.1.3.
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8.48.3.4

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 8.48.11. Each element shall
have in place all layers that are required for the element to be compliant.

8.48.3.5

The size of the elements comprising the specimens shall be chosen to conform with the dimensions of the
mannequin for proper fit of the specimen on the mannequin in accordance 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 circumference, and inseam height.

8.48.4 Sample Preparation.

8.48.4.1

Specimens to be tested shall be conditioned as specified in 8.1.3.

8.48.4.2

Samples to be conditioned shall be complete garments.

8.48.5 Apparatus.

The apparatus and supplies for testing shall be those specified in ASTM F1359, Standard Test Method for
Liquid Penetration Resistance of Protective Clothing or Protective Ensembles Under a Shower Spray While
on a Mannequin Manikin , with the following modifications:

(1) The surface tension of the water used in testing shall be 35 dynes/cm ± 5 dynes/cm.

(2)

8.48.6 Procedure.

Liquid penetration testing of garments shall be conducted in accordance with ASTM F1359, Standard Test
Method for Liquid Penetration Resistance of Protective Clothing or Protective Ensembles Under a Shower
Spray While on a Mannequin, with the following modifications:

(1) Procedure B shall be used with an overall exposure period of 8 minutes 10 minutes with 2.5 minutes
in each of the four orientations.

(2) Blocking of the specimen shall be as specified in 8.48.8, 8.48.9, and 8.48.10, as appropriate, for the
type of specimen being tested.

(3) The method used for mounting of the mannequin in manikin in the spray chamber shall not interfere
with the water spray.

(4) The normal outer surface of the material shall be exposed to the liquid as oriented in the clothing item.

(5) Fluorescent or visible dyes shall not be used in the water for spraying the suited mannequin.

(6)  The manikin shall be positioned so that the manikin body is in a full vertical orientation with the
manikin head looking forward, manikin legs straight, and manikin arms pointing downward by the sides
of the manikin torso. The manikin joints shall be tightened to ensure that the manikin maintains this
position during testing.

8.48.7* Report.

A diagram shall be prepared for each test that identifies the locations of any liquid leakage as detected on
the liquid-absorptive garment.

8.48.8 Interpretation.

8.48.8.1

Any evidence of liquid on the liquid-absorptive garment, as determined by visual, tactile, or absorbent
toweling, shall constitute failure of the specimen.

8.48.8.2

In determining the compliance of the specific garments or ensemble being evaluated, one of the three
specimens shall be permitted to display leakage on the liquid-absorptive garment of an area that is

collectively not greater than 20 cm2 (3.1 in.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.
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8.48.9 Specific Requirements for Testing Coats and Coats with an Integrated Garment-Glove Interface.

8.48.9.1

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.

8.48.9.2

The coat shall be donned on the mannequin in accordance with the manufacturer's instructions for proper
wearing.

8.48.9.3

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 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.

8.48.9.4

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 cylindrical 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.

8.48.9.4.1

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 instructions for proper wearing.

8.48.9.5

The coat shall be tested in conjunction with the protective trousers specified by the manufacturer, even
where the trousers are not being specifically evaluated by this test.

8.48.10 Specific Requirements for Testing Trousers.

8.48.10.1

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.

8.48.10.2

The trousers shall be donned on the mannequin in accordance with the manufacturer's instructions for
proper wearing.

8.48.10.3

Trousers shall be tested in conjunction with the protective coat specified by the manufacturer, even where
the coat is not being specifically evaluated by this test.

8.48.10.4

Absorbent toweling or similar material shall be placed underneath the mannequin in order to prevent water
splashing up inside the trouser leg.

8.48.10.5

Where trousers are provided with integrated booties, outer footwear specified to be worn with the booties
shall be donned on the mannequin in accordance with the manufacturer's instructions for proper wearing.

8.48.11 Specific Requirements for Testing Coveralls.

8.48.11.1

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.
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8.48.11.2

The coverall or set of coat and trousers shall be donned on the mannequin in accordance with the
manufacturer's instructions for proper wearing.

8.48.11.3

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 (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 collar neck seam shall not be covered.

8.48.11.4

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.

8.48.11.4.1

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 instructions for proper wearing.

8.48.11.5

Absorbent toweling or similar material shall be placed underneath the mannequin in order to prevent water
splashing up inside the trouser leg.

8.48.11.6

Where trousers are provided with integrated booties, outer footwear specified to be worn with the booties
shall be donned on the mannequin in accordance with the manufacturer's instructions for proper wearing.

8.48.12 Specific Requirements for Testing Proximity Fire Fighting Ensemble Garment Elements.

8.48.12.1

Garment element specimens shall be complete proximity fire fighting protective coats, protective trousers,
or protective coveralls.

8.48.12.2

Specimens shall be conditioned as specified in 8.1.3.

8.48.12.3

Where the proximity fire fighting garment design has passed the liquid penetration requirements specified
for structural 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.

8.48.12.4

Where the proximity fire fighting garment design has not been tested for structural fire fighting garment
liquid penetration requirements, then a minimum of three specimens shall be tested.

8.48.13 Specific Requirements for Testing Ensembles for Optional Liquid and Particulate Contaminant
Protection.

8.48.13.1

Specimens for testing shall consist of liquid and particulate contaminant protective ensembles, including the
garment, helmet, glove, and footwear elements, and the SCBA specified for the ensemble by the ensemble
manufacturer. The hood interface component shall also be tested where the hood is not part of the liquid
and particulate contaminant protective ensemble garment elements.

8.48.13.2

A total of three different ensemble specimens shall be evaluated.

8.48.13.3

Garment, glove, and hood elements shall be conditioned as specified in 8.1.11.
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8.48.13.4

Where the ensemble garment element does not include booties, footwear 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:

(4)  The alternative flexing equipment shall be capable of providing the angle of flex as described in
FIA 1209.

(5)  The alternative flexing equipment shall be capable of a flex speed of 60 cycles per minute ± 2
cycles per minute.

(6)  The alternative flexing equipment shall provide a means of securing the footwear during flexing.

8.48.13.5

The liquid-absorptive garment shall be a hooded coverall made of fabric meeting the requirements specified
in ASTM F1359, Standard Test Method for Liquid Penetration Resistance of Protective Clothing or
Protective Ensembles Under a Shower Spray While on a Mannequin. 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.

8.48.13.6

Specimens provided in 8.48.13.1 shall be donned on the mannequin in accordance with manufacturer's
specifications.

8.48.13.7

The taping, blockage, coverage, or provision of absorbent toweling of or to any part of any interface or
element on the ensemble shall not be permitted.

8.48.13.8

The mannequin with ensemble in place shall be evaluated using Procedure A as specified in ASTM F1359,
Standard Test Method for Liquid Penetration Resistance of Protective Clothing or Protective Ensembles
Under a Shower Spray While on a Mannequin, and exposed to the liquid spray 5 minutes in each of the
four mannequin orientations for a total of 20 minutes.

8.48.13.9

Following the test, the liquid-absorptive garment, inner cotton gloves, and inner cotton socks worn on the
mannequin shall be inspected to determine evidence of liquid leakage.

Statement of Problem and Substantiation for Public Comment

A substantial research project was undertaken to examine deficiencies in the liquid integrity test as it is applied to 
various protective ensembles used by first responders, including structural firefighting protective clothing. This 
project was supported by a government sponsor and included a detailed investigation of the various factors that 
affect liquid integrity evaluations of different protective garments and ensembles. The study included the review of 
specific test problems, simulated field exposures, a failure modes and hazard assessment, and the development 
of new techniques and specifications for improving precision of the test method. As a result of this work, a new 
shower spray configuration was developed to provide a more suitable exposure of structural firefighting protective 
clothing that focuses on the specific areas that could result in liquid leakage through the garment. The new 
configuration consists of three shower nozzles positioned on a pole perpendicular to the suited manikin with 
nozzles located at a top, central, and lower position on the pole directed to specific targets on the manikin. 
Additional developments were made in the test method equipment and procedures that consist of a standardized 
manikin, new liquid absorbent garment specification, and specific adjustments in the procedures to afford greater 
consistency in how the testing is performed. In addition, it was recommended that a shortened exposure period be 

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

149 of 246 6/3/2016 12:32 PM



undertaken for each of the four manikin orientations with respect to the shower nozzles to account for the fact that 
many false positive results occur due to wicking from extended exposure times. A limited round robin between 
three laboratories showed relatively good agreement in the types of results and interpretations provided by each 
participating laboratory.

The majority of these changes are included in a new edition of ASTM F1359 that was approved in February 2016. 
Changes in the public comments reflect additional small adjustments to originally proposed test method including 
making the test exposure times consistent with the conditions used in the interlaboratory testing.

Related Item

First Revision No. 144-NFPA 1971-2015 [Section No. 8.47.1]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 16:18:07 EDT 2016
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Public Comment No. 18-NFPA 1971-2016 [ Sections 8.55.6, 8.55.7 ]

Sections 8.55.6, 8.55.7

8.55.6 Report.

8.55.6. 1  

Evidence of any cracking on the face shall be recorded and reported.

8.55.6. 2    

Evidence of any delamination shall be recorded and reported.

8.55.6.3

Evidence of any particulate on the pressure sensitive tape adhesive from the coating shall be recorded and
reported.

8.55.7 Interpretation.

8.55.7.1

A moderate amount of specks on the pressure sensitive tape adhesive from the coating shall not constitute
failure.

8.55.7.2

A greater than moderate amount of specks, or particulate larger than specks on the pressure sensitive tape
adhesive from the coating shall constitute failure.

8.55.7.3   

Exposure of adhesive beneath a laminate layer shall constitute Evidence of separation of the coating or
laminate from the base material shall constitute a failure.

8.55.7.4    

The failure of any one specimen shall constitute failure of the test.

Statement of Problem and Substantiation for Public Comment

Test method updated to align the performance requirements as specified in chapter 7 to match the interpretation 
section in chapter 8.  This is editorial in nature since the clarification has always been applied.  

Related Item

Correlating Committee Note No. 1-NFPA 1971-2016 [Global Input]

Submitter Information Verification

Submitter Full Name: Amanda Newsom

Organization: UL LLC

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 02 12:00:18 EDT 2016
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Public Comment No. 131-NFPA 1971-2016 [ Section No. 8.66 ]

8.66 Particle Inward Leakage Test.

8.66.1 Application.

This test shall apply to liquid and particulate protective ensembles.

8.66.2 Samples.

8.66.2.1

Samples shall consist of liquid and particulate protective ensembles, including the ensemble garment,
helmet, glove, and footwear elements, and the SCBA specified for the ensemble by the ensemble
manufacturer. The hood interface component shall also be tested where the hood is not part of the liquid
and particulate protective ensemble garment elements.

8.66.2.2

The ensemble shall be tested with each style of the SCBA specified by the manufacturer.

8.66.2.3

Garment, glove, and hood elements shall be conditioned as specified in 8.1.11.

8.66.2.4

Where the ensemble garment element does not include 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 cycles/min ± 2 cycles/min.

(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/min ± 2
cycles/min.

(c) The alternative flexing equipment shall provide a means of securing the footwear during flexing.

8.66.2.5

Samples shall be conditioned at 21°C ± 6°C (70°F ± 11°F) and 50 percent ± 30 percent relative humidity for
at least 4 hours.

8.66.3 Specimens.

8.66.3.1

Specimens shall consist of the garment, helmet, glove, and footwear elements, and the respirator specified
for the ensemble by the ensemble manufacturer. The hood interface component shall also be tested where
the hood is not part of the liquid and particulate protective ensemble garment elements.

8.66.3.2

A minimum of three specimens shall be tested.

8.66.3.3*

Specimens shall be provided to fit or be adjustable to fit the selected test subjects in accordance with the
manufacturer’s sizing provisions that are specific to each ensemble.
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8.66.3.4

None of the ensembles or components of the ensemble to be tested shall have been previously subjected
to particle inward leakage testing unless it can be demonstrated that the ensemble or components are free
of contamination.

8.66.4 Apparatus.

8.66.4.1

The test shall be conducted in a chamber large enough to conduct testing on at least one test subject.

8.66.4.2

The test chamber shall have a system capable of providing a stable, uniform airflow directed at the test
subject.

8.66.4.3

The test chamber shall prevent significant aerosol contact with any areas of the facility not intended as
exposure areas, to prevent contamination.

8.66.4.4

The test chamber shall have an aerosol generator capable of maintaining the aerosol mass concentration
as specified in the procedure.

8.66.4.5

The test facility shall have separate garment storage, donning, doffing, and control room areas to prevent
contamination.

8.66.4.6   

The challenge aerosol shall be a combination of amorphous silica, 50 percent by weight; tetraethylene

tetraethlene glycol, 42 percent by weight; uranine, 6 percent by weight; and Tinopal™ Tinopal TM , 2
percent by weight.

8.66.4. 6

Test subjects shall wear a close-fitting, one or multiple piece full body garment made of black synthetic
material that is sized to the individual test subject. The bodysuit must be clean and free of visible lint, to the
extent practicable, prior to donning the candidate garment ensemble.

8.66.4. 7

Visual inspection of the test participant, while wearing the indicator garment, shall be performed under
illumination by black light in a dark room after doffing the candidate garments. Inspection shall be
performed while the test participant is fully illuminated by black light with a wavelength of 365 nm.

8.66.4.8*

A separate handheld black light with a wavelength of 365 nm and an intensity of 1200 μW/cm 2  at 380 nm
shall be used to inspect areas where the presence of fluorescent particles may be unclear.

8.66.4.9

A 35 mm camera, or digital equivalent, with the appropriate capabilities and settings for taking photographs
under UV light shall be provided for documenting the visual condition of the test subject before and after
the exposure to the aerosol.

8.66.4.10

The test facility shall have separate garment storage, donning, doffing, and control room areas to prevent
contamination.

8.66.4.11    

All test subjects shall have a medical doctor’s certificate that substantiates that they are medically and
physically suitable to perform these tests without danger to themselves. The medical certificate shall have
been issued within 12 months prior to testing.

8.66.4.8 12

Test subjects shall be familiar with the use of chemical structural fire fighting protective ensembles
clothing and equipment and with the selected respirator.
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8.66.5 Procedure.

8.66.5.1

The test chamber shall be stabilized with the following conditions:

(1) Average wind speed shall be 1 4 .34 m 47 m /sec ± 0.89 m/sec (3 mph 10.0 mph ± 2 mph) at the fan
outlet airflow station.

(2) Temperature shall be 21°C ± 6°C (70°F ± 5°F).

(3) Relative humidity shall be 45 percent ± 15 percent.

(4) Average aerosol concentration shall be 150 160 mg/m3, +  25/−0 mg/m3.

(5) Aerosol aerodynamic mass median diameter shall be 2.5 μm ± 0.5 μm.

8.66.5.2

The test subject shall don black indicator garments that cover the wearer’s torso, arms, hands, legs,
ankles, and head excluding the face.

8.66.5.2.1   

The indicator

garment

garments shall provide a dark uniform appearance under black light illumination.

8.66.5.3 *    

Specific At least 10 specific areas of the indicator garment shall be masked with a suitable tape or
masking product that will remain in place during testing and not affect the indicator garment.

8.66.5.3.1

At least 10 masked areas, with minimum dimensions of 25 mm × 50 mm (1 in. × 2 in.) shall be distributed
over the indicator garment.

8.66.5.4

The test subject shall don the protective ensemble and respirator in accordance with the manufacturer’s
instructions in a clean area separated from the test chamber.

8.66.5.5

Once the test chamber has reached the conditions stated in 8.66.5.1, the test subject will enter the
chamber and be properly positioned in the wind.

8.66.5.6

The 30-minute test period begins when the test subject is positioned in the wind.

8.66.5.7

During the 30-minute test period, the test subject shall perform the three series of stationary exercises as
specified in Procedure A of ASTM F1154, Standard Practice for Qualitatively Evaluating the Comfort, Fit,
Function, and Integrity of Chemical Protective Suit Ensembles, as modified by 8.66.5.8.
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8.66.5.8*

The stationary exercises specified in Procedure A of ASTM F1154, Standard Practice for Qualitatively
Evaluating the Comfort, Fit, Function, and Integrity of Chemical Protective Suit Ensembles, shall be
performed with the following modifications:

(1) Duck squat, pivot right, pivot left, and stand. Rotate orientation 90 degrees to wind stream between
each repetition. Repeat exercise twice in each orientation for a total of 1 minute.

(2) Stand erect. With arms at sides, bend body to left and return, bend body forward and return, bend
body to right and return. Rotate orientation 90 degrees to wind stream between each repetition. Repeat
exercise twice in each orientation for a total of 1 minute.

(3) Stand erect. Extend arms overhead in the lateral direction, then bend elbows. Extend arms overhead
in the frontal direction, then bend elbows. Rotate orientation 90 degrees to wind stream between each
repetition. Repeat exercise twice in each orientation for a total of 1 minute.

(4) Stand erect. Extend arms perpendicular to the sides of torso. Twist torso left and return, twist torso
right and return. Rotate orientation 90 degrees to wind stream between each repetition. Repeat
exercise twice in each orientation for a total of 1 minute.

(5) Stand erect. Reach arms across chest completely to opposite sides. Rotate orientation 90 degrees to
wind stream between each repetition. Repeat exercise twice in each orientation for a total of 1 minute.

(6) Walk in place, facing wind, for 1 minute.

(7) Rest standing and facing wind, for 1 minute.

(8) Walk in place, back to wind, for 1 minute.

(9) Rest standing and back to wind, for 1 minute.

(10) Rest standing and facing wind, for 1 minute.

8.66.5.9

At the conclusion of the 30-minute test period, the test subject shall exit the test chamber and enter the
doffing area.

8.66.5.10

The test subject shall then be assisted to doff the ensemble to prevent contact of the outside surface of the
ensemble with the subject’s skin or indicator garment.

8.66.5.11

  Within 10 minutes of

After doffing, the masked areas

will

shall be unmasked and the test subject shall be examined under black light in the viewing area for
evidence of particulate inward leakage.  

8.66.5.

11.1 *    

The black light shall have a wavelength of 365 nm and an intensity of 1200 μW/cm 2  at 381 mm (15 in.).

8.66.6   Report.

8.66.6.1   

A diagram shall be prepared for each test that identifies the locations of any particulate inward leakage as
detected on the test subject’s skin or indicator garment.
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8.66.7

12  Photographs shall be taken of the test subject under black with the following minimum positions:

(1) Front, right, back, and left side of test subject neck and head.

(2) Front, right, back, and left side of test subject upper torso

(3) Front, right, back, and left side of test subject lower torso

The exposure of the black light should be bracketed to provide photographs with varying contrast to permit
documentation of any observed fluorescence.

8.66.5.13*  A separate black light shall be used to inspect any areas where there the presence of
fluorescent particles may be unclear.

8.66.6.14  The laboratory shall be permitted (but is not required) to further sample any areas that are
suspect for particle contamination using the procedures established in 8.5.7. These procedures, when
used, shall be employed for documentation purposed only and shall not be used for interpreting
compliance with the performance requirement.

8.66.7 Sampling and Analysis of Black Indicator Garment

8.66.7.1  The test subject's black indicator garment shall be sampled to recover aerosol that has
deposited. This skin-rinse sampling shall be performed by pressing a tube against the portion of the black
indicator garment to be sampled and adding 20 mL of 0.01 N sodium hydroxide (NaOH). The solution shall
be washed over the black indicator garment for approximately 10 seconds, then pipetted into a clean
container.

8.66.7.2  All samples shall be labeled appropriately before they are analyzed.

8.66.7.3  For each of the black indicator garment-rinse samples, approximately 5 mL of each of the
samples shall be analyzed in a fluorometer to determine the mass of aerosol that is present in the sample.
The results shall be recorded and verified to identify and eliminate any errors in reading or recording the
data.

8.66.8  After each trial, upon completion of the skin-rinse sampling and black light photography, the test
subject shall return to a locker room and shower.

8.66.9     Report.

(1) Photographic records documenting the test ensemble and results consisting of the following:

(a) Photograph s  of the front head-to-toe view of the test subject in the full test ensemble immediately
before entering the aerosol chamber. Additional photographs of the test subject in the ensemble showing
design details shall be included as warranted. 

(b) Black light photographs of the test subject after doffing. These photographs shall cover all body
locations with the test subjects wearing shorts, and for female test subjects, a sports bra. 

(c) If the post exposure photographs show no aerosol deposits and therefore show only a black garment in
a dark room, the following statement shall be permitted in lieu of post-exposure photographs: “No visible
aerosol deposits were revealed in the photographs.” 

(2) The test conditions, including the following:

(a) The challenge aerosol mass concentration averaged for the duration of the test

(b) The average wind speed, temperature, and relative humidity for the test

(c) Date of test and test operator

(3) Specific observations for the location of any deposited aerosol on the test subject’s skin or indicator
garments as noted during visual observation under a black light

(4) Any notable observations by the test operators (especially system openings, mask breaches, or poor
fits)

(5) Any supplemental test data sampling and analysis of the black indicator garments provided for
documentation purposes only.

8.66.10     Interpretation.

8.66.7 10 .1

Any evidence of particulate inward leakage on any test subject’s skin or indicator garment as determined by
visual inspection under a black light shall constitute failure.
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Statement of Problem and Substantiation for Public Comment

The proposed changes to the test method reflect the clarifications and addition of details to the test method as 
discerned by parallel work on the analogous test within NFPA 1994.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 137-NFPA 1971-2016 [Sections A.8.66.3.3, A.8.66.5.3, A.8.66.5.8,
A.8.66.5.11.1]

Related Item

First Revision No. 152-NFPA 1971-2015 [New Section after 8.64]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 14:54:29 EDT 2016
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Public Comment No. 115-NFPA 1971-2016 [ Section No. 8.67.1 ]

8.67.1 Application.

8.67.1.1

This test method shall apply to garment sleeve composites containing enhancements as defined in 7.2.4
exterior to the outer shell.

8.67.1.2

Modifications to this test method for testing garment sleeve composites containing enhancements exterior
to the outer shell shall be specified in 8.67.7.

8.67.1.3

Modifications to this test method for testing the glove body composite at the back of the glove shall be as
specified in 8.67.8

Additional Proposed Changes

File Name Description Approved

Study_to_Develop_an_NFPA_1971_Radiant_Test_for_Glove_Back_Final.pdf Validation study 

Statement of Problem and Substantiation for Public Comment

The proposed test is intended to provide a more realistic and repeatable evaluation of back of the hand glove 
insulation that is typically exposed to radiant heat rather than conduct heat. The validation of the proposed 
requirement and variation of an existing test method is reported in the attached white paper.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 112-NFPA 1971-2016 [Section No. 7.7.25]

Related Item

First Revision No. 62-NFPA 1971-2015 [New Section after 7.7.23]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 08:49:23 EDT 2016
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Study to Develop an NFPA 1971 Radiant Test for Glove Back-of-Hand using 
Stored Energy Test Apparatus 

May 5, 2016 

By 

Mark A. Williams (W.L. Gore & Associates, Inc.) 

 

Radiant Test Method Subcommittee – NFPA 1971 Glove Task Group: 

William J. Gorak (W.L. Gore & Associates, Inc.) 

Jeff Stull (International Personnel Protection, Inc.) 

Harry Winer (HIP Consulting LLC) 

Executive Summary 

A new test method for the back-of-glove is proposed by Radiant Test Method Subcommittee of the 
NFPA 1971 Glove Task Group which is more realistic and reproducible than the current test (Conductive 
Heat Resistance Test 1).  The method meets the objective of failing glove composites that historically 
performed poorly in the field without resulting in false failures of flexible composites that historically 
performed well in the field.  

Background 

NFPA 1971 prior to the 2007 edition included Section 8.7 Conductive Heat Resistance Test 1 to test the 
palm of structural firefighting gloves. NFPA 1971 2007 edition extended this test to the back of the glove 
with the compressive force increased from 0.5 psi to 2 psi.  The extension was added in final stages of 
the new edition with the justification that firefighters needed better radiant heat protection on the back 
of the hand.  This change was made with very limited data and little discussion within the Glove Task 
Group.  

During the revision of NFPA 1971 for the 2013 edition, the Glove Task Group noted several problems 
with the CHR test as applied to the back of the glove: 

1) Much discussion was held around the justification for why a conductive heat transfer test was added 
to model radiant heat transfer. 

2) The Conductive Heat Resistance became very difficult to conduct reproducibly when the required 
sensor pressure was increased from 0.5 to 2 psi. 

3) The wetting method was not reproducible—a pouch simulating the glove is submerged, then hung to 
dry and then pressed with blotting paper. No intermediate measurements were required to determine 
that the wetting was consistent between tests and clear differences were apparent when test operators 
were observed in performing the specified technique. 

1 
 



4) Many glove body composites that had been used for many years in the industry became 
noncompliant with the new requirements.  The addition of extra thermal insulation layers to the back of 
glove frequently did not make the gloves compliant. Instead, some manufacturers achieved compliance 
by adding extra non-contiguous moisture barrier for passing the test. 

Following these observations, the consensus on the Glove Task Group as the 2013 revision process 
neared completion was to remove the test or at least to drop the compressive force from 2 psi to 0.5 
psi.  However, FDNY reported that the Blazefighter glove resulted in burn injuries to 14 firefighters.  A 
further investigation found that the model of Blazefighter that was being worn was modified from the 
the original field test and certification samples and that the modified gloves failed the wet CHR test on 
the back of the glove. This incident led to the Glove Task Group recommending to keep the wet CHR test 
in the 2013 edition with only minor changes to improve the reproducibility of the test. 

A subcommittee was formed to develop an improved test during the 2018 edition revision. 

This report summarizes the work on one of two possible tests that were developed. 

Experimental Design 

Initial Glove Wetting Investigation. An initial investigation was carried to examine the levels of wetness 
in gloves. A study was undertaken where fire fighters wore different four different NFPA 1971 compliant 
gloves as part of their normal protective ensemble during different simulated fireground activities. The 
selected gloves represented a range of different materials and were properly fitted to the firefighter test 
subjects. Eight firefighters from the San Antonio Fire Department volunteered for this study and the San 
Antonio Fire Department Training Academy was used for staging the firefighting exercises that included 
simulated suppression of a gas-fueled fire by two engine  companies manning a 1 ¾ in hose in the burn 
building. This activity included each fire fighter crawling on a water-laden floor of an adjacent space for a 
period of 2 to 3 minutes. The overall combination of activities was found to span 8 to 10 minutes. These 
activities were performed in full fire fighter protective clothing ensembles. Following their use of the 
gloves, the gloves were taken apart and the weights for each of the different parts and layers were 
measured. This information was used to determine how gloves get wet and where the moisture resides 
in the gloves following “wet” operations. Two later evaluations were conducted to determine the 
“saturation” moisture levels in gloves. One of these evaluations was conducted using the original 
dissected gloves while a second evaluation was done on whole gloves, followed by glove dissection to 
determine moisture levels in the individual glove parts. This study has the following findings: 

• The principal conclusion of this work is that gloves absorb moisture in the various layers 
differently based on the type of materials and the overall glove construction. 

• In general, these levels are higher for outer shell and other components exterior of the barrier 
layer. 

• Moisture barriers and thermal barrier linings tend to absorb less water in use given their proximity 
to water exposure. Perspiration is likely to also to be a significant source of water 

• It is presumed that water exposure occurs primarily through exterior contact with water spray 
and wet surfaces, but some moisture may enter gloves through the gauntlet opening.  

• The specific levels of moisture in gloves were found to range from 6.3 to 39% for the outer shell, 
3.4 to 18.6% for the moisture barrier, and 8.5 to 35.0% for the thermal barrier. 
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• Based on this work, it was concluded there is no “typical” level of water found in the layers of a 
fire glove. Therefore, the path was chosen to develop a radiant test method using the well-known 
worst case of a damp liner with a dry shell. 

Development of an Alternative Back of the Glove Radiant Insulation Test. Investigations were carried 
out to determine a suitable approach for measuring the radiant heat transfer resistance of glove 
composite materials. Two different techniques were considered: 

1. The application of the current fuel-fired radiant panel used in evaluation of SCBA facepieces at a 
heat flux of 15 kW/m2 ± 0.5 kW/m2 (0.36 cal/cm2s ± 0.012 cal/cm2s) as part of NFPA 1981 (Fire 
service SCBA). 

2. The use of the stored energy test procedures specified in ASTM F1731, ASTM F2731, Standard 
Test Method for Measuring the Transmitted and Stored Energy in Fire Fighter Protective Clothing 
Systems, as now applied for reinforcements on garment sleeves. 

Both approaches were investigated with a series of experiments carried out. While the fuel-fired radiant 
panel technique was found to have merit and was in fact submitted in the form of public input as a 
proposed Radiant Heat Resistance Test 4 in the First Draft of NFPA 1971-2018, it was found to require 
more work to provide a robust, validated test procedure. One of the principal limitations of the test is 
the manner for reproducibly setting the distance of the specimen from the radiant heat source.  

Test Samples. The Radiant Test Method Subcommittee chose instead to work with the already 
standardized ASTM F2731 stored energy test method. For the purposes of this test’s development, the 
following specimens were chosen that were relevant to setting a requirement: 

A) Blazefighter glove: FDNY reported 14 firefighters experienced back of hand burns while wearing this 
glove while other firefighters wearing other gloves at the same fire scenes did not.  

B) Cowsplit leather/CROSSTECH® DIRECT GRIP® insert: Firefighters in training simulators (“flashover 
chambers”) reported hot back-of-hands while wearing this composite 

C) Cowsplit leather/Modacrylic nonwoven/CROSSTECH® DIRECT GRIP® insert: Same as “B” with the 
addition of Modacrylic nonwoven added as an insulation layer.  Over 100,00 pairs of this model were 
worn from 1999 to 2007 without reports of hot hands or burns. This composite failed the wet CHR test 
of the back of glove that was added 2013 edition. 

Specimens were also chosen that were known to have acceptable field performance and would help 
validate the new test and requirement: 

D) Cowsplit leather/Polyurethane barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 

E) Cowsplit leather/CROSSSTECH® barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 
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Since the number of Blazefighter samples available was limited, four more textile shell variables were 
added to the experiment due to their similarity to the Blazefighter-style of construction: 

F) KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

G) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

H) KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

I) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

 

Results 

The method is described in the Public Comments 1971-114 through 1971-116 submitted to the NFPA 
1971 technical committee. In these procedures, the liner is first wetted evenly with a spray of water and 
then the sample is placed in the stored energy tester.  The test is run in radiant mode to the 2nd degree 
burn point without compression. 

It was found in preliminary testing that damp liner with a dry shell always resulted in the shortest time 
to 2nd degree burn. The minimum value generally was observed at 0.05 to 0.09 g/in2.  

Results: Predicted second-degree burn time (seconds) at various liner water levels (g/in2) 

 Short Description 0 0.028 0.042 0.056 0.069 0.083 0.097 0.111 0.139 
0.167 

A Blazefighter     148          142      123      113      120       

B Leather/CTDG           135      104      115         

C Leather/Modacrylic/CTDG           203      223      239         

D Leather/PU/Modacrylic     230          187      207           

E Leather/CT/Modacrylic     228        184      160      168            176 

F Knit/PU/Modacrylic     110      100        89        85            86               84 91 

G Knit/knit/PU/Modacrylic             140      151         

H Knit/CT/Modacrylic 114  114  104      91  92        100     

I Knit/knit/CT/Modacrylic 202      170     154     153   166    
 

 

Conclusions and Recommendations for Setting a Requirement Level 

Variables A & B lead to the conclusion that the variables with values below 113 seconds are 
unacceptable. 

Variable C, D, E lead to the conclusion that the variables with values above 160 seconds are acceptable 

Variable Short Description Minimum 
A Blazefighter           113  
B Leather/CTDG           104  
C Leather/Modacrylic/CTDG           203  
D Leather/PU/Modacrylic           187  
E Leather/CT/Modacrylic           160  
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F Knit/PU/Modacrylic             84  
G Knit/knit/PU/Modacrylic           140  
H Knit/CT/Modacrylic           91 
I Knit/knit/CT/Modacrylic          153  

 

A requirement of 130 seconds is thus proposed is proposed. 

As described in the Experimental Design section, Variables A, B, F, and H, should fail the requirement 
based on historical performance of these and similar composites.  Variables C, D, E, G, and I, should pass 
the requirement based on historical performance of these and similar composites. 

Comparison to current NFPA 1971 Back-of-Glove Test Method (section 7.7.4 and 8.7) 

 

 

NOTE: The Blazefighter fails both tests.  Field proven and very flexible variable C & E both robustly pass 
the new test despite a long history of sporadically failing the current test. 
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Reproducibility Data 

The Blazefighter sample was cut from the back of the glove.  A special sample holder was made due to 
the smaller specimen size.  The following samples were run to explore the possible effect of the smaller 
sample holder and precision of the method on replicates: 

   
Water 
level  

Variable Short Description 
Sample Holder 
Aperature 0.069  Comments 

G Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

140    

H Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

150    

I Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

145    

J Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

110    

K Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

130  Reused Sample G 
 

Precision for the average of five specimens measured with the Stored Energy test work is generally +/- 
5%. Based on this limited data set, the average of the two Sample Holder Aperature sizes is within +/- 
6.5% (145 versus 128). Even if 13% was added to the Blazefighter values (113 x 1.13= 127), the 
Blazefighter will fail the criteria of 130. 
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Public Comment No. 116-NFPA 1971-2016 [ New Section after 8.67.7 ]

8.67.8 Specific Requierments for Testing Glove Body Composites at the Back of the Glove

8.67.8.1 

Specimens shall be representative of the glove body composite construction at the back of the glove at teh
following glove areas described in 8.1.17: A-A, B-B, the 25 mm (1 in.) of C-B adjacent to the wrist crease,
D-B, and E-B.

8.67.8.2

Glove body composites at the back of the glove shall be conditioned as specified in 8.1.9.

8.67.8.3

The specimens shall be tested as specified in 8.67.4 with the exception that the radiant heat exposure
period shall continue until the 2nd degree burn point is reach. No compression period shall be used for this
testing.

8.67.8.4

The testing shall be run at the on separate samples at each of the three moisture conditions specified in
8.1.9.

Additional Proposed Changes

File Name Description Approved

Study_to_Develop_an_NFPA_1971_Radiant_Test_for_Glove_Back_Final.pdf Validation Study 

Statement of Problem and Substantiation for Public Comment

The proposed test is intended to provide a more realistic and repeatable evaluation of back of the hand glove 
insulation that is typically exposed to radiant heat rather than conduct heat. The validation of the proposed 
requirement and variation of an existing test method is reported in the attached white paper.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 112-NFPA 1971-2016 [Section No. 7.7.25]

Related Item

First Revision No. 62-NFPA 1971-2015 [New Section after 7.7.23]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 08:54:18 EDT 2016
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Study to Develop an NFPA 1971 Radiant Test for Glove Back-of-Hand using 
Stored Energy Test Apparatus 

May 5, 2016 

By 

Mark A. Williams (W.L. Gore & Associates, Inc.) 

 

Radiant Test Method Subcommittee – NFPA 1971 Glove Task Group: 

William J. Gorak (W.L. Gore & Associates, Inc.) 

Jeff Stull (International Personnel Protection, Inc.) 

Harry Winer (HIP Consulting LLC) 

Executive Summary 

A new test method for the back-of-glove is proposed by Radiant Test Method Subcommittee of the 
NFPA 1971 Glove Task Group which is more realistic and reproducible than the current test (Conductive 
Heat Resistance Test 1).  The method meets the objective of failing glove composites that historically 
performed poorly in the field without resulting in false failures of flexible composites that historically 
performed well in the field.  

Background 

NFPA 1971 prior to the 2007 edition included Section 8.7 Conductive Heat Resistance Test 1 to test the 
palm of structural firefighting gloves. NFPA 1971 2007 edition extended this test to the back of the glove 
with the compressive force increased from 0.5 psi to 2 psi.  The extension was added in final stages of 
the new edition with the justification that firefighters needed better radiant heat protection on the back 
of the hand.  This change was made with very limited data and little discussion within the Glove Task 
Group.  

During the revision of NFPA 1971 for the 2013 edition, the Glove Task Group noted several problems 
with the CHR test as applied to the back of the glove: 

1) Much discussion was held around the justification for why a conductive heat transfer test was added 
to model radiant heat transfer. 

2) The Conductive Heat Resistance became very difficult to conduct reproducibly when the required 
sensor pressure was increased from 0.5 to 2 psi. 

3) The wetting method was not reproducible—a pouch simulating the glove is submerged, then hung to 
dry and then pressed with blotting paper. No intermediate measurements were required to determine 
that the wetting was consistent between tests and clear differences were apparent when test operators 
were observed in performing the specified technique. 
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4) Many glove body composites that had been used for many years in the industry became 
noncompliant with the new requirements.  The addition of extra thermal insulation layers to the back of 
glove frequently did not make the gloves compliant. Instead, some manufacturers achieved compliance 
by adding extra non-contiguous moisture barrier for passing the test. 

Following these observations, the consensus on the Glove Task Group as the 2013 revision process 
neared completion was to remove the test or at least to drop the compressive force from 2 psi to 0.5 
psi.  However, FDNY reported that the Blazefighter glove resulted in burn injuries to 14 firefighters.  A 
further investigation found that the model of Blazefighter that was being worn was modified from the 
the original field test and certification samples and that the modified gloves failed the wet CHR test on 
the back of the glove. This incident led to the Glove Task Group recommending to keep the wet CHR test 
in the 2013 edition with only minor changes to improve the reproducibility of the test. 

A subcommittee was formed to develop an improved test during the 2018 edition revision. 

This report summarizes the work on one of two possible tests that were developed. 

Experimental Design 

Initial Glove Wetting Investigation. An initial investigation was carried to examine the levels of wetness 
in gloves. A study was undertaken where fire fighters wore different four different NFPA 1971 compliant 
gloves as part of their normal protective ensemble during different simulated fireground activities. The 
selected gloves represented a range of different materials and were properly fitted to the firefighter test 
subjects. Eight firefighters from the San Antonio Fire Department volunteered for this study and the San 
Antonio Fire Department Training Academy was used for staging the firefighting exercises that included 
simulated suppression of a gas-fueled fire by two engine  companies manning a 1 ¾ in hose in the burn 
building. This activity included each fire fighter crawling on a water-laden floor of an adjacent space for a 
period of 2 to 3 minutes. The overall combination of activities was found to span 8 to 10 minutes. These 
activities were performed in full fire fighter protective clothing ensembles. Following their use of the 
gloves, the gloves were taken apart and the weights for each of the different parts and layers were 
measured. This information was used to determine how gloves get wet and where the moisture resides 
in the gloves following “wet” operations. Two later evaluations were conducted to determine the 
“saturation” moisture levels in gloves. One of these evaluations was conducted using the original 
dissected gloves while a second evaluation was done on whole gloves, followed by glove dissection to 
determine moisture levels in the individual glove parts. This study has the following findings: 

• The principal conclusion of this work is that gloves absorb moisture in the various layers 
differently based on the type of materials and the overall glove construction. 

• In general, these levels are higher for outer shell and other components exterior of the barrier 
layer. 

• Moisture barriers and thermal barrier linings tend to absorb less water in use given their proximity 
to water exposure. Perspiration is likely to also to be a significant source of water 

• It is presumed that water exposure occurs primarily through exterior contact with water spray 
and wet surfaces, but some moisture may enter gloves through the gauntlet opening.  

• The specific levels of moisture in gloves were found to range from 6.3 to 39% for the outer shell, 
3.4 to 18.6% for the moisture barrier, and 8.5 to 35.0% for the thermal barrier. 
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• Based on this work, it was concluded there is no “typical” level of water found in the layers of a 
fire glove. Therefore, the path was chosen to develop a radiant test method using the well-known 
worst case of a damp liner with a dry shell. 

Development of an Alternative Back of the Glove Radiant Insulation Test. Investigations were carried 
out to determine a suitable approach for measuring the radiant heat transfer resistance of glove 
composite materials. Two different techniques were considered: 

1. The application of the current fuel-fired radiant panel used in evaluation of SCBA facepieces at a 
heat flux of 15 kW/m2 ± 0.5 kW/m2 (0.36 cal/cm2s ± 0.012 cal/cm2s) as part of NFPA 1981 (Fire 
service SCBA). 

2. The use of the stored energy test procedures specified in ASTM F1731, ASTM F2731, Standard 
Test Method for Measuring the Transmitted and Stored Energy in Fire Fighter Protective Clothing 
Systems, as now applied for reinforcements on garment sleeves. 

Both approaches were investigated with a series of experiments carried out. While the fuel-fired radiant 
panel technique was found to have merit and was in fact submitted in the form of public input as a 
proposed Radiant Heat Resistance Test 4 in the First Draft of NFPA 1971-2018, it was found to require 
more work to provide a robust, validated test procedure. One of the principal limitations of the test is 
the manner for reproducibly setting the distance of the specimen from the radiant heat source.  

Test Samples. The Radiant Test Method Subcommittee chose instead to work with the already 
standardized ASTM F2731 stored energy test method. For the purposes of this test’s development, the 
following specimens were chosen that were relevant to setting a requirement: 

A) Blazefighter glove: FDNY reported 14 firefighters experienced back of hand burns while wearing this 
glove while other firefighters wearing other gloves at the same fire scenes did not.  

B) Cowsplit leather/CROSSTECH® DIRECT GRIP® insert: Firefighters in training simulators (“flashover 
chambers”) reported hot back-of-hands while wearing this composite 

C) Cowsplit leather/Modacrylic nonwoven/CROSSTECH® DIRECT GRIP® insert: Same as “B” with the 
addition of Modacrylic nonwoven added as an insulation layer.  Over 100,00 pairs of this model were 
worn from 1999 to 2007 without reports of hot hands or burns. This composite failed the wet CHR test 
of the back of glove that was added 2013 edition. 

Specimens were also chosen that were known to have acceptable field performance and would help 
validate the new test and requirement: 

D) Cowsplit leather/Polyurethane barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 

E) Cowsplit leather/CROSSSTECH® barrier/Modacrylic nonwoven liner:  From 1990 to today, well over 1 
million gloves with this construction have been worn by firefighters without reports of hot hands or 
burns 
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Since the number of Blazefighter samples available was limited, four more textile shell variables were 
added to the experiment due to their similarity to the Blazefighter-style of construction: 

F) KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

G) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ Polyurethane barrier/Modacrylic nonwoven liner 

H) KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

I) KEVLAR® Simplex Knit/KEVLAR® Simplex Knit/ CROSSSTECH® barrier/Modacrylic nonwoven liner 

 

Results 

The method is described in the Public Comments 1971-114 through 1971-116 submitted to the NFPA 
1971 technical committee. In these procedures, the liner is first wetted evenly with a spray of water and 
then the sample is placed in the stored energy tester.  The test is run in radiant mode to the 2nd degree 
burn point without compression. 

It was found in preliminary testing that damp liner with a dry shell always resulted in the shortest time 
to 2nd degree burn. The minimum value generally was observed at 0.05 to 0.09 g/in2.  

Results: Predicted second-degree burn time (seconds) at various liner water levels (g/in2) 

 Short Description 0 0.028 0.042 0.056 0.069 0.083 0.097 0.111 0.139 
0.167 

A Blazefighter     148          142      123      113      120       

B Leather/CTDG           135      104      115         

C Leather/Modacrylic/CTDG           203      223      239         

D Leather/PU/Modacrylic     230          187      207           

E Leather/CT/Modacrylic     228        184      160      168            176 

F Knit/PU/Modacrylic     110      100        89        85            86               84 91 

G Knit/knit/PU/Modacrylic             140      151         

H Knit/CT/Modacrylic 114  114  104      91  92        100     

I Knit/knit/CT/Modacrylic 202      170     154     153   166    
 

 

Conclusions and Recommendations for Setting a Requirement Level 

Variables A & B lead to the conclusion that the variables with values below 113 seconds are 
unacceptable. 

Variable C, D, E lead to the conclusion that the variables with values above 160 seconds are acceptable 

Variable Short Description Minimum 
A Blazefighter           113  
B Leather/CTDG           104  
C Leather/Modacrylic/CTDG           203  
D Leather/PU/Modacrylic           187  
E Leather/CT/Modacrylic           160  
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F Knit/PU/Modacrylic             84  
G Knit/knit/PU/Modacrylic           140  
H Knit/CT/Modacrylic           91 
I Knit/knit/CT/Modacrylic          153  

 

A requirement of 130 seconds is thus proposed is proposed. 

As described in the Experimental Design section, Variables A, B, F, and H, should fail the requirement 
based on historical performance of these and similar composites.  Variables C, D, E, G, and I, should pass 
the requirement based on historical performance of these and similar composites. 

Comparison to current NFPA 1971 Back-of-Glove Test Method (section 7.7.4 and 8.7) 

 

 

NOTE: The Blazefighter fails both tests.  Field proven and very flexible variable C & E both robustly pass 
the new test despite a long history of sporadically failing the current test. 
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Reproducibility Data 

The Blazefighter sample was cut from the back of the glove.  A special sample holder was made due to 
the smaller specimen size.  The following samples were run to explore the possible effect of the smaller 
sample holder and precision of the method on replicates: 

   
Water 
level  

Variable Short Description 
Sample Holder 
Aperature 0.069  Comments 

G Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

140    

H Knit/knit/PU/Modacrylic 4 in. x 4 in.  
             

150    

I Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

145    

J Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

110    

K Knit/knit/PU/Modacrylic 2.5 in. x 4 in.  
             

130  Reused Sample G 
 

Precision for the average of five specimens measured with the Stored Energy test work is generally +/- 
5%. Based on this limited data set, the average of the two Sample Holder Aperature sizes is within +/- 
6.5% (145 versus 128). Even if 13% was added to the Blazefighter values (113 x 1.13= 127), the 
Blazefighter will fail the criteria of 130. 
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Public Comment No. 113-NFPA 1971-2016 [ Section No. 8.71 ]

8.71   Radiant Heat Resistance Test 4.

8.71.1   Application.

This test method shall apply to glove body composites representative of the back of the gloves.

8.71.2    Samples.

8.71.2.1   

For glove body composites, samples for conditioning shall be in the form of a pouch as described in
8.1.15 .

8.71.2.2   

Samples shall be representative of the glove body composite construction at the back of the glove at the
following glove areas as described in 8.1.14 , with the exception that the sample layers measure 150 mm
× 150 mm (6 in. × 6 in.): A-B, B-B, the first 25 mm (1 in.) of C-B adjacent to the wrist crease, D-B, and E-B.

8.71.2.3   

Samples shall be conditioned as specified in 8.1.3 .

8.71.3   Specimens.

8.71.3.1   

Specimens shall be the same as the samples and measure 150 mm × 150 mm (6 in. × 6 in.) and shall be
removed from samples following conditioning.

8.71.3.2   

Specimens shall be tested after being subjected to the procedure specified in 8.1.3  both before and after
laundering as specified in 8.1.2 .

8.71.3.3   

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 8.1.9  (Wet Conditioning Procedure 2 for Glove Composites).

8.71.4   Apparatus.

8.71.4.1   

The test apparatus shall consist of a radiant heat test panel, radiation shield, heat flux transducer,
specimen holder, heat transfer sensor, and data acquisition/data analysis system.

8.71.4.2   

The radiant heat test panel shall be as specified in ASTM E162, Standard Test Method for Surface
Flammability of Materials Using a Radiant Heat Energy Source , Section 6.1.1 and Figure 1.

8.71.4.3   

A radiation shield shall be used to block radiant heat from the headform and facepiece before and after the
test.

8.71.4.3.1   

The radiation shield shall be at least 64 cm (25 in.) wide by at least 56 cm (22 in.) high and shall be
constructed of at least three layers of aluminum sheet separated by air gaps of 2 cm (0.8 in.), with a black-
painted front side or a similar design sufficient to block the radiant heat.

8.71.4.4   

A heat flux transducer, having a water-cooled, total heat flux sensor of Schmidt-Boelter type, with a

viewing angle of 180° and a standard range of 0−20 kW/m 2  (0–0.48 cal/cm 2 s)shall be used to measure
the heat flux from the radiant heat test apparatus.
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8.71.4.4.1   

The heat flux transducer shall have been calibrated in the last 12 months.

8.71.4.4.2   

The heat flux transducer shall be mounted so the face is vertical and parallel to the face of the radiant heat
test apparatus.

8.71.4.4.3   

The heat flux transducer shall be centered both horizontally and vertically with respect to the face of the
radiant heat test apparatus.

8.71.4.5   

The specimen holder of a similar design as the specimen holder assembly specified in paragraph 6.1.2 of
ASTM F1939, Standard Test Method for Radiant Heat Resistance of Flame Resistant Clothing Materials
with Continuous Heating , that is modified to hold the specimen vertically and parallel to the radiant heat
test panel and subject to the specimen holder care procedures in paragraph 9.4 of ASTM F1939.

8.71.4.6   

The heat transfer sensor shall be the same sensor specified in paragraph 6.1.5 of ASTM F1939, Standard
Test Method for Radiant Heat Resistance of Flame Resistant Clothing Materials with Continuous Heating .
Care of the sensor and its calibration shall be as specified in paragraph 9.3 and Section 11 of ASTM
F1939.

8.71.4.7   

The data acquisition/data analysis system shall meet the requirements specified in paragraph 6.1.6 of
ASTM F1939, Standard Test Method for Radiant Heat Resistance of Flame Resistant Clothing Materials
with Continuous Heating .

8.71.5   Procedure.

8.71.5.1   

The radiant heat test panel shall be ignited and allowed to preheat and stabilize for a minimum of 45
minutes.

8.71.5.1.1   

The air flow rate to the radiant heat test panel shall be set to 434 L/min ± 24 L/min (920 SCFH ± 50 SCFH).

8.71.5.1.2 *    

The natural gas flow rate to the radiant heat test panel shall be increased until it is just sufficient to produce

a heat flux of 15 kW/m 2  ± 0.5 kW/m 2  (0.36 cal/cm 2 s ± 0.012 cal/cm 2 s) at a distance of 178 mm ± 25
mm (7 in. ± 1 in.) from the panel.

8.71.5.1.3   

During the conduct of the test, extraneous drafts shall be controlled by closing windows and doors,
stopping air-circulating devices, and arranging baffles between the apparatus and any remaining sources
of drafts.

8.71.5.2   

To calibrate the radiant heat test panel, the heat flux transducer shall be moved in front of the radiant heat
test apparatus to a location 178 mm ± 25 mm (7 in. ± 1 in.) from the panel so that the heat flux transducer

measures 15 kW/m 2  ± 0.5 kW/m 2  (0.36 cal/cm 2 s ± 0.012 cal/cm 2 s) for 5 minutes.

8.71.5.2.1   

The output voltage from the heat flux transducer shall be sampled at a minimum rate of 1 Hz by a data
acquisition system, which has a minimum resolution of 1 part in 4096 of full scale (0.02 percent).

8.71.5.2.2   

The output voltage shall be converted to units of heat flux using the most recent calibration coefficients.
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8.71.5.2.3   

The heat flux transducer shall be water-cooled with 0.4 L/min to 0.8 L/min (0.1 gal/min to 0.2 gal/min) of
water at 16°C to 30°C (61°F to 86°F), such that the exit temperature of the water does not vary more than
±2°C (±4°F) during the test.

8.71.5.2.4   

The horizontal distance from the radiant heat test panel to the face of the heat flux transducer shall be
located and marked.

8.71.5.2.5   

The heat flux transducer shall be removed from exposure to the radiant test apparatus

8.71.5.3   

After the radiant heat test panel has been preheated and has a calibration mark for 15 kW/m 2 (0.36

cal/cm 2 s), the radiation shield shall be positioned in front of the radiant heat test apparatus.

8.71.5.4   

The specimen shall be mounted in the specimen holder that is positioned at 381 mm (15 in.) away from the
radiant heat test panel placed behind the radiation shield. The sensor shall be positioned in the specimen
holder behind and in direct contact with the specimen on the nonexposure side.

8.71.5.5   

The data acquisition system shall be started and the radiation shield shall be removed with the start of the
collection and recording of the copper calorimeter sensor information.

8.71.5.6   

The sample exposure shall be terminated by replacing the radiation shield and removing the specimen
holder/calorimeter assembly after the total accumulated thermal energy as measured by the calorimeter
meets or exceeds the following empirical performance curve criteria:

 [8.71.5.6a]

where:

t i

= the time value in seconds of the elapsed time since the initiation of the radiant energy exposure
(radiation shield is removed).

 [8.71.5.6b]

where:

t i

= the time value in seconds of the elapsed time since the initiation of the radiant energy exposure
(radiation shield is removed).

8.71.6   Report.

8.71.6.1   

The time to second-degree burn for each specimen shall be recorded and reported.

8.71.6.2   

The average to second-degree burn shall be calculated, recorded, and reported.

8.71.7   Interpretation.

Pass or fail determinations shall be based on the average time to second-degree burn of all specimens
tested.

Delete entire test method

Statement of Problem and Substantiation for Public Comment

A modified form of the stored energy test, which exists as a standardized method and having been validated for 
the evaluation of gloves have been proposed via a separate public comment. The current test method in Section 
8.71 is no longer needed.
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Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 112-NFPA 1971-2016 [Section No. 7.7.25]

Related Item

First Revision No. 160-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 08:20:16 EDT 2016
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Public Comment No. 133-NFPA 1971-2016 [ Sections 8.72, 8.73 ]

Sections 8.72, 8.73

8.72

  
Particulate

Filtration Efficiency
Blocking Test.

8.72.1

  
Application.

This test shall apply to

materials used in barrier hoods where a particulate filtration layer is employed in the construction of the
barrier hood

hood particulate blocking layers or hood composites comprising the function of the particulate blocking
layer .

8.72.2

  
Samples .

8.72.2.1

  
Samples

shall be conditioned as specified in 8.1.3

 for conditioning shall measure 150 mm x 150 mm /- 6 mm (6 in. x 6 in. /- 1/4in.) .

8.72.2.2

  
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.

8.72.3   Specimens.

A total of 3 specimens shall be tested.
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8.72.4   Procedure
shall consist of a composite constructed using a layer of 8.2 oz /yd2 meta-aramid 1 x 1 rib knit, the
particulate blocking layer(s), and another layer of  8.2 oz /yd2 meta-aramid 1 x 1 rib knit.  The composite
shall be stitched around the entire periphery.

8.72.2.3*  Where the layer(s) intended to be the particulate blocking layer is configured as a composite of
different layers, then the sample shall consist of all layers provided in the correct order that represents the
particulate blocking function of the hood and not include the meta-aramid rib knit specified in 8.72.2.

8.72.2.4  A control sample shall be prepared that consists of a composite constructed using of two layers
of 8.2 oz /yd2 meta-aramid 1 x 1 rib knit. The composite sample shall be stitched around the entire
periphery.

8.72.2.5  Samples shall not include interior seams.

8.72.3  Specimens.

8.72.3.1  Particle blocking layer composite specimens shall be tested both before and after being
subjected to the procedure specified in 8.1.2.

8.72.3.2  All specimens to be tested shall be conditioned as specified in 8.1.19.

8.72.3.3  Control specimens shall be conditioned as specified in 8.1.19.

8.72.3.4  A total of 3 particle blocking layer composite specimens and 3 control specimens shall be
tested .

8.72.4  Apparatus .

1  

The

suitability of barrier hood materials for this

test apparatus shall

first

be

determined by evaluating the hood composite materials for air permeation

as specified in

8.73 , Air Permeability Test. Material suitability shall be demonstrated if the material air permeability is

measurable above 1.7 m 3 /min/m 2  (10 ft 3 /min/ft 2  ).

8.72.4.2   

Specimens shall be tested as specified in ASTM F1215, Test Method for Determining the Initial Efficiency
of a Flatsheet Filter Medium in an Airflow Using Latex Spheres , at latex sphere sizes ranging from 0.2 μm
to 2

ASTM F2299/F2299M, Standard Test Method for Determining the Initial Efficiency of Materials Used in
Medical Face Masks to Penetration by Particulates Using Latex Spheres with the following modifications:

(1) Referencing Figure 1. Schematic of Test Method in ASTM F2299/F2299M, a needle valve shall be
placed between the Filter Holder and the Air Flow Measurement.

(2) Referencing Figure 1. Schematic of Test Method in ASTM F2299/F2299M, a recirculation line shall
be placed from the Optical Particle Counter #1 and the main flow line between the needle valve (and
the Filter Holder as illustrated in Figure 8.72.4.1

(3) A stainless steel reinforcement screen with a mesh size of 1 mm x 1 mm shall be used adjacent to
the test specimen on the downstream side.

(4) Particle detection shall be accomplished with the use of a SMPS (Scanning Mobility Particle Sizer)
or an OPC (Optical Particle Counter) capable of measuring 0.1 micron at 100% counting efficiency.

8.72.5  Procedure.

8.72.5.1  Specimens shall be tested in accordance with ASTM F2299/F2299M , Standard Test Method
for Determining the Initial Efficiency of Materials Used in Medical Face Masks to Penetration by
Particulates Using Latex Spheres with the following modifications:
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(1)  Control specimens as specified in 8.72.2.4 shall be tested prior to the commencement of a series of
testing or when the test equipment is modified or repaired.

(2)  If the airflow is met with specimen in place, the upstream and downstream aerosol counts shall be
recorded for a minimum of 5 counts   at each particle range using a 1 minute sampling time.

(3)  If the downstream count is less than 100, the sampling time shall be extended until 100 counts are
obtained but not longer than 5 minutes.

(4)  If the airflow is not met, the needle valve shall be closed and the Optical Particle Counter exhaust
shall be recirculated into the downstream side to maintain a pressure drop of 249 Pa (1 in. H 2 O column)

across the specimen. 

8.72.5.2*   The latex sphere sizes used in testing shall range from  0.1 μm to 1.0 μm and shall be created
using at least eight different known particle sizes from 0.1 μm to 1 .0 μm.

8.72.5

  Report.

The filtration efficiency of each specimen at each particle size shall be recorded and reported. The average
filtration efficiency of all specimens shall be calculated, recorded, and reported for each particle size tested

.3  The required airflow shall be 1.7 L/min /- 0.1 L/min.

8.72.5.4  The normal outer surface of the particulate blocking layer shall be mounted such that it is toward
the upstream side as oriented in the hood.

8.72.5.5  The efficiency for each specimen shall be calculated for each sequence for conditioning using
the following equation:

Efficiency = η = 1- (downstream counts/upstream counts) .

8.72. 5. 6

  Interpretation.

The average filtration efficiency at each particle size shall be used to determine pass or fail performance.

8.73   Air Permeability Test.

8.73.1   Application.

This test shall apply to materials used in barrier hoods where a particulate filtration layer is employed in the
construction of the hood.

8.73.2   Samples.

8.73.2.1   

Samples shall be conditioned as specified in 8.1.3 .

8.73.2.2   

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.

8.73.3   Specimens.

A total of 3 specimens shall be tested.

8.73.4   Procedure.

Specimens shall be tested as specified in ASTM D737, Standard Test Method for Air Permeability of
Textile Fabrics .

8.73.5   Report.

The air permeability of each specimen shall be recorded and reported. The average air permeability of all
specimens shall be calculated, recorded, and reported.
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8.73.6   Interpretation.

The average air permeability shall be used to determine pass or fail performance.

.  For each test condition, the average efficiency for each specimen (ηaverage, specimen), including
control specimens (η average, control specimen ), shall be calculated.

8.72.5.7*  For each test condition, the average efficiency at the Most Penetrating Particle Size for each
specimen (η average,  specimen @MPPS), including control specimens (η average, control

specimen @MPPS), shall be determined.

8.72.5.8  For each test condition, the performance factor shall be calculated using the following equation:

Performance Factor = ηaverage, specimen @MPPS/ η average, control specimen  @MPPS 

8.72.6  Report.

8.72.6.1  The final measurement airflow and the pressure (delta P) shall be recorded and reported in
L/min and in Pa (in. H 2 O column), respectively for each specimen.

8.72.6.2  The upstream and downstream particulate counts shall be recorded and reported from 0.1
micron to 1.0 micron in 50 nm increments.

8.72.6.3  The average efficiency at the Most Penetrating Particle Size shall be recorded, and reported for
each particulate size increment for the specimens of the test material and the control sample.

8.72.6.4  The Performance Factor shall be recorded, and reported for each sample.

8.72.7  Interpretation.

The Performance Factor shall be shall be used to determine pass or fail performance.

Annex material

A.8.72.2.3  The manufacturer is permitted to have the full composite used in the construction of the hood
tested if it is believed that the entire composite contributes to the particle blocking performance of the hood
composite.

A.8.72.5.2  The slurry of suspended latex spheres with a particle size range of 0.1 micron to 1.0 micron in
water can be made by diluting the uniform latex spheres at a dilution ratio of 1000 to 1 in 1 liter of 0.05
micron deionized filtered water.  The nominal particle sizes employed must fall within the midpoint or lower
of the particle size channel range.  For example, if the particle size range is 0.1 micron to 0.15 micron, the
nominal particle size should not be greater than 0.125 micron.

The following references cite that fire ground particles are within the specified range:

Fabian, T., et. al, Firefighter Exposure to Smoke Particulates , DHS AFG Grant #EMW-2007-
FP-02093, Project Number:  08CA31673, 2010

Nowlen, S., A Review of Research at Sandia National Laboratories Associated with the Problem of
Smoke Corrosivity , Fire Safety Journal, Volume 15, Issue 5, 1989, Pages 403-413

Koseki, H., Large Scale Pool Fires Results of Recent Experiments , FIRE SAFETY SCIENCE-
PROCEEDINGS OF THE SIXTH INTERNATIONAL SYMPOSIUM, pp 115-132

Kleeman, M., et al,  Size and Composition Distribution of Fine Particulate Matter Emitted from Wood
Burning, Meat Charbroiling, and Cigarettes , Environ. Sci. Technol. 1999, 33, 3516-3523

Rau, J., Composition and Size Distribution of Residential Wood Smoke Particles , Aerosol Science
and Technology 10:181-192 (1989)

A.8.72.5.7  The Most Penetrating Particle Size (MPPS) is the size of the particles that results in the lowest
efficiency for a given particulate blocking layer.  Since this size is the most penetrating (i.e. lowest
efficiency), all other sizes will be at a higher efficiency that the efficiency reported at MPPS.  Particles that
are smaller than the MPPS get blocked by inertial effects (not enough mass to penetrate) and entrainment
(drawn into low flow regions around the fibers of the medium). Likewise, particles that are larger than the
MPPS exhibit a lower rate of penetration due to interception (particles which follow the air stream arrive at
the medium and get “intercepted”).  The MPPS is a function of the particle (physical and chemical
characteristics), the particulate blocking layer‘s structure, and the velocity of the airflow.

Additional Proposed Changes
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File Name Description Approved

Substantiation_for_Particulate_Blocking_Test.pdf Substantiation for Particulate Blocking Test 

Figure_8.72.4.1.pdf Apparatus Configuration 

Statement of Problem and Substantiation for Public Comment

See attachment for Substaniation

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 15:06:35 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

168 of 246 6/3/2016 12:32 PM



Substantiation for Particulate Blocking Test 

 

A different test method is needed to evaluate the particulate blocking properties of the hood.  As 
written, the performance requirements and associated test methods are technology dependent and 
thereby, design restrictive.  As written in the first draft ballot, a particulate blocking layer must meet 
certain criteria of a moisture barrier or meet a minimum air permeability requirement.  This excludes 
technologies that are air impermeable or permit air flow less than the specified level indicated in the 
currently associated Air Permeability Test (8.73).   This new test method, the Particulate Blocking Test, 
allows both air impermeable to air permeable products to be evaluated using a single test method, 
without disturbing the specimen, to which a single performance criteria can be applied. 

Data shared with the Hoods and Test Method Task Groups from an intralaboratory variability study 
using 5 different composites (as listed below) showed good day to day and within day variability when 
evaluated over 3 days with 7 specimens per day, 3 specimens per composite. 

Sample ID Thickness Air 
Permeability 

A Low High 
B Low None 
C Low Low 
D Medium None 
E High Medium 

 

The standard deviations based on the performance factor as the proposed performance requirement for 
this test method are shown in the table below. 

 

 

 

1 2 3
A - - 0.191 0.172
B - 0.000 - 0.000
C 0.000 0.000 - 0.000
D - 0.000 - 0.000
E 0.203 - 0.099 0.185

Within Day Between Days





Public Comment No. 81-NFPA 1971-2016 [ Section No. 8.72.1 ]

8.72.1 Application.

This test shall apply to materials used in barrier hoods where a particulate filtration layer is employed in the
construction of the barrier hood.

This test shall apply to permeable  material used in particle barrier hoods where a particulate filtration
layer is employed in the construction of the barrier hood. 

Statement of Problem and Substantiation for Public Comment

Provide scope of barrier material that should be used for the particle barrier hood.  

Related Item

First Revision No. 48-NFPA 1971-2015 [New Section after 7.1.13.2]

Submitter Information Verification

Submitter Full Name: Jian Xiang

Organization: The DuPont Company, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 11:10:30 EDT 2016
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Public Comment No. 103-NFPA 1971-2016 [ Section No. 8.72.2 ]

8.72.2 Samples.

8.72.2.1

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 barrier hood.

8.72.2.2

Composite samples prepared as described in 8.72.2.1 shall be tested after being twice subjected to the
following conditioning:

(1) Specimens shall first be subjected to the procedure specified 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. 72.2.

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.

3

The composite sample, including particle barrier layer that was conditioned in 8.72.2.2 shall be trimmed to
a sample size of 300 mm × 280 mm (12 in. × 11 in.). The trimmed composite samples shall be subject to
flexing conditioning as specified in 8.1.18 with the 280 mm (11 in.) direction parallel with the compression
action of the machine. The trimmed samples shall be mounted such that the outer layer is visible with all
layers in their normal “as worn” orientation.

8.72.2.4

Following flexing, the test specimen shall be taken from the center of the flexed sample so that the center
of the particle barrier test specimen and the center of the abraded sample coincide.

Statement of Problem and Substantiation for Public Comment

The current proposed procedures for measuring the particle blocking performance of barrier hoods does not 
account for the likely service life of this product. Given that barrier hoods are likely to be more expensive and thus 
used for a longer period of time, there should be the expectation that these hoods continue to provide service for 
an extended period that includes multiple washings, heat exposures, and flexing. The proposed conditioning 
procedures are an adaptation of those conditions that were applied to CBRN garment materials and seams, less 
the abrasion requirements.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 104-NFPA 1971-2016 [New Section after 8.1.17]

Related Item

First Revision No. 161-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:
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State:

Zip:

Submittal Date: Sun May 15 09:46:45 EDT 2016
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Public Comment No. 82-NFPA 1971-2016 [ Section No. 8.72.4 ]

8.72.4 Procedure.

8.72.4.1

The suitability of barrier hood materials for this test shall first be determined by evaluating the hood
composite materials for air permeation as specified in 8.73, Air Permeability Test. Material suitability shall

be demonstrated if the material air permeability is measurable above 1.7 m3/min/m2 (10 ft3/min/ft2 ).

8.72.4.2

Specimens shall be tested as specified in ASTM F1215, Test Method for Determining the Initial Efficiency of
a Flatsheet Filter Medium in an Airflow Using Latex Spheres, at latex sphere sizes ranging from 0.2 μm to
2.0 μm.

The barrier hood specimens shall be tested as specified in ASTM F2299, Test Method for Determining the
Initial Efficiency of Materials Used in Medical Face Masks to Penetration by Particulates Using Latex
Spheres.  at latex sphere size ranging from 0.1 to 2.0 micron.  

Statement of Problem and Substantiation for Public Comment

Replaced an obsolete method ASTM F1215 with ASTM F2299

Related Item

First Revision No. 48-NFPA 1971-2015 [New Section after 7.1.13.2]

Submitter Information Verification

Submitter Full Name: Jian Xiang

Organization: The DuPont Company, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 11:18:52 EDT 2016
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Public Comment No. 109-NFPA 1971-2016 [ Section No. 8.73 ]

8.73   Air Permeability Test.

8.73.1   Application.

This test shall apply to materials used in barrier hoods where a particulate filtration layer is employed in the
construction of the hood.

8.73.2   Samples.

8.73.2.1   

Samples shall be conditioned as specified in 8.1.3 .

8.73.2.2   

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.

8.73.3   Specimens.

A total of 3 specimens shall be tested.

8.73.4   Procedure.

Specimens shall be tested as specified in ASTM D737, Standard Test Method for Air Permeability of
Textile Fabrics .

8.73.5   Report.

The air permeability of each specimen shall be recorded and reported. The average air permeability of all
specimens shall be calculated, recorded, and reported.

8.73.6   Interpretation.

The average air permeability shall be used to determine pass or fail performance.

Statement of Problem and Substantiation for Public Comment

A new particulate blocking test has been proposed that does not depend on the use of air permeability testing for 
qualifying the material to be tested for particulate filtration efficiency. Therefore, this test is no longer needed.

Related Item

First Revision No. 162-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 07:11:56 EDT 2016
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Public Comment No. 150-NFPA 1971-2016 [ Section No. 8.73 ]

8.73 Air Permeability Test.

8.73.1 Application.

This test shall apply to materials used in barrier hoods where a hoods that do not incorporate particulate
filtration or other barrier layer is employed in the construction of the hood.

8.73.2 Samples.

8.73.2.1

Samples shall be conditioned as specified in 8.1.3.

8.73.2.2

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.

8.73.3 Specimens.

A total of 3 specimens shall be tested.

8.73.4 Procedure.

Specimens shall be tested as specified in ASTM D737, Standard Test Method for Air Permeability of Textile
Fabrics.

8.73.5 Report.

The air permeability of each specimen shall be recorded and reported. The average air permeability of all
specimens shall be calculated, recorded, and reported.

8.73.6 Interpretation.

The average air permeability shall be used to determine pass or fail performance.

Statement of Problem and Substantiation for Public Comment

The proposed requirements is intended that where manufacturer intend to incorporate a barrier material for 
purposes of blocking particulate that the optional requirements are applied.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 149-NFPA 1971-2016 [New Section after 7.13.10]

Related Item

First Revision No. 51-NFPA 1971-2015 [Sections 7.1.25, 7.1.26, 7.1.27]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 16:45:28 EDT 2016
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Public Comment No. 108-NFPA 1971-2016 [ Section No. 8.74 ]

8.74  Water   Liquid   Chemical Absorption Resistance Test.

8.74.1 Application.

This test method shall apply to the protective garment outer shell and collar lining materials.

8.74.2 Samples.

Samples for conditioning shall be at least 1 m (1 yd) square of each material.

8.74.3 Specimens.

8.74.3.1

Three specimens of outer shell material and collar lining material measuring at least 360 mm ± 2 mm × 235
mm ± 5 mm (14.2 in. ± 0.1 in. × 9.3 in. ± 0.2 in.) shall be tested separately for liquid repellency.

8.74.3.2

Specimens shall be tested after being subjected to the procedure specified in 8.1.2.

8.74.4 Apparatus.

The test apparatus shall be as specified in ISO 6530, Protective clothing — Protection against liquid
chemicals — Test method for resistance of materials to penetration by liquids.

8.74.5 Procedure.

Specimens shall be tested in accordance with ISO 6530, Protective clothing — Protection against liquid
chemicals — Test method for resistance of materials to penetration by liquids, with the following exceptions:

(1) The index of penetration shall not be measured.

(2) Specimens shall be tested against the following liquid chemicals:

(a) 40 percent w/w sodium hydroxide (NaOH), CAS No. 1310-73-2

(b) 36 percent 37 percent w/w hydrochloric acid (HCl), CAS No. 7646-01-0

30 percent w/w

(c)  sulfuric acid (H2SO4), CAS No. 7664-93-9

(d) o-Xylene, CAS No. 95-47-6

(3) Testing shall be carried out at a temperature of 20°C ± 2°C (68°F ± 4°F).

8.74.6 Report.

8.74.6.1

The index of repellency for each specimen shall be recorded and reported.

8.74.6.2

The average index of repellency for each liquid chemical shall be calculated, reported, and recorded.

8.74.7 Interpretation.

8.74.7.1

The average index of repellency for each liquid chemical shall be used for determining pass or fail
performance. Failure of the material for any one liquid chemical constitutes failure of the material in this
test.

Statement of Problem and Substantiation for Public Comment

The test method is not correctly titled. Hydrochloric acid was removed because it has redundant oxidation 
properties as sulfuric acid. The concentration of the sulfuric acid was increase to coincide with the concentration of 
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battery acid used in the testing of moisture barrier liquid penetration resistance.

Related Item

First Revision No. 163-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Sun May 15 20:57:33 EDT 2016
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Public Comment No. 120-NFPA 1971-2016 [ New Section after 8.75 ]

TITLE OF NEW CONTENT

8.75 Water Vapor Resistance Test

8.75.2 Samples

8.75.2.1 Samples shall be conditioned at a temperature of 25 ?C /- 7 ?C (77 ?F /- 13?F), and a relative
humidity of 65 percent /- 5 percent for at least 4 hours.

8.75.2.2 The minimum sample size shall be 51 cm x 51 cm (20 in. x 20 in.).

8.75.4 Apparatus

8.75.4.1 The dimensions for the sweating guarded hot plate shall be a 25.3 cm (10 in.) test plate with a 12.7
cm (5 in.) guard surrounding the test plate.

8.75.5 Procedure

Testing shall be done in accordance with ISO 11092, Textiles – Physiological effects – Measurement of
thermal and water-vapour resistance under steady state conditions (sweating guarded hotplate test) 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. A grid shall not be used.

(4)    Once the test is started, no further adjustments to the specimen shall be made.

Statement of Problem and Substantiation for Public Comment

Proposed changes are for alignment with sample conditioning, apparatus, and procedure protocols used in 8.33 
Total Heat Loss Test.  

Related Item

First Revision No. 164-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore & Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 11:38:52 EDT 2016
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Public Comment No. 143-NFPA 1971-2016 [ New Section after 8.75 ]
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Add Optional Test Sequence to Reduce Total Number of Ret Composites Tested

7.2.7  Garment composites shall be tested for water vapor resistance as specified in Section 8.75
– Water Vapor Resistance (Ret) Test and shall have an average water vapor resistance of less than

or equal to 30  m 2  Pa/W.

7.2.7.1  Certain garment composites shall be permitted to be excluded from direct testing for
water vapor resistance and instead calculated when testing is conducted by sequence of testing as
specified in 8.75.8.

8.75.1 Application.

8.75.1.1  This test method shall apply to structural fire fighting protective garment element
composites.

8.75.1.2*  Modifications to this test method for providing a sequence of testing to reduce the
number of garment composites tested shall be as specified in 8.75.8.

8.75.8* Specific Requirements for the Sequence of Testing to Reduce the Number of
Garment Composites Tested.

8.75.8.1  The control fabric shall be a layer of 7.5 oz/yd 2  woven 93 percent meta-aramid, 5
percent para-aramid, and 2 percent antistat fiber.

8.75.8.2  The control fabric shall be individually tested (by itself) in accordance with 8.75.5.

8.75.8.3  The water vapor resistance (Ret) of the control fabric shall be recorded and referred to
as “Result A”.

8.75.8.4  The moisture barrier layer(s) and thermal barrier layer(s) for a specific garment
composite shall be tested in conjunction with the control fabric in accordance with 8.75.5 with all
layers arranged in the order and orientation as worn.

8.75.8.5  The water vapor resistance (Ret) of the control fabric with moisture barrier layer and
thermal barrier layer shall be recorded and referred to as “Result B”.

8.75.8.5.1  If a specific moisture barrier layer(s) and thermal barrier layer(s) combination has
been previously tested, it is not necessary to perform steps 8.75.8.2 through 8.75.9.4.

8.75.8.6  The outer shell layer for a specific composite shall be individually tested in accordance
with 8.75.5.

8.75.8.7  The water vapor resistance (Ret) of the outer shell fabric shall be recorded and referred
to as “Result C”.

8.75.8.7.1  If a specific outer shell has been previously tested, it is not necessary to perform
step 8.75.8.6.

8.75.8.8  The difference, “Difference D”, between the control fabric Ret of “Result A” and the
garment composite Ret “Result B” shall be calculated according to the following equation: 

Difference D = Result B – Result A

8.75.8.9  The sum, “Sum E”, of the garment outer shell Ret “Result C” and calculated moisture
barrier layer/thermal barrier layer combination Ret of “Difference D” shall be calculated according
to the following equation:

Sum E = Result C Difference D

8.75.8.10  The individual replicate water vapor resistances, Ret in m 2 Pa/W, shall be calculated,
recorded and reported along with the identification of the specific layers:

                (1) For “Result A”: recorded and reported

                (2) For “Result B”: recorded and reported

                (3) For “Result C”: recorded and reported

                (4) For “Difference D”: calculated, recorded and reported

                (5) For “Sum E”: calculated, recorded and reported

8.75.8.11*  The average water vapor resistance, Ret in m 2 Pa/W, for the garment outer shell
“Result C”, combination of moisture barrier layer and thermal barrier layer “Difference D” and
calculated garment composite “Sum E” shall be calculated, recorded and reported.

8.75.8.12  Using this approach, the pass or fail determination shall be based on the average
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calculated and reported water vapor resistance for the garment composite, “Sum E” of all
specimens tested.

A.8.75.1.2  Because evaporative resistances are additive—which is not true for heat loss—it is
possible to reduce the total amount of testing required by testing the outer shells and liners
(moisture barrier and thermal barriers) separately and adding the two components (shells and
liners) together to determine the water vapor resistance (Ret) of the composite.

A.8.75.8  See A.8.75.1.2.

A.8.75.8.11  Once a specific outer shell has been evaluated for its water vapor resistance, Ret
(i.e.  8.75.8.7), that value, “Result C”, does not need to be re-tested in the future.  If future
composites utilize the same specific outer shell, its previously determined value, “Result C”, can
be used in the calculation of the composite’s water vapor resistance, Ret, as described in 8.75.8.7.
The same logic applies in the case of the specific moisture barrier and thermal barrier combination
as calculated as “Difference D” (i.e. 8.75.8.8). For example (refer to Table A.8.75.11),

(1) a composite (1) is comprised of an outer shell (OS1) and a moisture barrier/thermal barrier
combination (L1).  Using the optional test sequence, its water vapor resistance (Sum E1) is
calculated.

(2) a second composite (2) comprised of a different outer shell (OS2) and the same moisture
barrier/thermal barrier combination (L1) above.  Rather than repeat steps 8.75.8.2 through 8.75.8.5
to determine A and B, the value of D calculated for L1 is used to calculate Sum E2 along with the
water vapor resistance of OS2 as per 8.75.8.9.

(3) a third composite (3) is comprised of OS1 and a different moisture barrier/thermal barrier
combination (L2).  Rather than repeat the testing of OS1, its previously determined water vapor
resistance, is used in the calculation of Ret.

Additional Proposed Changes

File Name Description Approved

Table_A.8.75.11.pdf Table A.8.75.11 

Substantiation_for_Optional_Ret_Test_Sequence.pdf
Substantiation for optional Ret test 
sequence 

Statement of Problem and Substantiation for Public Comment

Substantiation is included as attachment

Related Item

First Revision No. 164-NFPA 1971-2015 [New Section after 8.74]

Submitter Information Verification

Submitter Full Name: Matthew Decker

Organization: WL Gore Associates Inc

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 15:59:14 EDT 2016
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Table for inclusion in A.8.75.11 
 
 

Composite 
ID 

Outer 
Shell 

Moisture 
Barrier/Thermal 
Barrier 
Combination 

Does the 
Result C for 
the given 
outer shell 
exist? 

Do Results A 
and B for a 
given moisture 
barrier/thermal 
barrier 
combination 
exist? 

Calculation 
of D 

Calculation 
of E 

1 OS1 TL1 No, Test C1 No, Test A1, B1 D1 = B1 – A1 E1 = C1+D1 
2 OS2 TL1 No, Test C2 Yes, A1, B1 D1 E2 = C2 + D1 
3 OS1 TL2 Yes, C1 No, Test A2, B2 D2 = B2-A2 E3 = C1 + D2 

   
Table A.8.75.11 
 



Substantiation for Optional Ret Test Sequence: 
 
Since evaporative resistances are additive—which is not true for heat loss—an option exists to reduce 
the total amount of testing.  The optional test sequence provided in this comment delineated an 
alternative method to testing every combination of outer shell, moisture barrier, or thermal barrier for 
water vapor resistance, Ret.  As an example, if all the permutations of 15 outer shells, 6 moisture 
barriers, and 15 thermal barriers were considered, a total of 1350 composites (excluding replicates) 
would need to be tested, the same amount that would be required for THL testing.  With this optional 
test sequence, this could be reduced to 105 Ret tests (excluding replicates). 
 

Proof of concept for this methodology has been demonstrated based on four composites using a range 
of outer shell, moisture barrier, and thermal barrier technologies.  Based on the figures below, the 
optional test sequence based on measuring moisture barrier and thermal liner layers with a control 
fabric and adding back the intended outer shell layer to calculate the water vapor resistance appears to 
provide accurate estimate of absolute water vapor resistance of composite.  The methodology could be 
applied to the initial and/or re-certification processes. 

 

 



Public Comment No. 50-NFPA 1971-2016 [ New Section after 8.75 ]

8.76 Helmet Ear Cover Removal Test.

8.76.1 Application.  This test method shall apply to protective helmets used for structural
firefighting.

8.76.2 Samples.

8.76.2.1  Samples for conditioning shall be whole helmets with ear covers attached.

8.76.2.2  Samples shall be conditioned as specified in 8.1.3

8.76.3 Specimens.

8.76.3.1  A minimum of 3 complete helmets shall be tested.

8.76.3.2  Each unique means for mounting ear covers, where different, shall be tested.

8.76.4 Procedure.

8.76.4.1  A different test operator shall perform each separate test.

8.76.4.2  Each test operator shall be provided the manufacturer instructions for the removal of the
ear covers, any required tools dictated by the manufacturer, and a flat table with chair.

8.76.4.3  The test operators shall be permitted to acquaint themselves with the manufacturer
instructions and practice in the removal and reattachment of the helmet ear covers until they
believe they are competence in performing this action.

8.76.4.4  After the test operator has met the condition specified in 8.76.4.3, a completely
assembled helmet with ear covers shall be provided to the test operator and the test operator shall
be timed for the length that is needed to full remove the ear covers completely from the helmet.

8.76.5 Report.  The individual ear cover removal times shall be reported and recorded. An
average ear coverall removal time shall be calculated.

8.76.6 Interpretation.  Pass/fail performance shall be based on the average ear cover removal
time.

Statement of Problem and Substantiation for Public Comment

There is no associated test method for making this assessment of helmet performance (ease of ear cover removal. 
The proposed method provides details for the consistent execution of the test.

Related Item

First Revision No. 36-NFPA 1971-2015 [New Section after 7.5.9]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 17:18:06 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

181 of 246 6/3/2016 12:32 PM



Public Comment No. 111-NFPA 1971-2016 [ Section No. A.3.3.85 ]

A.3.3.85   Particulates.   

For the purpose of this standard, particulates do not include aerosol or suspended liquid droplets in air.
Aerosols are considered liquids.

Statement of Problem and Substantiation for Public Comment

The term was originally included for optional CBRN ensembles. While the CBRN term itself is still captured in the 
standard, as a means for indicating that this level of performance is covered in a different standard, the 
particulates term is no longer needed.

Related Item

Public Input No. 251-NFPA 1971-2015 [Global Input]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 07:18:34 EDT 2016
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Public Comment No. 126-NFPA 1971-2016 [ New Section after A.3.3.148 ]

Add related Annex Section

A.3.3.XXX Particulate Blocking Layer. For the purpose of this standard, the particulate blocking layer is
intended to inhibit the passage of smoke particles through the protective clothing element or interface
device. The combination of the particulate blocking layer and other layers associated with the element or
interface device may also contribute to this function.

Statement of Problem and Substantiation for Public Comment

Needed to support the introduction of an alternative test method (Particulate Blocking Test)

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Holly Blake

Organization: WL Gore and Associates

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 13:50:27 EDT 2016
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Public Comment No. 26-NFPA 1971-2016 [ Section No. A.4.3.16 ]
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Rewrite A.4.3.16
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Manufacturers should provide test data, which might include the reported average, minimum, or maximum
values that were provided by the certification organization and used in the original certification of the
element to this edition of the standard. This information should be consolidated in a simple table that
identifies the requirement in the standard, the performance criteria, and the reported value and that
provides a comparison with the specified requirement.

Organizations are advised to request information from the manufacturer that relates to those performance
requirements that provide quantifiable results (as opposed to pass/fail determinations) for each element in
the following list:

(1)  Garments

(2)  Thermal protective performance rating of composite(s)

(3)  Total heat loss value of composite(s)

(4)  Percentage thermal shrinkage of outer shell, moisture barrier, and thermal barrier layers

(5)  Tear strength of the outer shell, moisture barrier, and thermal barrier layers

(6)  Seam breaking strength for each Major A, Major B, and Minor seam

(7)  Water penetration resistance of moisture barrier

(8)  Percentage cleaning shrinkage of the outer shell, moisture barrier, and thermal barrier layers

(9)  Percent water absorption of the outer shell layer(s)

(10)  Breaking strength of the outer shell and collar lining layer(s)

(11)  Trim coefficient of retroreflection following each precondition (structural fire fighting protective
garment elements only)

(12)  Stored energy predicted time to second-degree burn injury for each garment element sleeve
composite (structural fire fighting protective garment elements only)

(13)  Radiant protective performance intersect time for the outer shell layer(s) (proximity fire fighting
protective garment elements only)

(14)  Helmets

(15)  Top and side impact force for each precondition

(16)  Acceleration for each precondition

(17)  Thermal protective performance rating of the ear cover composite

(18)  Change in haze for the faceshield/goggle component (structural fire fighting protective garment
element only)

(19)  Luminous transmittance for the faceshield/goggle component (structural fire fighting protective
garment element only)

(20)  Reflective marking coefficient of retroreflectivity following each precondition (structural fire
fighting protective garment element only)

(21)  Helmet and helmet faceshield radiant heat resistance temperature rise (proximity fire fighting
protective garment element only)

(22)  Radiant protective performance intersect time for the helmet shroud and helmet cover
(proximity fire fighting protective garment element only)

(23)  Tear strength of the helmet shroud and helmet cover layers (proximity fire fighting protective
garment element only)

(24)  Gloves — All quantifiable properties of all portions of the gloves that are tested as required by
Chapter 7

(25)  Footwear — All quantifiable properties of all portions of the footwear that are tested as required by
Chapter 7

(26)  Hoods — All quantifiable properties of the hood that are tested as required by Chapter 7
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:

The NFPA standard has numerous required tests which must be performed by an independent third party in
order for any ensemble element to become certified.   Because of the sheer volume of testing required for
each element, a manufacturer’s certification file will often consist of multiple volumes of test results.    It is
simply not feasible to send out copies of the entire report, and the certification organizations do not permit
the element manufacturers to provide excerpts from the files.   Nevertheless, some customers do wish to
see actual test results and they are encouraged to contact the manufacturer to request any test data that
they feel is of importance to them.    It is highly recommended that they request only the independent third
party generated data in order to get the most unbiased information.  In order to assist in this endeavor, the
Technical Committee has assembled a list of suggested tests which a department may wish to request for
each of the various elements.    This list is not all inclusive, and the user may wish to pick and choose
which items are important to them. 

GARMENTS:     It should be noted that some of the required tests report only pass/fail test results and
obviously if the results are failing, the element will not be certified.   As such, there is no reason to request
data from those test methods, since it will only be reported as PASS.    The following items represent those
tests for which the certification agencies provide actual test results, and which the Technical Committee
agreed might be of value to the end user.   The asterisk denotes either a test that is run by the component
supplier of the fabric, or a composite test that uses shared industry data, rather than a test that is required
of the garment manufacturer.  As such the certification values should be identical when a department has
indicated a specific brand name fabric and third party results, regardless of the garment manufacturer.   

*TPP

*THL

*RPP of proximity outer shell

*Trap tear of outer shell

*Water absorption of outer shell

*Breaking strength of outer shell

Major A Seam strength of outer shell

Statement of Problem and Substantiation for Public Comment

This public comment is being submitted on behalf of the garment task group, and is the result of a series of polls 
as to which requirements might be of benefit to an end user; the attached list is the result of the majority vote of 
that task group.  

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 27-NFPA 1971-2016 [Section No. A.4.3.16]

Related Item

Public Input No. 224-NFPA 1971-2015 [New Section after 5.4]

Submitter Information Verification

Submitter Full Name: Patricia Freeman

Organization: Globe Manufacturing Company, L

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 09 10:07:14 EDT 2016
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Public Comment No. 27-NFPA 1971-2016 [ Section No. A.4.3.16 ]
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Delete entire A.4.3.16     
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Manufacturers should provide test data, which might include the reported average, minimum, or maximum
values that were provided by the certification organization and used in the original certification of the
element to this edition of the standard. This information should be consolidated in a simple table that
identifies the requirement in the standard, the performance criteria, and the reported value and that
provides a comparison with the specified requirement.

Organizations are advised to request information from the manufacturer that relates to those performance
requirements that provide quantifiable results (as opposed to pass/fail determinations) for each element in
the following list:

(1)  Garments

(2)  Thermal protective performance rating of composite(s)

(3)  Total heat loss value of composite(s)

(4)  Percentage thermal shrinkage of outer shell, moisture barrier, and thermal barrier layers

(5)  Tear strength of the outer shell, moisture barrier, and thermal barrier layers

(6)  Seam breaking strength for each Major A, Major B, and Minor seam

(7)  Water penetration resistance of moisture barrier

(8)  Percentage cleaning shrinkage of the outer shell, moisture barrier, and thermal barrier layers

(9)  Percent water absorption of the outer shell layer(s)

(10)  Breaking strength of the outer shell and collar lining layer(s)

(11)  Trim coefficient of retroreflection following each precondition (structural fire fighting protective
garment elements only)

(12)  Stored energy predicted time to second-degree burn injury for each garment element sleeve
composite (structural fire fighting protective garment elements only)

(13)  Radiant protective performance intersect time for the outer shell layer(s) (proximity fire fighting
protective garment elements only)

(14)  Helmets

(15)  Top and side impact force for each precondition

(16)  Acceleration for each precondition

(17)  Thermal protective performance rating of the ear cover composite

(18)  Change in haze for the faceshield/goggle component (structural fire fighting protective garment
element only)

(19)  Luminous transmittance for the faceshield/goggle component (structural fire fighting protective
garment element only)

(20)  Reflective marking coefficient of retroreflectivity following each precondition (structural fire
fighting protective garment element only)

(21)  Helmet and helmet faceshield radiant heat resistance temperature rise (proximity fire fighting
protective garment element only)

(22)  Radiant protective performance intersect time for the helmet shroud and helmet cover
(proximity fire fighting protective garment element only)

(23)  Tear strength of the helmet shroud and helmet cover layers (proximity fire fighting protective
garment element only)

(24)  Gloves — All quantifiable properties of all portions of the gloves that are tested as required by
Chapter 7

(25)  Footwear — All quantifiable properties of all portions of the footwear that are tested as required by
Chapter 7

(26)  Hoods — All quantifiable properties of the hood that are tested as required by Chapter 7
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Statement of Problem and Substantiation for Public Comment

This public comment is being submitted on behalf of the garment task group, which does not believe the inclusion 
of this annex item to be necessary.  The feeling is that reputable manufacturers will provide requested test data to 
customers who inquire, or run the risk of losing customers without the need for this ancillary annex item.  .

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 26-NFPA 1971-2016 [Section No. A.4.3.16]

Related Item

Public Input No. 224-NFPA 1971-2015 [New Section after 5.4]

Submitter Information Verification

Submitter Full Name: Patricia Freeman

Organization: Globe Manufacturing Company, L

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 09 10:09:03 EDT 2016
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Public Comment No. 91-NFPA 1971-2016 [ Section No. A.4.3.16 ]
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Delete A. 4.3.16

    

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

193 of 246 6/3/2016 12:32 PM



Manufacturers should provide test data, which might include the reported average, minimum, or maximum
values that were provided by the certification organization and used in the original certification of the
element to this edition of the standard. This information should be consolidated in a simple table that
identifies the requirement in the standard, the performance criteria, and the reported value and that
provides a comparison with the specified requirement.

Organizations are advised to request information from the manufacturer that relates to those performance
requirements that provide quantifiable results (as opposed to pass/fail determinations) for each element in
the following list:

(1)  Garments

(2)  Thermal protective performance rating of composite(s)

(3)  Total heat loss value of composite(s)

(4)  Percentage thermal shrinkage of outer shell, moisture barrier, and thermal barrier layers

(5)  Tear strength of the outer shell, moisture barrier, and thermal barrier layers

(6)  Seam breaking strength for each Major A, Major B, and Minor seam

(7)  Water penetration resistance of moisture barrier

(8)  Percentage cleaning shrinkage of the outer shell, moisture barrier, and thermal barrier layers

(9)  Percent water absorption of the outer shell layer(s)

(10)  Breaking strength of the outer shell and collar lining layer(s)

(11)  Trim coefficient of retroreflection following each precondition (structural fire fighting protective
garment elements only)

(12)  Stored energy predicted time to second-degree burn injury for each garment element sleeve
composite (structural fire fighting protective garment elements only)

(13)  Radiant protective performance intersect time for the outer shell layer(s) (proximity fire fighting
protective garment elements only)

(14)  Helmets

(15)  Top and side impact force for each precondition

(16)  Acceleration for each precondition

(17)  Thermal protective performance rating of the ear cover composite

(18)  Change in haze for the faceshield/goggle component (structural fire fighting protective garment
element only)

(19)  Luminous transmittance for the faceshield/goggle component (structural fire fighting protective
garment element only)

(20)  Reflective marking coefficient of retroreflectivity following each precondition (structural fire
fighting protective garment element only)

(21)  Helmet and helmet faceshield radiant heat resistance temperature rise (proximity fire fighting
protective garment element only)

(22)  Radiant protective performance intersect time for the helmet shroud and helmet cover
(proximity fire fighting protective garment element only)

(23)  Tear strength of the helmet shroud and helmet cover layers (proximity fire fighting protective
garment element only)

(24)  Gloves — All quantifiable properties of all portions of the gloves that are tested as required by
Chapter 7

(25)  Footwear — All quantifiable properties of all portions of the footwear that are tested as required by
Chapter 7

(26)  Hoods — All quantifiable properties of the hood that are tested as required by Chapter 7
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completely

Substantiation:  This public comment is being submitted on behalf of the garment task group, which does
not believe the inclusion of this annex item to be necessary.  The feeling is that reputable manufacturers will
provide requested test data to customers who inquire without the need for this ancillary annex item. 

Statement of Problem and Substantiation for Public Comment

.  Delete A. 4.3.16 completely
Substantiation: This public comment is being submitted on behalf of the garment task group, which does not 
believe the inclusion of this annex item to be necessary.  The feeling is that reputable manufacturers will provide 
requested test data to customers who inquire without the need for this ancillary annex item.  

Related Item

First Revision No. 20-NFPA 1971-2015 [Section No. 4.3.16]

Submitter Information Verification

Submitter Full Name: Tim Durby

Organization: Prescott Fire Department

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 12:47:45 EDT 2016
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Public Comment No. 92-NFPA 1971-2016 [ Section No. A.4.3.16 ]
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A.4.3.16

Manufacturers should provide test data, which might include the reported average, minimum, or maximum
values that were provided by the certification organization and used in the original certification of the
element to this edition of the standard. This information should be consolidated in a simple table that
identifies the requirement in the standard, the performance criteria, and the reported value and that
provides a comparison with the specified requirement.

Organizations are advised to request information from the manufacturer that relates to those performance
requirements that provide quantifiable results (as opposed to pass/fail determinations) for each element in
the following list:

(1)  Garments

(2)  Thermal protective performance rating of composite(s)

(3)  Total heat loss value of composite(s)

(4)  Percentage thermal shrinkage of outer shell, moisture barrier, and thermal barrier layers

(5)  Tear strength of the outer shell, moisture barrier, and thermal barrier layers

(6)  Seam breaking strength for each Major A, Major B, and Minor seam

(7)  Water penetration resistance of moisture barrier

(8)  Percentage cleaning shrinkage of the outer shell, moisture barrier, and thermal barrier layers

(9)  Percent water absorption of the outer shell layer(s)

(10)  Breaking strength of the outer shell and collar lining layer(s)

(11)  Trim coefficient of retroreflection following each precondition (structural fire fighting protective
garment elements only)

(12)  Stored energy predicted time to second-degree burn injury for each garment element sleeve
composite (structural fire fighting protective garment elements only)

(13)  Radiant protective performance intersect time for the outer shell layer(s) (proximity fire fighting
protective garment elements only)

(14)  Helmets

(15)  Top and side impact force for each precondition

(16)  Acceleration for each precondition

(17)  Thermal protective performance rating of the ear cover composite

(18)  Change in haze for the faceshield/goggle component (structural fire fighting protective garment
element only)

(19)  Luminous transmittance for the faceshield/goggle component (structural fire fighting protective
garment element only)

(20)  Reflective marking coefficient of retroreflectivity following each precondition (structural fire
fighting protective garment element only)

(21)  Helmet and helmet faceshield radiant heat resistance temperature rise (proximity fire fighting
protective garment element only)

(22)  Radiant protective performance intersect time for the helmet shroud and helmet cover (proximity
fire fighting protective garment element only)

(23)  Tear strength of the helmet shroud and helmet cover layers (proximity fire fighting protective
garment element only)

(24)  Gloves — All quantifiable properties of all portions of the gloves that are tested as required by
Chapter 7

(25)  Footwear — All quantifiable properties of all portions of the footwear that are tested as required by
Chapter 7
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(26)  Hoods — All quantifiable properties of the hood that are tested as required by Chapter 7

#2.  Rewrite A.4.3.16 as follows:

The NFPA standard has numerous required tests which must be performed by an independent third party
in order for any ensemble element to become certified.   Because of the sheer volume of testing required
for each element, a manufacturer’s certification file will often consist of multiple volumes of test results.    It
is simply not feasible to send out copies of the entire report, and the certification organizations do not
permit the element manufacturers to provide excerpts from the files.   Nevertheless, some customers do
wish to see actual test results and they are encouraged to contact the manufacturer to request any test
data that they feel is of importance to them.    It is highly recommended that they request only the
independent third party generated data in order to get the most unbiased information.  In order to assist in
this endeavor, the Technical Committee has assembled a list of suggested tests which a department may
wish to request for each of the various elements.    This list is not all inclusive, and the user may wish to
pick and choose which items are important to them.

GARMENTS:     It should be noted that some of the required tests report only pass/fail test results and
obviously if the results are failing, the element will not be certified.   As such, there is no reason to request
data from those test methods, since it will only be reported as PASS.    The following items represent those
tests for which the certification agencies provide actual test results, and which the Technical Committee
agreed might be of value to the end user.   The asterisk denotes a test that is run by the component
supplier of the fabric, or a composite test that uses shared industry data, rather than a test that is required
of the garment manufacturer.  As such the certification values should be identical when a department has
indicated a specific brand name fabric and third party results, regardless of the garment manufacturer.   

*TPP

*THL

*RPP of proximity outer shell

*Trap tear of outer shell

*Water absorption of outer shell

*Breaking strength of outer shell

Major A Seam strength of outer shell

Substantiation:  This public comment is being submitted on behalf of the garment task group, and is the
result of a series of polls as to which requirements might be of benefit to an end user; the attached list is the
result of the majority vote of that task group.

Statement of Problem and Substantiation for Public Comment

This public comment is being submitted on behalf of the garment task group, and is the result of a series of polls 
as to which requirements might be of benefit to an end user; the attached list is the result of the majority vote of 
that task group.

Related Item

First Revision No. 20-NFPA 1971-2015 [Section No. 4.3.16]

Submitter Information Verification

Submitter Full Name: Tim Durby

Organization: Prescott Fire Department

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 13:09:10 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

198 of 246 6/3/2016 12:32 PM



Public Comment No. 99-NFPA 1971-2016 [ Section No. A.4.3.16 ]
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A.4.3.16
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Manufacturers should provide test data, which might include the reported average, minimum, or maximum
values that were provided by the certification organization and used in the original certification of the
element to this edition of the standard. This information should be consolidated in a simple table that
identifies the requirement in the standard, the performance criteria, and the reported value and that
provides a comparison with the specified requirement.

Organizations are advised to request information from the manufacturer that relates to those performance
requirements that provide quantifiable results (as opposed to pass/fail determinations) for each element in
the following list:

(1) Garments

(a) Thermal protective performance rating of composite(s)

(b) Total heat loss value of composite(s)

(c) Percentage thermal shrinkage of outer shell, moisture barrier, and thermal barrier layers

(d) Tear strength of the outer shell, moisture barrier, and thermal barrier layers

(e) Seam breaking strength for each Major A, Major B, and Minor seam

(f) Water penetration resistance of moisture barrier

(g) Percentage cleaning shrinkage of the outer shell, moisture barrier, and thermal barrier layers

(h) Percent water absorption of the outer shell layer(s)

(i) Breaking strength of the outer shell and collar lining layer(s)

(j) Trim coefficient of retroreflection following each precondition (structural fire fighting protective
garment elements only)

(k) Stored energy predicted time to second-degree burn injury for each garment element sleeve
composite (structural fire fighting protective garment elements only)

(l) Radiant protective performance intersect time for the outer shell layer(s) (proximity fire fighting
protective garment elements only)

(2) Helmets

(a) Top

and side
impact force for each precondition

(b) Acceleration for each precondition

(c) Thermal protective performance rating of

the
ear cover composite

(d) Change in haze for

the
faceshield/goggle

component
component  (structural fire fighting protective garment element only)

(e) Luminous transmittance for

the
faceshield/goggle

component
component  (structural fire fighting protective garment element only)

(f) Reflective marking coefficient of retroreflectivity following each

precondition
precondition (structural fire fighting protective garment element only)

(  g) Helmet and helmet faceshield radiant heat resistance temperature

rise
rise  (proximity fire fighting protective garment element only)
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(h) Radiant protective performance intersect time for

the
helmet shroud and helmet

cover
cover  (proximity fire fighting protective garment element only)

(i) Tear strength of

the
helmet shroud and helmet cover

layers
layers  (proximity fire fighting protective garment element only)  

(1) Gloves — All quantifiable properties of all portions of the gloves that are tested as required by Chapter
7

(2) Footwear — All quantifiable properties of all portions of the footwear that are tested as required by
Chapter 7

(3) Hoods — All quantifiable properties of the hood that are tested as required by Chapter 7

Statement of Problem and Substantiation for Public Comment

This Public Comment is on behalf of the Helmet Task Group.

The Helmet Task Group does not agree with adding a new section 5.5 Technical Data Package to the standard 
and therefore recommends to the TC a rejection of PI 224 for the following reasons. The standard already requires 
the manufacturer to provide certification and test data to the purchaser or authority having jurisdiction upon 
request.  PI 224 states that this chart shall be constructed from original certification data which conflicts with 
section 4.4.6 that states test data from the certification organization used in recertification of the manufacturer’s 
models and components shall be provided.  The data listed on this PI created represents a single data point 
snapshot in time and may be 4-5 years old and the data created by section 4.4.6 is current and up to date. The log 
is selecting a subset of chosen test methods and their requirements and section 4.4.6 requires all current tests 
and data. It is not clear who prepares the chart and maintains the chart.   If the manufacturer prepares and 
maintains the chart is it part of the certification organization to verify and certify that the chart is correct as part of 
their annual certification.  By selecting a given group of tests gives the authority having jurisdiction the feeling that 
these are the only important tests in the standard and are the only ones the authority having jurisdiction should 
consider when making your a selection, and this is untrue. It should be noted that when surveying helmet 
manufacturers, authority having jurisdiction rarely ever ask for test data and when they do ask for it, they are 
requesting either an all-inclusive list or a specific subset targeting specific areas of performance based on their 
individual need.  We may be better serving the authority having jurisdiction by annexing section 4 with a proposed 
format chart leaving the names of the tests blank and allowing the consumer to select a number of the tests or all 
of the tests for that element to be listed. This would standardize the presentation of the material.

Related Item

Public Input No. 224-NFPA 1971-2015 [New Section after 5.4]

Submitter Information Verification

Submitter Full Name: [ Not Specified ]

Organization: Addison Fire Department

Affilliation: Gear Cleaning Solutions, LLC

Street Address:

City:

State:

Zip:

Submittal Date: Sat May 14 23:39:53 EDT 2016
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Public Comment No. 21-NFPA 1971-2016 [ Sections A.5.1.7.3, A.5.1.7.4, A.5.1.7.5,

A.5.1.8, A.5.1.9,... ]

Sections A.5.1.7.3, A.5.1.7.4, A.5.1.7.5, A.5.1.8, A.5.1.9, A.5.1.10

A.5.1.7.3

For example, an additional thermal layer that is used in the significant portion of the boot should be listed
on the label. Zippers, eyelets, and similar items should not be listed. Type of leather does not have to be
listed. Trade names could be added if desired.

A.5.1.7.4     

Examples of generic terminology for shell material are thermoplastic, thermoplastic/leather, fiberglass

composite, Kevlar ®  composite, and fiberglass composite/leather.

A.5.1.7.5     

For example, an additional thermal liner that is used in the entire back of the hand of the glove body should
be listed on the label. Elastic and similar materials should not be listed. Trade names could be added if
desired.

A.5.1.8     

For example, an additional thermal layer that is used in the significant portion of the footwear should be
listed on the label. Similarly, a special form of external reinforcement that covers a significant portion of the
footwear should be listed. Items including but not limited to zippers   Zippers , eyelets, toe caps, puncture-
resistant plates, and ladder shanks should not be listed. The type Type of leather does not have to be
listed. Trade names can be used in place of generic material names, if desired.

A.5.1.9 7.4

Examples of shell material materials are thermoplastic, thermoplastic/leather, fiberglass composite,

Kevlar® composite, and fiberglass composite/leather.

A.5.1.10 7.5

Leather should be identified by the type of hide — for example, cow leather or elk leather. Any significant
additional layer should also be identified, such as an additional thermal liner or other layer that is used on
the back of the hand in the glove body. Items including but not limited to elastic, thread, and liner
attachment tapes do not have to be listed on the label.

Statement of Problem and Substantiation for Public Comment

Editorial.  Aligns with comments made in chapter 5.  Removes redundant wording.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 20-NFPA 1971-2016 [Sections 5.1.7, 5.1.8, 5.1.9, 5.1.10]

Related Item

First Revision No. 24-NFPA 1971-2015 [Sections 5.1.7, 5.1.8, 5.1.9, 5.1.10, 5.1.11]

Submitter Information Verification

Submitter Full Name: Robin Tutor

Organization: UL LLC

Street Address:

City:
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State:

Zip:

Submittal Date: Thu May 05 14:47:45 EDT 2016
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Public Comment No. 154-NFPA 1971-2016 [ Section No. A.6.2.2 ]

A.6.2.2

The high visibility materials required on firefighter PPE effectively enhance visual conspicuity during the
variety of fireground operations. The continuous use of high visibility garments is one component of a
strategy to mitigate risks from struck-by hazards, which are known to cause serious firefighter injuries and
fatalities on an annual basis. Please note that additional high visibility requirements for firefighters on or
near roadways are regulated by the U.S. Federal Highway Administration’s Manual on Uniform Traffic
Control Devices (MUTCD), 2009 edition, §6D.03, pp. 564-565. It is the responsibility of the authority having
jurisdiction (AHJ) to specify appropriate high visibility apparel from the available garment options, and,
based on a risk assessment, to establish policies for high visibility apparel use in accordance with prevailing
regulations (the MUTCD) and in compliance with applicable standards (e.g., NFPA 1971, ANSI/ISEA 107,
Hand Protection Selection Criteria  American National Standard for High Visibility Safety Apparel and
Accessories , and ANSI/ISEA 207, High Visibility Public Safety Vests). Users of protective clothing should
be aware that reflective trims have varying durability under field use conditions. Trim can be damaged by
heat, but still appear to be in good condition when it might have lost retroreflective properties. Trim can
become soiled and lose fluorescing and retroreflective qualities. Trim can lose retroreflective qualities in
rain or in fire fighting water exposures.

Trim should be checked periodically by using a flashlight to determine retroreflective performance. The trim
should be bright. Samples of new trim can be obtained from the manufacturer for comparison, if necessary.

Statement of Problem and Substantiation for Public Comment

These are editorial comments as they are updates of references to the ANSI/IEA 107 standard.

Related Item

First Revision No. 137-NFPA 1971-2015 [Chapter 2]

Submitter Information Verification

Submitter Full Name: Tim Gardner

Organization: 3M Company

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 17 09:49:54 EDT 2016
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Public Comment No. 38-NFPA 1971-2016 [ Section No. A.6.5.2 ]

A.6.5.2     

Many helmet designs expose the faceshield/goggle component(s) to abrasion, heat, flame, and particulate
contamination. Purchasers might wish to specify a means of protecting the component(s). This could
include, but not be limited to, faceshield/goggle components that retract inside the helmet, and coverings
for the component(s) that are inherently resistant to the fire fighting environment. Fire departments should
consider the health risks associated with contaminated goggles coming in direct contact with the wearer's
face. Goggles do not have to be attached to the helmet.

Statement of Problem and Substantiation for Public Comment

If faceshields and/or goggles are not externally mounted to the helmet, there is no need for this explanation.

NFPA 1500, Standard on Fire Department Occupational Safety and Heath Program (2013 revision) chapter 7.18 is 
the section on Face and Eye Protection states the following:
7.18.1  Primary eye protection appropriate for a given specific hazard shall be provided for and used by members 
exposed to that specific hazard.
7.18.1.1*  Primary eye protection shall meet the requirements of ANZI Z87.1 Practice for Occupational and 
Educational Eye and Face Protection.
7.18.1.2  Face protection shall be in addition to primary eye protection unless SCBA is being used.
7.18.1.3  The helmet faceshield alone shall not shall not be considered and shall not be used as primary eye 
protection.
7.18.2  The full facepiece of SCBA shall constitute face and eye protection when worn.
7.18.2.1  SCBA that has a face-mounted regulator that when disconnected provides a direct path for lying objects 
to strike the face or eyes shall have the regulator attached in order to be considered face and eye  protection.
7.18.3  When operating in the hazardous area at an emergency scene without the full facepiece of respiratory 
protection being worn, members shall wear primary eye protection that is designed to protect the member's eyes 
from the expected hazard.

Eye and face protection should be considered as "stand alone" elements or omitted completely from this standard. 

This issue as proposed during the public input period and the TC did not accept the language to remove externally 
eye and face protection from helmets.  The substantiation stated "...The TG concluded that removing the 
faceshield or goggles or both from the standard at this time would be a step backwards.  During structural fire 
fighting the SCBA facepiece provides eye protection but during other routine operations the faceshield or goggles 
or both will provide better eye protection for the fire fighter when properly worn".  And, "We were unable to locate 
any data that shows fire fighter injuries would be reduced if the faceshield or goggles or both were removed from 
the helmet."

Of course, there is no data that shows injuries would be reduced.  There is no database that captures this type 
information.  The existing design requirements add unnecessary weight to the helmet and creates a top-heavy 
helmets.  There have been lawsuits filed about the "bobblehead" effect of existing helmets.  More importantly, the 
current design allows for the faceshield and goggles or both, to be exposed to the toxic fire environment and 
abrasion. Few, if any, faceshields, goggles, "flip-downs" or any combination thereof, currently mounted and 
in-service on helmets are clean and abrasion free enough to provide the fire fighter good visibility when deployed. 

Cancer awareness and prevention is paramount in any fire fighter health discussion.  Yet, NFPA 1971 currently 
allows for goggles that can have a face seal that, by design, come in direct contact with the contaminated helmet 
when stowed, and then placed directly against the fire fighter's face when deployed.  

Minimizing all these health and safety issues is clearly NOT a step backwards.  It is a step forward.

Related Item

Public Input No. 137-NFPA 1971-2015 [Section No. A.6.5.2]
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Submitter Information Verification

Submitter Full Name: Robert Tutterow

Organization: Fire Industry Education Resource Organization

Street Address:
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Submittal Date: Tue May 10 15:19:47 EDT 2016
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Public Comment No. 122-NFPA 1971-2016 [ New Section after A.7.2.2 ]

A.7.2.7

Water vapor resistance provides a measurement of the breathability associated with a garment composite.
Unlike total heat loss that is also used to qualify the overall physiological effects of garment composites, the
water vapor resistance test sole measures the heat transfer associates with the evaporation of sweat. The
test is consequently performed under conditions where the temperature coincides with the average skin
temperature that are significantly warmer than the temperature used in total heat loss temperature. A limited
comparison shows that water vapor resistance testing does not correlate with total heat loss as shown in
Figure A.7.2.7. The use of water vapor resistance test captures additional information to promote lessening
the effects of heavy or non-breathable garment composites used in the construction structural fire fighting
protective garments. Like all tests, there are other material performance attributes and design features of
garment that also affect how specific garments physiologically impact the firefighter. A two level system is
use in this requirement to provide one way of creating discrimination between highly breathable (Level 2)
and less breathable (Level 1) garment composites.

Additional Proposed Changes

File Name Description Approved

Proposed_NFPA_1971_Figure_A.7.2.7.docx Proposed Figure A.7.2.7 

Statement of Problem and Substantiation for Public Comment

An annex item should be developed that coincides with the ultimately selected performance requirement if the 
water vapor resistance requirement is adopted as part of the new 2018 edition of NFPA 1971. For example, the 
proposed language is proposed to capture some elements of an appropriate annex item.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 119-NFPA 1971-2016 [Section No. 7.2.7]

Related Item

First Revision No. 52-NFPA 1971-2015 [New Section after 7.2.6]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 12:30:32 EDT 2016
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Figure A.7.2.7 Comparison of Total Heat Loss (THL) and Water Vapor Resistance (Ret) 
for 12 Selected Garment Composites Representing a Range of THL. 



Public Comment No. 142-NFPA 1971-2016 [ New Section after A.7.10.10 ]

A.7.14

It recommended that hoods certified to this optional set of requriements also be evaluated for inward
particle leakage as part of full ensembles as specified in Section 8.66, Inward Particle Leakage Test, and
show the absence of particulate on the heads and necks of the test subjects. It is recommended that this
testing be performed without a black witness garment on the test subjects' heads during the exposure to aid
in the clearer visual observation of the hood's performance and how it interfaces with other parts of the
ensemble. It is further recommended if the objective of the testing is solely to evaluate the performance of
hoods offering particulate blocking capabilities that the other portions of the ensemble be blocked off with
tape such as the coat and pants front closures, coat sleeve to glove interfaces, and pant to footwear
interfaces for isolating the performance of the hood.

Statement of Problem and Substantiation for Public Comment

The proposed annex item suggests full ensemble testing of the hood to evaluate features that currently are not 
required as part of the qualification of hoods against the optional requirements in the standard. The subject 
proposed testing is already part of the First Draft to address full ensemble liquid and particulate protection.

Related Item

First Revision No. 71-NFPA 1971-2015 [Section No. 7.14]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Mon May 16 15:50:43 EDT 2016
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Public Comment No. 47-NFPA 1971-2016 [ New Section after A.8.24.9.10 ]

A.8.27.4.2 The list of common fireground chemicals is intended to provide a number of substances
to which firefighters may be exposed during ordinary fireground and other emergency operations.
It is not intended to be an all inclusive list of hazardous liquids to which firefighters may be
exposed while wearing protective clothing.  

In 2015, the list was reviewed by a task group of the NFPA Technical Committee on Structural and
Proximity Fire Fighting Protective Clothing and Equipment. The investigation involved a review of
information indicating differences in the effect of hydraulic fluid on moisture barrier materials, an
examination of the types of hydraulic fluids used throughout industry, including those in fire
service tools, and a detailed survey with over 1500 responses that addressed fire service member
exposure to different liquids on the fireground, including hydraulic fluid. These findings including
the survey results are captured in supplemental material that was made available to the NFPA. As a
result of this investigation, it was concluded that different types of fire-resistant hydraulic fluid are
still in use throughout a variety of industries with some of these hydraulic fluids containing low
molecular weight phosphate esters. It was further concluded that most gasoline contains ethanol
and that antifreeze fluid, which predominantly contains ethylene glycol, is frequently encountered
and should be added to the list of the original five fireground liquid chemicals.

The list of chemicals is used in the evaluation of the liquid penetration resistance of moisture
barriers provided in structural and proximity firefighting protective ensemble elements with the
objective that moisture barrier materials and seams should not allow the penetration of these
liquids through the element onto the firefighter’s skin. This penetration may occur as the result of
the liquid causing degradation of the moisture barrier material or seam. In some cases, such as in
glove and footwear elements. it may not be possible to inspect the moisture barrier.

Additional Proposed Changes

File Name Description Approved

Clean_Copy_of_Public_Comment_46_and_47.docx Clean public comment language 

Statement of Problem and Substantiation for Public Comment

Additional language is provided to justify the chemical battery used for liquid penetration resistance testing as 
undertaken by the test method task group.

Related Item

First Revision No. 122-NFPA 1971-2015 [Section No. 8.27.4.2]

Submitter Information Verification

Submitter Full Name: Jeffrey Stull

Organization: International Personnel Protection, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Tue May 10 16:55:06 EDT 2016
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Proposed Public Comments Addressing Liquid Penetration Test Method 
 
Reverse deletion of ASTM D 471, Standard Test Method for Rubber Property-Effect of Liquids, 2016 
 
8.27.4.2*   

Each of the following liquids shall be tested separately 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, containing at least 50 to 80 percent 
tributyl phosphate [CAS No. 126-73-8]  

(4)    Surrogate gasoline fuel C a 45/45/10 percent by volume of toluene, iso-octane, and ethanol 
respectively Fuel H as defined in ASTM D 471, Standard Test Method for Rubber Property--
Effect of Liquids, consisting of 42.5% toluene, 42.5% iso-octane, and 15% ethanol, by 
volume, respectively. 

(5)    Swimming pool chlorinating chemical containing at least 65 percent-free chlorine (saturated 
solution)  

(6) Automobile antifreeze fluid (ethylene glycol, 90 perncent by weight or higher concentration) 

 

A.8.27.4.2 The list of common fireground chemicals is intended to provide a number of substances 
to which firefighters may be exposed during ordinary fireground and other emergency operations. It 
is not intended to be an all inclusive list of hazardous liquids to which firefighters may be exposed 
while wearing protective clothing.   

In 2015, the list was reviewed by a task group of the NFPA Technical Committee on Structural and 
Proximity Fire Fighting Protective Clothing and Equipment. The investigation involved a review of 
information indicating differences in the effect of hydraulic fluid on moisture barrier materials, an 
examination of the types of hydraulic fluids used throughout industry, including those in fire service 
tools, and a detailed survey with over 1500 responses that addressed fire service member exposure 
to different liquids on the fireground, including hydraulic fluid. These findings including the survey 
results are captured in supplemental material that was made available to the NFPA. As a result of 
this investigation, it was concluded that different types of fire-resistant hydraulic fluid are still in use 
throughout a variety of industries with some of these hydraulic fluids containing low molecular 
weight phosphate esters. It was further concluded that most gasoline contains ethanol and that 
antifreeze fluid, which predominantly contains ethylene glycol, is frequently encountered and should 
be added to the list of the original five fireground liquid chemicals. 

The list of chemicals is used in the evaluation of the liquid penetration resistance of moisture 
barriers provided in structural and proximity firefighting protective ensemble elements with the 
objective that moisture barrier materials and seams should not allow the penetration of these liquids 
through the element onto the firefighter’s skin. This penetration may occur as the result of the liquid 
causing degradation of the moisture barrier material or seam. In some cases, such as in glove and 
footwear elements. it may not be possible to inspect the moisture barrier.  

 



Public Comment No. 137-NFPA 1971-2016 [ Sections A.8.66.3.3, A.8.66.5.3, A.8.66.5.8,

A.8.66.5.11.1 ]

Sections A.8.66.3.3, A.8.66.5.3, A.8.66.5.8, A.8.66.5.11.1

A.8.66. 3.3    

SCBA and some styles of footwear are likely to be acceptable after washing and 3 weeks in a ventilated
space. Some items such as gloves and garments might not be easily decontaminated.

4.8

The Super-High-Intensity Lamp, Model SB-100P with Flood Bulb from Spectroline or equivalent has been
found suitable for use to meet the black light specifications.

A.8.66.5.3        

Areas of the indicator garment are masked to provide an additional means of evaluating leakage. The
removal of the masked areas following testing allows for uncontaminated areas for comparison purposes.
Using inappropriate materials for masking can affect the indicator garment by tearing, leaving residue,
skewing black light visual analysis, and so forth.

A.8.66.5.8

Procedure A of ASTM F1154, Standard Practice for Qualitatively Evaluating the Comfort, Fit, Function, and
Integrity of Chemical Protective Suit Ensembles, is modified by excluding the crawling and kneeling
activities. The Particulate Inward Leakage Test was not intended to include mechanical action or contact as
part of the test method; therefore, the crawling and kneeling activities were not included and rest periods
are completed in a standing position.

A.8.66.5.11.1      13      

The super-high intensity lamp Model SB-100P with flood bulb from Spectroline®, or equivalent, has been
found suitable for use to meet the black light specifications.

Statement of Problem and Substantiation for Public Comment

Corrections have been made the annex sections for particle inward leakage test that correspond to changes made 
to update the test method.

Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 131-NFPA 1971-2016 [Section No. 8.66]

Related Item

First Revision No. 152-NFPA 1971-2015 [New Section after 8.64]

Submitter Information Verification
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Public Comment No. 136-NFPA 1971-2016 [ New Section after A.8.71.5.1.2 ]

Add related Annex section please

8.75* Water Vapor Resistance (Ret) Test

A.8.75  The Water Vapor Resistance (Ret) Test is a performance test that measures how difficult it is for
sweat vapor to move through the layers of the turnout gear composite (outer shell, moisture barrier, and
thermal barrier).  The generation of sweat, and its effective evaporation, is critical to minimizing heat stress
on the firefighter.  

The Ret test uses the same equipment as is used in the Total Heat Loss (THL) test, with related procedures
(8.7), but is conducted in a warmer environment.  Specifically the test chamber temperature is controlled to
95?F (35?C).  This chamber temperature is the same as average skin temperature, so there is no conductive
heat loss in the Ret testing as there is in THL testing.  In use, this conductive heat loss will be insignificant or
even reversed when firefighters are working in warm or sunny conditions, causing more dependency on the
effective evaporation of sweat to help minimize their heat stress.  The Ret test focuses on this performance. 
Additionally, gear and operational procedures that are designed to restrict potentially contaminated air from
entering the garment via interfaces, partial donning, and other ensemble openings, will likely impart greater
heat stress on the firefighter. This additional burden makes maximizing the potential for shedding excess
heat via the effective evaporation of sweat, across a range of environments, even more important. 

Ret is a resistance test, and lower resistance means higher sweat vapor transmission and heat loss.  Similar
to the concept of flow of water through a fire hose, the lower the resistance of the hose (e.g., shorter length,
less couplings, greater diameter), the higher the flow through the hose.

The Ret test is broadly accepted and referenced by both apparel industry and academic clothing science
researchers (e.g., Holmér, I. 2006. Protective Clothing in Hot Environments. Industrial Health,  44  (3),
404-413; Wang, F. 2011. Clothing Evaporative Resistance: Its Measurement and Application in Prediction of
Heat Strain;  Caravello, V. 2004. Total evaporative resistance of selected clothing ensembles).  The utility of
the method has been demonstrated, validated, and applied across a range of applications, including
commercial outdoor garments and footwear as well as technical protective applications (e.g. military
outerwear, aviation flight suits, chemical and biological protective apparel, structural and wildland firefighting
gear).  It is included in many technical clothing specifications (e.g., MIL-DTL-32102 JSLIST – US Military CB
coat/trouser; MIL-DTL-32149 – Overwater flight suit; MIL-PRF-32142 APECS; BS ISO 16073 Wildland
firefighting personal protective equipment; BS ISO 27065 Protective clothing for pesticide application; EN
469 Protective clothing for firefighters; EN 343 Rain protective clothing – workwear). 

Under contract by W.L.Gore & Associates, North Carolina State University (NCSU) completed a double-blind
heat stress trial with firefighters working in a warm environment.  In the trial, ten firefighters were each
provided with three garments.  The garments were of the same design, each using one of three different

certified composites.  The composites spanned a range of Ret values (21 – 66 m 2 Pa/W) representative of

materials available today.  But all three composites had very similar THL values (238 – 252 W/m 2 ).  Thus,
based on THL alone, it would be commonly expected that there would be no difference in their impact on
human physiology as demonstrated by the IAFF Indianapolis Field Study (Stull, J. & Duffy, R, Field
evaluation of protective clothing effects on fire fighter physiology: Predictive capability of total heat loss test,
ASTM STP1386,  481-503) that was the basis for incorporating THL as a measure for restricting the amount
of thermal stress imparted by protective clothing material on the firefighter.  However, in the NCSU study, the
firefighters experienced differences in the rise in body core temperature, in skin temperature, and in heart
rate, depending upon the composites worn.  And in the composite with the highest resistance to sweat
evaporation (i.e., highest Ret), 4 of 10 of the firefighters in the trial were not allowed to complete the trial due
to exceeding the safety thresholds set by NCSU for heart rate rise.  Those same firefighters safely completed
the trial in the other composites which had lower Ret.  Overall, there was no correlation found between THL
and the human physiological impact measured, while there was good correlation with the Ret values of the
composites.  The results validated the need for a test beyond THL to provide guidance on gear performance
meaningful to human impact, and the value of Ret in providing that additional insight.

Statement of Problem and Substantiation for Public Comment
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This annex material is provided to explain the Water Vapor Resistance (Ret) test and its validation for impact on 
firefighter physiology.  The information provided in support of including the new test method within NFPA 1971 
meets all of the elements of the Correlating Committee guidance for new test methods and criteria in that the test 
method exists as an established standard already applied in other protective clothing specifications, for providing 
data that show the impact of the test method on existing products, and for the demonstration of field relevance 
through a controlled laboratory study to indicate how differences in water vapor resistance affects firefighter 
physiological responses under simulated working conditions.

Related Item

First Revision No. 164-NFPA 1971-2015 [New Section after 8.74]
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Public Comment No. 121-NFPA 1971-2016 [ Chapter B ]

Annex B   Description of Performance Requirements and Test Methods

This annex is not a part of the recommendations of this NFPA document but is included for informational
purposes only.
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B.1   Overview.
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Annex B is intended to serve as a guide for both experienced and rookie fire fighters who want to better
understand the performance requirements (tests) of the structural fire fighting gear they wear and to
develop a basic understanding of the minimum test requirements for the structural fire fighting gear
described in Chapter 7  of the 2018 edition of NFPA 1971.

This annex will also help the reader gain a clearer understanding of the limits of the protective ensemble.
However, Annex B only addresses performance requirements and test methods for protective elements
(garments, helmets, gloves, footwear, and hoods) used for structural fire fighting. Descriptions for specific
performance requirements and test methods for proximity fire fighting elements will be addressed in a
future edition.

Interpretations of tests, test methods, or test results will not be found here. Instead, Annex B provides
background information and explains performance requirements and test methods in layman’s terms. Fire
department equipment officers, safety officers, purchasing agents, members of the selection committee,
and end users/wearers will also find this information helpful.

The tests required by NFPA 1971 do not guarantee that the ensemble or ensemble element will not fail in
the field. The tests evaluate representative samples of the protective ensemble to determine whether the
element will pass defined minimum performance requirements under controlled test conditions. These tests
cannot be performed in the field — they must be performed by the qualified laboratory of an accredited
certification organization.

Annex B also gives a brief description of the required NFPA tests performed by the certification
organization (chosen by the manufacturer) on the five elements of the structural fire fighting ensemble —
protective garment (the coat and pants, outer shell/moisture barrier/thermal liner), protective helmets,
protective gloves, protective footwear, and protective hoods — with a section and corresponding table for
each element.

The Test Method column in each table shows the number and name of the section in the standard that is
described; the Test Method Description column provides an overview of the test, which indicates what is
tested and, in general, how it is tested; and the Test Method Application column explains why the test
method is specified and how the method is used to assess the performance of fire fighter protective
clothing.

Some tests evaluate a representative piece or sample of the element while other tests evaluate the whole
element as specified in the table. In general, tests are conducted on multiple specimens, not just one
specimen. Tests are designed by experts familiar with fire fighting field conditions. They are evaluated by
fire fighters on the NFPA 1971 committee before they are put in the standard to ensure the performance
requirements translate to an appropriate minimum level of protection.

Throughout the document, references are made to specimens being tested “as received” and “after
conditioning.” Specific descriptions and instructions for each type of conditioning can be found in Chapter
8 : Test Methods, along with the test method details.

In general, however, “as received” means the specimens tested are new, out-of-the-box samples that have
not been laundered or subjected to other environmental conditioning; “conditioning” generally refers both to
laundering the samples and to exposing the samples to specific environmental conditions. Again, all the
specific details for sample treatment can be found in Chapter 8 .

To ensure environmental consistency prior to testing, the “as received” samples are conditioned in an
environmental chamber for 24 hours at 21°C ± 2.8°C (70°F ± 5°F) and 65 percent ± 5 percent humidity.
The specific procedure used to condition samples to these parameters is found in ASTM D1776, Standard
Practice for Conditioning Textiles for Testing.  As outlined in specific tests, elements might also require
conditioning by one or more of the following procedures before testing can proceed:

(1)  Washing and drying procedures (AATCC 135, Dimensional Changes in Automatic Home
Laundering of Woven and Knit Fabrics )

(2)  Low temperature environmental conditioning

(3)  Convective heat conditioning

(4)  Radiant and convective heat conditioning

(5)  Wet conditioning

The Test Method Description column in the tables references specific test methods from other standards
organizations such as ASTM or ISO. In these instances, some details found in the referenced test method,
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but not in NFPA 1971, are described for the respective test method. This information includes specific
details that are key to understanding the test method in the context of how it might relate to what is
experienced in the field and, therefore, included in this annex.

Fire fighters face many hazards that manufacturers of personal protective equipment attempt to mitigate.
The minimum performance requirements that manufacturers have to meet are included in the 2018 edition
of NFPA 1971. Certification organizations and their laboratories perform these tests and determine whether
or not the samples provided pass the tests. Compliance for a particular product is indicated by the
certification mark on the product label that is permanently attached to the coat and pants, helmet, gloves,
footwear, or hood. The certification mark means representative samples have passed rigorous tests and
are compliant with the 2018 edition of NFPA 1971. If the certification organization mark is not on the label,
the equipment is neither NFPA-compliant nor third-party certified and should not be used.
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B.2   Garments.

Table B.2  is intended to serve as an abbreviated guide to all specified tests for whole garments, including
the outer shell, the moisture barrier, the thermal barrier, garment hardware, and all materials used in the
construction of the whole garment. These tests evaluate whether or not the garment meets the minimum
performance requirements of the 2018 edition of NFPA 1971. They do not guarantee the safety of the fire
fighter or ensure the fire fighter will not experience an injury while wearing the garment.

Table B.2 Garments

Test Method Test Method Description Test Method Application 7.1.1 Thermal Protective Performance (TPP)
Test

UNNUMBERED Figure B.2(a)]

This test is performed in accordance with ISO 17492, Clothing for protection against heat and flame —
Determination of heat transmission on exposure to both flame and radiant heat , on three
specimens/samples of the three-layer garment composite, which are tested after conditioning with 5
laundering cycles.

Specimens comprise the outer shell, thermal liner, and moisture barrier and are layered and tested in the
order in which they are worn. The outer shell exterior is exposed to both radiant and convective heat
sources.

The rate of temperature rise is recorded and compared to the known skin response to heat; the recorded
time is multiplied by the heat exposure energy to determine the TPP rating.

The TPP rating of the garment must be at least 35.0. The thermal protective performance (TPP) test is used
to measure the insulating performance of the three-layer system by evaluating how quickly heat is
transferred from the outside of the garment to the inside.

Under the given test conditions, which simulate severe flashover conditions, the TPP rating divided in half
indicates the approximate number of seconds until a fire fighter would receive a second-degree burn.

This is the primary test to measure the garment’s ability to protect the fire fighter from severe heat and
flame. The higher the number, the higher the protection from heat (under the specific test conditions) and,
in contrast, the higher the heat stress on the fire fighter. Fire fighters should always consider the TPP rating
as it relates to the THL rating.

7.1.2 Whole Garment and Ensemble Liquid Penetration Test

(Shower Test)

This test is performed in accordance with ASTM F1359, Standard Test Method for Liquid Penetration
Resistance of Protective Clothing or Protective Ensembles Under a Shower Spray While on a Mannequin ,
on a full garment set (coat and pants) or coveralls. The whole garment is placed on a mannequin dressed
in a water-absorptive layer and exposed to 5 minutes of liquid spray from four different orientations for a
total of 20 minutes. After removal of the garment, the water-absorptive layer is examined for evidence of
moisture penetration. The Shower Test is used to evaluate how well the seams and closures of the
garment, under controlled test conditions, resist inward leakage of liquids from exterior sources. This is a
test to determine whether or not the garment will help keep the fire fighter dry from hose streams, standing
water, and precipitation.

NOTE: The Shower Test is the only  test performed on assembled garments — coats and pants.

7.1.3 Flame Resistance Test 1

[UNNUMBERED Figure B.2(b)]

[UNNUMBERED Figure B.2(c)]

Close-up of burner, with parallel pilot

[UNNUMBEREDFigure B.2(d)]

Test apparatus with specimen This test is performed in accordance with ASTM D6413, Standard Test
Method for Flame Resistance of Textiles (Vertical Test) , on garment components (except hook and pile,
elastic, and labels, which are specifically excluded from the test).

Each separable layer of multilayer composites is tested individually (e.g., if the composite has a sewn-in
thermal liner, the outer shell and thermal liner are tested sewn together; if the liner is separable, than each
layer is tested by itself). Specimens are tested after conditioning. A 75 mm × 305 mm (3 in. × 12 in.)
specimen is suspended over a flame for 12 seconds to determine how easily the material ignites. Ease of
ignition and charring characteristics are observed and recorded.
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Materials cannot char more than 100 mm (4 in.), cannot show afterflame 2.0 seconds after removal of the
test flame, and cannot melt or drip. The Flame Resistance Test 1 is used to evaluate the material, under
controlled test conditions, for its ability to self-extinguish after the flame is removed. The char length of the
material after exposure to flame is also measured.

This is the primary test to establish the flame-resistant properties of the materials used in garment
construction.

7.1.4 Heat and Thermal Shrinkage Resistance Test

(shrinkage)

This test is performed after conditioning with 5 laundering cycles. Outer shells, moisture barriers, thermal
barriers, collar linings, and winter liners (where provided) are tested individually. Fabric samples 380 mm x
380 mm (15 in. × 15 in.) are marked and measured before exposure to five minutes of heat in a 260°C
(500°F) oven.

Post-exposure measurements are taken and averaged, and no more than 10 percent shrinkage is
permitted. The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the
materials for shrinkage after exposure to high temperatures.

Excessive shrinkage could compromise the fire fighter’s mobility and impact the insulating qualities of the
garment. 7.1.5 Heat and Thermal Shrinkage Resistance

(melting, separation, ignition)

This test is performed after conditioning with 5 laundering cycles of garment components, except for hook
and loop and elastic, when placed where they will not contact the fire fighter’s body. Samples 150 mm ×
150 mm (6 in. × 6 in.) are suspended in a 260°C (500°F) oven for 5 minutes.

Garment components cannot melt, drip, separate, or ignite after this test. The Heat and Thermal Shrinkage
Resistance Test is used for this requirement to determine whether or not components used to construct
protective garments will melt, drip, separate, or easily ignite.

The test conditions are not intended to simulate actual fireground exposures but rather serve as a means
for measuring how the material responds to heat. This test prevents the use of materials that melt and drip,
which could cause burn injuries. 7.1.6 Heat and Thermal Shrinkage Resistance Test

(moisture barrier seams)

This test is performed on all conditioned moisture barrier seams. Samples 75 mm × 150 mm (3 in. × 6 in.)
are prepped and exposed to 5 minutes of heat in a 260°C (500°F) oven. Observations are limited to seam
material ignition and dripping. The Heat and Thermal Shrinkage Resistance Test is used to evaluate the
ability of the moisture barrier seams to resist dripping or ignition. 7.1.7 Heat and Thermal Shrinkage
Resistance Test

(outer shells and collar linings/char)

This test is performed after conditioning outer shells and collar linings with 5 laundering cycles to identify
charring when specimens are exposed to 5 minutes of heat in a 260°C (500°F) oven. Specimens cannot
char. The Heat and Thermal Shrinkage Resistance Test is used to evaluate whether or not the outer
surfaces of the garment will char and/or break open, exposing interior layers. Charring and breaking open
compromise the thermal and physical protection of the garments, which, in turn, increases the risk of fire
fighter burns and injuries. 7.1.8 Heat and Thermal Shrinkage Resistance Test

(hardware)

This test is performed on hardware, excluding hook and pile, when they do not contact fire fighter’s body.
Performance of the specimens is observed after exposure to 5 minutes of heat in a 260°C (500°F)
oven. The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the ability
of the hardware to remain functional and resist ignition when exposed to heat. This test eliminates the
possible use of hardware on garments that will not withstand exposure to heat encountered in the fire
environment. 7.1.9 Conductive and Compressive Heat Resistance (CCHR) Test This test is performed on
composites from the shoulder and knee areas with all layers placed in the same order as they are
constructed. Sample sizes are representative of the knee and shoulder area and must be provided for each
composite combination used by the garment manufacturer. Samples are tested in both the wet and dry
condition under applied pressure. The Conductive and Compressive Heat Resistance (CCHR) Test is used
to evaluate the properties of the garment shoulder and knee areas, which are more likely to become
compressed, reducing thermal insulation.

The requirement sets a minimum number of seconds until the fire fighter would receive a second-degree

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

219 of 246 6/3/2016 12:32 PM



burn when these areas are under compression. 7.1.10 Thread Melting Test This test is performed on the
sewing thread used in the construction of the garment and is performed on specimens “as received.”
Sample threads are placed on a hot plate and slowly heated to 260°C (500°F).

The temperature at which the thread melts or decomposes is recorded, and if it melts below 260°C (500°F),
it fails. The Thread Melting Test is used to evaluate the thread used in the construction of the garment to
determine whether it has at least the same heat resistance as the fabric used in the garment’s
construction. 7.1.11 Tear Resistance Test

(outer shells and collar linings)

[UNNUMBERED Figure B.2(e)]

This test is performed in accordance with ASTM D5587, Standard Test Method for the Tearing of Fabrics
by Trapezoid Procedure , on outer shells and collar linings (tested individually) after conditioning with 5
laundering cycles.

The test measures the force (in pounds) needed to continue a pre-existing tear. Opposite ends of an
intentionally notched, trapezoidal-shaped specimen are gripped in a machine and pulled apart until the
specimen tears completely. The Tear Resistance Test is used for this requirement to measure the ability of
the outer shell fabric and collar linings to resist further tearing when a small tear occurs. Fabric tears further
expose the fire fighter to the products of combustion. It also is a test of the strength and durability of the
fabric. Fire fighting occurs in a harsh environment that includes many hazards that might tear a
garment. 7.1.12 Tear Resistance Test

(moisture barriers, thermal barriers)

[UNNUMBERED Figure B.2(f)]

This test is performed in accordance with ASTM D5587, Standard Test Method for the Tearing of Fabrics
by Trapezoid Procedure , on moisture barriers, thermal barriers, and winter liners after conditioning with 5
laundering cycles.

The test measures the force (in pounds) needed to continue a pre-existing tear. Opposite ends of an
intentionally notched, trapezoidal-shaped specimen are gripped in a machine and pulled apart until the
specimen tears completely. The Tear Resistance Test is used for this requirement to measure the ability of
the thermal barrier materials and the moisture barrier to resist further tearing when a small tear occurs,
which further exposes the fire fighter to the products of combustion. 7.1.13 Seam-Breaking Strength Test

[UNNUMBERED Figure B.2(g)]

This test is performed in accordance with ASTM D1683, Standard Test Method for Failure in Sewn Seams
of Woven Fabrics , on all garment seam assemblies. Samples are tested after conditioning. Opposite ends
of a 50 mm × 200 mm (2 in. × 8 in.) specimen with the seam bisecting the length are gripped in a machine
and pulled apart until the specimen breaks. The Seam-Breaking Strength Test is used to evaluate the
strength of garment seams under stress. The test demonstrates the durability of the seam as an indicator of
physical performance when subjected to repeated wearer movement, such as bending and stretching.
7.1.14 Water Penetration Resistance Test

(moisture barriers)

This test is performed on specimens of garment moisture barriers that have been conditioned. A circular
portion of the moisture barrier is clamped down in a hydrostatic tester and exposed to high water pressure
from underneath. The specimen is then examined for water penetration. The Water Penetration Resistance
Test is used to evaluate the ability of moisture barrier materials to keep water from getting through the
barrier. The test demonstrates the capacity of the moisture barrier to keep the fire fighter dry from external
pressurized water. 7.1.15 Liquid Penetration Resistance Test

(moisture barrier and barrier seams)

This test is performed in accordance with ASTM F903, Standard Test Method for Failure in Sewn Seams of
Woven Fabrics , on moisture barrier fabric and seams for the garment, shroud, footwear, bootie, and glove.

Samples are conditioned in pockets comprised of two layers of outer shell and a layer of thermal barrier;
the conditioning consists of 2 cycles of 5 wash/dry launderings and an oven exposure of 140.6°C (285°F)
for 10 minutes.

After conditioning, the moisture barrier layer is removed from the four-layer composite samples to become
the moisture barrier specimen used for testing. The specimens are then placed in a test cell where the
normal outer surface of the material is exposed to Aqueous Film Forming Foam concentrate, battery acid,
synthetic gasoline, hydraulic fluid, and swimming pool chlorine additive; each liquid is tested separately on
an individual specimen.
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After 1 hour of exposure, each sample is evaluated. No liquid can penetrate any sample. The Liquid
Penetration Resistance Test is used to evaluate whether or not the garment’s moisture barrier and seams
resist penetration of liquids meant to be representative of those commonly encountered on the
fireground. 7.1.16 Viral Penetration Resistance Test

(moisture barrier and barrier seams)

UNNUMBERED Figure B.2(h)]

This test is performed in accordance with ASTM F1671, Standard Test Method for Resistance of Materials
Used in Protective Clothing to Penetration by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage
Penetration as a Test System , on moisture barrier fabric and seams. Samples are conditioned in pockets
comprised of two layers of outer shell and a layer of thermal barrier; the conditioning consists of 2 cycles of
5 wash/dry launderings and an oven exposure of 140.6°C (285°F) for 10 minutes.

After conditioning, the moisture barrier layer is removed from the four-layer composite samples to become
the moisture barrier specimen used for testing. The specimens are then placed in a test cell where the
taped film side (the normal outer surface) is exposed to surrogate virus in a liquid solution and is evaluated
for passage of virus after 1 hour.

Any evidence of virus passage through the barrier fabric or seam as determined using a microbiological
technique constitutes failure. The Viral Penetration Resistance Test is used to evaluate the ability of the
garment’s moisture barrier fabric and seams to keep blood-borne pathogens from coming in contact with
the fire fighter’s skin. 7.1.17 Cleaning Shrinkage Resistance Test

(moisture barriers, winter liners, collar liners) (see also 7.2.4)

This test is performed on three conditioned specimens of garment moisture barriers, winter liners (when
provided), and collar liners, each tested individually.

This requirement allows no more than a 5 percent change in the width and length dimensions after 5 wash
and dry cycles in accordance with AATCC 135, Dimensional Changes in Automatic Home Laundering of
Woven and Knit Fabrics . The Cleaning Shrinkage Resistance Test is used to evaluate how much garment
materials shrink after repeated laundering; shrinkage could decrease the fire fighter’s mobility. 7.1.18 Water
Absorption Resistance Test This test applies to the garment outer shells and collar lining. The conditioned
specimens, tested individually, are mounted on an apparatus specified in AATCC 42, Test Method for
Water Resistance: Impact Penetration Test , and exposed to a constant flow of water to determine the level
of water absorption. The Water Absorption Resistance Test is used to determine how much water the outer
shell absorbs. The requirement limits how much water can be absorbed — absorbed liquid adds weight,
which increases fire fighter fatigue and decreases fire fighter mobility. 7.1.20 Corrosion Resistance Test

This test is performed in accordance with ASTM B117, Test Method for Water Resistance: Impact
Penetration Test , to measure corrosion. Metal hardware is exposed to a saline solution spray for 20 hours
following which base metal can show no corrosion and the hardware must remain functional.

The Corrosion Resistance Test is used to evaluate whether (1) hardware will corrode and (2) if it will remain
functional after extended exposure to salt spray.

Hardware failure can result in loss of thermal and physical protection for the fire fighter. 7.1.21 Label
Durability and Legibility Test 1 This test is performed on the garment with labels attached, after laundering
and abrasion. Garment label specimens are exposed to 10 laundry cycles in accordance with AATCC 135,
Dimensional Changes in Automatic Home Laundering of Woven and Knit Fabrics , and then subjected to
abrasion in accordance with ASTM D4966, Standard Test Method for Abrasion Resistance of Textile
Fabrics (Martindale Abrasion Test Method).  The Label Durability and Legibility Test is used to evaluate
whether or not the label stays in place and is legible to the unaided eye after exposure to multiple
launderings, abrasion, and convective heat. The presence and legibility of labels is important for garment
identification and tracking. 7.1.22 Drag Rescue Device (DRD) Function Test This test is performed in
accordance with ASTM D6775,  Standard Test Method for Breaking Strength and Elongation of Textile
Webbing, Tape and Braided Material , to measure the breaking strength of DRD materials, seams, splices,
and joints. Specimens are conditioned then elongated to the point of breaking. The pounds of force needed
to break each specimen is recorded and used to calculate the average breaking strength of the
specimens. The Drag Rescue Device (DRD) Materials Strength Test is used to evaluate the strength of the
DRD materials, seams, splices, and joints to determine whether the specimens can withstand the force of
dragging a downed fire fighter. 7.1.23 DRD Function Test This test is used to evaluate DRD functionality as
it is installed in the coat or coverall. The conditioned garments and DRD, along with an SCBA, are placed
on a mannequin. The DRD is deployed and the mannequin is dragged for 2.5 m (96 in.).

The deployment time is recorded and reported, the ability to drag the mannequin the required distance is
recorded and reported, and any change in the position of the SCBA during deployment or dragging is
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recorded and reported.

Ten seconds is the maximum amount of time permitted to deploy the DRD. For the DRD to pass the test,
the SCBA can neither move higher on the torso than when initially donned nor become separated from the
mannequin during the test.

The DRD Function Test is used to assess the ease of deploying and using the DRD to remove a downed
fire fighter. 7.1.24 Light Degradation Resistance Test

(moisture barrier)

This test is performed in accordance with ASTM G155, Standard Practice for Operating Xenon Arc Light
Apparatus for Exposure of Non-Metallic Materials , on moisture barrier materials and CBRN barrier layers.
Before testing, samples are conditioned through several cycles of conditioning and in convective heat.
Samples are conditioned in pockets comprising two layers of outer shell and a layer of thermal barrier.

After conditioning, the moisture barrier layer is removed from the four-layer composite samples to become
the moisture barrier specimen used for testing. The specimens are exposed to continuous light for 40 hours
using a Xenon apparatus.

After initial testing, the specimens are conditioned in a dark, temperature-controlled room. The specimens
are tested one last time by applying pressure with water for one minute in accordance with ASTM D751,
Standard Test Methods for Coated Fabrics.

The Light Degradation Resistance Test is used to measure how much the moisture barrier and CBRN
layers degrade as a result of excessive light exposure, and the performance requirement sets a minimum
exposure limit.

Often the moisture barrier is the first part of the ensemble to fail, especially if it has been exposed to
prolonged sunlight or artificial light. This test is a measure of the durability of the moisture barrier. 7.1.25
Zipper Strength Test This test is used to evaluate zippers for crosswise breaking strength of the chain and
of the separating unit. They are also tested for holding strength of stops, retainers, and separating units and
for operating force and slider lock strength. The Zipper Strength Test is used to assess the durability and
functionality of zippers after repeated use. 7.1.26 Fastener Tape Strength Tests

(breaking)

This test, performed in accordance with ASTM D5034, Standard Test Method for Breaking Strength and
Elongation of Textile Fabrics , and based on the requirements of A-A 55126B, Commercial Item
Description, Fastener Tapes, Hook and Loop, Synthetic , is used to evaluate the breaking strength of hook
and pile tape by separately pulling the hook and pile tapes in the jaws of a tensile testing machine until the
tape breaks. The force used at the breaking point is recorded as the breaking strength. The Fastener Tape
Strength Test is used for this requirement to assess the overall strength of tapes used in hook and pile
fasteners. The material must meet or exceed industry-established requirements based on the composition
and width of the tape. 7.1.27 Fastener Tape Strength Tests

(shear)

This test, performed in accordance with ASTM D5169, Standard Test Method for Shear Strength (Dynamic
Method) of Hook and Loop Touch Fasteners , and based on the requirements of A-A 55126B, Commercial
Item Description, Fastener Tapes, Hook and Loop, Synthetic,  is used to evaluate the shear strength of the
hook and pile tape by measuring the force required to separate hook tape overlapping pile tape when
pulled between two jaws of a tensile testing machine. Testing is performed after the tapes have been
repeatedly attached and detached. The maximum measured force is reported as the shear strength.

The Fastener Tape Strength Test is used for this requirement to assess the durability and functionality of
the hook and pile to not separate after repeated use. 7.1.28 Fastener Tape Strength Tests

(peel)

This test, performed in accordance with ASTM D5170, Standard Test Method for Peel Strength (“T”
Method) of Hook and Loop Touch Fasteners , and based on the requirements of A-A 55126B, Commercial
Item Description, Fastener Tapes, Hook and Loop, Synthetic , is used to evaluate the peel strength of the
hook and pile tape. In the test, hook tape is sealed over an equal length of pile tape and the end of the two
tapes are separated half their length. The two open ends of tape are attached to the jaws of a tensile
testing machine and pulled to measure the force required to completely separate the two tapes. This testing
is performed after the tapes have been repeatedly sealed and resealed several times. The Fastener Tape
Strength Test is used for this requirement to assess the durability and functionality of the hook and pile to
stay sealed after repeated use. 7.2.2 Total Heat Loss (THL) Test
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This test is performed in accordance with ASTM F1868, Standard Test Method for Thermal and
Evaporative Resistance of Clothing Materials Using a Sweating Hot Plate , on conditioned samples of the
garment composite (outer shell, moisture barrier, and thermal barrier) arranged in the order and orientation
as it is worn. Specimens are placed on a sweating hot plate to evaluate heat transfer under wet conditions
and thermal resistance under dry conditions. These values are combined in an equation to provide a total
heat loss value.

The Total Heat Loss (THL) Test is used to evaluate the amount of heat that can be transferred out of the
garment composite via both sweat evaporation from the wearer’s skin and conduction through the garment
to the outside environment. The test does not account for other materials attached to the base garment
composite such as trim, pockets, and other layers.

Higher values indicate better performance, and more heat loss indicates poorer performance. However,
appropriate THL values for your department must be considered with TPP values. (See A.7.2.2 for more
detail.)

7.2.3 Retroreflectivity and Fluorescence Test

(garment trim)

The conditioned garment trim is tested for both retroreflectivity and fluorescence. The coefficient of
retroreflection is tested in accordance with ASTM E809, Standard Practice for Measuring Photometric
Characteristics of Retroreflectors . Once retroreflection is determined, the specimen is evaluated for
fluorescence. The colorimetric properties are measured in accordance with ASTM E991, Standard Practice
for Color Measurement of Fluorescent Specimens .

Retroreflection/retroreflectivity is 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 the property being maintained
over wide variations of the direction of the incident rays.

Fluorescence is the process by which radiant flux of certain wavelengths is absorbed and re-radiated
nonthermally in other, usually longer, wavelengths.

The Retroreflectivity and Fluorescence Test is used to evaluate how well samples of retroreflective and
fluorescent material retain their retroreflectivity and fluorescence. The standard has requirements for
retroreflectivity and fluorescence to enhance nighttime/low light visibility (retroreflection) and daytime
visibility (fluorescence).

The visibility of a fire fighter is crucial during both interior and exterior operations. In addition, almost all
emergency incidents begin in a roadway (apparatus placement), and many emergency incidents are
roadway-related. For fire fighter safety, it is important that garments have effective retroreflectivity and
fluorescence for conspicuity (visibility).

7.2.4 Cleaning Shrinkage Resistance Test

(outer shell, moisture barrier, thermal barrier, winter liner, wristlet, bootie) (see also 7.1.17)

This test, performed in accordance with AATCC 135, Dimensional Changes in Automatic Home Laundering
of Woven and Knit Fabrics , measures the percent of change in the width and length dimensions after 5
wash and dry cycles. Tests are performed on three specimens of the conditioned garment outer shell,
moisture barrier, thermal barrier, winter liner, wristlet, bootie material where present, and protective hoods.
Each material and each separable layer of a composite material is tested separately.

The Cleaning Shrinkage Resistance Test is used to measure how much fabrics shrink after cleaning; they
will not pass if they shrink more than 5 percent. Excessive shrinkage could compromise the fire fighter’s
mobility and impact the insulating qualities of the garment. 7.2.5 Breaking Strength Test

(outer shell and collar lining)

This test is performed in accordance with ASTM D6775, Standard Test Method for Breaking Strength and
Elongation of Textile Webbing, Tape and Braided Material , on the garment outer shell and collar lining
materials (individually) after conditioning. Five specimens from the sample, in the warp and fill direction, are
elongated to the point of breaking. The Breaking Strength Test is used to evaluate the garment's outer shell
and collar lining strength for material robustness so it remains intact in rugged fireground environments.
Material breakage can compromise the thermal and physical protection features of the garments, which
increases the risk of fire fighter burns and injuries. 7.2.6 Transmitted and Stored Thermal Energy Test

(enhanced composites related to sleeves)

This test is performed in accordance with ASTM F2731,  Standard Test Method for Measuring the
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Transmitted and Stored Energy in Fire Fighter Protective Clothing Systems , on conditioned garment sleeve
composites containing enhancements; enhancements include, but are not limited to, trim, emblems, flags,
reinforcements, and so forth. The test is run on a base composite with the enhancement attached, following
wet conditioning of the samples.

The Transmitted and Stored Thermal Energy Test is used to evaluate the ability of the garment composite
enhancements to store and then transfer heat through the composite and enhancement to the skin. The
test is used to evaluate the potential for burn injury when the composite is compressed, during a lower heat
and longer time exposure, and is intended to help explain why fire fighters can sustain a burn injury when
the garment does not indicate evidence of thermal exposure.

B.3   Helmets.

Table B.3  is intended to serve as an abbreviated guide to all specified tests for helmets, including the
whole helmet, the helmet ear cover and shrouds, all materials used in the construction of the whole helmet,
the faceshield, and goggle components. The tests evaluate whether or not the helmet meets the minimum
performance requirements of the 2018 edition of NFPA 1971. They do not guarantee the safety of the fire
fighter or ensure the fire fighter will not experience an injury while wearing the helmet.

Table B.3 Helmets

Test Method Test Method Description Test Method Application 7.4.1 Top Impact Resistance Test

(Force) This test is performed on three helmet specimens, each of which is conditioned five ways prior to
testing: at room temperature, at low temperature, in convective heat (helmets and faceshield/goggle
components), in radiant and convective heat (helmet only), and with wet conditioning.

After conditioning, the helmet is mounted on an aluminum head and adjusted to the size providing the least
amount of clearance. A steel drop mass of 3.6 kg ± 0.5 kg (8 lb ± 1 lb) is dropped from a height that yields
an impact velocity of within 2 percent of 5.47 m/sec (17.9 ft/sec).

The peak force and impact velocity are recorded for a pass or fail performance. The amount of force
transmitted through the helmet specimens cannot exceed 3780 N (850 lbf). The Top Impact Resistance Test
(Force) is used to evaluate the helmet’s shock absorption characteristics from the impact of a falling object
(such as ceiling material) as well as fire fighter protection from striking an object while walking, crawling, or
falling.

This test is used to assess the effect of force on the top of the helmet when struck by falling or stationary
objects. It also assesses the level of protection from a head and or neck injury from the force of impact with
a moving or stationary object. 7.4.2 Impact Resistance Test

(Acceleration) This test is performed on three helmet specimens, each of which is conditioned four ways
prior to each impact during testing: at room temperature, at low temperature, in radiant and convective
heat, and with wet conditioning. The whole helmet will undergo accelerated impact testing on the top, front,
left, right, and back, in that order.

The helmet is tested on a headform using a 5.17 kg ± 0.18 kg (11.4 lb. ± 0.4 lb) drop assembly (test
headform, accelerometer, and moving portion of the headform guidance assembly). The drop assembly is
dropped from a height that creates a known velocity.

The maximum acceleration and duration of the acceleration values are recorded for each impact for each
helmet specimen. If one or more helmet specimens fail, then the helmet fails. The Impact Resistance Test
(Acceleration) is used to evaluate the helmet’s shock absorption characteristics from the impact of the fire
fighter falling on an object.

This test assesses the level of protection from a head injury caused by falling and striking the head. 7.4.3
Physical Penetration Resistance Test This test is performed on three helmet specimens, each of which is
conditioned five ways prior to each physical penetration test: at room temperature, at low temperature, in
convective heat (helmets and faceshield/goggle components), in radiant and convective heat (helmet only),
and with wet conditioning.

The test uses an ISO headform, a penetration striker 1 kg, +0.02/–0.0 kg (2.2 lb, +0.01/–0.00 lb), and an
electrical contact indicator. A penetration striker is dropped from a height that yields a consistent velocity for
the test on the helmet. A minimum of two penetration tests applied at different test areas on each helmet
are performed.

If the test striker electrically or physically contacts the headform in one or more specific tests, the helmet
fails.

The Physical Penetration Resistance Test is used to assess how well the helmet will resist penetration by
falling sharp objects (such as a nail in a structural member or a shard of glass) or by stationary sharp
objects that the fire fighter might strike while walking, crawling, or falling. 7.4.4 Heat and Thermal

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

224 of 246 6/3/2016 12:32 PM



Shrinkage Resistance Test

(helmet: heat resistance) This test is performed on three complete helmet specimens that are tested “as
received” and include the helmet ear cover, helmet shroud, and helmet cover. The helmet shroud and
helmet cover are laundry conditioned. The helmet is placed in a convective oven at a temperature of
260°C, +6/–0°C (500°F, +10/–0°F), for 5 minutes.

The helmet is evaluated for ignition, melting, dripping, or separation. There are several possible points of
failure for this test:

(1)  Part of the complete helmet assembly that was not in contact with the headform before the test is in
contact with the headform after the test.

(2)  The back of the helmet becomes distorted and extends more than 41.3 mm (1 5 ⁄ 8  in.) below the
original position of the helmet shell.

(3)  The front and sides of the helmet shell become distorted and extend more than 30 mm (1 3 ⁄ 16  in.)
below the original position of the helmet shell.

(4)  The retention system, energy absorption system, or ear covers separate, melt, or drip.

(5)  The chin strap closure device is dysfunctional.

(6)  Any part of the helmet assembly ignites.

(7)  The product labels ignite or melt.

(8)  Any helmet assembly component extends more than 30 mm (1 3 ⁄ 16  in.) below the initial point of
the helmet shell in the front, both before and after oven exposure.

(9)  The faceshield/goggle component drips.

The Heat and Thermal Shrinkage Test is used to evaluate whether the helmet shell can resist heat (doesn’t
melt, drip, separate, or ignite) and whether the helmet ear cover, helmet shroud, helmet cover, and helmet
chin strap can resist heat (they don’t melt, drip, separate, or ignite) and thermal shrinkage.

Materials that melt, drip, separate, or ignite might contribute to burn injuries, and materials that shrink might
impact the insulating and functional properties of the material.

7.4.5 Flame Resistance Test 2, Procedures A and C This test is performed on three helmet specimens that
are tested “as received.”

A flame is applied to the underside of the helmet (Procedure A) and the top of the helmet (Procedure C)
using a Bunsen burner for 15 seconds. Once removed, the afterflame and afterglow are evaluated.

The helmet cannot show any visible afterflame or glow 5.0 seconds after the test flame is removed in each
test.

The Flame Resistance Test 2, Procedures A and C, is used to evaluate the helmet, under controlled test
conditions, for its ability to self-extinguish after the flame is removed. 7.4.6 Thermal Protective Performance
(TPP) Test

(ear cover and helmet shroud)

This test is performed in accordance with ISO 17492, Clothing for protection against heat and flame —
Determination of heat transmission on exposure to both flame and radiant heat , on the three helmet ear
cover specimens after conditioning with 5 laundering cycles. Specimens consist of materials from the
portion of the ear covers that cover the ear and neck.

A sample size of 175 mm × 175 mm (7 in. × 7 in.) is exposed to both radiant and convective heat sources
to simulate flashover.

The rate of rise in temperature is compared to the known skin response to heat; the recorded time is
multiplied by the heat exposure energy to determine the TPP rating. The TPP rating of the helmet ear cover
has to be at least 20.0.

The Thermal Protective Performance (TPP) test is used to measure the insulating performance of the
helmet ear cover and helmet shroud by evaluating how quickly heat is transferred from the outside of the
helmet to the inside where skin might be in contact with the material. Under the given test conditions, which
simulate severe flashover conditions, the TPP rating divided in half indicates the approximate number of
seconds until a fire fighter would receive a second-degree burn.
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This is the primary test to measure the ability of the helmet ear cover and helmet shroud to protect the fire
fighter from severe heat and flame. A TPP rating of 20.0 is acceptable because the interface area is
overlapped by another part of the ensemble that also provides insulation.

7.4.7 Retention System Test This test is performed on at least three helmets tested “as received” using a
mechanical chin structure. This test measures the retention of the chinstrap of a helmet after 445 N (100
lbf) is applied for 60 seconds, +15/–0 seconds, by a tensile test machine. The distance between the top of
the helmet and the bottom of the rollers is measured.

Each helmet is observed for breaks and slip or stretch. Failure occurs if one or more helmet specimens

shows a break or shows slip or stretch measured at more than 20.6 mm (  13 ⁄ 16  in.).

The Retention System Test is used to evaluate the helmet chinstrap’s elongation and its resistance to
breaking or stretching under applied force.

If the helmet chinstrap breaks or stretches too much, the helmet is more likely to fall off the wearer, which
will eliminate the protection provided by the helmet.

7.4.8 Suspension System Retention Test This test is performed on at least three helmets tested “as
received” on a tensile testing machine. The strap is cut to ensure a sufficient length of strap is secured by
the jaws of the machine. Increasing force of 0 N to 45 N ± 5 N (0 lbf to 10 lbf ± 1 lbf) is applied along the
centerline of the suspension strap.

The specimen is inspected for separation from the helmet shell. Failure occurs if one or more helmet
suspension systems separate from the helmet shell.

The Suspension System Retention Test is used to evaluate whether or not the helmet suspension system
separates from the helmet shell under applied force.

If the helmet suspension system separates from the helmet, the helmet is more likely to fall off the wearer,
which will eliminate the protection provided by the helmet.

7.4.9 Shell Retention Test This test is performed on at least three helmets tested “as received” using a
tensile testing machine. The helmet is firmly attached to the machine, similar to the attachment in the
suspension system test, and a maximum force of 356 N (80 lbf) is applied to the helmet for 1 minute, +5/–0
seconds.

The helmet receives a pass or fail performance based on the separation of the helmet shell from the
suspension system or helmet retention system. If one or more helmet shells separate from the helmet
suspension system or the helmet retention system, the helmet fails.

The Shell Retention Test is used to evaluate the ability of the helmet shell to stay attached to the helmet
suspension system or helmet retention system. 7.4.10 Flame Resistance Test 1

(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; and goggle
strap materials)

This test is performed in accordance with ASTM D6413, Standard Test Method for Flame Resistance of
Textiles (Vertical Test) , on five samples of all materials used in the construction of the helmet chinstrap,
with each separable layer tested individually after conditioning with 5 laundry cycles.

Hood labels are cut from the conditioned samples and tested in a vertical flame chamber in accordance
with ASTM D6413. Observers will record the afterglow, char length, and visible melting or dripping.

Materials cannot char more than 4 in., on average; cannot show afterflame 2.0 seconds, on average, after
removal of the test flame; and cannot melt or drip.

The Flame Resistance Test 1 is used to evaluate the helmet chinstraps’ and the goggle straps’ resistance
to an open flame and the ability to self-extinguish once removed. The char length and afterflame are
measured and averaged and evidence of melting or dripping is recorded and constitutes failure of the
material.

This is the primary test to establish the flame-resistant properties of the materials used in helmet
construction.

7.4.11 Heat and Thermal Shrinkage Resistance Test

(helmet chin strap: shrinkage, melting, separation and ignition)

This test is performed on at least three helmet chinstrap specimens after conditioning with 5 laundering
cycles. The helmet shell is measured in eight places for evidence of shell distortion, before and after

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

226 of 246 6/3/2016 12:32 PM



testing. The helmet chinstrap is suspended in a 260°C (500°F, +10/–0°F oven for 5 minutes.

Following testing, the samples are observed for evidence of melting, dripping, separation, or ignition. The
specimens cannot shrink more than 10 percent lengthwise, on average, and they cannot melt, separate or
ignite. If one or more specimens shows evidence of melting, separation, or ignition, the helmet chinstrap
fails.

The Heat and Thermal Shrinkage Resistance Test is used to evaluate the ability of the helmet’s chinstrap to
remain functional and resist melting, separation, ignition, and shrinkage.

Melting, separation, ignition, and excessive shrinkage of the helmet chinstrip might cause injury to the
wearer.

7.4.12 Thread Melting Test This test is performed on the three different specimens of sewing thread used in
the construction of the helmet “as received.” The specimen is pressed together between two cover glasses
at a temperature within 15°C (59°F) of the expected melting point (previously determined) for 1 minute.

The temperature at which the thread melts or decomposes is recorded, and if it melts below 260°C (500°F),
it fails.

The Thread Melting Test is used to evaluate the thread used in the construction of the helmet to determine
if it has at least the same heat resistance as the fabric used in garment construction. 7.4.13 Corrosion
Resistance Test This test is performed in accordance with ASTM B117, Test Method for Water Resistance:
Impact Penetration Test , to measure corrosion. Metal hardware is exposed to a saline solution spray for 20
hours, following which base metal can show no corrosion and the hardware must remain functional. The
Corrosion Resistance Test is used to evaluate whether (1) hardware will corrode and (2) hardware will
remain functional after extended exposure to salt spray.

Hardware failure can result in loss of thermal and physical protection for the firefighter.

7.4.14 Label Durability and Legibility Test 2 This test is performed on at least three helmets with labels
attached, each of which is conditioned four ways prior to testing: at room temperature, at low temperature,
in radiant and convective heat, and with wet conditioning.

After all conditioning methods are completed, the labels are visually evaluated by a person with 20/20
vision or corrected to 20/20 at a distance of 305 mm (12 in.) in a well-illuminated area.

Helmet labels are examined to see if they remained in place and attached and for legibility. One or more
label specimens failing either the placement or the legibility test results in failure.

The Label Durability and Legibility Test 2 is used to evaluate whether or not the label is legible after room
and low temperature exposure, radiant and convective heat exposure, and wet conditioning. The presence
and legibility of labels is important for helmet identification and tracking. 7.4.15 Faceshield/Goggle
Component Lens Impact Resistance Test, Tests One and Two This test is performed on a minimum of three
complete helmets with the faceshield component or goggle components, each of which is conditioned four
ways prior to testing: at room temperature, at low temperature, in convective heat, and with wet
conditioning.

Test One is a high mass impact procedure that secures the specimen for testing on a facial feature

headform. A missile is dropped through a loose fitting guide tube from 1300 mm (51 3 ⁄ 16  in.) in line with
the eyes of the faceshield or goggle component. At least four specimens are tested, and a lens break
constitutes failure.

Test Two is a high velocity impact procedure that secures the specimen for testing on a facial feature

headform. A steel ball weighing 1.06 g (0.04 oz) and measuring 6 mm (  1 ⁄ 4  in.) in diameter is propelled
toward the faceshield or goggle component at various locations at 76 m/sec (250 ft/sec). At least one
impact procedure is conducted on each specimen. One or more helmet specimens failing this test means
the helmet fails.

Both tests are evaluated for evidence of ejected parts from or fragments of the faceshield or goggle
component. A lens break constitutes failure.

More specifically, no faceshield/goggle components can contact an eye of the headform, and no parts or
fragments can be ejected from the component that could contact the eye of the headform.

The Faceshield/Goggle Component Lens Impact Resistance Test is used to evaluate whether or not the
faceshield components resist impact by preventing contact with the eye on a headform and preventing
parts or fragments that have been ejected from the component. 7.4.16 Flame Resistance Test 2, Procedure
B
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(faceshield/goggle components)

This test is performed on three helmet specimens with the faceshield/goggle components attached “as
received” on the face shield and goggle components of the complete helmet. The bottom edge of the
faceshield/goggle components is subjected to a flame for 15 seconds using a Bunsen burner underneath,
after which the duration of the afterflame is measured, reported, and recorded.

The faceshield/goggle component cannot show any visible afterflame 5.0 seconds after removal of the test
flame.

The Flame Resistance Test 2, Procedure B, is used to evaluate the faceshield and goggle component’s
resistance to an open flame and the ability to self-extinguish once removed. 7.5.2 Flame Resistance Test 1

(all fabrics used in the construction of faceshield/goggle components)

This test is performed in accordance with ASTM D6413, Standard Test Method for Flame Resistance of
Textiles (Vertical Test) , on five specimens of all fabric strap materials used in the construction of the
faceshield and goggle components. The faceshield and goggle components are tested after 5 conditioning
laundry cycles. This test is performed on a vertical flame chamber in accordance with ASTM D6413.

The faceshield or goggle strap materials are evaluated on a pass/fail performance based on any observed
melting, dripping, afterglow, and length of charring.

Materials cannot char more than 100 mm (4 in.), cannot show afterflame 2.0 seconds after removal of the
test flame, and cannot melt or drip.

The Flame Resistance Test is used to evaluate the faceshield or goggle strap material, under controlled test
conditions, for its ability to self-extinguish after the flame is removed. The char length of the material after
exposure to flame is also measured.

This is the primary test to establish the flame-resistant properties of the materials used in garment
construction.

7.5.3 Faceshield/Goggle Component Lens Scratch Resistance Test This test is performed on seven
specimens chosen from at least four faceshield/goggle component lenses in “as received” condition.

The specimen is placed in the test fixture and a 30 mm (1 in.) diameter wool felt polishing pad is attached to
the pad holder. The abrasive disc is rotated on top of each specimen for 200 cycles. The haze of the
specimen is evaluated before and after abrasion using a haze meter in accordance with ASTM D1003,
Standard Test Method for Haze and Luminous Transmittance of Transparent Plastics .

The delta haze is calculated by subtracting the initial haze measurement from the final haze measurement,
the values for all tests are then averaged.

The average change in haze cannot increase more than 25 percent after abrasion.

The Faceshield/Goggle Component Lens Scratch Resistance Test is used to assess the durability and
clarity of the faceshield and goggle lens material after exposure to abrasion. 7.5.4 Luminous (Visible)
Transmittance Test

(faceshield/goggle component lenses)

This test is performed on at least three complete faceshield/goggle component lenses in “as received”
condition to determine how much light is transmitted through the lens.

The standard source for measuring radiant energy of luminous transmittance is used to determine the
average amount of light transmittance. A pass/fail rating is administered.

Clear lenses must transmit a minimum of 85 percent of the incident visible radiation and colored lenses
must transmit a minimum of 43 percent of the incident visible radiation.

The Luminous (Visible) Transmittance Test is used to measure how much light passes through the
faceshield/goggle component lens.

All lenses block some visible light and fire fighters have to wear protective faceshields/goggles. This
requirement limits how much light can be blocked to prevent the use of lens materials that reduce a fire
fighter’s ability to see by more than an industry-accepted amount.

7.5.5 Flame Resistance Test 2, Procedure D

(for faceshield/goggle component attachment hardware, where provided)

This test is performed on three specimen helmets with faceshield/goggle component attachment hardware
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in place in “as received” condition.

The complete helmet with faceshield/goggle component is mounted on a headform, and the
faceshield/goggle component is exposed for 15 seconds to an open flame using a Bunsen burner. The
specimens are evaluated for the duration of an afterflame and afterglow.

The longest measured afterflame time is used to determine pass or fail. Any afterglow exceeding 5.0
seconds constitutes failure.

The Flame Resistance Test 2, Procedure D, is used to evaluate the resistance of the faceshield/goggle
component’s mounting hardware to an open flame and the ability to self-extinguish after the flame is
removed. 7.5.6 Electrical Insulation Test 1, Procedure A and Procedure B These tests are performed on at
least three complete helmets in “as received” condition.

Procedure A — The helmet is inverted and filled to a specific line with tap water. The specimen is then
submerged in the same type of water to the test line. An electric voltage is applied to the water inside the
specimen at 2200 volts ± 2 percent for 1 minute. The water outside the helmet is measured for current
leakage.

Procedure B — The specimen and retention system are submerged in tap water for 15 minutes, then they
are removed from the water and allowed to drain for no more than 2 minutes. A lead carrying 60 Hz
alternating voltage is attached to the metal hardware parts on the exterior of the helmet, at or above the
brim edge. Voltage is applied to the external helmet shell lead and increased to 2200 volts ± 2 percent for
15 seconds. The metal headform is used to measure the current leakage or evidence of breakdown.

One or more helmet specimens cannot have leakage current exceeding 3.0 mA in either test Procedure A
or Procedure B.

The Electrical Insulation Test 1, Procedure A and Procedure B, are used to evaluate the ability of the
helmet to protect the fire fighter against electricity conducted through accidental contact with live
wires. 7.5.7 Flame Resistance Test 1

(all materials used in helmet ear covers, except elastic and hook and pile where these items do not come in
direct contact with the wearer’s body or hood)

This test is performed in accordance with ASTM D6413, Standard Test Method for Flame Resistance of
Textiles (Vertical Test) , individually on at least five specimens of all materials used in the construction of
helmet ear covers (except elastic and hook and pile when they are placed so that they will not directly
contact the wearer’s body or hood) after conditioning.

Each separable layer of multilayer composites are tested individually (e.g., if the composite has a sewn-in
thermal liner, the outer shell and thermal liner are tested sewn together. If the liner is separable, then each
layer is tested by itself.)

The specimen is suspended over a flame for 12 seconds to determine how easily the material ignites. Ease
of ignition and charring characteristics are observed and recorded.

Materials cannot char more than 100 mm (4 in.), cannot show afterflame 2.0 seconds after removal of the
test flame, and cannot melt or drip.

The Flame Resistance Test 1 is used to evaluate the helmet ear cover material, under controlled test
conditions, for its ability to self-extinguish after the flame is removed. The char length of the material after
exposure to flame is also measured.

This is the primary test to establish the flame-resistant properties of the materials used in garment
construction and, in this instance, is used to make sure the helmet ear covers have the same heat
resistance as the fabric used in construction of the helmet.

7.5.8 Heat and Thermal Shrinkage Resistance Test

(all materials used in helmet ear covers, except elastic and hook and pile where these items do not come in
direct contact with the wearer’s body or hood, for shrinkage, melting, separation, and ignition)

This test is performed individually on three specimens of all materials used in the construction of helmet ear
covers (except elastic and hook and pile when they are placed so that they will not directly contact the
wearer’s body or hood) in “as received” condition.

The specimen is placed in the center of the oven with the front of the helmet facing the airflow at 260°C,
+6/–0°C (500°F, +10/–0°C) for 5 minutes. Post-exposure measurements are taken to ensure that heat
shrinkage is less than 10 percent in each direction.
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Materials cannot shrink more than 10 percent in any direction (the helmet chinstrap is only measured
lengthwise), and they cannot melt, separate, or ignite.

The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the materials for
shrinkage, melting, separation, and ignition after exposure to high temperatures.

Melting, separation, ignition, or excessive shrinkage can cause injury to the wearer.

7.5.9 Retroreflectivity and Fluorescence Test

(helmet visibility markings)

The conditioned garment trim is tested for both retroreflectivity and fluorescence. The coefficient of
retroreflection is tested in accordance with ASTM E809, Standard Practice for Measuring Photometric
Characteristics of Retroreflectors . Once retroreflection is determined, the specimen is evaluated for
fluorescence. The colorimetric properties are measured in accordance with ASTM E991, Standard Practice
for Color Measurement of Fluorescent Specimens .

Retroreflection/retroreflectivity is 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 the property being maintained
over wide variations of the direction of the incident rays.

Fluorescence is the process by which radiant flux of certain wavelengths is absorbed and re-radiated
non-thermally, in other, usually longer, wavelengths.

The Retroreflectivity and Fluorescence Test is used to evaluate how well samples of retroreflective and
fluorescent material retain their retroreflectivity and fluorescence. The standard has requirements for
retroreflectivity and fluorescence to enhance nighttime/low light visibility (retroreflection) and daytime
visibility (fluorescence).

The visibility of a fire fighter is crucial during both interior and exterior operations. In addition, almost all
emergency incidents begin in a roadway (apparatus placement), and many emergency incidents are
roadway-related. For fire fighter safety, it is important that garments have effective retroreflectivity and
fluorescence for conspicuity (visibility).

B.4   Gloves.

Table B.4  is intended to serve as an abbreviated guide to all specified tests for whole gloves, including the
glove interface, glove body, glove lining materials, glove extension, and all materials used in the
construction of the whole glove. These tests evaluate whether or not the gloves meet the minimum
performance requirements of the 2018 edition of NFPA 1971. They do not guarantee the safety of the fire
fighter or ensure the fire fighter will not experience an injury while wearing the gloves. Some tests are
performed on “new, as distributed” gloves that have undergone conditioning. This might seem contradictory,
but the conditioning is limited to environmental parameters, and “new, as distributed” condition ensures that
the gloves have not been broken in in any way.

Table B.4 Gloves

Test Method Test Method Description Test Method Application 7.7.1 Thermal Protective Performance (TPP)

(glove body composite)

This test is performed in accordance with ISO 17492, Clothing for protection against heat and flame —
Determination of heat transmission on exposure to both flame and radiant heat , on the glove body
composite after conditioning with 5 laundering cycles. The glove body composite is exposed to direct flame
and radiant heat to simulate flashover.

The rate of rise in temperature is recorded and compared to the known skin response to heat; the recorded
time is multiplied by the heat exposure energy to determine the TPP rating. The average TPP rating has to
be at least 35.0.

The Thermal Protective Performance (TPP) test is used to measure the insulating performance of the
two-layer system by evaluating how quickly heat is transferred from the outside of the glove body to the
inside. Under the given test conditions, which simulate severe flashover conditions, the TPP rating divided
in half indicates the approximate number of seconds until a fire fighter would receive a second-degree burn.

This is the primary test to measure the glove body's ability to protect the fire fighter from severe heat and
flame. The higher the number, the higher the protection from heat (under the specific test conditions) and,
in contrast, the higher the heat stress on the fire fighter.

7.7.2 Thermal Protective Performance (TPP)
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(glove interface component composite)

This test is performed in accordance with ISO 17492, Clothing for protection against heat and flame —
Determination of heat transmission on exposure to both flame and radiant heat , on the glove wristlet or
gauntlet after conditioning with 5 laundering cycles. The pouches are exposed to direct flame and radiant
heat to simulate flashover.

The rate of rise in temperature is compared to the known skin response to heat; the recorded time is
multiplied by the heat exposure energy to determine the TPP rating. The TPP rating of the glove interface
component composite has to be at least 20.0.

The Thermal Protective Performance (TPP) test is used to measure the insulating performance of the
two-layer system by evaluating how quickly heat is transferred from the outside of the glove interface to the
inside. Under the given test conditions, which simulate severe flashover conditions, the TPP rating divided
in half indicates the approximate number of seconds until a fire fighter would receive a second-degree burn.

This is the primary test to measure the glove interface's ability to protect the fire fighter from severe heat
and flame. A TPP rating of 20.0 is acceptable because the interface area is overlapped by another part of
the ensemble that also provides insulation.

7.7.3 Heat and Thermal Shrinkage Resistance

(gloves: shrink, melt, separate, or ignite)

This test is performed in accordance with ASTM F2894, Standard Test Method for Evaluation of Materials,
Protective Clothing and Equipment for Heat Resistance Using a Hot Air Circulating Oven , after conditioning
the whole glove with 5 laundering cycles. Before testing, the glove is donned and flexed 10 times within 30
seconds. The samples are measured in the length and width directions before heat exposure. The glove
body is packed tightly with glass beads with the glove opening clamped together. The glove is suspended
by a clamp and placed in a 260°C (500°F) oven for 5 minutes.

The specimen cannot melt, separate, or ignite or shrink more than 8 percent in length or width.

The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the gloves for
melting, separation, ignition, and shrinkage after exposure to high temperatures.

Specimens cannot melt, separate, or ignite, and they cannot shrink more than 8 percent. Excessive
shrinkage will limit the dexterity and thermal protection of the glove. The glass beads simulate the mass of
the hand inside the glove.

7.7.4 Heat and Thermal Shrinkage Resistance

(glove lining materials: melt, separate, or ignite)

This test is performed in accordance with ASTM F2894, Standard Test Method for Evaluation of Materials,
Protective Clothing and Equipment for Heat Resistance Using a Hot Air Circulating Oven, after conditioning
with 5 laundering cycles on all layers of the glove lining material between the moisture barrier layer and the
hand are tested individually. The glove lining is packed tightly with glass beads and clamped together. The
glove lining is suspended by a clamp and placed in a 260°C (500°F) oven for 5 minutes.

Following exposure, the glove lining material is evaluated for evidence of melting, dripping, separation, or
ignition.

The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the glove lining
materials for melting, separation, or ignition after exposure to high temperatures. This test attempts to
prevent the use of materials that melt, separate, or ignite, against the wearer’s hands, under specific test
conditions. 7.7.5 Conductive Heat Resistance Test 1

(glove body composite)

This test is performed in accordance with ASTM F1060, Standard Test Method for Thermal Protective
Performance of Materials for Protective Clothing for Hot Surface Contact , on the glove body composite
under four separate conditions: unlaundered wet, unlaundered dry, laundered wet, and laundered dry. The
test measures the heat transfer through the composite when it is placed on a hot plate at 280°C (536°F)
and relates the transferred heat energy to predicted times to sensation of pain and second-degree burn
injury. Both the time to pain and time to second-degree burn (based on the Stoll Curve) are recorded for
each specimen. The test is also conducted under pressure with different pressures applied to the
composites on the back of the glove versus those composites on the palm side of the glove.

The average time to pain cannot be fewer than 6 seconds, and the average time to second-degree burn
cannot be fewer than 10 seconds.
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The Conductive Heat Resistance Test 1 is used to evaluate the glove body materials for thermal insulation
when the glove is compressed in both dry and wet environments. The test conditions are not intended to
simulate actual fireground exposures but rather serve as a range of conditions where heat transfer through
glove materials could vary. This test is used to determine the protection provided by the glove when a fire
fighter makes direct contact with a heated object. 7.7.6 Flame Resistance Test 3

(glove body composite: char length, afterflame, melt, drip, consumed materials)

7.7.7 Flame Resistance Test 3

(glove interface component composite: char length, afterflame, melt, drip, consumed materials)

7.7.8 Flame Resistance Test 3

(glove extension composite: afterflame, melt, drip, consumed materials) This test is performed in
accordance with ASTM D6413, Standard Test Method for Flame Resistance of Textiles (Vertical Test) , on
the glove body composite (7.7.6), glove interface (7.7.7), and glove extension composite (7.7.8).
Specimens are tested after conditioning. The specimen is mounted and suspended over a burner flame for
12 seconds. Once removed from the flame, the specimens are examined for afterflame, melting, dripping,
and the amount of material that is consumed as a result of the heat exposure. Charring characteristics are
evaluated after the specimen has been conditioned.

The glove body composite cannot have an average char length of more than 100 mm (4 in.); the average
afterflame of the specimens cannot be more than 2.0 seconds; the specimens cannot melt or drip; the
amount of consumed materials cannot exceed 5 percent.

The Flame Resistance Test 3 is the primary test used to establish the flame-resistant properties of the
materials used in glove construction.

This test is used to evaluate how easily the material ignites, its ability to self-extinguish after the flame is
removed, and how much the material chars or disintegrates following the exposure.

7.7.9 Thread Melting Test This test is performed on the sewing thread used in the construction of the
gloves. The test is performed on specimens “as received.” Sample threads are placed on a hot plate and
slowly heated to 260°C (500°F).

The temperature at which the thread melts or decomposes is recorded; if it melts below 260°C (500°F), it
fails.

The Thread Melting Test is used to evaluate the thread used in the construction of the gloves to determine if
it has at least the same heat resistance as the fabric used in its construction. 7.7.10 Viral Penetration
Resistance Test

(glove moisture barrier fabric and seams)

This test is performed in accordance with ASTM F1671, Standard Test Method for Resistance of Materials
Used in Protective Clothing to Penetration by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage
Penetration as a Test System , on the moisture barrier fabric and seams. Samples are conditioned in
multilayer composite samples by subjecting them to repeated cycles of laundering, followed by convective
heat conditioning.

After conditioning, the moisture barrier layer is removed from the multilayer composite pouch to become the
moisture barrier specimen for testing. The specimens are then placed in a test cell where the taped film
side (the normal outer surface) is exposed to a surrogate virus in a liquid solution and is evaluated for
passage of the virus after 1 hour.

Any evidence for virus passing through the barrier fabric or seam, as determined using a microbiological
technique, constitutes a failure.

The Viral Penetration Resistance Test is used to evaluate the ability of the glove body moisture barrier
fabric and seams to keep blood-borne pathogens from coming in contact with the fire fighter’s skin. 7.7.11
Liquid Penetration Resistance Test

(glove body seams)

This test is performed in accordance with ASTM F903, Standard Test Method for Failure in Sewn Seams of
Woven Fabrics , on the glove body moisture barrier fabric and seams. Samples are conditioned in
multilayer composite samples by subjecting them to repeated cycles of laundering, followed by convective
heat conditioning. The specimens are then placed in a test cell where the taped film side (the normal outer
surface) is exposed to Aqueous Film Forming Foam concentrate, battery acid, synthetic gasoline, hydraulic
fluid, and swimming pool chlorine additive. Each liquid is tested separately on an individual specimen.
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After 1 hour of exposure, each sample is evaluated. No liquid can penetrate any sample.

The Liquid Penetration Resistance Test is used to evaluate whether or not the glove body moisture barrier
fabric and seams resist penetration of liquids meant to be representative of those commonly encountered
on the fireground. However, liquid chemicals can still permeate the clothing materials by passing through
moisture barriers and seams on a molecular level. 7.7.12 Cut Resistance Test

(gloves)

This test is performed in accordance with ASTM F1790, Standard Test Methods for Measuring Cut
Resistance of Materials Used in Protective Clothing with CPP Test Equipment , on at least three
conditioned samples of the glove body composite under a load of 300 g. Small specimens of the glove body
composite are clamped to a metal rod while a blade passes across the specimen until it makes contact with
the metal rod.

The distance the blade passes across each specimen without cutting through the material is recorded, then
averaged. The average distance the blade travels across the material without cutting through the material
has to be more than 20 mm (0.8 in.).

The Cut Resistance Test is used for this requirement to evaluate the ability of the glove body composite to
resist being cut, under specific test conditions. Longer blade travel distances represent greater cut
resistance because it takes longer for the blade to cut through the material. 7.7.13 Cut Resistance Test

[glove interface areas (wristlets and gauntlets)]

This test is performed in accordance with ASTM F1790, Standard Test Methods for Measuring Cut
Resistance of Materials Used in Protective Clothing with CPP Test Equipment , on conditioned samples of
the glove wristlet or gauntlet under a load of 300 g. The specimen is clamped to a metal rod while a blade
passes across the specimen until it makes contact with the metal rod.

The distance the blade passes across each specimen without cutting through the material is recorded, then
averaged. The average distance the blade travels across the material without cutting through the material
has to be more than 200 mm (0.8 in.).

The Cut Resistance Test is used for this requirement to evaluate the ability of the glove interface areas to
resist being cut, under specific test conditions. Longer blade travel distances represent greater cut
resistance because it takes longer for the blade to cut through the material. 7.7.14 Puncture Resistance
Test

(glove body composite)

This test is performed in accordance with ASTM F1342, Standard Test Method for Protective Clothing
Material Resistance to Puncture , on complete gloves or glove composite pouches that are both dry and
wet. Specimens are clamped into a fixture while force is applied to puncture the specimen with a nail-like
probe.

The force required to puncture each sample is recorded, then averaged. The samples have to resist
puncture under at least 40 N (8.8 lbf).

The Puncture Resistance Test is used to evaluate the ability of the gloves or glove composite pouches to
resist puncture under specific test conditions. (NOTE: this test does not ensure that gloves will be puncture-
proof, only puncture resistant.) Higher force averages indicate greater puncture resistance. 7.7.15 Glove
Hand Function Test This test is performed in accordance with ASTM F2010, Standard Test Method for
Evaluation of Glove Effects on Wearer Hand Dexterity Using a Modified Pegboard Test , on at least three
pairs of whole gloves, sized 70W and 76W, “as received.”

A test subject picks up metal pins and places them in a horizontal pegboard without gloves. The subject
immediately repeats the test while wearing the correct size specimen gloves. The time it takes to complete
the task is recorded for both tests, and an average is calculated and used to calculate a percentage that
represents how much faster the test was completed bare-handed than with gloved hands.

That percentage is reported as the bare-handed control for each glove size. The average result for
bare-handed control cannot exceed 220 percent.

The Glove Hand Function Test is used to determine whether the glove meets a minimum requirement for
dexterity. The lower percentages indicate that the gloves have fewer adverse effects on fire fighter dexterity.

To meet this requirement, bare-handed control cannot offer more than 220 percent better control than
gloved hands. In other words, if it takes, on average, 60 seconds to complete the test barehanded, it cannot
take more than 132 seconds, on average, to complete the same task with gloved hands.
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7.7.16 Burst Strength Test

(knit glove wristlet material)

This test is performed in accordance with ASTM D6797, Standard Test Method for Bursting Strength of
Fabrics Constant-Rate-of-Extension (CRE) Ball Burst Test , on the knit glove wristlet materials “as
received.”

A tensile testing machine is used to push a steel ball through the clamped wristlet material. The maximum
force used to burst the material is recorded. The specimen cannot burst under fewer than 225 N (51 lbf).

The Burst Strength Test is used to evaluate the strength of the glove wristlet material by measuring its
resistance to bursting or rupturing when force is applied under specific test conditions.

It is used to determine whether, on average, the glove wristlet can sustain applied force of at least 225 N
(51 lbf), under specific test conditions. Higher bursting force resistance numbers indicate stronger wristlet
materials.

7.7.17 Seam-Breaking Strength Test This test is performed in accordance with ASTM D1683, Standard
Test Method for Failure in Sewn Seams of Woven Fabrics , on the conditioned glove body and glove
interface component seams.

Opposite ends of a 50 mm × 200 mm (2 in. × 8 in.) specimen, with the seam bisecting the length, are
gripped in a machine and pulled apart until the specimen breaks.

If testing knit materials, the test is performed in accordance with ASTM D6797, Standard Test Method for
Bursting Strength of Fabrics Constant-Rate-of-Extension (CRE) Ball Burst Test .

The force required to break the seam is recorded and averaged for the test specimens and the average
result cannot be less than 182 N (41 lbf).

The Seam-Breaking Strength Test is used to evaluate the strength of the glove’s interface seams under
stress. The durability of the seam is an indicator of physical performance when the glove is subjected to
repeated donning, doffing, gripping, bending, and stretching. Higher breaking forces indicate stronger
seams. 7.7.18 Overall Liquid Integrity Test 1 This test is performed on at least three pairs of whole gloves,
sized 70W and 76W, after conditioning and convective heat conditioning.

The test subject dons an inner glove and the glove to be tested and submerges the glove in surfactant-
treated water, to the height line on the glove below the opening, for 5 minutes while flexing the hands into a
fist every 10 seconds.

The appearance, after testing, of any water mark on the inner glove of any of the three pairs of gloves is
recorded and reported. The appearance, after testing, of any water mark on the inner glove of any glove is
considered leakage and constitutes failing.

The Overall Liquid Integrity Test 1 is used to evaluate the glove‘s resistance to leakage when submerged in
water, under specific test conditions. Surfactant treatments are used to lower water surface tension, making
water penetration easier. 7.7.19 Glove Donning Test This test is performed on at least three conditioned
pairs of whole gloves, sized 70W and 76W.

While wearing a glove on one hand, the wearer must don a single glove on the opposite hand, without
altering the glove lining, three consecutive times. The test is performed three times with a dry hand and dry
gloves and three times with a wet hand and wet gloves.

The time of each donning for each size is recorded and is averaged as a measure of the ease of donning.

The standard requires a maximum average donning time for dry gloves and a separate maximum average
donning time for wet gloves.

The key to this test is that pass or fail determinations are made based on the donning time (if one size fails,
the glove fails), separation (any detachment of the inner liner and/or moisture barrier is a failure), and
insertion (any glove digits that do not allow full insertion is a failure). The Glove Donning Test is used to
evaluate the ease of donning the gloves with a wet and dry hand; whether or not the inner lining will
become detached under the specific test conditions; and whether or not each digit of each glove of each
size allows full insertion during the test. 7.7.20 Liner Retention Test This test is performed on at least three
conditioned pairs of whole gloves, sized 70W and 76W.

A set of locking forceps is attached to the interior glove liner near the fingertip, which is then attached to a

strain gauge and pulled, using force, until 25 N (5  1 ⁄ 2  lbf) registers on the machine.

Each digit of each glove is inspected for inner liner detachment. The appearance of inner liner detachment
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in any digit of any glove of any size constitutes a failure. Gloves can be cut open to look for detachment.

The Liner Retention Test is used to evaluate the ability of the glove’s inner liner and moisture barrier to stay
attached under applied force after laundering. 7.7.21 Label Durability and Legibility Test 1 This test is
performed on the whole glove, with labels attached, after laundering, abrasion, and convective heat
exposure.

The gloves are exposed to 10 laundry cycles as outlined in AATCC 135, Dimensional Changes in
Automatic Home Laundering of Woven and Knit Fabrics , subjected to abrasion in accordance with ASTM
D4966, Standard Test Method for Abrasion Resistance of Textile Fabrics (Martindale Abrasion Test
Method) , and lastly, subjected to convective heat.

Glove labels are examined for continued presence and for legibility.

The Label Durability and Legibility Test 1 is used to evaluate whether or not the label stays in place and is
legible to the unaided eye after exposure to multiple launderings, abrasion, and convective heat.

In addition to being legible, the labels must remain in place following the testing. The presence and legibility
of labels is important for glove identification and tracking.

7.7.22 Grip Test This test is performed on at least three pairs of new, as distributed, sized 70W and 76W
gloves.

Six separate pull types are tested with three pulls each on a wet conditioned overhead vertical pole. The
test subjects wet condition the gloves before each set of three pulls.

The peak pull force value for each individual pull is recorded and reported. The minimum pull force value
that occurs after the peak pull force value is recorded and reported.

The individual percentage drop between the peak pull force value and the minimum pull force value is
calculated and used to determine pass or fail performance (the drop cannot be more than 30 percent).

In addition, failure during any pull constitutes glove failure of the overall test.

The Grip Test is used to evaluate the glove’s gripping ability, under applied force and specific test
conditions. The test is designed to simulate use of a pike pole in ceiling pulls. 7.7.23 Torque Test This test is
performed on at least three pairs of new, as distributed, sized 70W and 76W gloves.

The test subject dons the glove and attempts to twist a vertical rod mounted on a torque meter. The
maximum force applied by the test subject in this twisting motion is measured.

The test is performed both bare-handed and with gloves donned. The test results are recorded and
averaged and the percent difference between the bare-handed results and the results for tests using gloves
is used to determine glove performance. Gloves must allow at least 80 percent of the twisting force for the
test subject compared to tests performed bare-handed.

The Torque Test is used to evaluate the difference between how gloves affect a fire fighter’s ability to
perform gripping and twisting actions. The results compare the same gripping/twisting action performed
both bare-handed and with the gloves. Percentages less than 100 percent mean that the gloves diminish
gripping/twisting action while percentages over 100 percent mean that the gloves enhance gripping/twisting
motion. 7.7.24 Glove Tool Test This test is performed on at least three pairs of new, as distributed, sized
70W and 76W gloves.

The test requires the wearer to pick up a bolt and washer set and assemble them on a test stand using only
one hand. While being timed, the wearer has to fill all holes across the top and all holes across the bottom
of the test stand until all bolts and washer sets have been installed in the test board.

The test is also performed without gloves to establish a baseline result to determine the effect of the gloves
to handle small objects. The difference in times for the tests performed bare-handed (control) and with
gloves is reported as a percentage.

The difference cannot exceed 175 percent. This means that the use of the gloves cannot result in this task
taking 1.75 times longer when performing the same task without gloves.

The Glove Tool Test is used to evaluate the effect of gloves on completing a task compared to completing
the same task without gloves. Lower percentages indicate that the gloves have less adverse effects on fire
fighter tool use. 7.8.2 Corrosion Resistance Test

(glove metal hardware and hardware that includes metal parts)

The test is performed in accordance with ASTM B117, Test Method for Water Resistance: Impact
Penetration Test , to measure corrosion. Metal hardware is exposed to a saline solution spray for 20 hours,
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following which base metal can show no corrosion and the hardware must remain functional. The Corrosion
Resistance Test is used to evaluate whether (1) hardware will corrode and (2) hardware will remain
functional after extended exposure to a salt spray.

Hardware failure can result in loss of thermal and physical protection for the fire fighter.

B.5   Footwear.

Table B.5  is intended to serve as an abbreviated guide to all specified tests for the whole footwear,
including the footwear boot, the footwear upper, and all materials used in the construction of the whole
footwear element. The tests are intended to evaluate whether or not the footwear meets the minimum
performance requirements of the 2018 edition of NFPA 1971 2017. They do not guarantee the safety of the
fire fighter or ensure the fire fighter will not experience an injury while wearing the footwear.

Table B.5 Footwear

Test Method Test Method Description Test Method Application 7.10.1 Conductive Heat Resistance Test
2 This test is performed on the conditioned complete footwear element with removable soles in place.
Thermocouples are taped to the insole surface inside the footwear, and the footwear is filled with 4.55 kg
(10 lb) of steel balls. The weighted footwear is placed on a hot plate set at a temperature of 260°C (500°F)
for 20 minutes. The thermocouples inside the boot measure the temperature of the footwear insole.

The average temperature of the specimen at the end of 20 minutes is recorded. The temperature of the
insole cannot exceed 44°C (111°F).

The Conductive Heat Resistance Test 2 is used to evaluate the footwear’s resistance to heat transferred
through the sole by conduction with a hot surface.

The steel balls weigh the footwear down to place pressure on the sole against the hot surface, similar to
what happens on the fireground. The test conditions are not intended to simulate actual fireground
exposures but rather serve as a means for measuring the footwear’s response to heat. The requirement
relates to the average temperature that causes pain sensation.

7.10.2 Flame Resistance Test 4 This test is performed on the whole footwear element in a draft-free area
“as received.” A tray of fuel is used to create the flame exposure. The fuel in the tray is ignited and is
allowed to burn to produce a stable flame. The footwear specimen is clamped on a fixture then positioned
above the burning tray where a shutter controls the exposure of the footwear specimen to flames for 12
seconds.

Once the flame exposure is stopped, the footwear specimen is examined for afterflame (not more than 5.0
seconds allowed), melting, dripping, and burn-through. The specimen cannot melt, drip, or exhibit any
burn-through.

The Flame Resistance Test 4 is used to evaluate whether the footwear melts, drips, or exhibits
burn-through and determines whether it has an afterflame lasting more than 5.0 seconds.

This is the primary test to establish the flame-resistant properties of the materials used in footwear
construction.

7.10.3 Thread Melting Test This test is performed on the sewing thread used in the construction of the
footwear. The test is performed on specimens “as received.” Sample threads are placed on a hot plate and
slowly heated to 260°C (500°F).

The temperature at which the thread melts or decomposes is recorded, and if it melts below 260°C (500°F),
it fails.

The Thread Melting Test is used to evaluate the thread used in the construction of the footwear element to
determine whether it has at least the same heat resistance as the fabric used in the footwear’s
construction. 7.10.4 Liquid Penetration Resistance Test This test is performed in accordance with ASTM
F903, Standard Test Method for Failure in Sewn Seams of Woven Fabrics , on the footwear moisture
barrier and moisture barrier seams. Swatches representative of the footwear construction (not just the
barrier layer) are exposed to convective heat conditioning; then the barrier layer is separated and becomes
the testing specimen. The normal outer surface of the material is exposed to Aqueous Film Forming Foam
concentrate, battery acid, synthetic gasoline, hydraulic fluid, and swimming pool chlorine additive. Each
liquid is tested separately on an individual specimen.

During the 1 hour exposure, pressure is applied behind the liquid for a period of time. At the end of
exposure, each sample is evaluated. No liquid can penetrate any sample.

The Liquid Penetration Resistance Test is used to evaluate whether or not the footwear’s moisture barrier
material and seams resist penetration of liquids meant to be representative of those commonly encountered
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on the fireground. 7.10.5 Viral Penetration Resistance Test This test is performed in accordance with
ASTM F1671, Standard Test Method for Resistance of Materials Used in Protective Clothing to Penetration
by Blood-Borne Pathogens Using Phi-X-174 Bacteriophage Penetration as a Test System , on the footwear
moisture barrier and moisture barrier seams. Swatches representative of the footwear construction (not just
the barrier layer) are exposed to convective heat conditioning; then the barrier layer is separated and
becomes the testing specimen. The specimens are placed in a test cell where the taped film side (the
normal outer surface) is exposed to a surrogate virus in a liquid solution and is evaluated for passage of
virus after 1 hour.

During the 1 hour exposure, pressure is applied behind the liquid. At the end of exposure, the specimen is
rinsed with a clean solution and examined. Any evidence of viral passage through the barrier fabric or seam
as determined using a microbiological technique constitutes a failure.

The Viral Penetration Resistance Test is used to evaluate the ability of the footwear’s moisture barrier
materials and seams to keep blood-borne pathogens from coming in contact with the fire fighter’s
skin. 7.10.6 Puncture Resistance Test This test is performed in accordance with ASTM F1342, Standard
Test Method for Protective Clothing Material Resistance to Puncture , Test Method A, on footwear uppers
“as received.” Footwear uppers are clamped into a fixture while force is applied to a nail-like probe in an
effort to puncture the specimen. The force required to puncture each specimen is recorded and averaged,
and the resulting average cannot be lower than 60 N (13 lbf). The Puncture Resistance Test is used to
evaluate the ability of the footwear uppers to resist puncture under specific test conditions. Higher average
force measurements indicate greater puncture resistance. 7.10.7 Cut Resistance Test This test is performed
in accordance with ASTM F1790, Standard Test Methods for Measuring Cut Resistance of Materials Used
in Protective Clothing with CPP Test Equipment , on footwear uppers “as received” under a load of 800 g.
The specimen (a composite of footwear upper used in the actual footwear construction, including the
tongue but excluding the gusset, with layers arranged in proper order) is clamped to a metal rod while a
blade passes across the specimen until it makes contact with the metal rod. After testing, the average
distance of blade travel is recorded and cannot be more than 20 mm (0.8 in.). The Cut Resistance Test is
used to evaluate the ability of the footwear upper composite to resist cutting under specific test conditions.
Longer blade travel distances represent greater cut resistance because it takes longer for the blade to cut
through the material. 7.10.8 Slip Resistance Test This test is performed in accordance with ISO 13287,
Personal protective equipment — Footwear — Test method for slip resistance , on a men’s size 9D whole
footwear element. A footwear specimen is placed in a machine that slides the footwear along a wet tile
surface. This test measures the friction (traction) between the soles of the footwear and the tile surface.
The coefficient of friction is recorded for each specimen and averaged. The result should be 0.40 or
greater. The Slip Resistance Test is used to evaluate the ability of the footwear to resist slipping under
specified test conditions. The surface condition is chosen to simulate a typical slippery surface encountered
by fire fighters. 7.10.9 Abrasion Resistance Test This test is performed in accordance with ISO 4649,
Rubber, vulcanized or thermoplastic — Determination of abrasion resistance using a rotating cylindrical
drum device , Method A, on material pieces removed from the footwear soles and heel “as received.” These
material specimens are repetitively rubbed against a specific type of sandpaper under a specified pressure;
then the amount of material removed by abrasion is measured. Abrasion resistance of the footwear sole
and heel materials is adjusted by relative loss of material. The Abrasion Resistance Test is used to evaluate
the footwear’s ability to resist abrasion under specified test conditions. The test is intended to measure how
easily sole and heel material wear away with use. 7.10.10 Electrical Insulation Test 2 This test is performed
in accordance with ASTM F2412, Standard Test Methods for Foot Protection , on at least three specimens
of whole footwear elements “as received.” The sample footwear are tested to 14,000 V in accordance with
Section 9 of ASTM F2412. Small metal balls are placed in a footwear specimen, which is then placed on a
metal mesh platform. Voltage is applied to the footwear specimen through the metal mesh platform.

The footwear element is evaluated for current leakage or evidence of breakdown. The footwear should not
have a leakage in excess of 3.0 mA.

The Electrical Insulation Test 2 is used to evaluate the footwear's resistance to electricity under specified
test conditions. The test simulates conditions when a fire fighter steps on a live wire. 7.10.11 Ladder Shank
Bend Resistance Test This test is performed on footwear ladder shanks or whole sole equivalents “as
received.” The specimen is placed on mounting blocks, as it would be oriented toward the ladder, and
subjected to force on its center with the test probe operated at 50 mm/min (2 in./min). The average

deflection is recorded to the nearest 1 mm (.05 in.) and should not deflect more than 6 mm (  1 ⁄ 4  in.). The
Ladder Shank Bend Resistance Test is used to evaluate the footwear soles or ladder shanks for resistance
to bending when supported only in the middle of the footwear. The test simulates what occurs when a fire
fighter uses a ladder. 7.10.12 Eyelet and Stud Post Attachment Test This test is performed on footwear
eyelets and stud posts “as received.” Specimens are removed from the footwear element and attached to
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the upper position of the tensile testing machine using the proper puller fixture. The test is started and force
is applied.

At a minimum, the average of all specimen tests can be no less than 294 N (66 lbf). The footwear eyelets
and stud posts have to be able to withstand, on average, at least 294 N (66 lbf).

The Eyelet and Stud Post Attachment Test is used to evaluate the footwear stud posts and eyelets for
attachment strength when force is applied. This test is used to determine whether stud posts and eyelets
will stay attached under normal use conditions. 7.10.13 Corrosion Resistance Test

(metal hardware and hardware that includes metal parts)

This test is performed in accordance with ASTM B117, Test Method for Water Resistance: Impact
Penetration Test , to measure corrosion on all footwear hardware “as received.” Metal hardware is exposed
to a 5 percent saline solution for 20 hours. Following the test, the hardware is evaluated for the appearance
of corrosion or oxidation and to see if it remains functional. Evidence of corrosion on the base metal
signifies failure. The Corrosion Resistance Test is used to evaluate whether (1) hardware will corrode and
(2) hardware will remain functional after extended exposure to salt spray.

Hardware failure can result in loss of thermal and physical protection for the fire fighter.

7.10.14 Label Durability and Legibility Test 1 This test is performed on the complete footwear element, with
labels attached, after abrasion and thermal exposure. Footwear specimens are subjected to abrasion in
accordance with ASTM D4966, Standard Test Method for Abrasion Resistance of Textile Fabrics
(Martindale Abrasion Test Method) , and are exposed to convective heat to test for heat durability. The
Label Durability and Legibility Test 1 is used to evaluate whether or not the label stays in place and is
legible to the unaided eye after abrasion and thermal exposure. The presence and legibility of labels is
important for footwear identification and tracking. 7.10.15 Heat and Thermal Shrinkage Resistance
Test This test is performed in accordance with ASTM F2894, Standard Test Method for Evaluation of
Materials, Protective Clothing and Equipment for Heat Resistance Using a Hot Air Circulating Oven , on at
least three men’s size 9D complete footwear elements “as received.” The footwear component is filled with
glass beads and suspended in a 260°C, +8/–0°C (500°F, +14/–0°F), oven for 5 minutes, +15/–0 seconds.
Post-exposure, the specimen is examined inside and outside before conditioning in an environmental
chamber and after conditioning for melting, separation, or ignition. Next, the footwear specimen is tested in
accordance with Appendix B of FIA 1209, Whole Shoe Flex , and flexed on a machine 100,000 times to
simulate walking movement. Lastly, the footwear specimen is immersed in surfactant-treated water to a
certain height for 2 hours then evaluated for leakage.

The appearance of any liquid inside the footwear after exposure is reported as a failure.

The Heat and Thermal Shrinkage Resistance Test is used to evaluate the footwear for heat degradation
effects after exposure to high temperatures. Footwear is not permitted to melt, separate, or ignite under
these conditions. Footwear is also tested for liquid penetration resistance after thermal exposure and
flexing to show that footwear will continue to maintain its integrity following simulated use and heat
exposure.

If any one of the at least three specimens being tested fails any one of these tests (melts, separates,
ignites, shows water penetration, sole separation, seam separation, or component breakage), the footwear
element fails.

7.11.2 Radiant Heat Resistance Test 1 This test is performed on each area of the footwear upper on a
minimum of three complete footwear items, including booties where provided, “as received.”

The specimen is placed in front of a radiometer and exposed to heat for 30 seconds at 1000K ± 455K
(1340°F ± 360°F). The temperature at 30 seconds of exposure for each area is recorded and reported, then
averaged; the average cannot exceed 44°C (111°F).

The Radiant Heat Resistance Test 1 is used to evaluate the footwear for resistance to heat transfer from
exposure to radiant energy. The test conditions are not intended to simulate actual fireground exposures,
but rather serve as a means for measuring the footwear’s response to radiant heat. 7.11.3 Conductive Heat
Resistance Test 1 This test is performed in accordance with ASTM F1060, Standard Test Method for
Thermal Protective Performance of Materials for Protective Clothing for Hot Surface Contact , on the
footwear upper composites “as received.” Composite specimens are placed on a hot plate that is heated to
280°C (536°F), while a pressure of 3.45 kPa ± 0.35 kPa (0.5 psi ± 0.05 psi) is applied. A weighted sensor
on top of the specimen measures the rate of heat transfer.

The heat transfer data are used to predict the time to pain and the time to second-degree burn.

The average time to pain cannot be fewer than 6 seconds, and the average time to second-degree burn
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cannot be fewer than 10 seconds.

The Conductive Heat Resistance Test 1 is used to evaluate the upper portion of the footwear for thermal
insulation. The test conditions are not intended to simulate actual fireground exposures, but rather serve as
a means for measuring the footwear upper’s resistance to heat transfer when contacted is made with a hot
surface.

B.6   Hoods.

Table B.6  is intended to serve as an abbreviated guide to all specified tests for whole hoods, including the
SCBA facepiece and all materials used in the construction of the whole hood. The tests evaluate whether or
not the hood meets the minimum performance requirements of the 2018 edition of NFPA 1971. They do not
guarantee the safety of the fire fighter or ensure the fire fighter will not experience an injury while wearing
the hood.

Table B.6 Hoods

Test Method Test Method Description Test Method Application 7.13.1 Hood Opening Size Retention
Test This test is performed on the protective hood “as received.” The hood is marked before testing in at
least eight locations to capture any shrinkage or growth with the protective hood. The whole hood is placed
on a headform and passed up and over the headform 50 times for testing.

Once completed, the hood is removed from the headform and allowed to rest for 1 minute. The hood is
evaluated in the original eight (or more) locations to determine whether the hood opening retains its shape.

The hood opening measured after testing cannot exceed 110 percent of the original measured facepiece
opening size.

The Hood Opening Size Retention Test is used to evaluate the ability of the hood to retain its shape after
being pulled over the head many times. 7.13.1.1 Hood Opening Size Retention Test

(when the hood is designed for a specific SCBA facepiece)

This test is performed on the protective hood “as received” using the specific SCBA facepiece the hood is
designed to interface with. The hood is marked before testing in at least eight locations to capture any
shrinkage or growth with the protective hood. The whole hood is placed on a headform (with the SCBA
facepiece in place) and passed up and over the headform 50 times for testing.

If the hood is designed to be manually adjusted when donned, the person performing the test has to
manually adjust the hood each time it is placed on the headform with facepiece.

Once completed, the hood is removed from the headform and allowed to rest for 1 minute. The hood is then
donned on the headform and placed over the facepiece. The hood is evaluated in the original eight (or
more) locations to determine if the hood opening retains its shape.

The hood used in this test has to overlap the outer edge of the specific SCBA facepiece-to-face seal

perimeter by at least 13 mm (  1 ⁄ 2  in.).

This test evaluates the ability of the hood’s SCBA facepiece opening to retain its shape after being pulled
over the head and the specified SCBA facepiece many times. 7.13.2 Thermal Protective Performance
(TPP) Test This test is performed in accordance with ISO 17492, Clothing for protection against heat and
flame — Determination of heat transmission on exposure to both flame and radiant heat,  on the portions of
the hood that cover the neck and facial area after conditioning with 5 laundering cycles. Specimens used
for testing must be at least 180 mm (7 in.) square. The hood is exposed to both radiant and convective heat
sources.

The rate of rise in temperature is recorded and compared to the known skin response to heat; the recorded
time is multiplied by the heat exposure energy to determine the TPP rating.

The TPP rating of the hood has to be at least 20.0.

The Thermal Protective Performance (TPP) test is used to measure the insulating performance of the hood
by evaluating how quickly heat is transferred from the outside of the hood to the inside.

Under the given test conditions, which simulate severe flashover conditions, the TPP rating divided in half
indicates the approximate number of seconds until a fire fighter would receive a second-degree burn.

This is the primary test to measure the hood’s ability to protect the fire fighter from severe heat and flame. A
TPP rating of 20.0 is acceptable because the hood area is overlapped by another part of the ensemble that
also provides insulation.

7.13.3 Flame Resistance Test 1 This test is performed in accordance with ASTM D6413, Standard Test
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Method for Flame Resistance of Textiles (Vertical Test) , on five individual samples of hood material(s) and
five individual samples of labels attached to hood material(s).

Specimens are tested after conditioning with 5 laundry cycles. Hood labels are cut from the conditioned
samples and tested in a vertical flame chamber in accordance with ASTM D 6413.

Specimens are evaluated for average char length (cannot exceed 100 mm (4 in.); for average afterflame
(cannot be more than 2.0 seconds); and for evidence of melting or dripping (material cannot melt or drip).

The Flame Resistance Test 1 is used to evaluate the hood materials, under controlled test conditions, for
the ability to self-extinguish after the flame is removed and to resist charring, melting, and dripping. 7.13.4
Heat and Thermal Shrinkage Resistance Test

(shrinkage)

This test is performed after conditioning with 5 laundry cycles on hood materials.

The hood is placed on a nonconductive headform in the center of the oven with the front of the hood facing
the airflow at 260°C, +8/–0°C (500°F, +14/–0°F), for 5 minutes, +15/–0 seconds.

Dimensions are measured in a minimum of eight different locations for the face opening and additionally on
three dimensions based on the top of the hood and the basic plane.

Post-exposure measurements are taken and averaged, and no more than 10 percent shrinkage is
permitted. The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the
hood materials for shrinkage after exposure to high temperatures.

Excessive shrinkage could impact the insulating qualities of the hood.

7.13.5 Heat and Thermal Shrinkage Resistance Test

(melting, separation, ignition)

This test is performed after conditioning hoods and labels with 5 laundry cycles. The specimen is placed on
a nonconductive headform in the center of the oven with the front of the hood facing the airflow at 260°C,
+8/–0°C (500°F, +14/–0°C), for 5 minutes, +15/–0 seconds.

Hoods cannot show evidence of melting, separating, or ignition after this test.

The Heat and Thermal Shrinkage Resistance Test is used for this requirement to evaluate the hood
materials for melting, separation, and ignition after exposure to high temperatures. 7.13.6 Cleaning
Shrinkage Resistance Test This test is performed on three complete hoods with labels. The hood is placed
on a nonconductive headform, and measurements are taken of the face opening at a minimum of eight
separate locations around the entire perimeter of the face opening and at the back and both sides of the
hood from the top of the hood to the basic plane.

Each measurement is recorded before and after laundering, then averaged. The average before and after
measurements are used to calculate the percent difference of the hood face opening dimensions, and no
more than 5 percent shrinkage is permitted.

While averages are used for the final calculation, in the event one or more hood specimens fail this test, the
hood fails.

The Cleaning Shrinkage Resistance Test is used to evaluate hood materials for shrinkage after cleaning.

Excessive shrinkage increases the possibility of burns.

7.13.7 Thread Melting Test This test is performed on the sewing thread used in the construction of the
hood. The test is performed on “as received” specimens. Sample threads are placed on a hot plate and
slowly heated to 260°C (500°F).

The temperature at which the thread melts or decomposes is recorded, and if it melts below 260°C (500°F),
it fails.

The Thread Melting Test is used to evaluate the thread used in the construction of the hoods to determine if
it has at least the same heat resistance as the fabric used in garment construction. 7.13.8 Burst Strength

(knit material)

This test is performed in accordance with ASTM D6797, Standard Test Method for Bursting Strength of
Fabrics Constant-Rate-of-Extension (CRE) Ball Burst Test , on the knit hood materials “as received.”

A tensile testing machine is used to push a steel ball through the clamped hood material. The maximum
forced used to burst the material is recorded. The specimen cannot burst under fewer than 225 N (51 lbf).
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The Burst Strength Test is used to evaluate the strength of the hood material by measuring its resistance to
bursting or rupturing when force is applied under specific test conditions.

This test is used to determine whether, on average, the hood material can sustain applied force of at least
225 N (51 lbf), under specific test conditions. Higher bursting force resistance numbers indicate stronger
hood materials.

7.13.9 Seam-Breaking Strength Test

(knit hood seams)

This test is performed in accordance with ASTM D6797 on at least five specimens of conditioned knit hood
seams.

The seam breaking strength (the amount of pounds force required to break the seam) is recorded and
reported for each specimen, and those values are averaged for the assessment.

The force required to break the seam is recorded and averaged for the test specimens, and the average
result cannot be less than 181 N (41 lbf).

The Seam-Breaking Strength Test is used to evaluate the strength of the hood seams under stress. The
durability of the seam is an indicator of physical performance when subjected to repeated donning and
doffing. Higher breaking forces indicate stronger seams. 7.13.10 Label Durability and Legibility Test 1 These
tests are performed on hood labels on complete hoods with labels attached (laundering); individual labels
(abrasion); and labels sewn onto a separate square of hood material (convective heat exposure).

The laundering test is performed in accordance with AATCC 135, Dimensional Changes in Automatic
Home Laundering of Woven and Knit Fabrics , and the abrasion test is performed in accordance with ASTM
D4966, Standard Test Method for Abrasion Resistance of Textile Fabrics (Martindale Abrasion Test
Method) .

Hood labels are examined for continued presence and for legibility.

The Label Durability and Legibility Test 1 is used to evaluate whether or not the label stays in place and is
legible to the unaided eye after exposure to multiple launderings, abrasion, and convective heat.

In addition to being legible, the labels must remain in place following the testing. The presence and legibility
of labels is important for glove identification and tracking.
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Annex B 

Description of Performance Requirements and Test Methods 
This annex is not a part of the recommendations of this NFPA document but is included for 

informational purposes only. 
 

B.1 Overview.   
 

Annex B is intended to serve as a guide for both experienced and rookie fire fighters who want to better 

understand the performance requirements (tests) of the structural fire fighting gear they wear and to 

develop a basic understanding of the minimum test requirements for the structural fire fighting gear 

described in Chapter 7 of the 2018 edition of NFPA 1971.  

This annex will also help the reader gain a clearer understanding of the limits of the protective 

ensemble. However, Annex B only addresses performance requirements and test methods for 

protective elements (garments, helmets, gloves, footwear, and hoods) used for structural fire fighting. 

Descriptions for specific performance requirements and test methods for proximity fire fighting 

elements will be addressed in a future edition.  

Interpretations of tests, test methods, or test results will not be found here. Instead, Annex B provides 

background information and explains performance requirements and test methods in layman’s terms. 

Fire department equipment officers, safety officers, purchasing agents, members of the selection 

committee, and end users/wearers will also find this information helpful.  

The tests required by NFPA 1971 do not guarantee that the ensemble or ensemble element will not 

fail in the field. The tests evaluate representative samples of the protective ensemble elements, or 

materials used in their construction to determine whether the element will pass defined minimum 

performance requirements under controlled test conditions. These tests cannot be performed in the 

field — they must be performed by the qualified laboratory of an accredited certification organization.   

Annex B also gives a brief description of the required NFPA tests performed by the certification 

organization (chosen by the manufacturer) on the five elements of the structural fire fighting ensemble 

— protective garment (the coat and pants, outer shell/moisture barrier/thermal liner), protective 

helmets, protective gloves, protective footwear, and protective hoods — with a section and 

corresponding table for each element.   

The Test Method column in each table shows the number and name of the section in the standard that 

is described; the Test Method Description column provides an overview of the test, which indicates 

what is tested and, in general, how it is tested; and the Test Method Application column explains why 

the test method is specified and how the method is used to assess the performance of fire fighter 

protective clothing.   

Some tests evaluate a representative piece or sample of the element while other tests evaluate the 

whole element as specified in the table. In general, tests are conducted on multiple specimens, not just 

one specimen. Tests are designed by experts familiar with fire fighting field conditions. They are 

evaluated by fire fighters on the NFPA 1971 committee before they are put in the standard to ensure 

the performance requirements translate to an appropriate minimum level of protection. 
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Throughout the document, references are made to specimens being tested “as received” and “after 

conditioning.” Specific descriptions and instructions for each type of conditioning can be found in 

Chapter 8: Test Methods, along with the test method details.   

In general, however, “as received” means the specimens tested are new, out-of-the-box samples that 

have not been laundered or subjected to other environmental conditioning;  “conditioning” generally 

refers both to laundering the samples and to exposing the samples to specific environmental conditions.  

Again, all the specific details for sample treatment can be found in Chapter 8. 

To ensure environmental consistency prior to testing, the “as received” samples are conditioned in an 

environmental chamber for 24 hours at 21°C ± 2.8°C (70°F  ± 5°F) and 65 percent ± 5 percent humidity. 

The specific procedure used to condition samples to these parameters is found in ASTM D1776, 

Standard Practice for Conditioning Textiles for Testing.  As outlined in specific tests, elements might also 

require conditioning by one or more of the following procedures before testing can proceed: 

 Washing and drying procedures (AATCC 135, Dimensional Changes in Automatic Home 

Laundering of Woven and Knit Fabrics) 
 Low temperature environmental conditioning  
 Convective heat conditioning  
 Radiant and convective heat conditioning 
 Wet conditioning 

 

The Test Method Description column in the tables references specific test methods from other 

standards organizations such as ASTM or ISO. In these instances, some details found in the referenced 

test method, but not in NFPA 1971, are described for the respective test method. This information 

includes specific details that are key to understanding the test method in the context of how it might 

relate to what is experienced in the field and, therefore, included in this annex. 

Fire fighters face many hazards that manufacturers of personal protective equipment attempt to 

mitigate. The minimum performance requirements that manufacturers protective ensemble elements 

have to meet are included in the 2018 edition of NFPA 1971. Certification organizations and their 

laboratories perform these tests and determine whether or not the samples provided pass the tests. 

Compliance for a particular product is indicated by the certification mark on the product label that is 

permanently attached to the coat and pants, helmet, gloves, footwear, or hood. The certification mark 

means representative samples have passed rigorous tests and are compliant with the 2018 edition of 

NFPA 1971. If the certification organization mark is not on the label, the equipment is neither NFPA-

compliant nor third-party certified and should not be used. 

 

 

 

 

 



 

B.2 Garments. 

Table B.2 is intended to serve as an abbreviated guide to all specified tests for wholethat apply to 

garments, including the outer shell, the moisture barrier, the thermal barrier, garment hardware, and all 

materials used in the construction of the whole garment. These tests evaluate whether or not the 

garment meets the minimum performance requirements of the 2018 edition of NFPA 1971. They do not 

guarantee the safety of the fire fighter or ensure the fire fighter will not experience an injury while 

wearing the garment.  



 

Table B.2 Garments 
Test Method Test Method Description Test Method Application 

7.1.1 Thermal Protective Performance (TPP) 

Test 

 

 

TPP Test Apparatus 

 

 

This test is performed in accordance with ISO 17492 on three 

specimens/samples of the three-layer garment composite, which 

are tested both as received and after conditioning with 5 

laundering cycles.   

Specimens comprise the outer shell, thermal liner, and moisture 

barrier and are layered and tested in the order in which they are 

worn.  The outer shell exterior is exposed to both radiant and 

convective heat sources.   

The rate of temperature rise is recorded and compared to the 

known skin response to heat; the recorded time is multiplied by 

the heat exposure energy to determine the TPP rating. 

The TPP rating of the garment must be at least 35.0. 

The tThermal pProtective pPerformance (TPP) test is 

used to measure the insulating performance of the 

three-layer system by evaluating how quickly heat is 

transferred from the outside of the garment to the 

inside.   

Under the given test conditions, which simulate severe 

flashover conditions, the TPP rating divided in half 

indicates the approximate number of seconds until a 

fire fighter would receive a second-degree burn.   

This is the primary test to measure the garment's 

ability to protect the fire fighter from severe heat and 

flame. The higher the number, the higher the 

protection from heat (under the specific test 

conditions), and, in contrast, the higher the heat stress 

on the fire fighter.  Fire fighters should always 

consider the TPP rating as it relates to the Total Heat 

Loss (THL) rating. 

  

[UNNUMBERED 

Figure B.2(a)] 
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TPP Test Being Run 

 

 

 

 

7.1.2 Whole Garment and Ensemble Liquid 

Penetration Test (Shower Test) 

This test is performed in accordance with ASTM F1359 on a full 

garment set (coat and pants) or coveralls. The whole garment is 

placed on a mannequin dressed in a water-absorptive layer and 

exposed to 5 minutes of liquid spray from four different 

orientations for a total of 20 minutes. After removal of the 

garment, the water-absorptive layer is examined for evidence of 

moisture penetration. 

The Shower Test is used to evaluate how well the 

seams and closures of the garment, under controlled 

test conditions, resist inward leakage of liquids from 

exterior sources. This is a test to determine whether 

or not the garment will help keep the fire fighter dry 

from hose streams, standing water, and precipitation.   

NOTE: The Shower Test is the only test performed on 

assembled garments — coats and pants. 
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7.1.3 Flame Resistance Test 1 

 

  

 

This test is performed in accordance with ASTM D6413, as 

received and after conditioning with 5 laundering cycles on 

garment components (except hook and pile, elastic, and labels, 

which are specificallymay be excluded from the test depending on 

their location in the garment.).    

Each separable layer of multilayer composites is tested 

individually (e.g., if the composite has a sewn-in thermal liner, the 

outer shell and thermal liner are tested sewn together; if the liner 

is separable, than each layer is tested by itself). Specimens are 

tested after conditioning. A  75 mm x 305 mm (3 in. x 12 in.)The 

specimen is suspended over a flame for 12 seconds to determine 

how easily the material ignites. Ease of ignition and charring 

characteristics are observed and recorded.  

Materials cannot char more than 100 mm (4 in.), cannot show 

afterflame 2.0 seconds after removal of the test flame, and 

cannot melt or drip. 

The Flame Resistance Test 1 is used to evaluate the 

material, under controlled test conditions, for its 

ability to self-extinguish after the flame is removed. 

The char length of the material after exposure to 

flame is also measured.   

This is the primary test to establish the flame-resistant 

properties of the materials used in garment 

construction. 
[UNNU
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Test Apparatus in Ready Position 

 

Close-up of burner, with parallel pilot 

Flame Test Being Performed 

 
Test apparatus with specimen 
 

[UNNUMBE

REDFigure 
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7.1.4 Heat and Thermal Shrinkage Resistance 

Test 

(shrinkage) 

This test is performed as received and after conditioning with 5 

laundering cycles. Outer shells, moisture barriers, thermal 

barriers, collar linings, and winter liners (where provided) are 

tested individually. Fabric samples 380 mm x 380 mm (15 in. x 15 

in.) are marked and measured before exposure to five minutes of 

heat in a 260°C (500°F) oven.   

Post-exposure measurements are taken and averaged, and no 

more than 10 percent shrinkage is permitted. 

The Heat and Thermal Shrinkage Resistance Test is 

used for this requirement to evaluate the materials for 

shrinkage after exposure to high temperatures.   

Excessive shrinkage could compromise the fire 

fighter’s mobility and impact the insulating qualities of 

the garment. 

7.1.5 Heat and Thermal Shrinkage Resistance 

Test 

(melting, separation, ignition) 

 

Oven exterior 

 

 

This test is performed as received and after conditioning with 5 

laundering cycles of on garment components, except for hook and 

loop and elastic, when placed where they will not contact the fire 

fighter's body.  Samples 150 mm x 150 mm (6 in. x 6 in.) are 

suspended in a 260°C (500°F) oven for 5 minutes. 

Garment components cannot melt, drip, separate, or ignite after 

this test. 

The Heat and Thermal Shrinkage Resistance Test is 

used for this requirement to determine whether or 

not components used to construct protective 

garments will melt, drip, separate, or easily ignite.   

The test conditions are not intended to simulate actual 

fire ground exposures but rather serve as a means for 

measuring how the material responds to heat. This 

test prevents the use of materials that melt and drip, 

which could cause burn injuries.to establish a 

minimum level of thermal stability for the materials 

used in the construction of protective clothing 

elements. 
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Oven interior 

 

7.1.6 Heat and Thermal Shrinkage Resistance 

Test 

(moisture barrier seams) 

 

Oven exterior 

 

 

This test is performed as received and after conditioning with 5 

laundering cycles on all conditioned moisture barrier seams.  

Samples 75 mm x 150 mm (3 in. x 6 in.) are prepped and exposed 

to 5 minutes of heat in a 260°C (500°F) oven. Observations are 

limited to seam material ignition and dripping.  

The Heat and Thermal Shrinkage Resistance Test is 

used to evaluate the ability of the moisture barrier 

seams to resist dripping or and ignition. 
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Oven interior 

7.1.7 Heat and Thermal Shrinkage Resistance 

Test 

(outer shells and collar linings/char) 

 

Oven exterior 

 

 

Oven interior 

This test is performed as received and after conditioning outer 

shells and collar linings with 5 laundering cycles to identify 

charring when specimens are exposed to 5 minutes of heat in a 

260°C (500°F) oven. Specimens cannot char. 

The Heat and Thermal Shrinkage Resistance Test is 

used to evaluate whether or not the outer surfaces of 

the garment will char and/or break open, exposing 

interior layers. Charring and breaking open 

compromise the thermal and physical protection of 

the garments, which, in turn, increases the risk of fire 

fighter burns and injuries.   
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7.1.8 Heat and Thermal Shrinkage Resistance 

Test 

(hardware) 

 

Oven exterior 

 

 

Oven interior 

This test is performed on hardware, excluding hook and pile, 

when they do not contact fire fighter's body. Performance of the 

specimens is observed after exposure to 5 minutes of heat in a 

260°C (500°F) oven. 

The Heat and Thermal Shrinkage Resistance Test is 

used for this requirement to evaluate the ability of the 

hardware to remain functional and resist ignition 

when exposed to heat.  This test eliminates the 

possible use of hardware on garments that will not 

withstand exposure to a certain level of heat 

encountered in the fire environment. 

7.1.9 Conductive and Compressive Heat 

Resistance (CCHR) Test 

This test is performed on composites from the shoulder and knee 

areas with all layers placed in the same order as they are 

constructed. Sample sizes are representative of the knee and 

shoulder area and must be provided for each composite 

combination used by the garment manufacturer. Samples are 

tested in both the wet and dry condition under applied pressure. 

The Conductive and Compressive Heat Resistance 

(CCHR) Test is used to evaluate the properties of the 

garment shoulder and knee areas, which are more 

likely to become compressed;,  which reducinges 

thermal insulation is reduced under compression.  

The requirement sets a minimum number of seconds 

until the fire fighter would receive a second-degree 

burn when these areas are under compression. 
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7.1.10 Thread Melting Test This test is performed in accordance with ASTM D7138 on the 

three different specimens of sewing thread used in the 

construction of the garment “as received.”This test is performed 

on the sewing thread used in the construction of the garment and 

is performed on specimens "as received.” Sample threads are 

placed on a hot plate and slowly heated to 260°C (500°F).   

The temperature at which the thread melts or decomposes is 

recorded, and if it melts below 260°C (500°F), it fails.   

The Thread Melting Test is used to evaluate the thread 

used in the construction of the garment to determine 

whether it has at least the same heat resistance as the 

fabric used in the garment’s construction. 
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7.1.11 Tear Resistance Test  

(outer shells and collar linings) 

  

 

Sample marked and pre-cut for test 

 

This test is performed in accordance with ASTM D5587 on outer 

shells and collar linings (tested individually) as received and after 

conditioning with 5 laundering cycles.   

The test measures the force (in pounds) needed to continue a 

pre-existing tear. Opposite ends of an intentionally notched, 

trapezoidal-shaped specimen are gripped in a machine and pulled 

apart until the specimen tears completely. 

The Tear Resistance Test is used for this requirement 

to measure the ability of the outer shell fabric and 

collar linings to resist further tearing when a small tear 

occurs. Fabric tears further expose the fire fighter to 

the products of combustion. It also is a test of the 

strength and durability of the fabric.  Fire fighting 

occurs in a harsh environment that includes many 

hazards that might tear a garment. 

[UNNUMBERE

D Figure 
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Test being performed 

 

7.1.12 Tear Resistance Test  

(moisture barriers, thermal barriers) 

 

This test is performed in accordance with ASTM D5587 on 

moisture barriers, thermal barriers, and winter liners as received 

and after conditioning with 5 laundering cycles.   

The test measures the force (in pounds) needed to continue a 

pre-existing tear. Opposite ends of an intentionally notched, 

trapezoidal-shaped specimen are gripped in a machine and pulled 

apart until the specimen tears completely. 

The Tear Resistance Test is used for this requirement 

to measure the ability of the thermal barrier materials 

and the moisture barrier to resist further tearing when 

a small tear occurs, which further exposes the fire 

fighter to the products of combustion. 

7.1.13 Seam-Breaking Strength Test 

 

This test is performed in accordance with ASTM D1683 on all 

garment seam assemblies. Samples are tested after conditioning.  

Opposite ends of a 50 mm x 200 mm (2 in. x 8 in.) specimen with 

the seam bisecting the length are gripped in a machine and pulled 

apart until the specimen breaks.  

The Seam-Breaking Strength Test is used to evaluate 

the strength of garment seams under stress. The test 

demonstrates the durability of the seam as an 

indicator of physical performance when subjected to 

repeated wearer movement, such as bending and 

stretching. 

[UNNUMBERE
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7.1.14 Water Penetration Resistance Test 

(moisture barriers) 

This test is performed on specimens of garment moisture barriers 

as received and after conditioningthat have been conditioned. A 

circular portion of the moisture barrier is clamped down in a 

hydrostatic tester and exposed to high water pressure from 

underneath. The specimen is then examined for water 

penetration. 

The Water Penetration Resistance Test is used to 

evaluate the ability of moisture barrier materials to 

keep water from getting through the barrier. The test 

demonstrates the capacity of the moisture barrier to 

keep the fire fighter dry from external pressurized 

water. 

7.1.15 Liquid Penetration Resistance Test 

(moisture barrier and barrier seams) 

This test is performed in accordance with ASTM F903 on moisture 

barrier fabric and seams for the garment, shroud, footwear, 

bootie, and glove.   

Samples pecimens are conditioned for laundry and heat in 

specially-made pockets comprised of two layers of outer shell and 

a layer of thermal barrier. comprised of two layers of outer shell 

and a layer of thermal barrier; the conditioning consists of 2 cycles 

of 5 wash/dry launderings and an oven exposure of 140.6°C 

(285°F) for 10 minutes.   

After conditioning, the moisture barrier layer is removed from the 

four-layer composite samples to become the moisture barrier 

specimen used for testing. The specimens are then placed in a 

test cell where the normal outer surface of the material is 

exposed to Aqueous Film Forming Foam concentrate, battery 

acid, synthetic gasoline, hydraulic fluid, and swimming pool 

chlorine additive, and automobile antifreeze fluid; each liquid is 

tested separately on an individual specimen.  

After 1 hour of exposure, each sample is evaluated. No liquid can 

penetrate any sample.  

The Liquid Penetration Resistance Test is used to 

evaluate whether or not the garment's moisture 

barrier and seams resist penetration of liquids meant 

to be representative of those commonly encountered 

on the fire ground. 



7.1.16 Viral Penetration Resistance Test 

(moisture barrier and barrier seams) 

 

This test is performed in accordance with ASTM F1671 on 

moisture barrier fabric and seams. Samples are conditioned for 

laundry and heat in specially-made pockets comprised of two 

layers of outer shell and a layer of thermal barrier comprised of 

two layers of outer shell and a layer of thermal barrier; the 

conditioning consists of 2 cycles of 5 wash/dry launderings and an 

oven exposure of 140.6°C (285°F) for 10 minutes.  

After conditioning, the moisture barrier layer is removed from the 

four-layer composite samples to become the moisture barrier 

specimen used for testing. The specimens are then placed in a 

test cell where the taped film side (the normal outer surface) is 

exposed to surrogate virus in a liquid solution and is evaluated for 

passage of virus after 1 hour.   

Any evidence of virus passage through the barrier fabric or seam 

as determined using a microbiological technique constitutes 

failure.  

The Viral Penetration Resistance Test is used to 

evaluate the ability of the  garment's moisture barrier 

fabric and seams to keep blood-borne pathogens from 

coming in contact with the fire fighter's skin. 

7.1.17 Cleaning Shrinkage Resistance Test 

(moisture barriers, winter liners, collar liners) 

(see also 7.2.4) 

This test is performed on three conditioned specimens of garment 

moisture barriers, winter liners (when provided), and collar liners, 

each tested individually.   

This requirement allows no more than a 5 percent change in the 

width and length dimensions after 5 wash and dry cycles in 

accordance with AATCC 135. 

The Cleaning Shrinkage Resistance Test is used to 

evaluate how much garment materials shrink after 

repeated laundering; shrinkage could decrease the fire 

fighter's mobility. 

7.1.18 Water Absorption Resistance Test 

(resistance to water absorption) 

This test applies to the garment outer shells and collar lining. The 

conditioned specimens, tested individually, are mounted on an 

apparatus specified in AATCC 42 and exposed to a constant flow 

of water to determine the level of water absorption.  

The Water Absorption Resistance Test is used to 

determine how much water the outer shell absorbs. 

The requirement limits how much water can be 

absorbed — absorbed liquid adds weight, which 

increases fire fighter fatigue and decreases fire fighter 

mobility. 

[UNNU
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B.2(h)] 

 

 

 



7.1.19 Water Absorption Resistance Test 

(liquid chemical repellency) 

This test applies to the garment outer shells and collar linings. 

Conditioned specimens, tested individually, are mounted on an 

inclined circular pipe section. Small volumes of different chemicals 

are apparatus specified in ISO 6530 and exposed to small volumes 

of different liquid chemicals to measure how well the outer shell 

or collar lining repels the chemical and prevents it from being 

absorbed. 

The Water Absorption Resistance Test is used to 

determine how repellent the material is to a selected 

number of liquid chemicals.   

7.1.20 Corrosion Resistance Test This test is performed in accordance with ASTM B117 to measure 

corrosion.  Metal hardware is exposed to a saline solution spray 

for 20 hours following which base metal can show no corrosion 

and the hardware must remain functional. 

The Corrosion Resistance Test is used to evaluate 

whether (1) hardware will (1) corrode and (2) 

hardwareit will remain functional after extended 

exposure to salt spray. 

Hardware failure can result in loss of thermal and 

physical protection for the fire fighter. 

7.1.21 Label Durability and Legibility Test 1 This test is performed on the garment with labels attached to 

sample fabric, after laundering and abrasion. Garment label 

specimens are exposed to 10 laundry cycles in accordance with 

AATCC 135 and then subjected to abrasion in accordance with 

ASTM D4966. 

The Label Durability and Legibility Test is used to 

evaluate whether or not the label stays in place and is 

legible to the unaided eye after exposure to multiple 

launderings, abrasion, and convective heat. The 

presence and legibility of labels is important for 

garment identification and tracking. 

7.1.21 22 Drag Rescue Device (DRD) Function 

Materials Strength Materials Strength Test 

This test is performed in accordance with ASTM D6775 to 

measure the breaking strength of DRD materials, seams, splices, 

and joints. Specimens are conditioned then elongated to the point 

of breaking. The pounds of force needed to break each specimen 

is recorded and used to calculate the average breaking strength of 

the specimens. 

The Drag Rescue Device (DRD) Materials Strength Test 

is used to evaluate the strength of the DRD materials, 

seams, splices, and joints to determine whether the 

specimens can withstand the force of dragging a 

downed fire fighter. 



7.1.22 23 Drag Rescue Device (DRD) Function 

Test 

This test is used to evaluate DRD functionality as it is installed in 

the coat or coverall. The conditioned garments and DRD, after 

conditioning at room temperature, along with an SCBA, are placed 

on a mannequin with an SCBA. The DRD is deployed and the 

mannequin is dragged for 2.5 m (96 in.)a specified distance.   

The deployment time is recorded and reported, the ability to drag 

the mannequin the required distance is recorded and reported, 

and any change in the position of the SCBA during deployment or 

dragging is recorded and reported.  

Ten seconds is the maximum amount of time permitted to deploy 

the DRD. For the DRD to pass the test, the SCBA can neither move 

higher on the torso than when initially donned nor become 

separated from the mannequin during the test. 

The DRD Function Test is used to assess the ease of 

deploying and using the DRD to remove a downed fire 

fighter. 

7.1.24 Light Degradation Resistance Test 

(moisture barrier) 

 

 

Exterior of Xenon Apparatus 

 

 

 

This test is performed in accordance with ASTM G155 on moisture 

barrier materials and CBRN barrier layers. Samples are 

conditioned for laundry and heat in specially-made pockets 

comprised of two layers of outer shell and one layer of thermal 

barrier.Before testing, samples are conditioned through several 

cycles of conditioning and in convective heat. Samples are 

conditioned in pockets comprising two layers of outer shell and a 

layer of thermal barrier.   

After conditioning, the moisture barrier layer is removed from the 

four-layer composite samples to become the moisture barrier 

specimen used for testing. The specimens are exposed to 

continuous light for 40 hours using a Xenon apparatus then.   

After initial testing, the specimens are conditioned in a dark, 

temperature-controlled room. The specimens are then tested one 

last time  by applying pressure with water for one minute in 

accordance with ASTM D751. 

The Light Degradation Resistance Test is used to 

measure how much the moisture barrier and CBRN 

layers degrades as a result of excessive light exposure, 

and the performance requirement sets a minimum 

exposure limit.  

Often the moisture barrier is the first part of the 

ensemble to fail, especially if it has been exposed to 

prolonged sunlight or artificial light.  This test is a 

measure of the durability of the moisture barrier.  . 
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Interior of Xenon Apparatus in use 

7.1.25 Zipper Strength Test This test is used to evaluate zippers for crosswise breaking 

strength of the chain and of the separating unit. They are also 

tested for holding strength of stops, retainers, and separating 

units and for operating force and slider lock strength. 

The Zipper Strength Test is used to assess the 

durability and functionality of zippers after repeated 

use. 

7.1.26 Fastener Tape Strength Tests (breaking) This test,  is performed after 3 launderings in accordance with 

ASTM D5034 and is based on the requirements of A-A 55126B, . It 

is used to evaluate the breaking strength of hook and pile tape by 

separately pulling the hook and pile tapes in the jaws of a tensile 

testing machine until the tape breaks. The force used at the 

breaking point is recorded as the breaking strength. 

The Fastener Tape Strength Test is used for this 

requirement to assess the overall strength of tapes 

used in hook and pile fasteners. The material must 

meet or exceed industry-established requirements 

based on the composition and width of the tape. 

7.1.27 Fastener Tape Strength Tests (shear) This test,  is performed after 3 launderings in accordance with 

ASTM D5169 and is based on the requirements of A-A 55126B, . It 

is used to evaluate the shear strength of the hook and pile tape by 

measuring the force required to separate hook tape overlapping 

pile tape when pulled between two jaws of a tensile testing 

machine. Testing is performed after the tapes have been 

repeatedly attached and detached. The maximum measured force 

is reported as the shear strength.  

The Fastener Tape Strength Test is used for this 

requirement to assess the durability and functionality 

of the hook and pile to not separate after repeated 

use.  
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7.1.28 Fastener Tape Strength Tests (peel) This test,  is performed after 3 launderings in accordance with 

ASTM D5170 and is based on the requirements of A-A 55126B, . It 

is used to evaluate the peel strength of the hook and pile tape. In 

the test, hook tape is sealed over an equal length of pile tape and 

the end of the two tapes are separated half their length. The two 

open ends of tape are attached to the jaws of a tensile testing 

machine and pulled to measure the force required to completely 

separate the two tapes. This testing is performed after the tapes 

have been repeatedly sealed and resealed several times. 

The Fastener Tape Strength Test is used for this 

requirement to assess the durability and functionality 

of the hook and pile to stay sealed after repeated use. 

7.2.2 Total Heat Loss (THL) Test This test is performed in accordance with ASTM F1868 on 

conditioned samples of the garment composite (outer shell, 

moisture barrier, and thermal barrier) conditioned at room 

temperature arranged in the order and orientation as it is worn.  

Specimens are placed on a sweating hot plate to evaluate heat 

transfer under wet conditions and thermal resistance under dry 

conditions. These values are combined in an equation to provide a 

total heat loss value. 

The Total Heat Loss (THL) Test is used to evaluate the 

amount of heat that can be transferred out of the 

garment composite via both sweat evaporation from 

the wearer's skin and conduction through the garment 

to the outside environment. The test does not account 

for other materials attached to the base garment 

composite such as trim, pockets, and other layers.  

Higher values indicate better performance, and more 

heat loss indicates poorer performance. However, 

appropriate THL values for your department must be 

considered with TPP values.  (See A.7.2.2 for more 

detail.) 

 



7.2.3 Retroreflectivity and Fluorescence Test 

(garment trim) 

The conditioned garment trim is tested for both retroreflectivity 

and fluorescence.  The coefficient of retroreflection is tested in 

accordance with ASTM E809. Once retroreflection is determined, 

the specimen is evaluated for fluorescence.  The colorimetric 

properties are measured in accordance with ASTM E991.  

Retroreflection/retroreflectivity is 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 the 

property being maintained over wide variations of the direction of 

the incident rays.   

Fluorescence is the process by which radiant flux of certain 

wavelengths is absorbed and re-radiated non-thermally in other, 

usually longer, wavelengths. 

The Retroreflectivity and Fluorescence Test is used to 

evaluate how well samples of retroreflective and 

fluorescent material retain their retroreflectivity and 

fluorescence.  The standard has requirements for 

retroreflectivity and fluorescence to enhance 

nighttime/low light visibility (retroreflection) and 

daytime visibility (fluorescence).   

The visibility of a fire fighter is crucial during both 

interior and exterior operations. In addition, almost all 

emergency incidents begin in a roadway (apparatus 

placement), and many emergency incidents are 

roadway-related. For fire fighter safety, it is important 

that garments have effective retroreflectivity and 

fluorescence for conspicuity (visibility).  

7.2.4 Cleaning Shrinkage Resistance Test 

(outer shell, moisture barrier, thermal barrier, 

winter liner, wristlet, bootie) (see also 7.1.17) 

This test, performed in accordance with AATCC 135, measures the 

percent of change in the width and length dimensions after 5 

wash and dry cycles. Tests are performed on three specimens of 

the conditioned garment outer shell, moisture barrier, thermal 

barrier, winter liner, wristlet, bootie material where present, and 

protective hoods. Each material and each separable layer of a 

composite material is tested separately.  

The Cleaning Shrinkage Resistance Test is used to 

measure how much fabrics shrink after cleaning; they 

will not pass if they shrink more than 5 percent.  

Excessive shrinkage could compromise the fire 

fighter’s mobility and impact the insulating qualities of 

the garment. 



7.2.5 Breaking Strength Test 

(outer shell and collar lining) 

 

Apparatus ready for test 

 

 

Sample fabric upon completion of test 

This test is performed in accordance with ASTM D6775 on the 

garment outer shell and collar lining materials (individually) after 

conditioning. Five specimens from the sample, in the warp and fill 

direction, are elongated to the point of breaking. 

The Breaking Strength Test is used to evaluate the 

garment's outer shell and collar lining strength for 

material robustness so it remains intact in rugged fire 

ground environments. Material breakage can 

compromise the thermal and physical protection 

features of the garments, which increases the risk of 

fire fighter burns and injuries.   
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7.2.6 Transmitted and Stored Thermal Energy 

Test 

(enhanced composites related to sleeves) 

This test is performed in accordance with ASTM F2731 on 

conditioned garment sleeve composites containing 

enhancements; enhancements include, but are not limited to, 

trim, emblems, flags, reinforcements, and so forth. The test is run 

on a base composite with the enhancement attached, following 

wet conditioning of the samples. 

The Transmitted and Stored Thermal Energy Test is 

used to evaluate the ability of the garment composite 

enhancements to store and then transfer heat through 

the composite and enhancement to the skin. The test 

is used to evaluate the potential for burn injury when 

the composite is compressed, during a lower heat, 

longer time exposure. The test and is intended to 

ensure that there is a level of protection to the fire 

fighter to help explain why fire fighters can sustain 

prevent a burn injury when the garment does not 

indicate evidence of thermal exposure. 

7.2.7 Water Vapor Resistance (Ret) Test7.2.7 

Water Vapor Resistance (Ret) Test 

This test is performed in accordance with ISO 11092 on 

conditioned samples of the garment composite (outer shell, 

moisture barrier, and thermal barrier) arranged in the order and 

orientation as it is worn.  Specimens are placed on a sweating hot 

plate to evaluate resistance to sweat evaporation under constant 

temperature conditions.This test is performed in accordance with 

ISO 11092 on conditioned samples of the garment composite 

(outer shell, moisture barrier, and thermal barrier) arranged in the 

order and orientation as it is worn.  Specimens are placed on a 

sweating hot plate to evaluate resistance to sweat evaporation 

under constant temperature conditions. 

The Water Vapor Resistance Test is used to promote 

the choice of composites that will allow for the 

maximum possible sweat evaporation from the 

firefighter’s body to aid in reducing the physiological 

stress to firefighter while wearing protective clothing.  

The Water Vapor Resistance Test is used to try to limit 

the resistance of the material to water vapor 

evaporation.   



B.3 Helmets. 

Table B.3 is intended to serve as an abbreviated guide to all specified tests for helmets, including the 

whole helmet, the helmet ear cover and shrouds, all materials used in the construction of the whole 

helmet, the faceshield, and goggle components. The tests evaluate whether or not the helmet meets the 

minimum performance requirements of the 2018 edition of NFPA 1971. They do not guarantee the 

safety of the fire fighter or ensure the fire fighter will not experience an injury while wearing the helmet.  

 



 

Table B.3 Helmets 

Test Method Test Method Description Test Method Application 

7.4.1 Top Impact Resistance Test (Force) This test is performed on three helmet specimens, each of which is 

conditioned five ways prior to testing: at room temperature, at low 

temperature, in convective heat (helmets and faceshield/goggle 

components), in radiant and convective heat (helmet only), and with 

wet conditioning.   

After conditioning, the helmet is mounted on an aluminum head and 

adjusted to the size providing the least amount of clearance. A 

specific weight steel drop mass of 3.6 kg ± 0.5 kg (8 lb ± 1 lb) is 

dropped from a height that yields an a specific impact velocity of 

within 2 percent of 5.47 m/sec (17.9 ft/sec).   

The peak force and impact velocity are recorded for a pass or fail 

performance. The amount of force transmitted through the helmet 

specimens cannot exceed 3780 N (850 lbf). 

The Top Impact Resistance Test (Force) is used to 

evaluate the helmet’s shock absorption characteristics 

from the impact of a falling object (such as ceiling 

material) as well as fire fighter protection from striking 

an object while walking, crawling, or falling.   

This test is used to assess the effect of force on the top 

of the helmet when struck by falling or stationary 

objects. It also assesses the level of protection from a 

head and or neck injury from the force of impact with a 

moving or stationary object.  

7.4.2 Impact Resistance Test 

(Acceleration) 

This test is performed on three helmet specimens, each of which is 

conditioned four ways prior to each impact during testing: at room 

temperature, at low temperature, in radiant and convective heat, and 

with wet conditioning. The whole helmet will undergo accelerated 

impact testing on the top, front, left, right, and back, in that order. 

The helmet is tested on a headform using a 5.17 kg ± 0.18 kg (11.4 lb. 

± 0.4 lb)specific weight drop assembly (test headform, accelerometer, 

and moving portion of the headform guidance assembly). The drop 

assembly is dropped from a height that creates a known velocity.   

The maximum acceleration and duration of the acceleration values 

are recorded for each impact for each helmet specimen. If one or 

more helmet specimens fail in any condition or at any impact site, 

then the helmet fails. 

The Impact Resistance Test (Acceleration) is used to 

evaluate the helmet’s shock absorption characteristics 

from the impact of the fire fighter falling on an object.   

This test assesses the level of protection from a head 

injury caused by falling and striking the head. 



7.4.3 Physical Penetration Resistance 

Test 

This test is performed on three helmet specimens, each of which is 

conditioned five ways prior to each physical penetration test: at room 

temperature, at low temperature, in convective heat (helmets and 

faceshield/goggle components), in radiant and convective heat 

(helmet only), and with wet conditioning.  

The test uses an ISO headform, a penetration striker 1 kg, +0.02/–0.0 

kg (2.2 lb, +0.01/–0.00 lb), and an electrical contact indicator. A 

penetration striker is dropped from a height that yields a consistent 

velocity for the test on the helmet. A minimum of two penetration 

tests applied at different test areas on each helmet are performed.   

If the test striker electrically or physically contacts the headform in 

one or more specific tests, the helmet fails. 

The Physical Penetration Resistance Test is used to 

assess how well the helmet will resist penetration by 

falling sharp objects (such as a nail in a structural 

member or a shard of glass) or by stationary sharp 

objects that the fire fighter might strike while walking, 

crawling, or falling.  

7.4.4 Heat and Thermal Shrinkage 

Resistance Test 

(helmet: heat resistance) 

This test is performed on three complete helmet specimens that are 

tested with all components in place, “as received” and include the 

helmet ear cover, helmet shroud, and helmet cover. The helmet 

shroud and helmet cover are laundry conditioned.  The helmet is 

placed in a preheated convective oven at a temperature of 260°C, 

+6/–0°C (500°F, +10/–0°F) for 5 minutes.   

The helmet is evaluated for ignition, melting, and dripping, or 

separation. There are several possible points of failure for this test: 

(1) Parts of the complete helmet assembly that was were not in 
contact with the headform before the test is are in contact 
with the headform after the test. 

(2) The back of the helmet becomes distorted and extends more 
than 41.3 mm (1 5/8 in.)allowed below the original position 
of the helmet shell. 

(3) The front and sides of the helmet shell become distorted and 
extend more than 30 mm (1 3/16 in.)allowed below the 
original position of the helmet shell. 

(4) The retention system, energy absorption system, or ear 
covers separate, melt, or drip. 

(5) The chin strap closure device is dysfunctional. 
(6) Any part of the helmet assembly ignites. 

The Heat and Thermal Shrinkage Test is used to 

evaluate whether the helmet shell and helmet 

components can resist heat (doesn’t melt, drip, 

separate or ignite.) and whether the helmet ear cover, 

helmet shroud, helmet cover, and helmet chin strap 

can resist heat (they don’t melt, drip, separate or 

ignite) and thermal shrinkage.   

Materials Helmet components that melt, drip, separate, 

or ignite may contribute to burn injuries and materials 

that shrink may impact the insulating and functional 

properties of the material. 



(7) The product labels ignite or melt. 
(8) Any helmet assembly component extends more than 30 mm   

(1 3/16 in.)allowed below the initial point of the helmet shell 
in the front, both before and after oven exposure. 

(9) The faceshield/goggle component drips. 

7.4.5 Flame Resistance Test 2, 

Procedures A and C 

This test is performed on three helmet specimens that are tested “as 

received.”  

A flame is applied to the underside of the helmet (Procedure A) and 

the top of the helmet (Procedure C) using a Bunsen burner for 15 

seconds. Once removed, the afterflame and afterglow are evaluated.   

The helmet cannot show any visible afterflame or glow 5.0 seconds 

after the test flame is removed in each test. 

The Flame Resistance Test 2, Procedures A and C, is 

used to evaluate the helmet, under controlled test 

conditions, for its ability to self-extinguish after the 

flame is removed.  

7.4.6 Thermal Protective Performance 

(TPP) Test 

(ear cover and helmet shroud) 

This test is performed in accordance with ISO 17492 on the three 

helmet ear cover specimens composites after conditioning with 5 

laundering cycles. Specimens consist of materials from the portion of 

the ear covers that cover the ear and neck.   

A sample size of 175 mm × 175 mm (7 in.  × 7 in.) is exposed to both 

radiant and convective heat sources to simulate flashover.   

The rate of rise in temperature is compared to the known skin 

response to heat; the recorded time is multiplied by the heat 

exposure energy to determine the TPP rating. The TPP rating of the 

helmet ear cover has to be at least 20.0. 

The Thermal Protective Performance (TPP) test is used 

to measure the insulating performance of the helmet 

ear cover and helmet shroud by evaluating how quickly 

heat is transferred from the outside of the helmet to 

the inside where skin might be in contact with the 

material. Under the given test conditions, which 

simulate severe flashover conditions, the TPP rating 

divided in half indicates the approximate number of 

seconds until a fire fighter would receive a second-

degree burn.   

This is the primary test to measure the ability of the 

helmet ear cover and helmet shroud to protect the fire 

fighter from severe heat and flame.  A TPP rating of 

20.0 is acceptable because the interface area is 

overlapped by another part of the ensemble that also 

provides insulation. 

7.4.7 Retention System Test This test is performed on at least threecomplete helmets tested “as 

received” using a mechanical chin structure.  This test measures the 

retention of the chinstrap of a helmet after 445 N (100 lbf)specific 

force is applied for 60 seconds, +15/–0 secondsa specific time, by a 

The Retention System Test is used to evaluate the 

helmet chinstrap’s elongation and its resistance to 

breaking or stretching under applied force. 

If the helmet chinstrap breaks or stretches too much, 



tensile test machine.  The distance between the top of the helmet and 

the bottom of the rollers is measured. 

Each helmet is observed for breaks and slip or stretch. Failure occurs if 

one or more any helmet specimens shows a break or shows slip or 

stretch measured at more than 20.6 mm (13/16 in.)what is allowed in 

the requirement. 

the helmet is more likely to fall off the wearer, which 

will eliminate the protection provided by the 

helmetincreases the risk of injury to the fire fighter. 

7.4.8 Suspension System Retention Test This test is performed on at least three helmets tested “as received” 

on a tensile testing machine. The strap is cut to ensure a sufficient 

length of strap is secured by the jaws of the machine.  An Increasing 

increasing force of 0 N to 45 N ± 5 N  (0 lbf to 10 lbf ± 1 lbf), is applied 

along the centerline of the suspension strap.   

The specimen is inspected for separation from the helmet shell. 

Failure occurs if one or more the helmet suspension systems 

separates from the helmet shell. 

The Suspension System Retention Test is used to 

evaluate whether or not the helmet suspension system 

separates from the helmet shell under applied force. 

If the helmet suspension system separates from the 

helmet, the helmet is more likely to fall off the wearer, 

which will eliminate the protection provided by the 

helmetincrease the risk of injury to the fire fighter. 

7.4.9 Shell Retention Test This test is performed on at least three helmets tested “as received” 

using a tensile testing machine. The helmet is firmly attached to the 

machine, similar to the attachment in the suspension system test, and 

a specified maximum force of 356 N (80 lbf) is applied to the helmet 

for a specified period1 minute, +5/–0 seconds.   

The helmet receives a pass or fail performance based on the 

separation of the helmet shell from the suspension system or helmet 

retention system. If one or more a helmet shells separates from the 

helmet suspension system or the helmet retention system, the helmet 

fails. 

The Shell Retention Test is used to evaluate the ability 

of the helmet shell to stay attached to the helmet 

suspension system or helmet retention system. 

7.4.10 Flame Resistance Test 1 

(all materials utilized in the construction 

of helmet chin straps (hook and pile, 

elastic, and labels may be excluded from 

the test depending on their location in 

the garment, excluding elastic and hook 

and pile fasteners where these items 

are placed so that they will not directly 

This test is performed in accordance with ASTM D6413 on five 

samples of all materials used in the construction of the helmet chin 

strap, with each separable layer tested individually after conditioning 

with 5 laundry cycles.    

Hood labels are cut from the conditioned samples and tested in a 

vertical flame chamberHelmet chin straps are conditioned samples 

tested in accordance with ASTM D6413. Observers will record the 

The Flame Resistance Test 1 is used to evaluate the 

helmet chinstraps’ and the goggle straps’ resistance to 

an open flame and the ability to self-extinguish once 

removed. The char length and afterflame are measured 

and averaged and evidence of melting or dripping is 

recorded and constitutes failure of the material. 

This is the primary test to establish the flame-resistant 

properties and the ability of the materials used in 



contact the wearer’s body or hood); and 

goggle strap materials) 

afterglow, char length, and visible melting or dripping. 

Materials cannot char more than 4 in., on average; cannot show 

afterflame 2.0 seconds, on average, after removal of the test flame; 

and cannot melt or drip. 

helmet chin strap construction to self-extinguish once 

removed from flame. 

7.4.11 Heat and Thermal Shrinkage 

Resistance Test 

(helmet chin strap: shrinkage, melting, 

separation and ignition) 

This test is performed on at least three helmet chin strap specimens 

after conditioning with 5 laundering cycles.  The helmet shell is 

measured in eight places for evidence of shell distortion, before and 

after testing.  The helmet chin strap is suspended in a preheated oven 

for a specified time260°C (500°F, +10/–0 oven for 5 minutes.    

Following testing, the samples are observed for evidence of melting, 

dripping, separation, or and ignition. The helmet chin strap specimens 

cannot shrink more than 10 percent lengthwise, on average, and they 

cannot melt, separate or ignite. If one or more specimens shows 

evidence of melting, separation or ignition, the helmet chin strap fails. 

 

The Heat and Thermal Shrinkage Resistance Test is used 

to evaluate the ability of the helmet's chin strap to 

remain functional and resist melting, separation, 

ignition, and shrinkage. 

Melting, separation, ignition, and excessive shrinkage of 

the helmet chin strip may cause injury to the wearer. 

7.4.12 Thread Melting Test This test is performed in accordance with ASTM D7138 on the three 

different specimens of sewing thread used in the construction of the 

helmet “as received.”This test is performed on the three different 

specimens of sewing thread used in the construction of the helmet 

“as received.” The specimen is pressed together between two2 cover 

glasses at a temperature within 15°C (59°F) of the expected melting 

point (previously determined) for 1 one (1) minute.   

The temperature at which the thread melts or decomposes is 

recorded, and if it melts below 260°C (500°F), it fails.   

The Thread Melting Test is used to evaluate the thread 

used in the construction of the helmet to determine if it 

has at least the same heat resistance as the fabric used 

in garment construction. 

7.4.13 Corrosion Resistance Test This test is performed in accordance with ASTM B117 to measure 

corrosion.  Metal hardware is exposed to a saline solution spray for 20 

hours, following which base metal can show no corrosion and the 

hardware must remain functional. 

The Corrosion Resistance Test is used to evaluate 

whether hardware will (1) hardware will corrode and 

(2) hardware if it will remain functional after extended 

exposure to salt spray. 

Hardware failure can result in loss of thermal and 

physical protection for the firefighter. 

7.4.14 Label Durability and Legibility This test is performed on at least three helmets with labels attached, The Label Durability and Legibility Test 2 is used to 



Test 2 each of which is conditioned four ways prior to testing: at room 

temperature, at low temperature, in radiant and convective heat, and 

with wet conditioning.   

After all conditioning methods are completed, the labels are visually 

evaluated by a person with 20/20 vision or corrected to 20/20 at a 

distance of 305 mm (12 in.) in a well-illuminated area.  

Helmet labels are examined to see if they both remained in place and 

attached and to determine if they are for still legibleility. One or more 

label specimens failing either the placement or the legibility test 

results in failure. 

evaluate whether or not the label is legible after room 

and low temperature exposure, radiant and convective 

heat exposure, and wet conditioning. The presence and 

legibility of labels is important for helmet identification 

and tracking. 

7.4.15 Faceshield/Goggle Component 

Lens Impact Resistance Test, Tests One 

and Two 

This test is performed on a minimum of three complete helmets with 

the faceshield component or goggle components, each of which is 

conditioned four ways prior to testing: at room temperature, at low 

temperature, in convective heat, and with wet conditioning. 

Test One is a high mass impact procedure that secures the specimen 

for testing on a facial feature headform. A missile is dropped through 

a loose fitting guide tube from 1300 mm (51 3/16 in.)a specific 

distance in line with the eyes of the faceshield or goggle component. 

At least four specimens are tested, and a lens break constitutes 

failure.   

Test Two is a high velocity impact procedure that secures the 

specimen for testing on a facial feature headform. A steel ball 

weighing 1.06 g (0.04 oz) and measuring 6 mm (¼ in.) in 

diameterspecific amounts is propelled toward the faceshield or goggle 

component at various locations at a 76 m/sec (250 ft/sec)specific 

speed. At least one impact procedure is conducted on each specimen. 

One or more helmet specimens failing this test means the helmet 

fails. 

Both tests are evaluated for evidence of ejected parts from or 

fragments of the faceshield or goggle component touching the “eye” 

of the headform. A lens break constitutes failure.   

More specifically, no faceshield/goggle components can contact an 

The Faceshield/Goggle Component Lens Impact 

Resistance Test is used to evaluate whether or not the 

faceshield and goggle components resist impact.  In 

either test, if the “eye” of the headform is contacted by 

parts or fragments of the faceshield or goggle 

component then the helmet fails. 

This test evaluates the impact resistance of the 

Faceshield/Goggle Component Lens to impact from 

flying or falling objects.  whether or not the face shield 

components resist impact by preventing contact with 

the “eye” on a headform and preventing parts or 

fragments that have been ejected from the component. 



“eye” of the headform, and no parts or fragments can be ejected from 

the component that could contact the “eye” of the headform. 

7.4.16 Flame Resistance Test 2, 

Procedure B 

(faceshield/goggle components) 

This test is performed on three helmet specimens with the 

faceshield/goggle components attached “as received” on the face 

shield and goggle components of the complete helmet.  The bottom 

edge of the faceshield/goggle components is subjected to a flame for 

15 secondsa specific time, using a Bunsen burner underneath, after 

which the duration of the afterflame is measured, reported, and 

recorded.  

The faceshield/goggle component cannot show any visible afterflame 

5.0 seconds after removal of the test flame. 

The Flame Resistance Test 2, Procedure B, is used to 

evaluate the faceshield and goggle component’s 

resistance to an open flame and the ability to self-

extinguish once removed. 

7.5.2 Flame Resistance Test 1 

(all fabrics used in the construction of 

faceshield/goggle components) 

This test is performed in accordance with ASTM D6413 on five 

specimens of all fabric strap materials used in the construction of the 

faceshield and goggle components. The faceshield and goggle 

components are tested after 5 conditioning laundry cycles. This test is 

performed on a vertical flame chamber in accordance with ASTM 

D6413.   

The faceshield or goggle strap materials are evaluated on a pass/fail 

performance based on any observed melting, dripping, 

afterglowafterflame, and length of charring. 

Materials cannot char more than 100 mm (4 in.), and cannot show 

afterflame 25.0 seconds after removal of the test flame., and cannot 

melt or drip. 

The Flame Resistance Test is used to evaluate the 

faceshield or goggle strap material, under controlled 

test conditions, for its ability to self-extinguish after the 

flame is removed. The char length of the material after 

exposure to flame is also measured.   

This is the primary test to establish the flame-resistant 

properties of the materials used in garment 

faceshield/goggle component construction to self-

extinguish once removed from flame. 

7.5.3 Faceshield/Goggle Component 

Lens Scratch Resistance Test 

This test is performed on seven specimens chosen from at least fourof 

faceshield/goggle component lenses in “as received” condition. 

The specimen is placed in the test fixture and a 30 mm (1 in.)specific 

diameter wool felt polishing pad is attached to the pad holder. The 

abrasive disc is rotated on top of each specimen for 200 cycles.a 

specific number of cycles. The haze of the specimen is evaluated 

before and after abrasion using a haze meter in accordance with 

ASTM D1003.  

The Faceshield/Goggle Component Lens Scratch 

Resistance Test is used to assess the durability and 

clarity of the faceshield and goggle lens material after 

exposure to abrasion.  

 



The delta haze is calculated by subtracting the initial haze 

measurement from the final haze measurement, the values for all 

tests are then averaged.   

The average change in haze cannot increase more than 25 percent 

after abrasion. 

7.5.4 Luminous (Visible) Transmittance 

Test 

(faceshield/goggle component lenses) 

This test is performed on at least three complete faceshield/goggle 

component lenses in “as received” condition to determine how much 

light is transmitted through the lens. 

The standard source for measuring radiant energy of luminous 

transmittance is used to determine the average amount of light 

transmittance. A pass/fail rating is administered. 

Clear lenses must transmit a minimum of 85 percent of the incident 

visible radiation and colored lenses must transmit a minimum of 43 

percent of the incident visible radiation. 

The Luminous (Visible) Transmittance Test is used to 

measure how much light passes through the 

faceshield/goggle component lens.   

All lenses block some visible light and fire fighters have 

to wear protective faceshields/goggles. This 

requirement limits how much light can be blocked to 

prevent the use of lens materials that reduce a fire 

fighter’s ability to see by more than an industry-

accepted amount. 

7.5.5 Flame Resistance Test 2, 

Procedure D 

(for faceshield/goggle component 

attachment hardware, where provided) 

This test is performed on three specimen helmets with 

faceshield/goggle component attachment hardware in place in “as 

received” condition.  

The complete helmet with faceshield/goggle component is mounted 

on a headform, and the faceshield/goggle component is exposed for 

15 secondsa specific time, to an open flame using a Bunsen burner. 

The specimens are evaluated for the duration of an afterflame and 

afterglow.   

The longest measured afterflame time is used to determine pass or 

fail. Any afterglow exceeding 5.0 seconds constitutes failure. 

The Flame Resistance Test 2, Procedure D is used to 

evaluate the resistance of the faceshield/goggle 

component’s mounting hardware to an open flame and 

the its ability to self-extinguish after the flame is 

removed. 

7.5.6 Electrical Insulation Test 1, 

Procedure A and Procedure B 

These tests are performed on at least three complete helmets in “as 

received” condition. 

Procedure A — the helmet is inverted and filled to a specific line with 

tap water. The specimen is then submerged in the same type of water 

to the test line. An electric voltage is applied to the water inside the 

specimen at a specific voltage for a specific time2200 volts ± 2 percent 

for 1 minute. The water outside the helmet is measured for current 

The Electrical Insulation Test 1, Procedure A and 

Procedure B, are used to evaluate the ability of the 

helmet to protect the fire fighter against electricity 

conducted through accidental contact with live wires. 



leakage.   

Procedure B — The specimen and the retention system are 

submerged in tap water for a specific time15 minutes,  then they are 

removed from the water and allowed to drain for no more than 2 

minutes. A lead carrying 60 Hz alternating voltage is attached to the 

metal hardware parts on the exterior of the helmet, at or above the 

brim edge. Voltage is applied to the external helmet shell lead and 

increased to a specific level 2200 volts ± 2 percent for 15 secondsa 

specific time. The metal head form is used to measure the current 

leakage or evidence of breakdown. 

One or more helmet specimens cannot have leakage current 

exceeding 3.0 mA in either test Procedure A or Procedure B. 

7.5.7 Flame Resistance Test 1 

(all materials used in helmet ear covers, 

except elastic and hook and pile where 

these items do not come in direct 

contact with the wearer’s body or hood) 

This test is performed in accordance with ASTM D6413 individually on 

at least five specimens of all materials used in the construction of 

helmet ear covers (except elastic and hook and pile when they are 

placed so that they will not directly contact the wearer’s body or 

hood) after conditioning. 

Each separable layer of multilayer composites are tested individually 

(e.g., if the composite has a sewn-in thermal liner, the outer shell and 

thermal liner are tested sewn together. If the liner is separable, then 

each layer is tested by itself.).  

The specimen is suspended over a flame for 12 seconds to determine 

how easily the material ignites. Ease of ignition and charring 

characteristics are observed and recorded.  

Materials cannot char more than 100 mm (4 in.), cannot show 

afterflame 2.0 seconds after removal of the test flame, and cannot 

melt or drip. 

The Flame Resistance Test 1 is used to evaluate the 

helmet ear cover material, under controlled test 

conditions, for its ability to self-extinguish after the 

flame is removed. The char length of the material after 

exposure to flame is also measured.   

This is the primary test to establish the flame-resistant 

properties of the materials used in garment ear cover 

construction and, in this instance, is used to make sure 

the helmet ear covers have the same heat resistance as 

the fabric used in construction of the helmet. 

7.5.8 Heat and Thermal Shrinkage 

Resistance Test 

(all materials used in helmet ear covers, 

except  (elastic and hook and pile where 

these items do not come in direct 

This test is performed individually on three specimens of all materials 

used in the construction of helmet ear covers (except elastic and hook 

and pile may be excluded when they are placed so that they will not 

directly contact the wearer’s body or hoodfrom the test depending on 

The Heat and Thermal Shrinkage Resistance Test is used 

for this requirement to evaluate the materials for 

shrinkage, melting, separation, and ignition after 

exposure to high temperatures.   



contact with the wearer’s body or 

hoodmay be excluded from the test 

depending on their location in the 

garment,)) for shrinkage, melting, 

separation and ignition) 

their location in the garment) in “as received” condition.  

The specimen is placed suspended in the center of the oven with the 

front of the helmet facing the airflow at 260°C +6/–0°C (500°F, +10/–

0°C) for 5 minutes. Post-exposure measurements are taken to ensure 

that heat shrinkage is less than 10 percent in each direction. 

Materials cannot shrink more than 10 percent in any direction (the 

helmet chin strap is only measured lengthwise), and they cannot melt, 

separate, or ignite. 

Melting, separation, ignition, or excessive shrinkage can 

cause injury to the wearer. 

7.5.9 Retroreflectivity and Fluorescence 

Test 

(helmet visibility markings) 

The conditioned garment helmet trim is tested for both 

retroreflectivity and fluorescence. The coefficient of retroreflection is 

tested in accordance with ASTM E809. Once retroreflection is 

determined, the specimen is evaluated for fluorescence. The 

colorimetric properties are measured in accordance with ASTM E991.  

Retroreflection/retroreflectivity is 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 the property being 

maintained over wide variations of the direction of the incident rays.   

Fluorescence is the process by which radiant flux of certain 

wavelengths is absorbed and re-radiated non-thermally, in other, 

usually longer, wavelengths. 

The Retroreflectivity and Fluorescence Test is used to 

evaluate how well samples of retroreflective and 

fluorescent material retain their retroreflectivity and 

fluorescence. The standard has requirements for 

retroreflectivity and fluorescence to enhance 

nighttime/low light visibility (retroreflection) and 

daytime visibility (fluorescence).   

The visibility of a fire fighter is crucial during both 

interior and exterior operations. In addition, almost all 

emergency incidents begin in a roadway (apparatus 

placement), and many emergency incidents are 

roadway-related. For fire fighter safety, it is important 

that garments have effective retroreflectivity and 

fluorescence for conspicuity (visibility). 

 

7.5.10 Helmet Ear Cover Removal Time7.5.10 

Helmet Ear Cover Removal Time 

An individual provided with the manufacturer instructions is 

timed on how long it takes to remove the ear covers from the 

helmet.An individual provided with the manufacturer instructions 

is timed on how long it takes to remove the ear covers from the 

helmet.  

This requirement is intended to promote the removal 

of ear covers from helmets in order to enable their 

cleaning.  This requirement is intended to promote the 

removal of ear covers from helmets in order to enable 

their cleaning.   



B.4 Gloves. 

Table B.4 is intended to serve as an abbreviated guide to all specified tests for whole gloves, including 

the whole glove, glove interface, glove body, glove lining materials, glove extension, and all materials 

used in the construction of the whole glove. These tests evaluate whether or not the gloves meet the 

minimum performance requirements of the 2018 edition of NFPA 1971. They do not guarantee the 

safety of the fire fighter or ensure the fire fighter will not experience an injury while wearing the gloves. 

Some tests are performed on “new, as distributed” gloves that have undergone conditioning. This might 

seem contradictory, but the conditioning is limited to environmental parameters, and “new, as 

distributed” condition ensures that the gloves have not been broken in in any way. 

 



 

Table B.4 Gloves 

Test Method Test Method Description Test Method Application 

7.7.1 Thermal Protective Performance (TPP) 

(glove body composite) 

This test is performed in accordance with ISO 17492 on the 

glove body composite “as received” and after conditioning with 

5 laundering cycles. The glove body composite is exposed to 

direct flame and radiant heat to simulate flashover.   

The rate of rise in temperature is recorded and compared to 

the known skin response to heat; the recorded time is 

multiplied by the heat exposure energy to determine the TPP 

rating. The average TPP rating has to be at least 35.0. 

The Thermal Protective Performance (TPP) test is used 

to measure the insulating performance of the two-

layer systemcomposite by evaluating how quickly heat 

is transferred from the outside of the glove body to the 

inside.  Under the given test conditions, which simulate 

severe flashover conditions, the TPP rating divided in 

half indicates the approximate number of seconds until 

a fire fighter would receive a second-degree burn.   

This is the primary test to measure the glove body's 

ability to protect the fire fighter from severe heat and 

flame. The higher the number, the higher the 

protection from heat (under the specific test 

conditions.) and, in contrast, the higher the heat stress 

on the fire fighter. 

7.7.2 Thermal Protective Performance (TPP)  

(glove interface component composite) 

This test is performed in accordance with ISO 17492 on the 

glove wristlet or gauntletinterface component “as received” 

and after conditioning with 5 laundering cycles. The 

pouchesSpecimens are exposed to direct flame and radiant 

heat to simulate flashover.   

The rate of rise in temperature is compared to the known skin 

response to heat; the recorded time is multiplied by the heat 

exposure energy to determine the TPP rating. The TPP rating of 

the glove interface component composite has to be at least 

20.0. 

The Thermal Protective Performance (TPP) test is used 

to measure the insulating performance of the two-

layer systeminterface component by evaluating how 

quickly heat is transferred from the outside of the 

glove interface to the inside.  Under the given test 

conditions, which simulate severe flashover conditions, 

the TPP rating divided in half indicates the 

approximate number of seconds until a fire fighter 

would receive a second-degree burn.   

This is the primary test to measure the glove 

interface's ability to protect the fire fighter from 

severe heat and flame. A TPP rating of 20.0 is 

acceptable because the interface area is overlapped by 



another part of the ensemble that also provides 

insulation.  

7.7.3 Heat and Thermal Shrinkage Resistance 

Test 

(gloves: shrink, melt, separate or ignite) 

This test is performed in accordance with ASTM F2894, , after 

conditioning the whole glove with 5 laundering cycles. Before 

testing, the glove is donned and flexed 10 times within 30 

seconds. The samples are measured in the length and width 

directions before heat exposure. The glove fingers are filled 

with a finite amount of glass beads and the glove body is 

packed tightly with a mesh bag containing a finite amount of 

glass beads with then the glove opening is clamped together. 

The glove is suspended by a clamp and placed in a 260°C 

(500°F)preheated oven for 5 minutesa specified period.  

The specimen cannot melt, separate, or ignite or shrink more 

than 8 percent in length or width.  The specimen also has to be 

donnable and flexible. 

The Heat and Thermal Shrinkage Resistance Test is 

used for this requirement to evaluate the gloves for 

melting, separation, ignition, and shrinkage after 

exposure to high temperatures.  

Specimens cannot melt, separate, or ignite, and they 

cannot shrink more than 8 percent. Excessive 

shrinkage will limit the dexterity and thermal 

protection of the glove. The glass beads simulate the 

mass of the hand inside the glove. 

7.7.4 Heat and Thermal Shrinkage Resistance 

Test 

(glove lining materials: melt, separate or ignite) 

This test is performed in accordance with ASTM F2894, , after 

conditioning of 5 laundering cycles; on all layers of the glove 

lining material between the moisture barrier layer and the hand 

are tested individually.  The glove lining is packed tightly with 

glass beads and clamped together.  The glove lining is 

suspended by a clamp and placed in a preheated500°F oven for 

five (5) minutesa specified period.  

Following exposure, the glove lining material is evaluated for 

evidence of melting, dripping, separation or ignition. 

The Heat and Thermal Shrinkage Resistance Test is 

used for this requirement to evaluate the glove lining 

materials for melting, separation or ignition after 

exposure to high temperatures. This test attempts to 

prevent the use of materials that melt, separate or 

ignite, against the wearer's hands, under specific test 

conditions.  

7.7.5 Conductive Heat Resistance Test 1 

(glove body composite) 

This test is performed in accordance with ASTM F1060 on the 

glove body composite palm side under four separate 

conditions: unlaundered wet, unlaundered dry, laundered wet, 

and laundered dry. The test measures the heat transfer through 

the composite when it is placed on a hot plate at 280°C 

(536oF)a specific temperature and relates the transferred heat 

energy to predicted times to sensation of pain and second-

degree burn injury. The test is conducted under pressure. 

The Conductive Heat Resistance Test 1 is used to 

evaluate the glove body palm side materials for 

thermal insulation when the glove is compressed in 

both dry and wet environments. The test conditions 

are not intended to simulate actual all fire ground 

exposures but rather serve as a range of conditions 

where heat transfer through glove materials could 

varyto evaluate glove materials for resistance to 
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Both the time to pain and time to second-degree burn (based 

on the Stoll Curve) are recorded for each specimen. The test is 

also conducted under pressure with different pressures applied 

to the composites on the back of the glove versus those 

composites on the palm side of the glove. 

The average time to pain cannot be fewer than 6.0 seconds, 

and the average time to second-degree burn cannot be fewer 

than 10.0 seconds. 

conductive heat transfer under a specific condition. 

This test is used to determine the protection provided 

by the glove when a fire fighter makes direct contact 

with a heated object. 

7.7.6 Flame Resistance Test 3 

(glove body composite: char length, afterflame, 

melt, drip, consumed materials) 

This test is performed in accordance with ASTM D6413 on the 

glove body composite (7.7.6), glove interface (7.7.7), and glove 

extension composite (7.7.8).  Specimens are tested after 

conditioning. The specimen is mounted and suspended over a 

burner flame for 12 seconds. Once removed from the flame, 

the specimens are examined for afterflame, melting, dripping, 

and the amount of material that is consumed as a result of the 

heat exposure. Charring characteristics are evaluated after the 

specimen has been conditioned. 

The glove body composite cannot have an average char length 

of more than 100 mm (4 in.); the average afterflame of the 

specimens cannot be more than 2.0 seconds; the specimens 

cannot melt or drip; the amount of consumed materials cannot 

exceed 5 percent. 

The Flame Resistance Test 3 is the primary test used to 

establish the flame-resistant properties of the 

materials used in glove construction.  

This test is used to evaluate how easily the material’s  

ignites, its ability to self-extinguish after the flame is 

removed, and how much the material chars or 

disintegrates following the exposure.  

7.7.7 Flame Resistance Test 3 

(glove interface component composite: char 

length, afterflame, melt, drip, consumed 

materials) 

7.7.8 Flame Resistance Test 3 

(glove extension composite: char length, 

afterflame, melt, drip, consumed materials) 

7.7.9 Thread Melting Test This test is performed in accordance with ASTM D7138 on the 

three different specimens of sewing thread used in the 

construction of gloves “as received.”This test is performed on 

the sewing thread used in the construction of the gloves. The 

test is performed on specimens "as received.”   Sample threads 

are placed on a hot plate and slowly heated to 260°C (500°F).   

The temperature at which the thread melts or decomposes is 

recorded; if it melts below 260°C (500°F)that specific 

temperature, it fails.   

The Thread Melting Test is used to evaluate the thread 

used in the construction of the gloves to determine if it 

has at least the same heat resistance as the fabric used 

in its construction. 

7.7.10 Viral Penetration Resistance Test This test is performed in accordance with ASTM F1671 on the The Viral Penetration Resistance Test is used to 



(glove moisture barrier fabric andbody seams) moisture barrier fabric and seams. Samples are conditioned in 

multilayer composite samples by subjecting them to repeated 

cycles of laundering, followed by convective heat conditioning.  

After conditioning, the moisture barrier layer is removed from 

the multilayer composite pouch to become the moisture 

barrier specimen for testing. The specimens are then placed in 

a test cell where the taped film side (the normal outer surface) 

is exposed to a surrogate virus in a liquid solution and is 

evaluated for passage of the virus after 1 hour.   

Any evidence for virus passing through the barrier fabric or 

seam, as determined using a microbiological technique, 

constitutes a failure.   

evaluate the ability of the glove body moisture barrier 

fabric and seams to keep blood-borne pathogens from 

coming in contact with the fire fighter’s skin.  

7.7.11 Liquid Penetration Resistance Test 

(glove body seams) 

This test is performed in accordance with ASTM F903 on the 

glove body moisture barrier fabric and seams. Samples are 

conditioned in multilayer composite samples by subjecting 

them to repeated cycles of laundering, followed by convective 

heat conditioning. The moisture barrier specimens are then 

placed in a test cell where the taped film side (the normal outer 

surface) is exposed to Aqueous Film Forming Foam 

concentrate, battery acid, synthetic gasoline, fire-resistant 

hydraulic fluid, and swimming pool chlorine additive, and 

automobile antifreeze fluid. Each liquid is tested separately on 

an individual specimen.  

After 1 hour of exposure, each sample is evaluated. No liquid 

can penetrate any sample.  

The Liquid Penetration Resistance Test is used to 

evaluate whether or not the glove body moisture 

barrier fabric and seams resist penetration of liquids 

meant to be representative of those commonly 

encountered on the fire ground. However, liquid 

chemicals can still permeate the clothing materials by 

passing through moisture barriers and seams on a 

molecular level. 

7.7.12 Cut Resistance Test  

(glovesglove body composite) 

This test is performed in accordance with ASTM F1790 on at 

least three conditioned samples of the glove body composite 

under a specific load of 300 g. Small specimens of the glove 

body composite are clamped to a metal rod while a blade 

passes across the specimen until it makes contact with the 

metal rod.   

The distance the blade passes across each specimen without 

The Cut Resistance Test is used for this requirement to 

evaluate the ability of the glove body composite to 

resist being cut, under specific test conditions. Longer 

blade travel distances represent greater cut resistance 

because it takes longer for the blade to cut through the 

material. 



cutting through the material is recorded then averaged. The 

average distance the blade travels across the material without 

cutting through the material has to be more than 20 mm (0.8 

in.)a specific length.  

7.7.13 Cut Resistance Test 

(glove interface areas (wristlets and 

gauntletsglove interface component)) 

This test is performed in accordance with ASTM F1790 on 

conditioned samples of the glove wristlet or gauntletinterface 

component under a specific load of 300 g. The specimen is 

clamped to a metal rod while a blade passes across the 

specimen until it makes contact with the metal rod.   

The distance the blade passes across each specimen without 

cutting through the material is recorded then averaged. The 

average distance the blade travels across the material without 

cutting through the material has to be more than 200 mm (0.8 

in.)a specific length. 

The Cut Resistance Test is used for this requirement to 

evaluate the ability of the glove interface areas to 

resist being cut, under specific test conditions. Longer 

blade travel distances represent greater cut resistance 

because it takes longer for the blade to cut through the 

material. 

7.7.14 Puncture Resistance Test 

(glove body composite) 

This test is performed in accordance with ASTM F1342 on 

complete gloves or glove composite pouches that are both dry 

and wet. Specimens are clamped into a fixture while force is 

applied to puncture the specimen with a nail-like probe.   

The force required to puncture each sample is recorded then 

averaged, and the samples have to resist puncture under at 

least 40 N (8.8 lbf)the specified force. 

The Puncture Resistance Test is used to evaluate the 

ability of the gloves or glove composite pouches to 

resist puncture under specific test conditions. (NOTE:  

this test does not ensure that gloves will be puncture-

proof, only puncture resistant.)  Higher force averages 

indicate greater puncture resistance. 

7.7.15 Glove Hand Function Test This test is performed in accordance with ASTM F2010 on at 

least three pairs of whole gloves, sized small and largein two 

sizes, “as received.” 

A test subject picks up metal pins and places them in a 

horizontal pegboard without gloves. The subject immediately 

repeats the test while wearing the correct size specimen gloves.  

The time it takes to complete the task is recorded for both 

tests, and an average is calculated and used to calculate a 

percentage that represents how much faster the test was 

completed bare-handed than with gloved hands. 

The Glove Hand Function Test is used to determine 

whether the glove meets a minimum requirement for 

dexterity. The lower percentages indicate that the 

gloves have fewer adverse effects on fire fighter 

dexterity. 

To meet this requirement, bare-handed control cannot 

offer more than 220 percent better control than 

gloved hands. In other words, if it takes, on average, 60 

seconds to complete the test barehanded, it cannot 

take more than 132 seconds, on average, to complete 



That percentage is reported as the bare-handed control for 

each glove size. The average result for bare-handed control 

cannot exceed 220 percent. 

the same task with gloved hands. 

7.7.16 Burst Strength Test 

(knit glove wristlet material) 

This test is performed in accordance with ASTM D6797 on the 

knit glove wristlet materials "as received.”   

A tensile testing machine is used to push a steel ball through 

the clamped wristlet material. The maximum force used to 

burst the material is recorded. The specimen cannot burst 

under fewer than 225 N (51 lbf)less than the specified force. 

The Burst Strength Test is used to evaluate the 

strength of the glove wristlet material by measuring its 

resistance to bursting or rupturing when force is 

applied under specific test conditions.   

It is used to determine whether, on average, the glove 

wristlet can sustain applied force of at least 225 N (51 

lbf)the specified force, under specific test conditions. 

Higher bursting force resistance numbers indicate 

stronger wristlet materials. 

7.7.17 Seam-Breaking Strength Test This test is performed in accordance with ASTM D1683 on the 

conditioned glove body and glove interface component seams.   

Opposite ends of a 50 mm × 200 mm (2 in. × 8 in.) specimen, 

with the seam bisecting the length, are gripped in a machine 

and pulled apart until the specimen breaks.  

If testing knit materials, the test is performed in accordance 

with ASTM D6797.   

The force required to break the seam is recorded and averaged 

for the test specimens and the average result cannot be less 

than 182 N (41 lbf)the specified force. 

The Seam-Breaking Strength Test is used to evaluate 

the strength of the glove's interface seams under 

stress. The durability of the seam is an indicator of 

physical performance when the glove is subjected to 

repeated donning, doffing, gripping, bending, and 

stretching. Higher breaking forces indicate stronger 

seams. 

7.7.18 Overall Liquid Integrity Test 1 This test is performed on at least three pairs of whole gloves, in 

two sizessized small and large, after conditioning and 

convective heat conditioning.   

The test subject dons an inner glove and then the glove to be 

tested  and submerges the gloved hand in surfactant-treated 

water, to the height line on the glove below the opening, for 5 

minutes while flexing the hands into a fist every 10 seconds.   

The appearance, after testing, of any water mark on the inner 

glove of any of the three pairs of gloves is recorded and 

The Overall Liquid Integrity Test 1 is used to evaluate 

the glove's resistance to leakage when submerged in 

water, under specific test conditions. Surfactant 

treatments are used to lower water surface tension, 

making water penetration easier.  



reported.  The appearance, after testing, of any water mark on 

the inner glove of any glove is considered leakage and 

constitutes failing. 

7.7.19 Glove Donning Test This test is performed on at least three conditioned pairs of 

whole gloves, in two sizessized small and large. 

While wearing a glove on one hand, the wearer must don a 

single glove on the opposite hand, without altering the glove 

lining, three consecutive times. The test is performed three 

times with a dry hand and dry gloves and three times with a 

wet hand and wet gloves.   

The time of each donning for each size is recorded and is 

averaged as a measure of the ease of donning. 

The standard requires a maximum average donning time for 

dry gloves and a separate maximum average donning time for 

wet gloves.  

The key to this test is that pass or fail determinations are made 

based on the donning time (if one size fails, the glove fails), 

separation (any detachment of the inner liner and/or moisture 

barrier is a failure), and insertion (any glove digits that do not 

allow full insertion is a failure). 

The Glove Donning Test is used to evaluate the ease of 

donning the gloves with a wet and dry hand; whether 

or not the inner lining will become detached under the 

specific test conditions; and whether or not each digit 

of each glove of each size allows full insertion during 

the test. 

7.7.20 Liner Retention Test This test is performed on at least three conditioned pairs of 

whole gloves, in two sizessized small and large. 

A set of locking forceps is attached to the interior glove liner 

near the fingertip, which is then attached to a strain gauge and 

pulled, using force, until 25 N (5½ lbf)the specified force 

registers on the machine.   

Each digit of each glove is inspected for inner liner detachment. 

The appearance of inner liner detachment in any digit of any 

glove of any size constitutes a failure. Gloves can be cut open to 

look for detachment. 

The Liner Retention Test is used to evaluate the ability 

of the glove's inner liner and moisture barrier to stay 

attached under applied force after laundering.  



7.7.21 Label Durability and Legibility Test 1 This test is performed on the whole glove, with labels attached, 

after laundering, abrasion, and convective heat exposure. 

The gloves are exposed to 10 laundry cycles as outlined in 

AATCC 135 subjected to abrasion in accordance with ASTM 

D4966 and, lastly, subjected to convective heat.   

Glove labels are examined for continued presence (have to 

remain attached to the glove) and for legibility. 

The Label Durability and Legibility Test 1 is used to 

evaluate whether or not the label stays in place and is 

legible to the unaided eye after exposure to multiple 

launderings, abrasion, and convective heat. 

In addition to being legible, the labels must remain in 

place following the testing. The presence and legibility 

of labels is important for glove identification and 

tracking. 

7.7.22 Grip Test This test is performed on at least three pairs of new, as 

distributed, sized small and large gloves in two sizes.  

Six separate pull types are tested with three pulls each on a wet 

conditioned overhead vertical pole. The test subjects wet 

condition the gloves before each set of three pulls. 

The peak pull force value for each individual pull is recorded 

and reported. The minimum pull force value that occurs after 

the peak pull force value is recorded and reported. 

The individual percentage drop between the peak pull force 

value and the minimum pull force value is calculated and used 

to determine pass or fail performance (the drop cannot be 

more than 30 percent). 

In addition, failure during any pull constitutes glove failure of 

the overall test. 

The Grip Test is used to evaluate the glove's gripping 

ability, under applied force and specific test conditions.  

The test is designed to simulate use of a pike pole in 

ceiling pulls. 

7.7.23 Torque Test This test is performed on at least three pairs of new, as 

distributed , sized small and large70W (wide) and 76W (wide) 

gloves in two sizes.   

The test subject dons the glove and attempts to twist a vertical 

rod mounted on a torque meter. The maximum force applied 

by the test subject in this twisting motion is measured. 

The test is performed both bare-handed and with gloves 

donned. The test results are recorded and averaged and the 

percent difference between the bare-handed results and the 

The Torque Test is used to evaluate the difference 

between how gloves affect a fire fighter’s ability to 

perform gripping and twisting actions. The results 

compare the same gripping/twisting action performed 

both bare-handed and with the gloves. Percentages 

less than 100 percent mean that the gloves diminish 

gripping/twisting action while percentages over 100 

percent mean that the gloves enhance 

gripping/twisting motion.  



results for tests using gloves is used to determine glove 

performance. Gloves must allow at least 80 percent of the 

twisting force for the test subject compared to tests performed 

bare-handed. 

 

7.7.24 Glove Tool Test This test is performed on at least three pairs of new, as 

distributed, sized small and large gloves in two sizes. 

The test requires the wearer to pick up a bolt, nut, and washer 

set and assemble them on a test stand using only one hand. 

While being timed, the wearer has to fill all holes across the top 

and all holes across the bottom of the test stand until all bolt, 

nut,s and washer sets have been installed in the test board.   

The test is also performed without gloves  to establish a 

baseline result to determine the effect of the gloves to 

handlewhen the wearer has to handle small objects. The 

difference in times for the tests performed bare-handed 

(control) and with gloves is reported as a percentage.   

The difference cannot exceed 175 percent. This means that the 

use of the gloves cannot result in this task taking more than 

1.75 times longer when performing the same task without 

gloves. 

The Glove Tool Test is used to evaluate the effect of 

gloves on completing a task compared to completing 

the same task without gloves. Lower percentages 

indicate that the gloves have less adverse effects on 

fire fighter tool use. 

7.7.25 Radiant Heat Resistance Test 4 This test is performed in accordance with ASTM E162 to 

measure whether or not the samples representing the back of 

the glove are resistant to heat.   

The time to second-degree burn cannot be less than 90.0 

seconds. 

The Radiant Heat Resistance Test 4 is used to evaluate, 

on average, how long it takes to experience a second-

degree burn on the back of the hand caused by radiant 

heat.   

7.8.2 Corrosion Resistance Test  The test is performed in accordance with ASTM B117 to The Corrosion Resistance Test is used to evaluate 



(glove metal hardware and hardware that 

includes metal parts) 

measure corrosion. Metal hardware is exposed to a saline 

solution spray for 20 hours, following which base metal can 

show no corrosion and the hardware must remain functional. 

whether hardware will (1) hardware will corrode and 

(2) hardwareif it will remain functional after extended 

exposure to a salt spray. 

Hardware failure can result in loss of thermal and 

physical protection for the firefighter. 



B.5 Footwear. 

Table B.5 is intended to serve as an abbreviated guide to all specified tests for the whole footwear, 

including the whole footwear boot, the footwear upper, and all materials used in the construction of the 

whole footwear element. The tests are intended to evaluate whether or not the footwear meets the 

minimum performance requirements of the 2018 edition of NFPA 1971 2018. They do not guarantee the 

safety of the fire fighter or ensure the fire fighter will not experience an injury while wearing the 

footwear.   

 



 

Table B.5 Footwear 

Test Method Test Method Description Test Method Application 

7.10.1 Conductive Heat Resistance Test 2 This test is performed on the preconditioned complete 

footwear element with removable soles in place.  

Thermocouples are taped to the insole surface inside the 

footwear, and the footwear is filled with 4.55 kg (10 lb)a 

specified weight of steel balls. The weighted footwear is 

placed on a hot plate set at a specific temperature of 260°C 

(500°F) for 20 minutesa specific time. The thermocouples 

inside the boot measure the temperature of the footwear 

insole.   

The average temperature at each test location of the 

specimen at the end of 20 minutesthe specified period is 

recorded. The temperature of the insole cannot exceed 

44°C (111°F)the allowed temperature. 

The Conductive Heat Resistance Test 2 is used to evaluate 

the footwear's resistance to heat transferred through the 

sole by conduction with a hot surface. 

The steel balls weigh the footwear down to place pressure on 

the sole against the hot surface, similar to what happens on 

the fire ground. The test conditions are not intended to 

simulate actual fire ground exposures but rather serve as a 

means for measuring the footwear's response to heat. The 

performance requirement relates to the average 

temperature that causes pain sensation. 

7.10.2 Flame Resistance Test 4 This test is performed on the whole footwear element in a 

draft-free area “as received.” A tray of fuel is used to create 

the flame exposure. The fuel in the tray is ignited and is 

allowed to burn to produce a stable flame. The footwear 

specimen is clamped on a fixture then positioned above the 

burning tray where a shutter controls the exposure of the 

footwear specimen to flames for 12 secondsa specified 

period.   

Once the flame exposure is stopped, the footwear specimen 

is examined for afterflame (not more than 5.0 seconds 

allowed), melting, dripping, and burn-through. The 

specimen cannot melt, drip, or exhibit any burn-through. 

The Flame Resistance Test 4 is used to evaluate whether the 

footwear melts, drips, or exhibits burn-through and 

determines whether it has an afterflame lasting more than 

5.0 seconds.  

This is the primary test to establish the flame resistant 

properties of the materials used in footwear construction. 

7.10.3 Thread Melting Test This test is performed in accordance with ASTM D7138 on 

the three different specimens of sewing thread used in the 

construction of footwear “as received.”This test is 

The Thread Melting Test is used to evaluate the thread used 

in the construction of the footwear element to determine 

whether it has at least the same minimum heat resistance as 



performed on the sewing thread used in the construction of 

the footwear. The test is performed on specimens "as 

received.” Sample threads are placed on a hot plate and 

slowly heated to 260°C (500°F).   

The temperature at which the thread melts or decomposes 

is recorded and if it melts below 260°C (500°F)the specific 

temperature, it fails.  

the fabric used in the footwear’s construction. 

7.10.4 Liquid Penetration Resistance Test This test is performed in accordance with ASTM F903 on the 

footwear moisture barrier and moisture barrier seams. 

Swatches representative of the footwear construction (not 

just the barrier layer) are exposed to convective heat 

conditioning; then the barrier layer is separated and 

becomes the testing specimen. The normal outer surface of 

the material is exposed to Aqueous Film Forming Foam 

concentrate, battery acid, synthetic gasoline, fire resistant 

hydraulic fluid, and swimming pool chlorine additive, and 

automobile antifreeze fluid. Each liquid is tested separately 

on an individual specimen.  

During the 1 hour exposure, pressure is applied behind the 

liquid for a period of time. At the end of exposure, each 

sample is evaluated. No liquid can penetrate any sample.  

The Liquid Penetration Resistance Test is used to evaluate 

whether or not the footwear's moisture barrier material and 

seams resist penetration of liquids meant to be 

representative of those commonly encountered on the fire 

ground.  

7.10.5 Viral Penetration Resistance Test This test is performed in accordance with ASTM F1671 on 

the footwear moisture barrier and moisture barrier seams. 

Swatches representative of the footwear construction (not 

just the barrier layer) are exposed to convective heat 

conditioning; then the barrier layer is separated and 

becomes the testing specimen. The specimens are placed in 

a test cell where the taped film side (the normal outer 

surface) is exposed to normal outer surface of the material 

is exposed to a surrogate virus in a liquid solution and is 

evaluated for passage of virus after 1 houra specified time.  

During the 1 hour specific time exposure, pressure is 

The Viral Penetration Resistance Test is used to evaluate the 

ability of the footwear's moisture barrier materials and 

seams to keep blood-borne pathogens from coming in 

contact with the fire fighter's skin. 



applied behind the liquid.  At the end of exposure, the 

specimen is rinsed with a clean solution and examined. Any 

evidence of viral passage through the barrier fabric or seam 

as determined using a microbiological technique constitutes 

a failure. 

7.10.6 Puncture Resistance Test This test is performed in accordance with ASTM F1342 Test 

Method A, on footwear uppers “as received.”  Footwear 

uppers are clamped into a fixture while force is applied to a 

nail-like probe in an effort to puncture the specimen. The 

force required to puncture each specimen is recorded and 

averaged, and the resulting average cannot be lower than 

60 N (13 lbf)the specified force. 

The Puncture Resistance Test is used to evaluate the ability 

of the footwear uppers to resist puncture under specific test 

conditions. Higher average force measurements indicate 

greater puncture resistance. 

7.10.7 Cut Resistance Test This test is performed in accordance with ASTM F1790 on 

footwear uppers “as received” under a specific load of 800 

g. The specimen (a composite of footwear upper used in the 

actual footwear construction, including the tongue but 

excluding the gusset, with layers arranged in proper order) 

is clamped to a metal rod while a blade passes across the 

specimen until it makes contact with the metal rod. After 

testing, the average distance of blade travel is recorded and 

cannot be more than 20 mm (0.8 in.)the specified length. 

The Cut Resistance Test is used to evaluate the ability of the 

footwear upper composite to resist cutting under specific 

test conditions. Longer blade travel distances represent 

greater cut resistance because it takes longer for the blade to 

cut through the material. 

7.10.8 Slip Resistance Test This test is performed in accordance with ISO 13287ASTM 

F2913 on a men's size 9D the whole footwear element.  A 

footwear specimen is placed in a machine that slides the 

footwear along a wet tile surface. This test measures the 

friction (traction) between the soles of the footwear and the 

tile surface.  

The coefficient of friction is recorded for each specimen and 

averaged.  The result should be 0.40 or greater. 

The Slip Resistance Test is used to evaluate the ability of the 

footwear to resist slipping under specified test conditions.  

The surface condition is chosen to simulate a typical slippery 

surface encountered by fire fighters.  

7.10.9 Abrasion Resistance Test This test is performed in accordance with ISO 4649 Method 

A, on material pieces removed from the footwear soles and 

heel "as received.” These material specimens are 

The Abrasion Resistance Test is used to evaluate the 

footwear's ability to resist abrasion under specified test 

conditions. The test is intended to measure how easily sole 



repetitively rubbed against a specific type of sandpaper 

under a specified pressure; then the amount of material 

removed by abrasion is measured. Abrasion resistance of 

the footwear sole and heel materials is adjusted by relative 

loss of material. 

and heel material wear away with use. 

7.10.10 Electrical Insulation Test 2 This test is performed in accordance with Section 9 of ASTM 

F2412 on at least three specimens of whole footwear 

elements "as received.”  The sample footwear are tested to 

14,000 V a specific voltagein accordance with Section 9 of 

ASTM F2412. Small metal balls are placed in a footwear 

specimen, which is then placed on a metal mesh platform. 

Voltage is applied to the footwear specimen through the 

metal mesh platform.   

The footwear element is evaluated for current leakage or 

evidence of breakdown. The footwear should not have a 

leakage in excess of 3.0 mAthe specified amount. 

The Electrical Insulation Test 2 is used to evaluate the 

footwear's resistance to electricity under specified test 

conditions. The test simulates conditions when a fire fighter 

steps on a live wire. 

7.10.11 Ladder Shank Bend Resistance Test This test is performed on footwear ladder shanks or whole 

sole equivalents “as received.” The specimen is placed on 

mounting blocks, as it would be oriented toward the ladder, 

and subjected to force on its center with the test probe 

operated at 50 mm/min (2 in./min)a specific force.  

The average deflection is recorded to the nearest 1 mm (.05 

in.) and should not deflect more than 6 mm  (1/4 in.)a 

specific distance. 

The Ladder Shank Bend Resistance Test is used to evaluate 

the footwear soles or ladder shanks for resistance to bending 

when supported only in the middle of the footwear. The test 

simulates what occurs when a fire fighter uses a ladder. 

7.10.12 Eyelet and Stud Post Attachment Test This test is performed on footwear eyelets and stud posts 

"as received.” Specimens are removed from the footwear 

element and attached to the upper position of the tensile 

testing machine using the proper puller fixture. The test is 

started and force is applied.   

At a minimum, the average of all specimen tests can be no 

less than 294 N (66 lbf)the specified force. The footwear 

eyelets and stud posts have to be able to withstand, on 

The Eyelet and Stud Post Attachment Test is used to evaluate 

the footwear stud posts and eyelets for attachment strength  

when force is applied. This test is used to determine whether 

stud posts and eyelets will stay attached under normal use 

conditions. 



average, at least 294 N (66 lbf)the specified force.   

7.10.13 Corrosion Resistance Test 

(metal hardware and hardware that includes 

metal parts) 

This test is performed in accordance with ASTM B117 to 

measure corrosion on all footwear hardware "as received.”   

Metal hardware is exposed to a 5 percent saline solution for 

20 hoursa specified period.  

Following the test, the hardware is evaluated for the 

appearance of corrosion or oxidation and to see if it remains 

functional. Evidence of corrosion on the base metal signifies 

failure. 

The Corrosion Resistance Test is used to evaluate whether 

hardware will (1) hardware will corrode and (2) hardwareif it 

will remain functional after extended exposure to salt spray. 

Hardware failure can result in loss of thermal and physical 

protection for the fire fighter. 

7.10.14 Label Durability and Legibility Test 1 This test is performed in accordance with ASTM D4966 on 

the complete footwear element, with labels attached.  

Legibility is assessed with labels attached to the footwear 

after convective heat/thermal exposure and assessed on 

individual labels after abrasion, after abrasion and thermal 

exposure.   

Footwear specimens are subjected to abrasion in 

accordance with ASTM  D 4966 and are exposed to 

convective heat to test for heat durability. Footwear labels 

are examined for continued presence (have to remain 

attached to the footwear) and for legibility. 

The Label Durability and Legibility Test 1 is used to evaluate 

whether or not the label stays in place and is legible to the 

unaided eye after abrasion and thermal exposure.  

The presence and legibility of labels is important for 

footwear identification and tracking. 

7.10.15 Heat and Thermal Shrinkage 

Resistance Test 

This test is performed in accordance with ASTM F2894 , on 

at least three men’s size 9D complete footwear elements 

"as received.” The footwear component is filled with glass 

beads and exposed to thermal insult for a specified period 

of time.suspended in a 260°C, +8/–0°C (500°F, +14/–0°F) 

oven for 5 minutes, +15/–0 seconds.  

Post-exposure, the specimen is examined inside and outside 

before conditioning in an environmental chamber and again 

after conditioning for melting, separation, or ignition.   

Next, the footwear specimen is tested in accordance with 

Appendix B of FIA 1209 and flexed on a machine 100,000 

The Heat and Thermal Shrinkage Resistance Test is used to 

evaluate the footwear for heat degradation effects after 

exposure to high temperatures.  

Footwear is not permitted to melt, separate, or ignite under 

these conditions. Footwear is also tested for liquid 

penetration resistance after thermal exposure and flexing to 

show that footwear will continue to maintain its integrity 

following simulated use and heat exposure.  

If any one of the at least three specimens being tested fails 

any one of these tests (melts, separates, ignites, shows water 

penetration, sole separation, seam separation, or component 



times to simulate walking movement.   

Lastly, the footwear specimen is immersed in surfactant-

treated water to a certain height for 2 hours then evaluated 

for leakage.   

The appearance of any liquid inside the footwear after 

exposure is reported as a failure. Also, all components must 

remain functional. 

breakage), the footwear element fails. 

7.11.2 Radiant Heat Resistance Test 1 This test is performed on each area of the footwear upper, 

including the tongue but excluding the gusset, on a 

minimum of three complete footwear items, including 

booties where provided, "as received.” 

The specimen is placed in front of a radiometer and 

exposed to heat for 30 secondsa specified period at 1000 K 

± 455 K (1340°F ± 360°F)a specific temperature.  The 

temperature at 30 seconds of exposure for each area is 

recorded and reported then averaged; the average cannot 

exceed 44°C (111°F)the specified temperature.  

The Radiant Heat Resistance Test 1 is used to evaluate the 

footwear for resistance to heat transfer from exposure to 

radiant energy. The test conditions are not intended to 

simulate actual fire ground exposures, but rather serve as a 

means for measuring the footwear's response to radiant 

heat.   

7.11.3 Conductive Heat Resistance Test 1 This test is performed in accordance with ASTM F1060 on 

the footwear upper composites “as received.”  Composite 

specimens are placed on a hot plate that is heated to 280°C 

(536°F)a specific temperature, while a specific pressure of 

3.45 kPa ± 0.35 kPa (0.5 psi ± 0.05 psi) is applied. A 

weighted sensor on top of the specimen measures the rate 

of heat transfer.   

The heat transfer data are used to predict the time to pain 

and the time to second-degree burn.   

The average time to pain cannot be fewer than 6 seconds, 

and the average time to second-degree burn cannot be 

fewer than 10 seconds. 

The Conductive Heat Resistance Test 1 is used to evaluate 

the upper portion of the footwear for thermal insulation.  

The test conditions are not intended to simulate actual fire 

ground exposures, but rather serve as a means for measuring 

the footwear upper's resistance to heat transfer when 

contacted is made with a hot surface. 



B.6 Hoods. 

Table 8.6 is intended to serve as an abbreviated guide to all specified tests for whole hoods, including 

the whole hood, with or without an the SCBA facepiece and all materials used in the construction of the 

whole hood. The tests evaluate whether or not the hood meets the minimum performance 

requirements of the 2018 edition of NFPA 1971. They do not guarantee the safety of the fire fighter or 

ensure the fire fighter will not experience an injury while wearing the hood.   



Table B.6 Hoods 

Test Method Test Method Description Test Method Application 

7.13.1 Hood Opening Size Retention 

Test 

This test is performed on the protective hood "as received.” The hood is 

marked before testing in at least eight (8) locations to capture any 

shrinkage or growth with the protective hood.   The whole hood is placed 

on a headform and passed up and over the headform 50 times for 

testingto simulate donning and doffing.   

Once completed, the hood is removed from the headform and allowed to 

rest for 1 minute. The hood is then evaluated in the original eight (8) (or 

more) locations to determine whetherif the hood opening retains its 

shape. 

The hood opening has to slide freely over the top half of the hood 

measuring device while in the relaxed state and cannot show any gaps 

when placed on the lower half of the hood measuring device. measured 

after testing cannot exceed 110 percent% of the original measured face 

piece opening size. 

The Hood Opening Size Retention Test is used to 

evaluate the ability of the hood to retain its shape after 

being pulled over the head many times and to make sure 

it doesn’t fit too tightly around the neck when not 

deployed. 

7.13.1.1 Hood Opening Size Retention 

Test 

(when the hood is designed for a 

specific SCBA facepiece) 

This test is performed on the protective hood "as received" using the 

specific SCBA facepiece the hood is designed to interface with. The hood 

is marked before testing in at least eight locations to capture any 

shrinkage or growth with the protective hood. The whole hood is placed 

on a headform (with the SCBA facepiece in place) and passed up and over 

the headform 50 times to simulate donning and doffing for testing.   

If the hood is designed to be manually adjusted when donned, the person 

performing the test has to manually adjust the hood each time it is 

placed on the headform with facepiece. 

Once completed, the hood is removed from the headform and allowed to 

rest for 1 minute. The hood is then donned on the headform and placed 

over the facepiece.  The hood is evaluated in the original eight (or more) 

locations to determine if the hood opening retains its shape. 

The hood used in this test has to overlap the outer edge of the specific 

SCBA facepiece-to-face seal perimeter by at least 13 mm (½ in.). 

This test evaluates the ability of the hood’s SCBA face 

piece opening to retain it’s shape after being pulled over 

the head and the specified SCBA face piece many times. 

7.13.2 Thermal Protective Performance  

(TPP) Test 

This test is performed in accordance with ISO 17492 on the portions of 

the hood that cover the neck and facial area “as received” and after 

conditioning with 5 laundering cycles. Specimens used for testing must 

be at least 180 mm (7 in.) squarea specific size. The hood is exposed to 

The Thermal Protective Performance (TPP) test is used 

to measure the insulating performance of the hood by 

evaluating how quickly heat is transferred from the 



both radiant and convective heat sources.   

The rate of rise in temperature is recorded and compared to the known 

skin response to heat; the recorded time is multiplied by the heat 

exposure energy to determine the TPP rating. 

The TPP rating of the hood has to be at least 20.0. 

outside of the hood to the inside.   

Under the given test conditions, which simulate severe 

flashover conditions, the TPP rating divided in half 

indicates the approximate number of seconds until a fire 

fighter would receive a second-degree burn.   

This is the primary test to measure the hood’s ability to 

protect the fire fighter from severe heat and flame. A 

TPP rating of 20.0 is acceptable because the hood area is 

overlapped by another part of the ensemble that also 

provides insulation.  

7.13.3 Flame Resistance Test 1 This test is performed in accordance with ASTM D6413 on five individual 

samples of hood material(s) and five individual samples of labels attached 

to hood material(s).  

Specimens are tested “as received” and after conditioning with 5 laundry 

cycles. Hood labels are cut from the conditioned samples and tested in a 

vertical flame chamber in accordance with ASTM D 6413.   

Specimens are evaluated for average char length (cannot exceed 100 mm 

(4 in.); for average afterflame (cannot be more than 2.0 seconds); and for 

evidence of melting or dripping (material cannot melt or drip). 

The Flame Resistance Test 1 is used to evaluate the hood 

materials, under controlled test conditions, for the 

ability to self-extinguish after the flame is removed and 

to resist charring, melting, and dripping. 

7.13.4 Heat and Thermal Shrinkage 

Resistance Test 

(shrinkage) 

This test is performed on complete hoods as received and after 
conditioning with 5 laundry cycles.   

The hood is placed on a nonconductive headform in the center of the test 
oven and exposed to 500⁰F for 5 minutes.   

After this exposure hoods are evaluated on a hood measuring device. 

Hoods are required to slide freely over the top half of the hood 

measuring device while in the relaxed state, and cannot show any gaps 

when placed on the lower half of the hood measuring device. 

Measurements from the top of the hood down the sides and down the 

back are used to determine shrinkage. Hoods cannot shrink more than 10 

percent.This test is performed after conditioning with 5 laundry cycles on 

hood materials. 

The hood is placed on a nonconductive headform in the center of the 

oven with the front of the hood facing the airflow at 260°C, +8/–0°C 

(500°F, +140/–-0°F)C for 5 minutes, +15/–0 seconds.  

Dimensions are measured in a minimum of eight different locations for 

the face opening and additionally on three dimensions based on the top 

The Heat and Thermal Shrinkage Resistance Test is used 

for this requirement to evaluate the hood materials for 

shrinkage after exposure to high temperatures. 

Excessive shrinkage could impact the insulating qualities 

of the hood. 



of the hood and the basic plane. 

Post-exposure measurements are taken and averaged, and no more than 

10 percent shrinkage is permitted. 

7.13.5 Heat and Thermal Shrinkage 

Resistance Test 

(melting, separation, ignition) 

This test is performed after conditioning hoods and labels with 5 laundry 

cycles.  The specimen is placed on a nonconductive headform in the 

center of the oven and exposed to 500⁰F for 5 minutes. with the front of 

the hood facing the airflow at 260°C, +8/–0°C (500°F, +140/–-0°C) for 5 

minutes, +15/–0 seconds. 

Hoods cannot show evidence of melting, separationng, or ignition after 

this test. 

The Heat and Thermal Shrinkage Resistance Test is used 

for this requirement to evaluate the hood materials for 

melting, separation, and ignition after exposure to high 

temperatures. 

7.13.6 Cleaning Shrinkage Resistance 

Test 

This test is performed on complete hoods as received.   

Hoods are machine washed 5 times using a specific laundry procedure.    

After washing, hoods are evaluated on a hood measuring device. Hoods 
are required to slide freely over the top half of the hood measuring 
device while in the relaxed state, and cannot show any gaps when placed 
on the lower half of the hood measuring device. Measurements from the 
top of the hood down the sides and down the back are used to 
determine shrinkage. Hoods cannot shrink more than 5 percent.  
This test is performed on three complete hoods with labels. 

The hood is placed on a nonconductive headform, and measurements are 

taken of the face opening at a minimum of eight separate locations 

around the entire perimeter of the face opening and at the back and both 

sides of the hood from the top of the hood to the basic plane. 

Each measurement is recorded before and after laundering, then 

averaged. The average before and after measurements are used to 

calculate the percent difference of the hood face opening dimensions, 

and no more than 5 percent shrinkage is permitted. 

While averages are used for the final calculation, in the event one or 

more hood specimens fail this test, the hood fails. 

The Cleaning Shrinkage Resistance Test is used to 

evaluate hood materials for shrinkage after cleaning. 

Excessive shrinkage increases the possibility of burns. 

7.13.7 Thread Melting Test This test is performed in accordance with ASTM D7138 on the three 

different specimens of sewing thread used in the construction of the 

hood “as received.”This test is performed on the sewing thread used in 

the construction of the hood.  The test is performed on "as received" 

specimens. Sample threads are placed on a hot plate and slowly heated 

to 260°C (500°F).   

The temperature at which the thread melts or decomposes is recorded, 

The Thread Melting Test is used to evaluate the thread 

used in the construction of the hoods to determine if it 

has at least the same heat resistance as the fabric used 

in garment construction. 



and if it melts below 260°C (500°F), it fails. 

7.13.8 Burst Strength Test 

(knit material) 

This test is performed in accordance with ASTM D6797 on the knit hood 

materials "as received.” 

A tensile testing machine is used to push a steel ball through the clamped 

hood material. The maximum forced used to burst the material is 

recorded. The specimen cannot burst under fewer less than 225 N (51 

lbf).the specified force. 

The Burst Strength Test is used to evaluate the strength 

of the hood material by measuring its resistance to 

bursting or rupturing when force is applied under 

specific test conditions. 

This test is used to determine whether, on average, the 

hood material can sustain applied force of at least 225 N 

(51 lbf), under specific test conditions. Higher bursting 

force resistance numbers indicate stronger hood 

materials. 

7.13.9 Seam-Breaking Strength Test 

(knit hood seams) 

This test is performed in accordance with ASTM D6797 on at least five 

specimens of conditioned knit hood seams.   

The seam breaking strength (the amount of pounds force required to 

break the seam) is recorded and reported for each specimen and those 

values are averaged for the assessment. 

The force required to break the seam is recorded and averaged for the 

test specimens, and the average result cannot be less than 181 N (41 

lbf)the specified force. 

The Seam-Breaking Strength Test is used to evaluate the 

strength of the hood seams under stress. The durability 

of the seam is an indicator of physical performance 

when subjected to repeated donning and doffing.  

Higher breaking forces indicate stronger seams. 

7.13.10 Label Durability and Legibility 

Test 1 

These tests are performed on hood labels on complete hoods with labels 

attached (laundering); individual labels (abrasion); and labels sewn onto a 

separate square of hood material (convective heat exposure). 

The laundering test is performed in accordance with AATCC 135 and the 

abrasion test is performed in accordance with ASTM D4966 Hood labels 

are examined for continued presence (have to remain attached to the 

hood) and for legibility. 

The Label Durability and Legibility Test 1 is used to 

evaluate whether or not the label stays in place and is 

legible to the unaided eye after exposure to multiple 

launderings, abrasion, and convective heat. 

In addition to being legible, the labels must remain in 

place following the testing. The presence and legibility of 

labels is important for glove hood identification and 

tracking. 

 

 

  



B.7 Wristlets. 

Table 8.7 is intended to serve as an abbreviated guide to all specified tests for wristlets and all materials used in the construction of protective wristlet interface 

components. The tests evaluate whether or not the wristlet meets the minimum performance requirements of the 2018 edition of NFPA 1971. They do not 

guarantee the safety of the fire fighter or ensure the fire fighter will not experience an injury while wearing protective elements including wristlets. 

   



 

 

Table B.7 Wristlets 

Test Method Test Method Description Test Method Application 

7.16.1 Thermal Protective Performance 

(TPP) Test 

This test is performed in accordance with ISO 17492 on the protective 

wristlet interface components “as received” and after conditioning. The 

protective wristlet interface components are exposed to both radiant and 

convective heat sources.   

The rate of rise in temperature is recorded and compared to the known 

skin response to heat; the recorded time is multiplied by the heat 

exposure energy to determine the TPP rating. 

The TPP rating of the protective wristlet interface components has to be 

at least 20.0. 

The Thermal Protective Performance (TPP) test is used 

to measure the insulating performance of the protective 

wristlet interface components by evaluating how quickly 

heat is transferred from the outside of the protective 

wristlet interface components to the inside.   

Under the given test conditions, which simulate severe 

flashover conditions, the TPP rating divided in half 

indicates the approximate number of seconds until a fire 

fighter would receive a second-degree burn.   

This is the primary test to measure the protective 

wristlet interface component’s ability to protect the fire 

fighter from severe heat and flame. A TPP rating of 20.0 

is acceptable because the protective wristlet interface 

component area is overlapped by another part of the 

ensemble that also provides insulation. 

7.16.1.1 Thermal Protective 

Performance (TPP) Test 

(coat sleeve ends in a garment-glove 

interface) 

This test is performed in accordance with ISO 17492 on the interface 

composite where the coat sleeve end terminates in a garment-glove 

interface, “as received” and after conditioning. The interface composite is 

exposed to both radiant and convective heat sources.   

The rate of rise in temperature is recorded and compared to the known 

skin response to heat; the recorded time is multiplied by the heat 

exposure energy to determine the TPP rating. 

The TPP rating of the protective wristlet interface components has to be 

at least 35.0. 

The Thermal Protective Performance (TPP) test is used 

to measure the insulating performance of the garment-

glove interface by evaluating how quickly heat is 

transferred from the outside of the interface composite 

to the inside.   

Under the given test conditions, which simulate severe 

flashover conditions, the TPP rating divided in half 

indicates the approximate number of seconds until a fire 

fighter would receive a second-degree burn.   

This is the primary test to measure the interface 

composite’s ability to protect the fire fighter from severe 

heat and flame.  

7.16.2 Flame Resistance Test 1 This test is performed in accordance with ASTM D6413 on five individual 

samples of protective wristlet interface component material(s). 

Specimens are tested after conditioning with 5 laundry cycles. 

Specimens are evaluated for average char length (cannot exceed a 

The Flame Resistance Test 1 is used to evaluate the 

protective wristlet interface component materials, under 

controlled test conditions, for the ability to self-

extinguish after the flame is removed and to resist 



specified length); for average afterflame (cannot be more than 2.0 

seconds); and for evidence of melting or dripping (material cannot melt 

or drip). 

charring, melting, and dripping. 

7.16.3 Heat and Thermal Shrinkage 

Resistance Test 

(shrinkage) 

This test is performed after conditioning with 5 laundry cycles on 

protective wristlet interface components materials. 

Protective wristlet interface components cannot shrink more than 10 

percent in any direction. 

The Heat and Thermal Shrinkage Resistance Test is used 

for this requirement to evaluate the protective wristlet 

interface components materials for shrinkage after 

exposure to high temperatures. 

Excessive shrinkage could impact the insulating qualities 

of the protective wristlet interface components. 

7.16.4 Heat and Thermal Shrinkage 

Resistance Test 

(melting, separation, ignition) 

This test is performed after conditioning protective wristlet interface 

components and labels with 5 laundry cycles.   

Protective wristlet interface components cannot show evidence of 

melting, separation, or ignition after this test. 

The Heat and Thermal Shrinkage Resistance Test is used 

for this requirement to evaluate the protective wristlet 

interface components materials for melting, separation, 

and ignition after exposure to high temperatures. 

7.16.5 Cleaning Shrinkage Resistance 

Test 

 

This test is performed after conditioning with 5 laundry cycles on 

protective wristlet interface component materials. 

Protective wristlet interface component cannot shrink more than 5 

percent in any direction. 

The Heat and Thermal Shrinkage Resistance Test is used 

for this requirement to evaluate the protective wristlet 

interface component materials for shrinkage after 

exposure to high temperatures. 

Excessive shrinkage could impact the insulating qualities 

of the protective wristlet interface components. 

7.16.6 Thread Melting Test This test is performed in accordance with ASTM D7138 on the three 

different specimens of sewing thread used in the construction of the 

protective wristlet interface components “as received.” 

The temperature at which the thread melts or decomposes is recorded, 

and if it melts below a specific temperature, it fails. 

The Thread Melting Test is used to evaluate the thread 

used in the construction of the protective wristlet 

interface components to determine if it has at least the 

same heat resistance as the fabric used in garment 

construction. 

7.16.7 Burst Strength Test 

(knit wristlet material) 

This test is performed in accordance with ASTM D6797 on the knit 

protective wristlet interface components materials "as received.” 

A tensile testing machine is used to push a steel ball through the clamped 

protective wristlet interface component materials. The maximum force 

used to burst the material is recorded. The specimen cannot burst under 

less than the specified force. 

The Burst Strength Test is used to evaluate the strength 

of the protective wristlet interface components by 

measuring its resistance to bursting or rupturing when 

force is applied under specific test conditions. 

This test is used to determine whether, on average, the 

protective wristlet interface components can sustain 

applied force of at least the specified force, under 

specific test conditions. Higher bursting force resistance 

numbers indicate stronger protective wristlet interface 

components. 

7.16.8 Seam-Breaking Strength Test This test is performed on at least five specimens of conditioned knit The Seam-Breaking Strength Test is used to evaluate the 



(knit wristlet seams) protective wristlet interface components seams.   

The seam breaking strength (the amount of pounds force required to 

break the seam) is recorded and reported for each specimen and those 

values are averaged for the assessment. 

The force required to break the seam is recorded and averaged for the 

test specimens, and the average result cannot be less than the specified 

force. 

strength of the protective wristlet interface component 

seams under stress. The durability of the seam is an 

indicator of physical performance when subjected to 

repeated donning and doffing.  Higher breaking forces 

indicate stronger seams. 

7.16.9 Whole Garment and Ensemble 

Liquid Penetration Test (Shower Test) 

(where the coat sleeve end terminates 

in a garment-glove interface) 

 

This test is performed in accordance with ASTM F1359 on a full garment 

set (coat and pants) or coveralls. The whole garment is placed on a 

mannequin dressed in a water-absorptive layer and exposed to 5 minutes 

of liquid spray from four different orientations for a total of 20 minutes. 

After removal of the garment, the water-absorptive layer is examined for 

evidence of moisture penetration. 

The Shower Test is used to evaluate how well the seams 

and closures of the garment, under controlled test 

conditions, resist inward leakage of liquids from exterior 

sources. This is a test to determine whether or not the 

garment will help keep the fire fighter dry from hose 

streams, standing water, and precipitation.   

NOTE: The Shower Test is the only test performed on 

assembled garments — coats and pants. 
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Footwear Industries of America, 1420 K Street, NW, Suite 600, Washington, DC 20005.

FIA 1209, Whole Shoe Flex, 1984.

C.1.2.5 ISEA Publications.

International Safety Equipment Association, 1901 North Moore Street, Arlington, VA 22209-1762.

ANSI/ISEA 107, American National Standard for High-Visibility Safety Apparel and Headwear, 2010.

ANSI/ISEA 207, High Visibility Public Safety Vests, 2011.

C.1.2.6 ISO Publications.

International Organization for Standardization, ISO Central Secretariat, BIBC II, Chemin de Blandonnet 8,
CP 401, 1214 Vernier, Geneva, Switzerland.

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

ISO 13287, Personal protective equipment — Footwear — Test method for slip resistance, 2012.

ISO 17492, Clothing for protection against heat and flame — Determination of heat transmission on
exposure to both flame and radiant heat, 2003.

C.1.2.7 NIOSH Publications.

National Institute for Occupational Safety and Health, Centers for Disease Control and Prevention, 1600
Clifton Road, Atlanta, GA 30333.

NIOSH 77-134-A, The Development of Criteria for Firefighters' Gloves, vol. 1, 1976.

NIOSH 77-134-B, Glove Requirements, vol. 2, 1976.

C.1.2.8 SAE Publications.

SAE International, 400 Commonwealth Drive, Warrendale, PA 15096.

SAE Recommended Practice J211b, Channel Class 1000.

C.1.2.9 U.S. Department of Defense Publications.

Standardization 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.

C.1.2.10 U.S. Government Publications.

U.S. Government Publishing Office, 732 North Capitol Street, NW, Washington, DC 20401-0001.

Title 29, Code of Federal Regulations, Part 7, Subpart C, 1 April 1997.

Title 42, Code of Federal Regulations, Part 84, Subpart E.

C.1.2.11 U.S. Military Publications.

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

NATO Document No. 1268015, AEP-52, “Assessment of the Effect Levels of Classical Chemical Warfare
Agents Applied to the Skin to be Used in the Design of Protective Equipment,” 2003.

Test Operations Procedure (TOP 8-2-501), Permeation and Penetration of Air-Permeable, Semipermeable,
and Impermeable Materials with Chemical Agents or Simulants, 1997.
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C.1.2.12 Other Publications.

Simms, D. L. and P. L. Hinkley, Part 10, The Effect of Water on Clothing, Suitable for Clothing Aircraft Fire
Crash Rescue Workers, F. R. Note 366, Fire Research Station, Boreham Wood, Herts, England, 1959.

Grotte, J. H. and Yang, L. I., “Report of the Workshop on Chemical Agent Toxicity for Acute Effects,” IDA
Document D-2176, Institute for Defense Analysis, Alexandria, VA, May 1998

ISO/IEC 17021, Conformity assessment — Requirements for bodies providing audit and certification of
management systems, 2011.

Simms, D. L. and P. L. Hinkley, Part 10, The Effect of Water on Clothing, Suitable for Clothing Aircraft Fire
Crash Rescue Workers, F. R. Note 366, Fire Research Station, Boreham Wood, Herts, England, 1959.

C.2 Informational References. (Reserved)

C.3 References for Extracts in Informational Sections. (Reserved)

Statement of Problem and Substantiation for Public Comment

Update referenced standards to reflect those cited in Annex A and any additional references added during public 
comment.

Related Item

First Revision No. 166-NFPA 1971-2015 [Chapter B]

Submitter Information Verification

Submitter Full Name: Karen Lehtonen

Organization: Lion Group, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Fri May 13 12:27:40 EDT 2016

National Fire Protection Association Report http://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPara...

246 of 246 6/3/2016 12:32 PM


	Minutes from September 2015 FD Meeting
	Public Comment Report

