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The Report of the Committee on Fire Service Protective Clothing 
and Equipment is presented for adoption in 5 parts. 

Part I of this Report was prepared by the Technical Committee on 
Fire Service Protective Clothing and Equipment andproposes for 
adoption a complete revision of NFPA 1972, Standardon Helmets for 
Structural Fire Fighting, 1987 edition. NFPA 1972 is published in 
Volume 8 of the I991 National Fire Codes and in separate pamphlet 
form. 

Part I of this Report has been submitted to letter ballot of the 
Technical Committee on Fire Service Protective Clothing and 
Equipment which consists of 29 voting members; of whom 26 Coted 
affirmatively, 1 negatively (Mr. Coombs), (1) abstained (Mr. 
Gardner), and 1 ballot was not returned (Mr. Goad). 

Mr. Coombs voted negatively as he believes that the oven test 
criteria (for the Heat Resistance Test in Section 5-18) is incomplete 
and the document will not be influenced by the findings of the 
Taslfforce that was created to further address this area. Mr. Coombs 
feels if the oven criteria is unchanged (as presented in the TCR text) 
it could have a big impact on the industry. 

Part 1I of this Report was prepared by the Technical Committee on 
Fire Service Protective Clothing and Equipment and proposes for 
adoption a complete revision of NFPA 1974, Standard on lSrotective 
Footwear for Structural Fire Fighting, 1987 edition. NFPA 1974 is 
published in Volume 8 of the 1991 National Fire Codes and in 
separate pamphlet form. 

Part II of this Report has been submitted to letter ballot of the 
Technical Committee on Fire Service Protective Clothing and 
Equipment which consists of 29 voting members; of whom 27 voted 
affirmatively, 0 negatively, 1 abstained(Mr. Gardner), and I ballot 
was not returned (Mr. Goad) 

Part III of this Report was prepared by the Technical Committee on 
Fire'Service Protecuve Clothing and Equipment a/ldproposes for 
adoption a new document NFPA 1976, Standard on Protective 
Clothing for Proximity Fire Fighting, 1992 Edition. 

Part Ill of this Report has been submitted to letter ballot of the 
Technical Committee on Fire Service Protective Clothing and 
Equipment which consists of 29 voting members; of whom 27 voted 
affirmatively, 0 negatively, I abstained(Mr. Gardner), and I ballot 
was not returned (Mr. Goad). ' 
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Part IV of this Report was prepared by the Technical Committee on 
Fire Service Protecuve Clothing and Equipment andproposes for 
adoption a complete revision of NFPA 1981, Standardon Open- 
Circuit Self-Contained Breathing Apparatus for Fire Fighters, 1987 
Edition. NFPA 1981 is published in Volume 8 of the 1991 National 
Fire Codes and in separate pamphlet form. 

Part IV of this Report has been submitted to letter ballot of the 
Technical Committee on Fire Service Protective Clothing and 
Equipment which consists of 29 voting members; of whom 26 voted 
affirmatively, 1 negatively (Mr. Coombs), 1 abstained (Mr. Gardner), 
and 1 ballot was not returned (Mr. Goad). 

Mr. Coombs voted negatively because he felt that more research 
was needed on the protective cover for the mannequin (used in the 

Heat and Flame Test in Section 4-11) to determine hor or if it affects 
the test and what adjustments are necessary to make the test more 
meaningful. 

Part V of this Report was prepared by the Technical Committee on 
Fire Service Protective Clothing and Equipment and proposes for 
adoption a new document NFPA 1999, Standard on Protective 
Clothing for Medical Emergency Operations, lggl  Edition. 

Part V of this Report has been submitted to letter ballot of the 
Technical Committee on Fire Service Protective Clothing and 
Equipment which consists of 29 voting members; of whom 26 voted 
affirmatively, 0 negatively, 2 abstained(Messrs. Coombs and 
Gardner), and 1 ballot was not returned (Mr. Goad). 
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PARTI 

(Log # 3) 
1972- 1 = (3-9.1): Reject 
SUBMrlWER: John  M. Moore, Metrofire 
RECOMMENDATION: Change wording of dimensioning to allow so 
called Bourke eyeshield (similar OSHA standard). 
SUBSTANTIATION: We recommend that Section 3-9.1 on Face 
Shields be changed. It is our recommendation that the Bourke eye 
shield be allowed in place of the current full face shield. 

The disadvantages of the full face shield are as'follows: 

1. When in the upright position the shield gets caught when 
entering windows and other confined spaces. 

2. When the shield gets caught the leverage pushes the neck 
backwards. 

3. SCBA is normally in use to provide eye protection. 

4. The shield tends to get scratched easily. 

5. Hardware to attach ~ e  shield breaks frequently. 

6. The full shield sticks out 2" from each side of the helmet 
brim, at times it gets caught on other object. 

7. During fire fighting and overhaul using SCBA the face shield 
gets obstructedwith debris. 

8. The shield takes more time to lock into place. 

The advantages of the Bourke Shield are as follows: 

1. This device stores easily. 

2. The lenses flip into place easy. 

3. It is easier and less costly to replace. 

4. It is an OSHA approved device. 

The committee notes in the Appendix A-1-B that the full face shield 
was not  intended to provide complete protection and a firefighter 
might need goggles or SCBA in addition to the shield. 
COMMITTEE ACTION: Reject. 
COMMITIZE STATEMENT: Faceshields required by NFPA 1972, 
1987 edition' are designed to offer secondaryprotection tO the 
wearers eyes and a specified area of the face. T he  so-called Bourke 
eyeshield covers a substantially smaller area of the face than current 
NFPA faceshields. The subcommittee feels that allowing a smaller 
faeshield or eliminating the faceshield requirement altogether would 
lessen the amount of protection offered to wearers of NFPA 
compliant helmets. 

1972- 2 - (8-10.2): Reject ' (Log # 1) 
SUBMITTER: J. Timothy Pedrotty, Reflexite Corporation 
RECOMMENDATION: Revise text as follows: 

8-10.2 Fluorescent retroreflective markings used to meet the 
requirements of 3-10.1 shall have a coefficient of retroreflectivity 
(CPL) of not  less than 150 cp/fi</sq ft for materials reflecting a 
white color, 90 cp/ft-c/sq f t for  materials reflecting a lime-yellow 
color, and 27. cp/ft-c/sq ft for. materials reflectin, g a red-orange color 
when tested m accordance vath 4-2 of th~s standard. 
SUBSTANTIATION: Acceptance of TCR recommendation 1972-15 
(3-10, 3-10.2) eliminates the use of fluorescent red-orange retroreflec- 
five material which has had wide spread satisfactory use by the fire 
services for numerous years. There has never been any evidence of 
the deficiency of red-orange reflective material. The Technical 
Committees' substantiation states "...establisl~es a minimum desired • 
brightness...;~' the submitter erroneously goes onto reference a 
measurement method that measures only luminance and has no 
provision for "brighmess." The luminance.of colors as measured with 
instruments does not directly correlate with the brighmess as seen by 
the eye. Recent research published through the National Bureau o f  
Standards states: "It has Seen known for a long time that i ra  strongly 
colored (saturated) light, such as red, for example, is examined side 
by side with a white light that measures the same luminance as the 
red on a light meter most people will say that the red appears to them 
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to be considerabl~' brighter." (From Linear Opponent-Colors Model 
Optimized for Bnghmess Prediction, Feb. 1986). 

Because of this complex relationship, specifications use conversion 
factors to convert the instrument readings to mandated lighting 
requirements.  There is nearly unanimous agreement that a 
luminance value of 25 for red warning light is at least as safe as a 
luminance value of 100 for a white warning light. The widespread ' 
use of red warning lights and red reflectors is evidence of this 
agreement. All over the world, in raili'oad, automotive, aviation, and 
marine applications, a vast amount of experience has been evaluated. 
There is ~'ii'tually unanimous agreement that red is the single best 
color for safety light. As a result, virtually the entire worldhas 
standardized on the color red for the most dangerous applications 
including the stop signal in railroad semaphores, automotive taillights 
and brake lights, traffic stop'lights and stop signs, airplane collision 
avoidance beacons, and ship collision warning lights. In general, red 
is the standardized color o f  prohibition. 

If this recommendation is rejected, f request  the substantiation 
include specific technical information relative to both (1) inappropri- 
ateness of  the current test method in 3-10.2 of 1972-85 and (2) 
technical support for establishing the proposed desired/ninimum 
brighmess. 
COMMrvrEE ACTION. Reject. 
COMMITIZE STATEMENT: Presentation by submitter Company 
representatives showed that to achieve equal brighmess of 4 square 
inch lime-yellow retro-reflective strips, other color markings would 
have to increase in size as follows: 

COLOR SIZE (Sq, INCHES) 

Red 8.56 
Orange 5.31 
Pink 8.52 
Green • ' 11.71 

The subcommittee felt that the various sized refective stri.ps wo'uld 
cause confusion among fire service users and would prove impractical 
due to the large amount of space needed on the helmet to meet the 
standard with colors other than lime-yellow. 

(Log # 2) 
1972- 3 - (4-2.9): Reject 
SUBMITTER: Christopher E. Coombs, Cairns & Brother Inc. 
RECOMMENDATION: Change test to read as follows: 

4-2.9 Retroreflectivity Testing. Testprocedure shall be as stated in 
ASTM E809 with a test distance of 50 feet, observation angle of 0.2 
degrees, entrance angle 4.0 degrees and a photoreceptor angular 
aperture and source angular aperture of 0A degrees. Intensity of the 
projector lamp shall bepre-adjusted to compensate for color 
reflectivity. The coloredrefector  shall be compared for brighmess 
with a white reflector of the manufacturer's equi~lent  reflective 
material. The light projected at the white "standard-" shall be 
increased tlntil the intensity of reflection between the colored and 
white sample appears through the tester to be balanced. This 
increased intenslty setting shall then be used to measure the 
luminescence of the colored trim. The adjustment shall not be 
negative on the white standard. Projector exit angle shall be a circle 
of diameter 1.0 in. Retroreflector reference angle shall be 90 
degrees. Datum mark shall be places as specified by the manufac- 
turer. Trim sample shall consist of a 12 ¢ 12 in. composite of 
multiple strips of trim. 
SUBSTANTIATION" Recent studies indicate that the human eye 
picks up a color reflector with a higher degree of excitement than a 
white reflector. The test specified (ASTM E809) measu'res only white 
light retroreflection. The procedure described in the change 
proposed would compensate for this factor. Further substantiation 
concerning the reference research is available at Reflexite Corpora- 
fion. 
COMMITTEE ACTION: Reject. 
COMMrrFEE STATEMENT: Presentation by submitter Company 
representatives showed that to achieve equal brighmess of 4square 
inch lime-yellow retro-reflective strips, other color markings would 
have to increase in size as follows: , 

COLOR SIZE (SO. INCHES) 

Red 8.56 
Orange 5.$1 
Pink 8.52 
Green 11.71 

' 4 3 1  
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The subcommittee felt that the various sized reflective strips Would 
cause confusion among fire service users and would prove impractical 
due to the large amount  of space needed on the helmet to meet the 
standard with colors other than lime-yellow. 

Authority Having Jurisdiction*. The "authority having jurisdiction" is 
the organization, office or individual responsible for "approving" . 
equipment, an installation or a procedure. 

Basic Plane. The plane through the centers of the external ear 
openings and the lower edges of the eye sockets. 

1972- 4-  (Entire Document): Accept 
SUBM1TrER: Technical Committee on Fire Service Protective 
Clothing and Equipment 
RECOMMENDATION: Completely revise NFPA 1972, Standard on 
Helmets for Structural Fire Fighting, 1987 Edition. " 
SUBSTANTIATION: This complete revision includes a general 
revision of language to attempt to make the text clear and adds some 
new definitions ofterms. The specifics of the test series (in Section 2- 
3 of the TCR) were clarified to be more explicit. 
This editibn includes third party certificauon of the helmet 

including listing, labeling, and manufacturerquality assurance. All of 
this criteria is now in a new Chapter2 (in the TCR). 

The radiant heat conditioning and the heat resistance test were 
revised to 500°F, up from 4.82°F. 

The test methods were reorganized for a more understandable 
presentation and editorial clean up occurred throughout the 
document. 
COMMrrrtAE ACTION: Accept. 

NFPA 1972 

Standard on 

Helmets for Structural Fire Fighting 

1992 Edition 

Basic Weight. Weight of the helmet including all components 
specified in 3-1.1 o f  this standard. 

Bitragiou Coronal'Arc.* The arc between the right and left tragion 
as measured over the top of the head in a plane perpendicular to the 
mid-sagittal plane. 

Bitragion InionArc.* The arc between tragion as measured over 
inion. For test purposes, the Bitragion Inion Arc is defined as Datum 
Plane 10 in Figure 5-6.2. 

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

Certlfication/Certified. A system whereby a certification organiza- 
t.ion determines that a manufacturer has demonstrated the ability to 
produce a product that complies with the requirements of this 
standard, authorizes the manufacturer to use a label on listed 
products that comply with the requirements of this standard, and 
establishes a follow-up program conducted by the certification 
organization as a check on the methods the manufacturer uses to 
determine compliance with the requirements of this standard. 

i 

Certlfication. 0 rgan|7~tion. An independent. . , third p arty or g anization. 
that determines products comphance ruth the reqturements of th~s 
standard with a labeling/listing/follow-up program. 

Chin Strap. An adjustable strap, fitting under  the chin, to secure the 
helmet to the head. , " ' 

NOTICE: An asterisk (*) following the number  or letter designating a 
paragraph indicates explanatory material on that paragraph m 
Appendix A. 

Information on referenced publications can be found in Chapter 6. 

Chapter I Administration 

1-1 Scope. 

1-1.1" This standard provides minimum design and performance 
criteria, and test methods for helmets for.structural fire fighting 
designed to mitigate adverse environmental effects to the fire 
fighter's head. 

1-1.2 This standard does not provide performance criteria for 
accessory components that may be attached to the helmet. 

1-1.3 The standard is not intended to serve as a detailed manufactur- 
ing or purchase specification, but shall be permitted to be referenced 
in purchase specifications as minimum requirements. 

1-2 Purpose. 

1-2.1 The standard applies to helmets utilized for structural fire 
fighting. Organizations responsible for specialized functions, 
includihg wildland and aircraft fire fighting, are urged to use 
protective equipment specifically designed for those activities. 

1-2.2 Tests for impact, penetration, flammability, thermal endurance, 
retention, and limited electrical insulation are used to ensure 
compliance with the minimum performance requirements of this 
standard. These tests shall not be deemed as establishing perfor- 
mance levels for all fire fighting situations to which structural fire 
fighting personnel may be exposed. 

1-2.3" Helmets manufactured in accordance with this standard are 
designed to mitigate adverse environmental effects to the fire 
fighter's head. 

1-2.4 Nothing herein is intended to restrict any jurisdiction or 
manufacturer from exceeding these minimum requirements. 

1-3 Def'midons. 

Approved.* Acceptable to the "authority having jurisdiction." 

Coronal Plane. The plane, perpendicular to the basic and mid- 
sagittal planes, that passes through the centers of the external ear 
openings. 

Crown. The portion o f  the helmet that covers the head above the 
reference plane. ' 

l 

Crown Straps. That part of the suspension that passes over the head. 

Ear Covers. An integral part of the helmet that provides cover for 
the ears. 

Ene.rgyAbsorbing System. A material, suspension system, or 
combmation thereof incorporated into the design of the helmet to 
attenuate impact energy. 

Faceshield.* Limited protection for the face or portion thereof, and 
supplements primary eye protection. 

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

Headband. The por t ionof  a suspension that encircles the head. 

Headform. A test device that conforms to the configuration of the 
human head. 

Helmet. A device consisting essentiallfl of a shell, an energy 
absorbing system, a retention system, ttuorescent retroreflective 
markings, ear covers, and a faceshield. 

Horizontal Center Plane. Any plane passing through the helmet 
whose intersection with the helmet surface is equidistant from the top 
of the helmet at all points. 

Labeled. Equipment or materials to which has been attached a label, 
symbol or other identifying mark of an organization acceptable to the 
"authority havins[jurlsdiction" and concerned with product evalua- 
tion, that maintmns periodic inspection of production of labeled 
equipment or matenals and by whose labehng the manufacturer 
indic-ates compliance with appropriate standards or performance in a 
specified manner. 
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Listed.* Equipment or materials included in a list published by an 2-2.3* The contractual provisions between the certification organiza- 
organization acceptable to the "authority having jurisdiction" and tion and the manufacturer shall specify that certification is contin- 
concerned with product evaluation, that maintains periodic . gent on compliance with all applicable requirements of this standard. 
inspection of production of listed equipment or materials and whose There shall be no conditional, temporary, or partial certifications. 
lisung states either that the equipment or material meets appropriate Manufacturers shall not be authorized to use any label or reference to 
standards or has been tested andfound  suitable for use in a specified the certification organization on products that are not  manufactured 
manner, in compliknce with all applicable requirements of this standard. 

Mid-$agittal Plane. The plane, perpendicular to the basic and 
coronal planes, that symmetrically bisects the head .  

Model Weight. The basic weight of the helmet plus accessories for 
the specific model identified. 

Nape Device. A device located below the Bitragion Inion Arc, used 
to aid in helmet retention. 

Product Label. A label or marking affixed to the helmet or the 
helmet faceshield by the manufacturer containing general informa- 
tion, warnings, care, maintenance, or similar data. This  product label 
is not the certification organization's label or identifying mark. 

Reference Plane. The plane 60 mm ±1 mm (2.36 in. £-0.04 in.) 
above and parallel to the basic plane. 

Retention Sy~tera. The complete assembly that essentially consists of 
a chin strap, nape device, andsuspension system by which the helmet 
is retained.in position on the head. 

Retroreflective Markings. A material that reflects and returns a 
relatively hi~[h proportion of light in a direction close to the direction 
from which it came. . 

Shall. Indicates a mandatory requirement. 

Shell. The outmost part of the helmet. 

Should. This term, as used in Appendix A, indicates a recommenda- 
tion or that which is advised but not required. 

Suspension. An energy attenuating system made up of headband 
and crown strap. 

Sweatband. That part of a headband, either integral or attzched, 
that comes in contact with the wearer's forehead. 

Top. The'intersection between the mid-sagittal plane and the 
bitragion-coronal arc extended to the helmet surface. 

1-4 Units. 

1-4-1 In this standard, values for measurement are followed by an 
equivalent in parentheses, but only the first stated value shall be 
regarded as the requirement. Equivalent values in parentheses shall 
not be considered as the requirement as these values might be 
apprommate. 

Chapter 2 Certification 

2-1 General. , 

2-1.1 Helmets that are labeled as being compliant with this standard 
shall meet or exceed all applicable requirements specified in this 
standard and shall be certified. 

2-1.2 All certification shall be performed by an approved certification 
organization. . 

2-1.3 Compliant helmets shall be labeled and listed. Such helmets 
shall also haveproduct  labels that meet the requirements specified in 
Section 2-5 of this chapter. 

2-2 Certification Program. 

2-2.1" The certification organization shall not be owned, or con- 
trolled b~. manufacturers or vendors of the product being cerufied. 
The certification organization shall be primarily engaged in 
certification work and shall not  have a monetary interest in the 
product's ultimate profitability. 

2-2.2 The certification organization shall refuse to certify produc~ to 
this standard that do not  comply with all applicable requirements of 
this standard. 

2-2.4* For certification, laboratory facilities and equipment for 
conducting proper tests shall be available, a program for calibration 
of all instruments shall be in place and operat ing,and procedures 
shall be in use to ensure proper control of all testing. Good practice 
shall be followed regarding the use of laboratory manuals, form data 
sheets, documentedcalibration and calibration routines, perfor- 
mance vertification, proficiency testing, and staff qualification and 
training programs. 

2-2.5 Manufacturers shall be required to establish and maintain a 
program of production inspection and testing that meets the 
requirements of Section 2-4 of this Chapter. 

2-2.6 The manufacturers and the certification organization shall 
evaluate any changes affecting the form, fit, or function of the 
certified product to determine its continual certification to this 
standard. 

2-2.7* Product certifications shall include a follow-up inspection 
program, with at least 2 random and unannounced visits per 12- 
month period. ' 

2-2.8 The certification organization shall have a program for 
investigating field reports alleging malperformance or failure of listed 
products. 

2-2.9 The operating procedures of the certification organization shall 
provide a mechanism for the manufacturer to appeal decisions. The 
procedures shall include the presentation of information from both 
sides of a controversy to a designated appeals panel. 

2-2.10 The certification organization shall be in aposition to use 
legal means to protect the integrity of its name andlabel.  The name 
and label shall be registered and legally defended. 

2-3 Inspection and Testing. 

2-3.1 Sampling levels for inspection shall be established by the 
certification organization and the manufacturer to assure a reason- 
able and acceptable reliability at a reasonable and acceptable 
confidence level that products certified as being comphant with the 
standard are compliant. 

2-3.2 Testing for determining material and component compliance 
with the requirements specified in Chapter 5 of this standard shall be 
performed on samples representative of materials and components 
used in the actual construction of helmets. The certification 
organization shall be permitted to also use sample materials taken 
from representative helmets. 

2-3.3 A test series shall consist of 10 helmets. A minimum of 3 test 
series shall be required for certification. Each helmet shall be 
subjected to the environmental conditioning and test or tests 
specified in Table 2-3.3. The order of testing shall be'from left to 
right in Table 2-3.3. Where there is more than one environmental 
condition for a specific test, the order of environmental conditioning 
for test for that test shall be from top to bottom in Table 2-3.3. 

(SEE Table 2-3.3 NEXT P/~GE) 

2-3.4 No substitution or repair of any helmet components shall be 
allowed during testing. 

2-4 Manufacturer's Quality Assurance. 

2-4.1 The manufacturer shall provide and maintain a quality 
assurance program that includes a documented inspection and 
product recall-system. The manufacturer shall have an inspection 
system to substantiate product conformance to this standard. 

2-4.2 The characteristics to be inspected, or tested, or both shall be 
classified according to the potential effect of such defects and 
grouped into the following classes: 

(a) Major A - -  a defect that will reduce protection and is not  
readily detectable by the user; 
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Table 2-3.5 

Environmental 
Condition 

Flame Heat Retention Elec. 

Test 

Faceshield Top 
Luminous Impact 
Transmit- 
tance 

Impact Pone- Face- Retro- Label Ear 
Accel. tration Shield Reflex- Covers 

Impact Markings 

5-9 5-16 5-14 5-12 
5-1o 5-13 
5-11 

5-18 5-6 5-7 5-8 5-17 5-19 5-22 5-21 

Room 
5-1 

Water 
5-4 

Radiant 
5-2 

Low Temp 
5-3 

Elevated Temp 
(Faceshield) 
5-5 

1 2 3 4 6 3 5 3 3 6 2 5 

4 6 4 4 4 

7 8 7 7 

9 10 9 9 9 

1 1 

(b) Major B D a defect, other than Major A, that is likely to result 
in reduced protection, and is detectable by the user; and 

(c) Minor m a defect that is not likely to materially.reduce the 
usability of the device for its intended purpose.  

2-4.2.1 The acceptable quality level shall be as defined by Military 
Standard MIL-STD 105D, Sampling Procedures and Tables for lnspection 
by Attributes, Inspection Level II. 

2-4.2.2 The acceptable quality level for all helmet defects shall be as 
follows: (a) Major A m 1.0, (b) Major B D 2.5, and (c) Minor ~ 4.0. 

2-4.2.3 Performance tests shall be assigned the following classifica- 
tion of defects: 

(a) Major A ~ Sections 3-2, 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, and 4-9; 

(b) Major B - -  Sections 3-1, 4-7, 4-8, and 4-10; 

(c) M i n o r -  Section 2-5 and 4-11. 

2-4.5 The manufacturer shall maintain written inspection and testing 
instructions. The instructions shall prescribe inspection and test of 
materials, work in process, and completed articles. In addition, 
criteria for acceptance and rejection of product shall he included in 
the instructions. 

2.4.4 The manufacturer shall maintain records of all inspections and 
tests. The records shall indicate the nature and number  of observa- 
tions made, the number  and type of deficiencies found and the 
quantities accepted or rejected. 

2-4.5 The manufacturer shall take action to correct discrepant 
conditions which have resulted, or could result, in products which do 
not conform to the requirements of this Standard. The nature of the 
discrepancy and the cdrrective action taken shall be documented. 

2-4.6 The manufacturer's inspection system shall provide for 
procedures that assure the latest applicable drawings, specifications 
and instructions are used for fabrica-tion, inspectiofi, an-d testing. 
2-4.7 Subcontracted or purchased supplies shall be subjected to 
inspection after receipt, as necessary, to assure conformance of the 
enct item to the requirements of this standard. When manufacturers 

rely upon the supplier toprovide data to demonstrate material 
conformance to this standard, or when the supplier is individually 
certified, that data shall become a part of the manufacturer's 
inspection records. The use o f a  supplier's test data or certification 
shall not relieve the manufacturer o f  their responsibility to furnish an 
end item which complies with all the requirements of this standard. 

2-4.8 When the manufacturer conducts quality assurance testing, the 
facilities and equipment for conducting proper  tests shall be 
available, a program for calibration of all instruments shall be in 
place and operating, and procedures shall be in use to ensure proper 
control of all testing. Good practice shall be followed regarding the 
use of laboratory manuals, form data sheets, documented calibration 
and calibration routines, performance verification, proficiency 
testing, and staff qualification and training programs. 

2-4.8.1 The manufacturer, at their option, shall be permitted to 
utilize an outside test facility to conduct the quality assurance tests. 
When. this option is'selected,, the .°utside test facility shall meet the 
requirements of 2-4.8 of this Secuon. 

2.4.8.2 The test facility shall provide a written report to the manufac- 
turer that describes the tests performed and the results. This report 
shall become a part of the manufacturer's inspection records. 

2.4.9 The manufacturer shall maintain a system for identifying the 
appropriate inspection status of component  materials, work in- 
process, and finished goods. 

2.4.10 The manufacturer shallestablish and maintain a system for 
controlling nonconforming material, including procedures for the 
identificauon, segregation, and disposition of rejected material. All 
nonconforming materials or products shall be identified to prevent 
use, shipment, and intermingling with conforming materials or 
products. 

2-5 Helmet Labeling. 

2-5.1 Each helmet shall have a product label or labels permanently 
and conspicuously attached to the helmet upon which at least the 
following information and warnings are printed in at least 1.5 mm 
(1/16 in.) high letters. - ' 
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"THIS HELMET MEETS THE REQUIREMENTS OF NFPA , 
1972, STANDARD ON I-II~LMETS,FOR STRUCTURAL FIRE 
FIGHTING, 1992 EDITION. 

WARNING 

THE HELMET MUST BE PROPERLY ADJUSTED AND 
SECURED TO THE HEAD, WITH ALL COMPONENTS IN 
PLACE, AND USED AS SPECIFIED IN MANUFACTURER'S 
INSTRUCTIONS. DO NOT MODIFY OR REPLACE ANY 
COMPONENTS OF THIS HELMET, INCLUDING THE 
SHELL, ENERGY-ABSORBING SYSTEM, RETENTION 
SYSTEM, FLUORESCENT RETROREFLECTIVE MARK- 
INGS, EAR COVERS, OR FACESHIi~I.13 WITH COMPO- 
NENTS OR ACCESSORIES OTHER THAN THOSE 
APPROVED BY THE MANUFACTURER. ANY SUCH 
MODIFICATION OR REPLACEMENT VOIDS COMPLI- 
ANCE W1TH NFPA 1972. FAILURE TO COMPLY WITH 
THESE INSTRI.)CTIONS MAY RESULT IN SERIOUS 
INJURY OR DEATH." 

Name or Designation of Manufacturer 
Model Number or Design 
Month and Year of Manufacture (uncotied) 
Lot Number 
Basic Weight of Helmet '  
Model Weight of Helmet 
Recommended Cleaning Procedure 
Helmet Size, or size range 

"DO NOT REMOVE THIS LABEL" 

2-5.2 Each helmet faceshield shall have a product label conspicuously 
attached to the faceshield thai warns the user that the faceshleld may 
not provide sufficient primary eye protection and additional 
protection may be required. A reference to ANSI Z87.1, Occupa- 
tional and Educational Eye and Face Protection, shall be included in 
the faceshield label. The faceshield label shall be printed in at least 
1.5 mm (1/16-in.) high letters. 

2-5.3 Allportions of the required product labels shall be printed at 
least in English. 

2-6* User Information. 

2-6.1 Helmet manufacturers shall provide the following instructions 
and information with each helmet: 

(a) Proper use 
(b) Cleaning 
(c) Maintenance criteria 
(d) Inspection frequency and details 
(e) Painting 
(O Storage 
(g) Warranty information 

2-6.2 Helmet manufacturers shall furnish training materials that 
address, but are not limited to: 

(a) Safety considerations 
(b) Decontamination procedures 
(c) Retirement considerations 

2-8.$ The manufacturer shall provide to the purchaser upon request 
a statement regarding the helmet material resistance to deterioration 
by chemicals that may be specified by the purchaser. 

Chapter 3 Design C0"teria 

3-1" Configuration. 

3-1.1" A helmet for structural fire fighting shall essentially consist of 
a shell, an energy absorbing system, a retention system, retroreflective 
markings, ear covers, and a faceshield. - 

3-1.2 There shall be no openings penetrating the shell other than 
those provided by the manufacturei" for mounting energy absorbing 
systems, retention systems, and accessories. 

3-1.$ The helmet shall provide peripheral vision clearance of at least 
120 degrees to each side of the mid-sagittal plane as shown in Figure 
3-1.3. 

Figure 3-1.3 Peripheral V'mion 

TOP VIEW 

• 
REFERENCE 

I I t ~ , - , ~ ' 5 " ~ l l  I, MID-SAGITTAL 

~ M  ANGLE 

NE - 

TOP 

3-1.4 The retention system shall include a chin strap and a nape device. 
The chin swap shall have a minimum width of 19 mm (0.75 in . ) .  

3-1.5" The helmet shall be equipped with a faceshield. The helmet 
with faceshield deployed shall provide coverage parallel to the 
coronal plane from the helmet front edge to not less than 107 mm 
(4.2 in.)below the referenceplane, notless than 45 degrees to each 
side of the mid-sigittal plane from the converge of the mid-sigittal and 
coronal planes. 

3-1.6 The helmet shall have fluorescefit retroreflectivc markings on 
the shell exterior. A minimum of 26 cm 2 (4 sq in.) of the retroreflcc- 
tivc markings shall bc visible when the helmet is viewed from any 
angle at or above the reference plane. . 

3-2 Accessories. 

3-2.1" The addition of helmet accessories shall not interfere with the 
function of the helmet or its component parts and shall not degrade 
the helmet's performance below the requirements of this standard. 

3-2.2 Helmet accessories provided by the manufacturer shall be 
certified as complying with 3-2.1 of this Section. 

Chapte/- 4 Performance Requirements 

4-I Top Impact Requlrement--Force Transmission. 

4-1.1 Sample helmets with faceshield removed shall bc tested in 
accordance with Section 5-6, Top Impact Testing-Force, of this standard. 
No sample shall transmit a force of more than 3780 N (850 Ibs). 

4-2 Top, Front, Side, ariel Back Impact Requirement-Acceleration. 

4-2.1 Sample helmets with faccshicld removed shall be tested in 
• accordance with Section 5-7, Impact Testing-Acceleration, of this 
standard. The maximum acceleration shall be as indicated in Table 4-2.1. 

Table 4-2.1 

Maximum Accelerations 

Impact Maximum 
Location Acceleration* , (m/see/see) (ft/sec/sec) 

Top 150 x Gn (1471.5) (4830) 
Front 300 x Gn (2943.0) , (9660) 
Sides 300 x Gn (2943.0) (9660) 
Back 300 x G,n (2943.0) (9660) 

*Gn denotes gravitational acceleration, which is defined as 9 81 
meters per second per second (32 2 feet per second per second) 
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4-2.1.1 Any acceleration durations above 200 Gn shall not exceed 
three milliseconds; acceleration durations above 150 Gn shall not 
exceed six milliseconds. 

4-3 Penetration Resistance. 

4-3.1 Sample helmets with faceshield removed shall be tested in 
accordance with Section 5-8, Penetration Resistance Testing, of this 
standard and shall exhibit no electrical contact between the 
penetration test striker and the headform. 

4-4 Heat Resistance. 

4-4.1 Sample helmets shall be tested in accordance with Section 5-16, 
Heat Resistance Testing, of this standard and shall: 

(a) have no parts of the complete helmet assembly that do not 
contact the headform before this test come in contact with the 
headform as a result of this test; 

(b) have no shell distortion in the back extended more than 40 
mm (1.6 in.) below the original position of the helmet; 

(c) have no distortion of the front and sides of the shell extend 
more than 30 mm (1.2 in.) below the original position of the helmet; 

(d) have no separation, melting, or dripping of retention system, 
energy-absorption system, or ear covers; 

(e) have chin strap closure device remain functional; 

(f) have no ignition of any part of the helmet assembly; 

(g) have no part of the faceshield touch the headform or ear covers. 

4-5 Flame Resistance. 

4-5.1 Sample helmets shall be tested in accordance with Sections 5-9 
and 5-10, Flame Resistance Tests One and Two, of this standard and 
shall show no visible flame or glow five seconds after removal from 
the test flame. 

4-6 Electrical Insulation. 

4-6.1 Sample helmets shall be tested in accordance with Sections 5-12 
and 5-13, Electrical Insulation Tests One and Two, of this standard 
and shall not have a leakage current exceeding 3.0 milliamperes. 

4-7 Retention System. 

4-7.1 Sample helmets shall be tested in accordance with Section 5-14, 
Retention System Testlng,of this standard without any break occurring 
and without any resulting slip or stretch of more than 2.0 cm (0.8 in.). 

4-7.2 Suspension systems shall not separate from the helmet shell 
when tested in accordance with Section 5-15, Suspension System 
Retention Testing, of this standard. 

4-8 Ear Covers. 

4-8.1 Materials utilized for ear covers shall have a maximum char 
length of 100 mm (4.0 in.), and a maximum afterflame of 2.0 seconds 
when tested in accordance with Section 5-21, Ear Covers Testing, of 
this standard. Materials other than textiles shall meet these same 
performance requirements. 

4-9 "Faceshlelds. 

4-9.1 Faceshields shall be tested for impact protection in accordance 
with Section 5-17, Faceshield Impact Testing, of this standard without 
any demonstrable electrical confact being m-ade between the 
faceshield and the test headform contact sensor. The faceshield shalr 
not crack or shatter. 

4-9.2 Faceshields shall be tested for flame resistance in accordance 
with Section 5-11, Flame Resistance Test Three, of this standard and 
shall show no visible flame or glow 5 seconds after removal of test flame. 

4-9.3 Faceshields shall be tested for scratch resistance in accordance 
with Section 5-20, Facepiece Scratch Resistance Testing, of this 
standard and shall not show more than 15 linear scratches per square 
inch (6.45 cm ~) in the abraded area. 

4-9.4 The total luminous visible transmittance of clear or colored 
faceshields shall be determined in accordance with Section 5-18, 
Luminous Transmittance Testing, of this standard. Clear faceshields 
shall transmit not less than 85 percent of the incident visible 
radiation. Colored faceshields shall transmit not less than 43 percent 
of the incident visible radiation. 

4-10 Fluorescent Retroreflective Markings. 

4-10.1 Fluorescent retroreflective markings utilized to meet the 
requirements of 3-1.6 of this standard shall have a CPL of no less than 
90 hthen tested in accordance with Section 5-19, Retroreflectivity 
Testing, of this standard. 

4-11 Label Durability. 

4-11.1 Labels shall remain attached to the helmet and legible to the 
unaided eye after testing in accordance with Section 5-22, Label 
Durability Testing, of thts standard. 

Chapter 5 Testing 

5-1 Room Temperature Environmental Conditioning. 

5-1.1 Sample helmets shall be conditioned at a temperature of 20 ° -  
28°C (68 ° -  82°F) for at least 4 hours. 

5-2 Radiant and Convective Heat Environmental Conditioning. 

5-2.1 Sample helmets shall be conditioned by exposifig the area to be 
impacted/penetrated to a radiant heat source. The top, sides, front, 
and back test areas to be impacted/penetrated shall be as specified in 
Figure 5-2.1. 

Figure 5-2.1 

TOP TEST AREA. 
/ 

REAR VERTICAL TRANSVERSE PLANE~: . ~ ' ~ F R O N T  VERTICAL TRANSVERSE PLANE 
TWO SIDE TEST AREAS ' f = ~ ' i  " ~  JFRONT TEST AREA 

(LE . . . . . . .  GHT, -~ 1-1 " ~  - ~ _ ~ 5  . . . . . . . . . . . . . . . . . . . . . . . . . .  TEST . . . .  

REAR TEST AREA ~s--64 :'~"-64 
, turn I : 

BASIC . . . . . .  

' MID SAGITTAL PLANE 
FRONT TEST AREA 

RIGHT SIDE 
TEST AREA 

LEFT SIDE 
TEST AREA 30 mm RADIUS 

. . . . . . . .  ~ CORONAL PLANE 

TOP TEST AREA 

EAR TEST AREA 

5-2.2 The area to be impacted/penetrated shall be exposed to an 
2 2 irradiance of 1.0 W/cm =0.1 W/'cm for a length of time determined 

by exposure of a radiant heat transducer. Theheat  source shall be 
removed and the helmet shall be tested. The helmet shall be 
impacted/penetrated in 15 seconds, ~ seconds after removal from 
the conditioning environment or the helmet shall be cooled to room 
temperature, reconditioned, and tested as above. 

5-2.3 The radiometer shall have a spectral response flat within ±3 
percent over a range of at least 1.0 to 10.1 microns and an overall 
accuracy of at least ~ percent of the reading. 

5-2.4 The radiant panel shall have an effective radiating surface at 
least 150 mm (6 in.) square. The spectral radiant emittance curve of 
the radiantpanel shall be that of a blackbody at a temperature 
between 1000°K ±200°K. 

5-2.5 The radiant heat transducer specified in Figure 5-2.5 shall be 
constructed from sheet copper, ASTM B 152, Type 110 ETP, half 
hard, 0.64 mm =0.05 mm (0.025 in. =0,002 in.) thick and 50.8 mm 
±0.4 mm (2.00 in. =--0.02 in.) sqdare. A constantan wire 0.81 mm 
=0.05 mm (0.032 in. =-42.002 in.) in diameter, and an iron wire of the 
same diameter shall be silver soldered near the edges of the copper 
sheet on the same side, as illustrated in Figure 5-2.5. The side of the 
copper sheet opposite that with the wires attached shall be painted 
flat black. The resulting transducer is a TypeJ thermocouple that 
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shall he used in conjunction with appropriate instrumentation to 
monitor the heat exposure to which the helmet will be subjected, 

• : Figure 5-2.5 Radiant Heat  T~msducer  

BRAZE, OR CERAMICOR PHENOLIC 
HARD BOLDER (INSULATING) ROD 

~ ~ C  THERMOCOUPLE CROSS ~SECTION AREA~ C O N N E C ~  "( 1 6 rnrn2(O.0625 sq In) 

" > ~ "  L ~ r - f ~ f ~ . l R O N  & CON STANTAN 
~,~1~ / WIRES TO THERMOCOUPLE 

, /  READOUT DEVICE 

E 
PAINTED FLAT BLACK 

025 x 2 x 2 COPPER SHEET 

~)(x / THERMOCOUPLE LOCATIONS 
ON REAR OF COPPER SHEET 

5-2.6 Sample helmets shall be mounted in the position to be ' 
conditioned. The, p.oint ofim~p.'act or penetration, on the helmet shell 
shall be determined m accordance w~th the specific test to be 
performed. . The helmet shall be temporarily, removed, and a . 
radiometer shall be located at that point perpendicular to and facing 
away from the helmet surface. 

5-2.7 The radiant panel shall be introduced in front of the radiom- 
eter with its effective radiating surface parallel to the plane tangent to 
the helmet surface at the center of the impact/penetration site on 
the helmet. The radiant panel shall be adjustedto obtain a stable 
uniform irradiance of 1.0 W/cm 2 ~0.1 W/'cm 2 over at least a 75 mm 
(5-in.) diameter circle located on the above plane and centered at the 
center of impact or penetration. Stability shall be achieved when the 
irradiance changes by less dian 10 percent during a 3-minute'period. 

5-2.8* The radiometer shall be replaced with the radiant heat 
transducer, The center of the transducer shall be positioned with its- 
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center coincident with the center of the impact/penetration site on 
the helmet and parallel to the plane tangent to the helmet surface at 
that point. The fiat black surface of the transducer shall face the 
radiant panel. The time required for the transducer to reach a 
temperature of 260°C (500°F) shall be recorded. That time shall be 
2.50 minutes +15.0 seconds. A closed insulated chamber shall be 
required to achieve this exposure time. 

5-2.9 The chamber and helmet shall be stabilized at 250C +5°C (77°F 
±9°F). The helmet shall be positioned in the chamber in the same 
position as in 5-2.6 of this Section. The helmet shall be subjected to 
the exposure conditions specified in 5-2.1 of this Section for the time 
recorded in 5-2.8 of this Section, The exposure time shall be not less 
than the time recorded in 5-2.8, nor more than 5 seconds longer than 
that time. 

5-3 Low Temperature Environmental Conditioning. 

5-3.1 Sample helmets shall be conditioned by exposing them to a 
temperature of-32°C ±1°C (-250F ±2°F) for at least 4 hours. The 
impact/penetration test shall be completed within 15 ± 5 seconds 
after removal from the cold temperature environment, or the helmet 
shall be reconditioned and tested as above. , 

5-4 Water Environmental Conditioning. 

5-4.1 Sample helmets shall be conditioned by immersing them in 
water at a temperature of 20°-28°C (68°-82°F) for 4 hours +2/-0 
hours. The helmet shall be tested within 10 minutes after removal 
from water. 

5-5 Faceshield Elevated Temperature Environmental Conditioning. 

5-5.1 Sample faceshields, attached to the helmets, shall be condi- 
tioned by placing them on a room temperature, solid, nonmetallic 
headform conforming to the dimensions in Figure 5-5.1 and 
exposing them to a temperature of 107°C +20/-00C (2250F +3°/-0°F) 
for 20 minutes +15/-0 seconds. The impact test shall be completed 
within 15 seconds *5 seconds after removal from the environmental 
chamber, or the faceshield shall be reconditioned and tested as 
above. 

Figure 5-5.1 
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Figure 5-6.2(a) 

Data for Contour  Drawing  of ISEA Headform 
(a l l  d i m e n s i o n s  i n  mm) 
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96.5 96.5 93.0 84.6 77.5 73.5 70 63.5 70 75 81 82 84 

96.5 96.5 93.0 84.6 77.5 73.5 68 58 57.5 63 69 69 72 

96.5 96.5 93.0 84.6 77.5 73.5 66 54 48 53 59 60 63 

96.5 96.5 93.0 84.6 77.5 73.5 64 52 48 49 54 56 59 

96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96 5 

96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 96.5 

NOTE: All dimensions =1:5 mm. 

Figure 5dL2(b) 
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5-6 Top Impact Testing--Force. 

5-6.1 Sample helmets shall be conditioned for each environmental 
condition s]3e.cified in Sections 5-1, 5-2, 5-3, and 5-4 of this Chapter 
prior to each zmpact. 

56.2 An aluminum headform, size 7, commonly known as the "ISEA 
Standard Headform" shall be used. The headform shall have a mass 
of 3.6 kg ".0.5 kg (8.0 lb .-1.0 lb). The test headform shall be the 
nominal dimensions of the headform in Figure 5-6.2. 

(SEE Figure 5-6.2(a) PREVIOUS PAGE) 

(SEE Figure 5-6.2(b) PREVIOUS PAGE) 

(SEE Figure 5-6.2 (c) BELOW) 

(SEE Figure 5-6.2(d) NEXT PAGE) 

56.3 A steel drop mass of 3.58 kg ±0.05 kg(7.90 lb ".0.10 lb) shall be 
used. The striking face of the drop mass shall be a spherical segment 
with a radius of 4.8 cm =0.8 cm (1.9 in. ".0.3 in.)' and a chord length 
of at least 7.6 cm (3.0 in.). 

5-6.4 An electronic force measurement system with the following 
minimum specifications shall be used: 

(SEE TABLE'NEXT PAGE) 

5-6.4.1 The system frequency response shall comply with SAEJ211 
ChannelFrequency Class I000 specifications. The minimum ' 
mechanical resonant frequency shall be calculated from the formula f 

• = ( 4 k g / m ) / 2  ~ where kg is the load cell rigidity (N/m or Ib/ft) and 
m is the mass of the structure on top of the load cell (kg or slugs). 

5-6.4.2 All surfaces in contact with the load cell shall have a surface 
finish of at least 0.8 x 106m (32 x 10 .6 in.) rms. In addition, those 
surfaces in contact with the load cell shall be fiat to within 12.7 x 
lO'Sm (500 x 10 ~ in.). 

5-6.5 The load cell shall have a backup mass of at least 540 kg (1,200 
lbs). The load cell assembly shall be rigidly mounted between the 
headform structure and a steel plate at least 0.3 m (1 ft) square and 
25 mm (1in.) thick. The backup mass shall be concrete or a rigid 
material of equal or greater density at least 0.6 m (2 ft) square. 

5-6.5.1 The surface of the steel platel in the area of the load cell 
assembly mounting, shall be flat within ~-0.15 mm (.-0.005 in.) and 
within one degree of level. The steel plate shall be rigidly attached to, 
and in intimate contact with, the backup mass. 

5-6.6 The vertical center line of the drop mass, the headform, and 
the load cell shall all be collinear within 3 mm (.125 in.). The 

• sensitive axis of the load cell shall be aligned within.one degree of 
vertical. The guide or guides shall be vertical; or in the case of a 
double guide system, parallel; to within 6 mm (0.25 in.) per 3 m (10 
ft) of length. 

5-6.7* The instrumentation calibration shall be verified at least 
before and after each test series or at the beginning and end of each 
day of testing, whichever is the shorter length of time. The results of 
each system verification shall be made part of the test results for the 
helmets being tested. The verification tests shall demonstrate an 
accuracy of 2.5 percent or better in the measured force. 

5-6.8 The test system shall be analyzed dynamically to assure that any 
mechanical resonances associated with transducer mountings do not 
distort the output data. 

5-6.9 Prior to testing, the instrumentation shall be allowed to warm 
up until stability is achieved. 

5-6.10 Throughout calibration, verification, and testing, the ambient 
temperature shall be 20-28*C (68-82"F) and the relative humidity 
shallbe 30-70 percent: ' 

5-6.11 Sample helmets shall be adjusted to size 7 1/4 or larger, to 
prevent binding. Sample helmets shall be positioned and secured 

Figure 5-6.2(c) 
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Figure 5.6.2(d) 
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Table 5-6.4 

Range 
Peak force measurement accuracy 
Resolution 
Load cell rigidity 
Minimum mechanical resonant frequency of the 
headform/Ioad cell system 

Load cell diameter 

4450N (1,000 Ibs) 
___2.5 percent 
22N (5 I_bs) 
4.4 x 10 ~ N/m (2.5 x 1071b/in.) 

5000 Hz 
7.6 cm (3.0 in.) 

with the helmet's retention systems on the headform with the 
horizontal center plane parallel within 5 degrees of the reference 
plane. The front-to-back centerline of the shell shall be within 13 mm 
(0.5 in.) of the mid-sagittal plane of the headform. Helmets shall be 
subjected to the environmental.conditions specified in 5-6.1 of this 
Secdonprior to each impact and within the specified time after being 
removedfrom conditioning. 

5-6.12 The impactor shall be dropped from a height that yields an 
impact velocity within two percent of 5.47 m/sec (17.9 ft/sec). A 
means of verifying the impact velocity to within 2 percent for each 
impact shall be incorporated. 

5-6.13 The peak force and impact velocity shall be recorded for each 
test, and pass/fail shall be determined. 

5-7 Impact Testing - -  .Acceleration. 

5.7.1 Sample helmets shall be conditioned for each environmental 
condition specified in Sections 5-1, 5-2, 5-3, and 5-4 of this chapter, prior 
to each impact. The impact areas shall be as specified in Figure 5-2.1 ot 
the chapter. The edge of the test anvil shall be no lower than ~e  test line. 
The top, fi'ont, back, and side areas of the helmet shall be testea. 

5-7.2 The size 7 1/4 test headform shall be the nominal dimensions 
in Figure 5-7.2. It shall exhibit no resonant frequencies below 3000 
Hz; it shall be made of any low-resonance alloy, such as magnesium K- 
1A. 

(SEE FIGURE 5-7.2 NEXT PAGE, TOP) 

5.7.3 There shall be a drop assembly consistingof the test headform, 
the accelerometer, and moving portion of the headform guidance " 
assembly. The drop assembly shall have a total mass of 5.17 kg ±0.18 
kg (11.4 lb ±0,4 lb). 

5-7.3.1 The guidance assembly shall comprise not more than 20 
percent of the total mass of the drop assembly. 

5-7.3.2 The center of mass of the drop assembly shall lie within a 
cone of 10 degrees included angle about the vertical, with apex at the 
point of impact. 

5-7.4 A steel test anvil shall be used and shall have a smooth, flat 
striking surface 127 mm ±15 mm (5.0 in. ±0.6 in.) in diameter. The 
anvil shall be firmly mounted on a steel plate at least 0.3 m (1 it) 
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Figure 5-7.2 Test Headform Size 7 1/4 (dimensions in mm) 

TA 
200 1 

B 

B2 

~= 1 3 7 ~  

CONTOUR AT REFERENCE PLANE 

T 
149 9 

"~ 142 9 
140.5 !,o 

' 13"~.2 

1500 > 
II-- 73,0 " - ~ 6 0 . 0 " ~  

r ENCE I PLANE TM 

CONTOUR AT BASIC PLANE CONTOUR AT~ 

149.9 

I 

[ I  ENCE ' 
PLANE ~ 

I BASIC 
• ,_ E , F ~  

~91-- '~ 130 2 
140 5 r 

141 7 

I. ~ .  _F~2~ .~  

137.2 ~" 

65 0 

59 4 

_t 

CONTOUR AT PLANE A-A CONTOUR AT PLANE B.B " 

N O T E :  All dimensions + 5 ram. 

i 

198.0 

i 

square and 25 mm (1 in.) thick. The steel plate shall be rigidly 
attached to and in intimate contact with a backup mass of at least 540 
kg (1,200 lbs). The backup mass shall be of concrete or a rigid 
material of equal or greater density at least 0.6 m (2 ft) square. 

5-7.5 An electronic acceleration measurement system with the 
following minimum specifications shall be used. 

(SEE TABLE BELOW) 

5-7.5.1 The system ~equencyresponse shall complywith SAEJ211 
Channel Frequency Class 1000 specifications. The time duration of 
acceleration [evels shall be measured to within ±0.2 millisecond. 

5-7.6* A reference anvil shall be substituted for the test anvil to verify 
the calibration of the acceleration measurement sys.tem. The 
reference anvil shall be constructed on any material that will yield 
reproducible test results during a period of at least four months. 

5-7.7* For calibration, the center of the reference anvil shall be 
aligned within 3 mm (0.125 in.) of the impact point on the 
headform. The sensitive axis of the accelerometer shall be aligned 
within 1 degree of vertical and collinear within 3 mm (0.125 in.) with 
the center of the reference anvil and the impact point on the 

headform. The guide or guides shall be vertical; and, in the case of a 
double guide system, parallel, to within 6 mm (0.25 in.) per 3 m (10 
ft) of length. 

5-7.7.1 The instrumentation calibration shall be verified at least 
before and after each test series or at the beginning and end of each 
day of testing, whichever is the shorter length of time. 

5-7.7.2 The results of each system verification shall be made part of . 
the test results for the helmets being tested. 

5~7.7.3 The verification tests shall demonstrate an accuracy of 20 
percent or better in the measured acceleration. 

5-7.7.4 The test system shall be analyzed dynamically to assure that 
any mechanical resonances do not distort the output data. 

5.7.8 Prior to testing, the instrumentation shall be allowed to warm 
up until stability is achieved. 

• 5.7.9 Throughout calibration, verification, and testing, the ambient 
temperature shall be 20°-28°C (68°-82°F) and the relative humidity 
shall be 30-70 percent. , 

Table 5-7.5 

Range 
Peak acceleration measurement accuracy 
Resonant frequency 
Accelerometer shock limit 
Resolution 

500 Gn 
±2.5 percent 

• 5000 Hz 
2000 Gn 
5 G n  
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5-7.10 A conditioned helmet shall be positioned on the headform 
with the horizontal center plane of the helmet parallel within 5 
degrees of the reference plane of the headform, and shall be secured 
to the drop assembly by its retention system so as to maintain this 
position during the test. No part of the helmet shell shall be cut away 
to accommodate the test system, and no part of the test system shall 
contact the helmet shell either as mounted or during an impact test. 

5-7.11 The drop assembly with a helmet attached shall be dropped 
from a height that yields an impact velocity within 2 percent o f  6.0 
m/sec (19.7 ft/sec). A means of verifying the impact velocity within 2 
percent for each impact shall be incorporated in the test system. The 
acceleration-time duration values, peak acceleration, and impact 
velocity shall be recorded for each test. Each helmet shall be 
environmentally conditioned prior to each impact and shall be 
impacted in each of the five impact areas specified in Figure 5-2.1. 

5-8 Penetration Resistance Testing. 

5-8.1 Sample helmets shall be conditioned for each environmental 
condition specified in Sections 5-1, 5-2, 5-3, and 5-4 of this chapter, 
prior to each penetrauon. 

5-8.2 The size 7 1/4 test headform shall be the nominal dimensions 
in Figure 5-7.2 or in Figure 5-5.1 of this chapter. Above the test line 
"it shall have an electrically conductive surface that is electrically 
connected to the contact indicator. 

5-8.3 The penetration striker shall have a mass of 1 kg, +0.02/-0.00 kg 
(9.2 lb, +0.01/-0.00 lb.). The point oftbe striker shallbe a cone with an 
included angle of t0  ° ±0.5 degrees, a height of 38 mm (1.5 in.) and a tip 
radius of 0.5 mm ~0.1 mm (0.020 in. ±0.004 in.), The hardness of the 
striking tip shall be Rockwell Scale C-60, minimum. The penetration 
striker shall be electrically connected to the contact indicator. 

5-8.4 The contact indicator shall indicate when electrical compact 
has been made between the penetration striker and the conductive 
surface of the test headform. The contact indicator shall have a 
response time of less than 0.5 millisecond. 

5-8.5 The test shall be conducted at an ambient temperature of 200 - 
28°C (68°-82°F) and the relative humidity shall be 30-70 percent. 

5-8.6 The environmentally conditioned helmet shall be placed on 
the rigidly mounted test headform and secured by the helmet 
retenuon system or by other means that will not interfere with the 
test. The helmet shall be positioned so that the penetration striker 
shall impact perpendicular to the helmet anywhere above the test 
line. The impact site shall be at least 75 mm (3.0 in.) from the center 
of a previous penetration or impact site. 

5-8.7 The drop height of the penetration striker shall be adjusted so that 
the velocity at impact is at 7.0 m/see, ±0.1 m/sec (23.0 ft/sec x,O.5 ft/sec). 
A total of two penetration tests for each of the four environmental 
conditions specified in Sections 5-1, 5-2, 5-3, and 5-4 of this chapter shall F 
be conducted in such a manner that at least one penetration test shall be / performed in each of the test areas defined in Figure 5-2.1 of this chapter. 
The helmet shall ~ environmentally conditioned prior to each 
penetration test. A minimum of two penetration test blows shall be 
applied at different test areas on each helmet. 

5-9 Flame Resistance Test One. 

5-9.1 Sample helmets shall he positioned on the headform with the 
horizontal center planeparallel within five degrees of the reference 
plane with the faceshieldin the stowed position and tested as shown 
in Figure 5-9.1. 

Figure 5-9.1 

5-9.2 The tip of the inner cone of a Bunsen burner flame of 25-38 
mm (1-1.5 in.) in length shall be placed at the outer edge of the 
helmet shell, at the front, sides, and rear. When a helmet, hanger is 
provided, the test flame shall be applied off the edge of the helmet 
hanger, at the shell edge. 

5-9.3 The Bunsen burner shall be fueled by a bottled methane gas, 
lab grade or better of 1000 Btu *.50 Btu per cubic ft. A control valve 
system with a delivery rate designed to furnish gas to the burner 
under a pressure of 0.5 psi +0.I/-0.0 psi at the burner shall be 
utilized. The barrel of the Bunsen burner shall be 12 mm ±3 mm 
(0.5 in. ±0.195 in.) in diameter. A flame spreader shall not be used. 

5-9.4 After 15 seconds +1/- 0 seconds, the flame shall be removed 
and the duration of the afterflame and afterglow shall be measured. 

5-10 Flame Resistance Test Two. 

5-10.1 Sample helmets shall be placed on an appropriate test 
headform in front of the radiant heat source specified in 5-2,2 of this 
chapter. The basic plane of the head form shall be parallel to the 
radiant heat source as shown in Figure 5-10.1. 

Figure 5-10.1 

5-10.2 Sample helmets shall be positioned2so that the area to be 
tested receives a radiant flux of L0 W/cm ±0.I W/cm2. After 60 
seconds +5/-0 seconds exposure to the radiant flux and without 

, removing the radiant heat source, the tip of the inner cone of a 
Bunsen burner flame of 25-38 mm (l-l.5in.) in length shall be 
placed against the helmet test area so that the flame makes an angle 
of 45 degrees ±10 degrees with the plane tangent to the test area at 
the point of contact. 

5-10.$ The Bunsen burner shall be fueled by a gas of 1000 Btu ±50 
Btu per cubic ft. A control valve system with a delivery rate designed 
to furnish gas to the burner under apressure of 0.5 psi +0.1/-0.0 psi 
at the burner inlet shall be utilized. The barrel of the Bunsen burner 
shall be 12 mm ±3 mm (0.5 in. ±0.125 in.) in diameter. Aflame 
spreader shall not be used. 

5-10.4 After 15 seconds +I/-0 seconds, the flame shall be removed 
and the duration ofafterflame and afterglov/shall be measured. 

5-11 Flame Resistance Test Three. 

5-1 I.I" Sample helmets with faceshield deployed shall be positioned 
on the headform with the horizontal center plane parallel within 5 
degrees of the reference plane and tested as shown in Figure 5-11.1. 

4 4 2  
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Figure 5-11.1 

5-11.2 The tip of the inner cone of a Bunsen burner flame of 25-28 
mm (1-1.5 in.) in length shall be placed on the lower edge of the 
faceshield at the intersection of the mid-sagittal plane. The burner 
shall be held in the mid-sagittal plane at an angle of 45 degrees ±10 
degrees with the flame centered at the edge of  the faceshield. 

5-11.3 The Bunsen burner shall be fueled by a gas of 1000 Btu ±50 
Btu per cubic-ft. A control valve system with a delivery rate designed 
to furnish gas to the burner under apressure of 0.5 psi +0.1/4).0 psi 
at the burner inlet shall be utilized. The barrel of the Bunsen burner 
shall be 12 mm ±3 mm (0.5 in. ± 0.125 in.) in diameter. Aflame 
spreader shall not be used. 

5ql .4  After 15 seconds +1/42 seconds, the flame shall be removed 
and the duration of afterflame and afterglow shall be measured. 

5-12 Electrical Insulation Test One. 

5-12.1 The following equipment shall be provided for the test: 

(a) A source of 60 Hz alternating current variable from 0 to 2,200 
volts true R.M.S. 

(b) Wiring and terminals for application of voltage across the 
crown of the test specimen. " 

(c) A voltmeter to measure the applied voltage~within 2 percent. 

(d) A milliampmeter to measure the leakage current to within 2 
percent. 

(e) Avessel, containing fresh tap water, of sufficient size to 
submerge an inverted helmet shell to within 13 mm ±6 mm (0.5 in. 
~q).25 in.) of the reference plane. 

(t) A frame for suspending the test specimen in water. 

5-12.2 The inside of the helmet shall be filled with fresh tap water 
• within 13 mm ~-6 mm (0.5 in. ± 0.25 in.) below the reference plane 
with the helmet inverted. The helmet shall then be submerged in the 
same type of water to the same level as the water on the inside of'the 
helmet. 

5-12.$ A 60 Hz alternating current voltage shall be applied and 
increased to 2,200 vol~sR.M.S. The voltage shall be maintained at 
2,200 volts ±2 percent for one minute. Any current leakage or 
evidence of breakdown shall be recorded. 

r , 

5-13 Electrical Insulation Test Two. 

5-13.1 The following equipment shall be provided for the test: 

(a) A source of 60 I-tz alternating current variable from 0 to 2,200 
volts true ILM.S. 

(b) Wiring and terminals for application of voltage across the 
crown of the test specimen. 

(c) A voltmeter to measure the applied voltage within 2 percent. 

(d) A milliampmeter to measure the leakage current to within 2 
percent. 

• (e) A vessel, containing fresh tap water, of sufficient size to 
completely submerge a complete helmet. 

(f) An aluminum size 7 ISEA headform modified per Figure 5~.2 
of this chapter. 

• 5-13.2 The sample helmet and retention system shall be completely 
submerged in fresh tap water for a period of 15 minutes +2/-0 
minutes. The helmet shall be removed from the water and allowed to 
drain for not longer than two minutes.. 

5-15.3 The sample belmet shall then be mounted on the modified 
ISEA Size 7 aluminum headform, with chin strap firmly secured to 

• the headform by means of the conductive terminal junction bolt. 

5-15.4 A lead carrying60 Hz alternating voltage shall be attached to 
all metal pat:ts on the helmet's exterior, at or above the brim edge. A 
second pickup lead shall be attached to the terminal junction bolt. A 
voltage Shall be applied to the external helmet shell lead and 
increased to 2,200volts ±2 percent volts. The voltage shall be 
maintained for fifteen seconds. Any current leakage or evidence of 
breakdown shall be recorded. 

5-14 Retention System Testing. 

5.14.1 A size 7 1/4 headform shall be used and shall be the nominal 
dimensions of Figure 5.7.2 of this chapter. 

5-14.2 The mechanical chin structure shall consist of two rollers 12.7 
mm (0.5 in.) in diameter with centers 75 mm (3.0 in.) apart. The 
mechanical chin ~tructure shall conform with Figure 5-14.2. 

(SEE Figure 5-14.2 NEXT PAGE) 

5-14.3 The mechanical chin structure shall be designed to be used 
with a calibrated tensile test machine which shall be capable of 
measuring the force applied to the retention system within two 
percent at the specified force. 

5-14.4 The test shall be conducted at an ambient temperature of 20 °. 
28°C (68°-820F) and the relative humidity shall be 30-70 percent. 

5-14.5 Prior to testing, the test machine shall be allowed to warm up 
until stability is achieved. 

5-14.6 The headform and mechanical chin structure shall be 
positioned such that the distance between the bottom of the rollers 
and the top of the headform is 210 mm ±10 mm (8.3 in. ±0.4 in.). 
The chin strap shall be passed around the rollers, and the helmet 
shall be secured to the headform. The chin strap shall be adjusted 
and preloaded to 45 N :e5 N (10 lb ±1 lb). The distance between the 

" top of the helmet and the rollers shall be measured and recorded to 
the nearest 0.5 mm (0.02 in.). 

5-14.7 The force applied to the retention system shall be slowly 
increased to 445 ~5N (100 ±1 lb). The force shall be increased 
smoothly from 45 N (10 lbs) to 445 N (100 lbs) at between 9.0 N/sec 
(2.0 lb/sec) and 45 N/sec (10 lb/sec). 

5-14.7.1 When using a tensile testing machine, the load rate shall be 
25 mm (1 in.) per minute to a limit of 445 N (100 lbs). 

5-14.8 "The distance between the top of the helmet and the rollers 
shall be measured and recorded again after the force has been 
maintained at 445 N (100 lbs) for 60 seconds +15/-0 seconds. The 
difference between the second measurement and the first shall be the 
retention system elongation. 

5-15 Suspension SystemRetention Testing. 

5-15.1 The suspension system retention test fixtures shall consist of 
rigid material of sufficient thickness and optional design to facilitate 
firm attachment to the helmet suspension and the tensile test 
machine a~ shown in Figure ~15.1. 
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Figure 5-14.2 Retention System Teat Set-up 

- ~ " "  Z90 I HEADFORM , ~  

i - - - - " - - ' -  ' / ~ ~ / " - -  REF PRT L7791 L - ~  [ i _ _ .  
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ITEM SHT 
NO PART NO NO 

t L8539 1 
2 2 
3 2 
4 2 
5 2 
6 2 
7 2 
8 2 
9 2 

10 2 

I1 2 

12 2 
13 2 
14  2 
tS  2 

16 2 
17 1 
18  1 

NOTES 

DESCRIPT ION MAT 'L  VEND.  OR STR SIZE 
Retention Test F,xt Assy - 
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Knuded K n o b  ASIa/ -- -- 
Rect Arur~ Bar 6061-T6 I 1/2 x 3 x 14 L~ 
Rect Atum Bar 6061T6  I 1 /2x3x14Lg 
Alum Bar 6061 T6  2 x 2 • 7 1/2 L~ 
Alum Ba¢ 6061-T6 2x2x1296L~  
Alum Flat 6061-T6 3/4x41 /2xSLg 
C F Steel Rod Sll I I / 4  O,a x 4 Lg 
C F St~ tRod  Stl 3/8D,a x22Lg 
C F Steel Flat Stl 1 x I 1/4 x I 112 Lg 
Hol l~$ tee lTube  Stl SOOO D 384 I D x 1 1/2 
C F St~ lF ta t  SII 1/4x3114x3314Lg 
C F Sty )  Flat Stl 3gx3 /4Thk  
C F St~l Rod Stl 3/4~x 101/2 Lg 
Hex Nut Stl 3/4 1BUnt  

$11 3 /8  24Unf  x21/2Lg 
HeX NUl Stl 3/8 - 24 Unf 
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I 
t 
1 
1 
I 
1 
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2 
2 
2 
2 
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(SEE Figure 5-15.1 NEXT PAGE TOP RIGHT) 

5-15.2 Sample helmets shall be positioned and secured so that the 
helmet's reference plane is horizontal. Each attachment point of the 
crown straps shall be tested by applying a pull force perpendicular to 
the reference plane, to a maximum load of 45 N .-t5 N (10 Ib ±1 Ib). 
The force shall be increased from 0 N (0 Ib) to 45 N ~ N (10 Ib ±1 
Ib) at a Ioad'rate of 25 mm ±5 mm (I in. ±0.2 in.) per minute. The 
force shall be applied through the centeriine of each attachment 
point. 

5-15.S The individual pass/fail results for each attachment point 
shall be recorded. 

5-16 Heat Resistance Testing. 

5-16.1" The test oven shall be a horizontal flow circulating air oven 
with minimum interior dimensions of 61 • 61 • 61 cm (24 < 24 • 24 
in.). The test oven shall be calibrated using a black ball thermocouple 
conforming to Figure 5-16.1. This black ball thermocouple shall be 
stabilized for at least three minutes at ambient conditions specified in 
5-6.10 of this chapter. The test oven shall be preheated andstabilized 
for a minimum of three minutes immediately before calibration. The 
black ball thermocouple shall then be suspended in the center of the 
test oven. The test oven door shall not remain open for more than 15 
seconds and the air circulation in the test oven shall be shut offwhile 
the door is open. The oven shall bepre-heated and stabilized at a 
temperature not less than 260°C(500°F), but sufficient to cause the 
temperature recorded by the thermocouple to rise to 93°C ±7 °C 
(200°F ±20°F) after 1.5 minutes, to 160°C±3°C (320°F ±10°F) after 
3.0 minutes, and to 215°C ±3°C (420°F el0°F) after 5 minutes, +15/-0 
seconds. 

(SEE Figure 5-16.1 AT RIGHT) 

5-16.2 Sample helmet with ear covers deployed and faceshield in the 
stowed position shall be mounted on a solid, nonmetallic he:idform 
conforming to the dimensions in Figure 5-5.1 of this chapter, with the 
retention system securely fastened. The helmet and headform shall 
be stabilized at ambient conditions specified in 5-6.10 of this chapter. 
The headform with helmet attached shall be placed in the center of 
the test oven. The oven door shall not remain op.en more than fifteen 
seconds. The air drculation shall be shut offwhde the door is open, 
and turned on when the door is closed. 

5-16.3 After 5 minutes, +15/-0 seconds, the helmet and headform 
shall be removed and allowed to cool at room temperature for not 
less than two minutes. The shell distortion shall then be measured at 
the front, back, and sides, at eight points radially separated by 45 

Figure 5-16.1 Black Ball Thermocouple 

Type J probe-type 
thermocoupie, 10" lead 

p~" 6" (+_ .062) diameter x .015 
(+ .005) thick copper float 
sphere, flush seam, painted 
flat black 

degrees relative to their original position. The helmet shall be 
examined to ascertain any adverse effects of the heat exposure. 

5-17 Faceshield Impact Teat. 

5-17.1 A sample faceshield attached to a helmet shall beprecondi- 
tioned for each of the environmental conditions specifiedin Sections 
5-1, 5-5, 5-4, and 5-5 of this chapter. 

(SEE Figure 5-17.1 AFTER NEXT PAGE) 

5-17.2" The test headform shall be size 7 1/4, be made of rigid 
material, have the dimensions shown in Figure 5-17.1, and be fitted 
with a contact sensor as shown in Detail AA of Figure 5-17.1. 
Alternately, a 50th percentile, SA-150 Anthro~metric Head Assembly, 
that meets the requirements of 49 CFR 572.6, shall be permitted to be 
used. 

5-17.$ A contact indicator shall indicate when electrical contact has 
been made between the conductive surface of the faceshield and the 
test headform contact sensor. 

5-17.4 An impactor shall be a steel ball 38 mm (1 I /2  in.) in 
diameter with a mass of 225 grams (8 ozs.). 
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5-17.5 The test equipment shall be setup as specified in Figure 5- 
17.5. The concave surface of each faceshield shall be lined with a 
conductive material. The faceshield shall be attached to the helmet 
in accordance with the manufacturer's instructions and shall remain 
attached throughout the conditioning and testing. 

(SEE Figure 5-17.5 AFTER NEXT PAGE) 

5-17.6 The test sequence specified in Table 2-3.3 shall 5e followed for 
each of the faceshield samples. 

5-17.7 The helmet with a preconditioned faceshield attached shall be 
positioned squarely on the test headform and the chinstrap shall be 
securely fastened. The helmet shall not  be allowed to rotate. The 
faceshield liner shall be electrically connected through the contact 
indicator, to the test headform co.ntact sensor. The test headform 
with helmet attached shall be positioned face up and firmly sup- 
ported with the coronal plane horizontal and the midsagittal plane 
vertical. 

5-17.8 The impactor shall be suspended inside a vertical drop tube of 
inside diameter of 43 mm .-2 mm such that the impactor is one meter 
(39.87 in.) above the contact sensor on the nose o f  the headform. 
The lower end of the drop tube shall be positioned 76 mm (3 in.) 
above the faceshield. The faceshield shall be impacted by releasing 
the impactor and allowing it to fall freely. 

5-17.9 The contact indicator shall be observed to determine if the 
faceshield has made electrical contact with the headform contact 
sensor. 

A92 TCR 

5-18 Luminous (Visible) Transmittance Testing. 

5-18.1" The standard source of radiant energy used in the measure- 
ment  of luminous transmittance of filter lenses shall be a projection- 
~ a  e lamp No. T-8. or other high-powered, gas-filled, tungsten- 

ment incandescent lamp, operated at the color temperature 
corresponding to Commission In]~ernationale de l'Eclalrage (CIE), 
Source A. 

5-18.2 Luminous transmittance shall be determined by one of the 
following means: 

(a) By measuring the spectral transmittance and calculating the 
luminous transmittance through the use of published data on the 
spectral radiant energy of CIE, Source A and  the relative luminous 
efficiency of the average eye. 

(b) By using a Gardner pivotal sphere hazemeter and the standards 
of luminous transmittance maintained by the National Bureau of 
Standards. 

5-19 Retroreflectivity Testing. 

5-19.1 The test procedure shall be in accordance with ASTM E 810, 
Standard Test Method for Coefficient of Retroreflection of Retroreflective 
Sheeting, with an observation angle of 0.2 degrees and an entrance 
angle of minus 4 degrees. 

5-20 Scratch resistance. 

5-20.1 A cycling apparatus shall consist of a mounting base which 
conforms to the shape of the facecshield andprovides a rigid backing 
to prevent deflection and /o r  slippage of the faceshield during testing 
and an abrader which conforms-t-o the shape of the faceshielcl in the-  
area to be tested. 

5-20.2 The abrader shall have a surface area of at least 12.9 cm 2 (2 sq 
in.) and shall be covered with chrome-tanned split lea~er.  A 
constant load of 0.68 kg/cm 2 (4 psi) shall be applied to the abrader 
during test. 

5-20.3 The cycle stroke shall be at least 5.08 cm (2 in). The cycle 
stroke shall consist of one.complete back and forth movement and 
shall be accomplished by either moving the abrader against the 
faceshield or by moving the faceshield against the abrader. 

5-20.4 Using the cycling apparatus, a faceshield shall be mounted 
with the outer surface facing the abrader. Eight grams (0.28 oz) of 
100-140 mesh sand-blast silica spheres shall be applied to the 
faceshield directly under  the abrader. The abrader shall be lowered 
to contact the faceshield being sure to cover the silica spheres with 
the abrader'surface. A pressure of 0.68 kg/cm * (4 psi) shall be 
applied to the abrader and the apparatus shall be cycled for 50 
strokes. The faceshield shall be applied and any residual silica 
spheres shall be washed from the surface. The faceshield shall be 
dried and the tested area shall then be removed under  10X magnifi- 
cation to determine pass/fail. 

5-21 Ear Covers Testing. 

5-21.1 Materials utilized for ear covers shall be tested as specified in 
Method 5903.1 Flame Resistance of Cloth: Vertical, of Federal Test 
Method Standard 191A, Textile Test Methods, 

5-22 Labei Durability Testing. 

5-22.1 Helmets with labels attached shall be submitted to the 
conditionings specified in Sections 5:1, 5-2, 5-3, 5-4, and 5-5 of this 
Chapter. 

5-22.2 After each conditioning, the labels shall he examined to 
determine pass/fail. 

Chapter 6 Referenced Publications 

6-1 The following documents or portions thereof are referenced 
within this document and shall be considered part of the require- 
ments of this document. The edition indicated for each reference 
shall be the current edition as of the date of the NFPA issuance of this 
document. 

ASTM B 152, Spedfication for Co.Sheet,  Strip Plate, and Rolled Bar, 1986. 

ASTM E 810, Standard Test Method for Coefficient of Retroreflec- 
don of Retroreflective Sheeting, 1981. 
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Federal Standard Test Method 191A, Textila Test Methods, 20July 1978 

Military Standard MII.,-STD-105D, Sampling Procedures and Tables for 
Inspection by Attributes, 29 April 1983 

ANSI Z87.1, Occupational and Educational Eye and Face Protection, 
1989 Edition 

Tide 49 Code of Federal Regulations, Part 572 Subpart B (49 CFR 
572.6) 1 October 1990 

Appendix A 

This Appendix is not a part of this NFPA document, but is inclu~d for 
informational purposes only. 

.4,-1-1.1 There are ten major performance requirements in Chapter 4 
and tests in Chapter 5 of NFPA 1972. The following is an explanation 
of those requirements and tests. 

The first five sections of Chapter 5 set forth environmental 
conditions to which the helmet is subjected before undergoing 
impact and penetration testing. These conditions are: - 

1. Room ~emperature 
2. Radiant he-at exposure of 1 .0 W/cm ~ 
3. Low temperature of-25*F 
4. Water soak 
5. Faceshield heat exposure 

The conditions were chosen to represent some typical fire ground 
conditions. It is recognized that other conditions could have been 
chosen. 

1. The first requirement is top impact force. This test comes 
direcdy from ANSI Z89.1 for industrial helmets. The helmet is placed 
on a stationary headform over a force-measuring device and a weight 
is dropped onto it. "Force" refers to the failure criteria, specifically 
prohibxting a force of greater than 850 pounds from being transmit- 
ted to the head when the helmet is subjected to a 40 ft lb energy 
impact. This is not to be confused with a static loading of 850 lbs. 
The helmet absorbs approximately 80 percent of the impacting 
energy. The helmet is tested only on top. 

2. The second requirement is impact-acceleration. To facilitate 
testing on five locations (top, front, both sides, and back), the helmet 
is strapped to a headform and the assembly is dropped on a fiat steel 
plate. A force measurement cannot be made directly in this case so 
the failure criteria is in acceleration units, or "g's". The drop height 
is 6 ft and the energy level is approximately 80 ft lbs, depending on 
the weight of the helmet. The maximum g's permitted are 300, 
except tor top impact where the maximum is 150. This reduction 
reflects the fact that the human neck is weaker than the head under  
this type of compressive loading. 

3. The next requirement is penetration resistance. A specific 
weight (2.2 lbs) with a specific sharpness is dropped onto thehe lmet  
andis  not permitted to penetrate the shell and contact the headform. 
This represents a more localized loading than the impact tests above, 
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and may be thought of as representing a jagged piece of glass, as 
opposed to a brick. 

4. Another performance requirement is for heat resistance. 
The helmet is placed in a calibrated circulating air oven at 500°F and 
tested for distortion, melting, dripping, and ignition. Only specific, 
minor amounts of distortion are permitted. 

5. The flame resistance test measures the helmet's ability to 
withstand direct flame contact. Both the surface and edges of the 
helmet shell are exposed to a Bunsen burner flame, as is the lower 
edge of the faceshield. No burning is permitted five seconds after 
removal of the test flame. 

6. There are two tests that measure the resistance of the helmet 
to electric current. The first test measures the resistance of the 
materials used in the construction of the helmet. The helmet is 
placed upside down in a container of water and the inside is filled 
with water. A 2,200-voh AC current is then applied across the helmet. 
The water becomes uniformly charged and allows every part of the 
helmet to be tested simultaneously. This way, weak areas are 
uncovered that could be missed if the test method consisted of 
random sampling with an electrically "hot" probe. 

The second test measures the electrical insulation inherent in the 
design of the helmet. A 2,200-voh ac source connected to the outside 
of the shell cannot travel around or.through the helmet to a 

OUnded metallic headform. The test isperformed on a worst-case 
is in that a soaking wet helmet is tested. 

7. The helmet can only be effective if it stays on the head. The 
retention test subjects the chin strap to a 100 lb load and does not 
allow it to break or stretch to a point where the helnqet could be 
dislodged. A second test subjects the suspension system to a 10 lb load 
on each strap, and does not permit any strap to release from the 
helmet. 

8. There are flammability requirements for the ear covers based 
on Federal Test Method Standard191A. 

9. The faceshield must meet requirements for heat, flammabil- 
ity, and abrasion. Sample faceshields are preconditioned to low 
temperature, elevated temp.erature, and room temperature prior to 
being tested for impact, uulizing a ANSI Z87.1-type impact test. 

10. The last performance requirement covers the fluorescent 
retroreflective markings. Minimum brightness and minimum surface 
areas are specified. 

An effort was made to keep the tests as representative of actual fire 
ground conditions as possible. However, the overriding need in any 
test program is for repeatability, and laboratory equipment is 
necessary. For example, a steer penetrator is used since no two shards 
of giass could ever be the same; and a laboratory burner'is used to 
assure a consistent flame for the flammability tests. 

A-1-2.3 Users are cautioned ~a t  if unusual conditions prevail, such 
as higher or lower extremes of temperature than described herein, or 
if there are signs of unauthorized alteration, abuse, or mutilation of 
the helmet or any component, the margin of protection may be 
reduced. All renewals, repairs, or additions of accessories should 
utilize parts approved by the helmet manufacturer whose helmet 
complies with-this standard. See also A-2qS.1. 

• A-1-3 Approved. The National Fire Protection Association does not 
approve, respect or certify any installations, procedures, equipment, 
or materials nor does it approve or evaluate testing laboratories. In 
determining the accep/ability of installations or procedures, 
equipment or materials, the authority having jurisdiction may base 
acceptance on compliance with NFPA or other appropriate stan- 
dards. In the absence of su~:h standards, said authority may require 
evidence ofproper  installation, procedure or use. The authority 
having jurisdiction may also refer to the listings or labeling practices 
of an organization concerned with product evaluations which is in a 
position to determine compliance with appropriate standards for the 
current production of listed items. 

A-l-3 Authorl.'ty Having Jurisdiction. The phrase "authority having 
jurisdiction is used in NFPA documents in a broad manner since 

r~sdictions and "approval" agencies vary as do their responsibilities. 
ere public safety is primary, the "authority having jurisdiction" 

may be a federal, state, local or other regional department or 
individual such as a fire chief, fire marshal, chief of a fire prevention 
bureau, labor department, health department, building official, 
electrical inspector, or others having statutory authority. For 
insurance purposes, an insurance inspection department, rating 
bureau, or other insurance company representative may be the 
"authority having jurisdiction." In many circumstancesthe property 
owner or his designated agent assumes the role of the "authority 
havingjurisdictlon"; at government installations, the commanding 
officer or departmental official may be the "authority having 
jurisdiction." 
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A-l-3 Faceshield. The faceshield does not provide complete face/eye 
protection against flying particles, splash, gases, and vapors. , 

For known eye hazards such as, but not limited to, cutting with 
power saws, chopping, drilling, and using extrication equipment, the 
faceshield should be worn with additionai eye protection suitable for 
the specific hazard. 

As examples, additional eye protection might be either suitable 
protective goggles or the SCBA full facepiece. (See 29 t2~R 1910.133 
and ANSI Z87.1 for furthtr information.) 

A-l-3 Listed. The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some of 
which do not recognize equipment as listed unless it is also labeled. 
The "authority having jurisdiction" should.utilize the system 
employed bythe listing organization to identify a listedproduct. 

A-2-2.1 The certification organization should have a sufficient 
breadth of interest and activity so that the loss or award of a specific 
business contract would not be a determining factor in the financial 
well-being of the agency. 

A-2-2.3 The contractualprovisions covering certification programs 
should contain clauses advising the manufacturer that ifreqmre- 
ments change, the product should be brought into compliance with 
the new requirements by a stated effective date through a compliance 
review program involving all currendy Listed products. 

Without these clauses, certifiers would not be able to move quickly 
to protect their name, marks, or reputation. A product safety 
certification program would lbe deficient without these contractual 
provisions and the administrative means to back them up. 

A-2-2.4 Investigative procedures are important elements of an 
effective and meaningful product safety certification program. A 
preliminary review should be carried out on products submitted to 
the agency before any major testing is undertaken. 

A-2-2.7 Such factory inspections should include, in most instances, 
wimessing of]production tests. With certain products the certification 
organization inspectors should select samples from the production 
line and submit them to the main laboratory for countercheck 
testing. With other products, it may be desirable to purchage samples 
in the open market for test purposes. 

A-2-6 Advisory Information for User. 

(a) Cleaning. Shells should be scrubbed With a mild detergent and 
rinsed in clear water [approximately 60*G (140*F) ]. After rinsing, the 
shell should be carefully inspected for signs of damage. Removal of 
tars, paints, oils, and omer materials can require the use of a solvent. 
Since many solvents can attack and damage the shell, the helmet 
manufacturer should be consulted with regard to an acceptable 
solvent for a particular helmet. 

(b) Painting. Caution should be exercised if shells are to be 
painted, since some paints and thinners can attack and damage the 
shell, reduce protecuon, or increase flammability. The manufacturer 
should be consulted with regard to paints or cleaning materials for its 
particular products. 

(c) Periodic Inspection. All components, shells, suspensions, 
headbands, sweatbands, and any accessories should be inspected 
before use for signs of dents, cracks, penetration, or any damage due 
to impact, rough treatment, or wear that might reduce the degree of 
protection originally provided. Any helmet that requires replace- 
ment, or replacement of anyworn or damaged part, should be 
removed from service until the condition of wear or damage has been 
corrected. 
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NOTE: Ultraviolet and chemical degradation. All items 
constructed of thermoplastic are susceptible to ultraviolet and 
chemical degradation that is present when there is a loss of 
surface gloss followed by a flaking away of the surface. Periodic 
examination should be made for these conditions and the shell 
replaced immediately when they are evident. 

(d) Precautions. Because helmets can be damaged, they should 
not be abused. They should be kept free from abrasions, scrapes, and 
nicks and should not be dropped, thrown, or used as supports. This 
applies especially to helmets intended to afford protection against 
electrical hazards. Helmets should be stored at room temperature 
and out of direct sunlight. 

A-3-1 The purchaser can require a seal to minimize the risk of flame 
or superheated gases entering the air space between the helmet and 
the head. 

A-$-I.1 Although maximum weight restrictions specified in several 
head-protection standards are alleged to significandy influence 
comfort and acceptability, such restriction can severely limit design 
options which could be considered to obtain the performance 
requirements specified in this standard. Kamin and Scalone's review 
paper on NIOSH research states: "Recent attempts to conduct clinical 
research on helmet comfort reveal that, for the most part, the 
perception of weight on the head and weight contribution to 
discomfort are based on: (a) fatigue of muscles that move the head, 
(b) restriction of the blood vessels by excess pressure at points of 
contact between the head and the helmet, (c) pressure exerted on 
joints, and (d) strain induced in tendons. (Kamin,J. I., and Scalone, 
A. A., "NIOSH Safety Research in Protective Helmets,"Ameriean 
Industrial Hygiene Association Journal, 489-502 (1974) .) 

A-$-1.5 The purchaser can require a seal between the faceshield and 
helmet to prevent debris or liquids from passing between the 
faceshield and helmet. (See also A-l-3, Faceshields, for further 
information.) 

A-3.2.1 Helmet accessories may include insignia, helmet shields, 
marking or identification trim, lights and communication devices.' 

A-5.2.8 A radiant heat test for helmets is specified. Under  controlled 
conditions, a radiant heat load of one watt/cm 2 is applied until a 
temperature of 260°C (500°F) is reached on a trans~l-ucer. This 
temperature alone does not  simulate actual field conditions, but is a 
test ~levised to put extreme heat loads on helmets in an accurate and 
reproducible manne~ by test laboratories. However, the radiant heat 
load of one watt/cm was selected as a summary value based on 
studies of fire conditions that relate to field use. 

A-5-6.7 Calibration Proeed/tres. The following multiple-step 
procedure is suggested'. 

Procedure 1. Medium and System Calibration. This calibration 
step should be carried out with an accelerometer, as described in 
Section 5-7, mounted in the impactor. The accelerometer should be 
mounted with its sensitive axis within 5 degrees of vertical. 

A calibrating medium should be mounted over the load cell, as 
described in Section 5-6. The centers of the load cell, medium, 
impactor, and accelerometer should be collinear within 3 mm (0.125 
in.), T.I.R. The impactor should be dropped from a height that yields 

a peak force of 9000 N ±500 N (2,000 lbs ±110 lbs)~ A means of 
verifying the impact velocity within two percent should be utilized. 
The measured peak force should equal (within 2 1/2  percent) the 
measured peak acceleration (in g's) times the weight of the impactor. 
This  accuracy should be repeatable through at least five impacts. 

Procedure 2. System Calibration Only. A calibrating medium that 
has been tested according to Procedure 1 above can be used without 
accelerometer or guided mass. The force value obtained when 
testing according to Procedure 1 should be recorded and provided 
with the calibraung medium. The calibrating medium should be 
mounted over the load cell. The centers of the load cell, medium, 
impactor, and accelerometer should be collinear within 3 mm (.125 
in.), T.1.R. The impactor should be dropped onto the medium, and 
the peak force measured by the load ceU ~hould be recorded. The 
peakforce should be within 2 1/2 percent of that recorded while 
testing according to Procedure 1. The calibrating medium should be 
retested according to Procedure I at not more than four-month 
intervals. 

Procedure 3. Electronics Calibration. When in use, electronic 
calibration of the normally used instrumentation scales should be 
undertaken at least every six months. This should be accomplished by 
following the procedures recommended by the manufacturer of the 
instrumentation. 

A-5-7.6 Open Blue or Green Modular Elastomer Programmers, 
available from United States Testing Company, 291 Fairfield Avenue, 
Fairfield, NJ 07006, have been found to be statable reference anvils. 

A-5-7.7 Calibration Procedures. The following multiple-step 
calibration should be used: 

Procedure 1. Medium and System Calibration. This calibration 
step should be carried out with a guided-fall system with an acceler- 
ometer mounted in the drop assembly, and a load ceil mounted 
under  the reference .anvil. The load cell should be mounted in 
compliance with the requirements of 5.6.4, 5-6,5, and 5-6.6. The drop 
assembly should be dropped onto the reference anvil from a height 
that yields a peak acceleration of 400 Gn ±20 Gn and accelerations 
above 200 Gn of at least one millisecond duration. A means of 
verifying the impact velocity within two percent should be utilized. 
The measured peak force should equal (within twenty percent) the 
measured peak acceleration (in g's) times the weight of the drop 
assembly. This accuracy should be repeatable through ~tt least five 
Impacts. 

Procedure 2. Electronics Verification. When in use, electronic 
verification of the normally used instrumentation scales should be 
undertaken at least weekly. This should be accomplished by 
following the procedures recommended by the manufacturer of the 
instrumentation. 

.4.-5-16.1 Oven-calibration black ball thermocouple, Part #UST2003. 
is available from United States Testing Company, 291 Fairfield 
Avenue, Fairfield, NJ 07006. 

A-5-17.2 The 5A-150 Anthropometric Head Assembly is often 
referred to as an Alder.~on Headform. 

A-5-18.1 The Gardner'pivotal sphere hazemeter is described in 
ASTM D 1003. 
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(Log # 8) 
1974-1 - (1-8): Reject 
SUBMITTER: Charles H. Rule, Manteca, CA 
RECOMMENDATION: Revise text as follows: 
Development of a standard for an "overshoe" or Uoverboot" to be 

worn in conjunction with protective footwear. (REF: to cover boot, 
Figure 1-3 on p. 1974-4 of "87" addition). 
SUBSTANTIATION: This would provide water/some chemical 
protection for wearers of protective footwear as identified in 3 above. 
Protective footwear could then be part of the system instead of 
current time consuming removal and wearing of uncomfortable, 
foot/ankle destroying and stocking demolition of current rubber 
boots. 
COMMIT'tEE ACTION: Reject. 
COMMITTEE STATEMENT: The proposal is beyond the scope of 
this standard which addresses protective footwear for structural 
firefighting. A Task Force established by the Technical Committee 
for Fire Service Protective Clothing and Equipment is addressing this 
particular issue from a more focused hazardous materials exposure 
perspective. 

(Log # 4) 
1974- 2 - (1-8, 3-1.4): Accept in Principle 
SUBM1TI"ER: RichardJ. Navaroli, Nashua, NH 
RECOMMENDATION: Include new or revised criteria for puncture 
resistance that will prevent j~uncture through the sides of the sole, 
bypassing the puncture resistant insole. (This may also include 
changes to 3-1.7). 
SUBSTANTIATION: We are experiencing the continuing problem 
of puncture injuries where the puncture is at or above the puncture 
resistant insole. All of the attached injury reports are from such 
incidents. Newer boots meet NFPA 1974. Punctures are not through 
the insole but bypass the insole. 
COMMITI'EE AL'TION: Accept in Principle. 

Changes are proposed to Secuon 1-3, Definitions to read: 
Puncture Resistant Device. Reinforcement to the bottom of the 

protective footwear located between the sole with heel and the insole, 
designed to provide puncture resistance to the maximum area of the 
insole allowable by the footwear construction. 

Changes are also proposed to Section 3.1.4 to read: 
The puncture reststant device shall cover the maximum area of the 

insole allowed by the construction of the footwear. 
COMMITTEE STATEMENT: The Sub-committee recognizes the 
need to revise the definition and amend design requirements relative 
to the puncture resistant device. 
• Current manufacturing technology and construction materials will 
not allow for side puncture resistancy equal to bottom puncture 
resistancy protection without adversely affecting protective footwear 
flexibility, weight and comfort. 

(Log # 1) 
1974- 3-  (2-1.2): Reject 
SUBMIT1T.R: Jack Sawicki, Arlington, VA 
RECOMMENDATION: Revise text as follows: 

"...not less than 12.0 in....". 
SUBSTANTIATION: Boots shorter than 12.0 in do not interface 
with protective trousers, allowing ankle/leg exposure when climbing 
ladders and stairs. 
COMMITYEE ACTION:Reject.  
COMMITYEE STATEMENT: There now exists interface systems for 
protective trousers used with footwear less than 12 in. high that 
address this issue. Interface overlap requirements between protective 
ensemble components is beyond the scope of NFPA 1974. 

(Log # 2) 
1974- 4 - (4.4.4.$): Reject 
SUBMITYER: Ado]fo Ferriera, Calms & Brother, Inc. 
RECOMMENDATION: Revise as follows: 

~rhe rumple shall be placed on the plate in the upright position for 
80.0 seconds> does not specify the loading requirement to the boot. 
Since this will be most important to the thermal conductivity and 
contact are~, and since the ball of the foot wouid normallybe loaded 
by the fire fighter, it is sug~gested that a loadin$ of one body weight be 
specified. Bodyweight m~ght be defined relauve to boot size or 
simply be taken as a reasonable average of say, 200 lbs or more." 

NFPA 1974 J A92 TCR 

SUBSTANTIATION: The heat tran~er through the sole, in order to 
be realistic has to consider the fireman s and the ecjuipment weight. 
This applied load will increase the heat wansfer by mcreasing the 
contact area, and reducing the thickness and air gaps on the outsole 
threads. 

COMMITTEE ACTION: Reject. 
COMMtTr]~E STATEMENT: The submitter has not provided 
definitive pro~:)osed wording in his recommendation. The committee 
felt the durauon and temperature of the Conductive Heat Resistance 
Test compensated for the extremely small effect a load factor would 
have on altering the contact area o f  the outsole. 

1974- 5 - (Entire Document): Accept 
SUBMITrJ~R: Technical Committee on Fire Service Protective 
Clothing and Equipment 

[ RECOI~kIF..NDATION: Completely revise NFPA 1974, Standard on 
Protective Footwear for Structural Fire Fighting, 1987 Edition. 
SUBSTANTIATION: This complete revision includes a general 
revision to the language to attempt to make the text clear and adds, 
some new definitions of terms. 
A new Chaptel; 2 (in this TCR) adds the requirements for a third 

party certification program including labeling, listing, and manufac- 
turer quality assurance. 
Some revision to the heat resistance test (Section 5-2 in the TCR) 

was done to better control the temperatures during the test and test 
oven recovery time. The ladder shank bend test has been changed to 
clarify the testing procedure. The puncture test was changed to 
reference an established test method. Label testing was added. 
Editorial clean-up occurred throughout the document. 
COMMrt-rt~E ACTION: Accept. 

NFPA 1974 

Standard for 

Protective Footwear for Structural Flre Fighting 

1992 Edition 

NOTICE: An asterisk (*) following the number or letter desi~,nating 
a paragraph indicates explanatory material on that paragraph m 
Appendix A. 

Information on referenced publications can be found in Chapter 6 
and Appendix B. 

Chapter I AdmlnlAt41111~on 

I-1 Scope. 

I-I.I This standard establishes minimum design and performance 
criteria and test methods for protective footwear designed to mitigate 
adverse environmental effects to the foot and ankle during structural 
fire fighting. 

1-1.2 This standard does not apply to specializedprotective footwear 
for hazardous materials emergencies or wlldiand fire fighting, and 
does not provide criteria for protective footwear or criteria for 
proximity, approach, or fire entry protection from chemical, 
radiological, or biological agents. 

I-I.$ This standard is not intended to serve as a detailed manufactur- 
ing or purchase specification, but may be referenced in specifications 
as mimmum design and performance requirements. 

1-2 l'urpose. 

1-2.1 This standard applies to protective foo~ear  to be utilized for 
structural fire fighting. 

1-2.2 Tests and inspections are used to indicate compliance with the 
requirements of th~s standard and shall not be deemed as establishing 
protection levels for all situations to which fire fighters may be 
exposed. 

45O 
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1-2.$* Protective footwear manufactured in accordance with this 
standard is designed to mitigate adverse environmental effects to the 
fire fighter's foot and ankle. 

1-2.4 Nothing herein is intended to restrict any jurisdiction or 
manufacturer from exceeding these minimum requirements. 

I-3 Definitions. 

Approach Footwear. Protective footwear designed to provide 
protection from radiant heat. 

Approved.* Acceptable to the "authority having jurisdiction." 

Authority Having Jurisdiction.* The "authority having jurisdiction .~ 
is the organization, office or individual responsible for "approving" 
equipment, an installation or a procedure. 

\ 

Certification/Certified. A system whereby a certification o rganiza- . 
tion deterrhines that a manufacturer has demonstrated the al~ility to 
produce a product that complies with the requirements of this 
standard, authorizes the manufacturer to use a label on listed 
products that comply with the requirements of this standard, and 
establishes a follow-up program conducted by the certification 
organization as a check on the methods the manufacturer uses to 
determine compliance with the requirements of this standard. 

Certification Organization. An independent, third party organiza- 
tion that determines product compliance with the requirements of 
this standard with a labeling/listing/follow-up program. 

Compliant. Meeting or exceeding all applicable requirements of 
this standard. ~ , 

Entry Footwear. Protective footwear, that is designed, to provide 
protection from conductive, convecuve, and radiant heat and permit 
entry into flames. 

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

Insole. That part of the protective footwear next to ~ e  bottom of 
the foot designed to afford support and padding. 

Labeled. Equipment or materials to which has been attached a 
label, symbol or other identifying mark of an organization acceptable 
to the "authority having[jurisdicuon" and concerned with product 
evaluation, that maintmns periodic inspection of production of 

labeled equipment or materials and by whose labeling the manufac- 
turer indicates compliance with appropriate standards or perfor- 
mance in a specifiedmanner. . 

Ladder Shank. Reinforcement to the shank area of protective 
footwear designed to provide additional support to the instep when 
standing on a ladder rung. 

Listed.* Equipment or materials included in a listJ3ublished by an " 
organizadon .acceptable to the "authority. havin, g~j'unsdiction'., and 
concerned wlth product evaluanon, that mmntams penodic 
inspection of production of listed equipment or materials and'whose 
listing states either that the equipment or material meets appropriate 
standards'or has been tested andfound suitable for use in a-speL'ified 
manner. 

P r o t ~ e  Footwear. Footwear meeting all of the requirements of 
this standard. 

Protective Toecap. Reinforcement to the toe area of protective 
footwear.. Toecaps are designed to protect the toes from impact and 
compression. 

Proximity Footwear. Reflective protective footwear that is designed 
to provide protection against conductive, convective, and radiant 
heat. 

Puncture-Resistant Device. Reinforcement to the bottom of 
protective footwear located between the sole with lieel and the insole, 
designed to provide puncture resistance to the maximum area of the 
insole allowable by the footwear construction. 

Shall. Indicates a mandatory requirement. 

Should. This term, as used in the appendix, indicates a recommen- 
dation or that which is advised but not required. 

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

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

Upper. That part of the protective footwear including but not 
limited to the toe, vamp, quarter, shaft, collar, and throat; and other 
than the sole with heel, puncture-resistant device, and insole as shown 
in Figure 1-3. 

Wear Surface. Bottom of the sole, including heel. 

Figure 1-3 Indentification of  Footwear Terms.  
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Figure 1-5 Indenflfication o f  Footwear Terms.  
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1-4 Units.  

• 1-4.1 In this standard, values for measurement are followed by an 
equivalent in parenthesis, but only the first stated value shall be 
regarded as die requirement. Equivalent values in parenthesis shall 
not be considered as the requirement as these values might be 
approximate. 

Chapter 2 Certification 

2-1 General. 

2-1.1 Protective footwear that is labeled as being compliant with this 
standard shall meet or exceed all applicable requirements specified 
in this standard and shall be certified. 

2-1.2 All certification shall be performed by an approved certification 
organization. 

2-1.$ Compliant footwear shall be labeled and listed. Such footwear 
shall also have a product label or labels that meet the requirements 
specified in Secuon 2-5 of this chapter. 

2-2 Certification 'Program. 

2-2.1" The certification o r ~ i z a t i o n  shall not be owned or con- 
trolled b Z manufacturers or vendors of the product being certified. 
The certification organization shall be primarily eni~agec] in 
certification work and not have a monetary interest m the product's 
ultimate profitability. 

2-2.2 The certification organization shall refuse to certify products to 
this standard that do not comply with all requirements of this 
standard. 

2-2.$* The contractual provisions between the certification organiza- 
tion and the manufacturer shall specify that a listing is contingent on 
compliance with all applicable requirements of this standard. There 
shalIbe no conditional, temporary, or pardai certifications. Manufac- 
turers shall not be authorized to use anylabel or reference to the 
cerdficadon organization on products t~at are not manufactured in 
compliance with all applicable requirements of this standard. 

~--------Quarter 

Heel 

Ladder 
Shank 

2-2.4 Manufacturers shall be required to establish and maintain a 
~rogrjam.. of, production inspection and testing as specified in Secdon 
x-'t or mrs cnapter. 

2-2.5 Laboratory facilities and equipment for conducting proper tests 
shall be available, a program for F.aIibradon of all instruments shall be 
in place and operaung, and procedures shall be in use to insure 
proper control ofail testing. Good pracdce shall be followed 
regarding the use of laboratory manuals, form data sheets, docu- 
mented calibration routines, performance verification, proficiency 
testing, and staff quaiificadon and training programs. 

2-2.6 The manufacturer and the certification organization shall 
evaluate any changes affecting the form, fit or funcdon of the 
certified product to determine its continued certification to this 
standard. 

2-2.7* Product certifications shall include follow.up inspection 
program, with at least 2 random and unannounced visits per 12 
month period. 

2-2.8 The certification organization shall have a program for 
invesdgadng field reports alleging maiperformance or failure of listed 
prooucts. 

2-2.9 The operating procedures of the certification organization shall 
provide a mechanism for the manufacturer to appeal decisions. The 
procedures shall include the presentation of informadon from both 
sides of a controversy to a designated appeals panel. 

2-2.10 The certification ot]vanizadon shall be in a position to use 
legal means to protect the mtegrity of its name and label. The name 
and label shall be registered and legally defended.' 

2-$ lnspe~on  and Testing. 

2-&l Sampling levels for testing and inspection shall be established 
by the certificadon organization and the manufacturer to assure a 
reasonable and acceptable reliability at a reasonable and acceptable 
confidence level that products certi~ed to this standard are compli- 
ant. This information shall be provided to the purchaser on request. 

4 5 2  
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2-3.2 Testing for determining material and component  compliance 
with the requirements specified in Chapter 4 of this standard shall be 
performed on samples representative of materials and components 
used in construction of the protective footwear. The certification 
organization shall be permitted to also use sample materials cut from 
representative protecuve footwear. 

2.4 Manufacturer's Quality Assurance. 

2-4.1 The manufacturer shall provide and maintain a quality 
assurance program that includes a documented inspection and 
product recall system. The manufacturer shall have an inspection 
system to substantiate product conformance to this standard. 

2.4.2 The characteristics to be inspected, or teste'd, or both shall be 
classified according to the potential effect of such defects and 
grouped into the following classes: 

(a) Major A - -  a defect that will reduce protection and is not  
readily detectable by the user; 

(b) Major B m a defect, other than Major A, that is likely to result 
in reduced protection, and is detectable by the user; and 

(c) Minor - -  a defect that is not likely to materially reduce the 
usability of the device for its intended purpose.  

2.4.2.1 The acceptable quality level shall be as defiried by Military 
Standard MIL-STD 105D, Sampling Ptocedures and Tables for lnspeaion 
by Attributes, Inspection Level II .  

2.4.2.2 The acceptable quality level for all garment defects shall be as 
follows: (a) Major A - -  1.0, (b) Major B - -2 .5 .  and (c) Minor _2. 4.0. 

2.4.3 The manufacturer shall maintain written inspection and testing 
instructions. The instructions shall prescribe inspection and test of 
materials, work in process, and completed articles. In addition, 
criteria for acceptance and rejection of product shall be included in 
the instructions. , 

2.4.4 The manufacturer shall maintain records of all inspections and 
tests. The records shall indicate the nature and number  of observa- 
tions made, the number  and type of deficiencies found and the 
quantities accepted or rejected. 

2.4.5 The manufactui'er shall take action to correct discrepant 
conditions which have resulted, or could result, in products which do 
not conform to the requirements of this standard. T h e  nature of the 
discrepancy and the corrective action taken shail be documented. 

2-4.6 The manufacturer's inspection system shall provide for 
procedures that assure the latest applicable drawings, specifications, 
and instructions are used for fabrication, inspection, and testing. 

2-4.7 Subcontracted or purchased supplies shall be subjected to 
inspection after receipt, as necessary, to assure conformance of the 
end i tem to the requirements of this standard. When manufacturers 
rely upon the supplier toprovide data to demonstrate material 
conformance to this standard, or when the supplier is individually 
certified, that data shall become a part of the manufacturer's 
inspection records. The use o f a  supplier's test data or certification 
shall hot relieve the manufacturer o f  their responsibility to furnish an 
end item which complies with all the requirements of this standard. 

2.4.8 When the manufacturer conducts quality assurance testing, the 
facilities and equipment for conducting proper  tests shall be 
available, a program for calibration of alHnstruments shall be in 
place and operating, and procedures shall be in use to ensure proper 
control of all testing. Good practice shall be followed regarding the 
use of laboratory manuals, form data sheets, documented calibration / 
and calibration routines, performance verification, proficiency 
testing, and staff qualification and training programs. 

2.4.8.1 The manufacturer, at their option, shall be permitted to 
utilize an outside test facility to conduct the quality assurance tests. 
When this option is selected, the outside test facility shall meet the 
requirements of 2.4.8 of this Section. 

2.4.8.2 The test facility shall provide a written report to the manufac- 
turer that describes the tests performed and the results. This report 
shall become a part of the manufacturer's inspection records. 

2.4.9 The manufacturer shall maintain a system for identifying the 
appropriate inspection status of component  materials, work in- 
process, and finished goods. 
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2.4.10 The manufacturer shall establish and maintain a system for 
controlling nonconforming material, including procedures for the 
identification, segregation, and disposition of rqected material..All 
nonconforming materials or products shall be identified to prevent 
use, shipment, and intermingling with conforming materials or 
products. 

2-S Product labeling. 

2-5.1 Protective footwear shall have a label(s) permanently and 
conspicuously attached to each half pair upon which at least the 
following warnings and information are printed in at least 1/16 in. 
(1.5 mm) high letters. 

~ r I I S  FOOTWEAR MEETS THE REQUIREMENTS OF NFPA 1974, 
STANDARD ON PROTECTIVE FOOTWEAR FOR STRUCTURAL 
FIRE FIGHTING, 1992 EDITION. 

WARNING 

DO NOT USE PROTECTIVE FOOTWEAR ALONE FOR STRUC. 
TUg  FICHT O OPE TIONS; OTHER FROTECTWE 
pE~UIPMENT - -  HELMET, COAT, TROUSERS, SCBA, GLOVES, 

- is REQUIRED F O g  FRo c oN THLS FOOTWEAR 
ALONE MAYNOT PROVIDE PROTECTION FOR PROXIMITYOR 
FIRE ENTRY SITUATIONS, OR FOR PROTECTION FROM 
CHEMICAL, RADIOLOGICAL, OR BIOLOGICAL AGENTS. USERS 
MUST CLEAN, MAINTAIN, AND ALTER ONLYIN ACCORDANCE 
WITH MANUFACTURER'S INSTRUCTIONS. NO PROTECTIVE 
FOOTWEAR CAN PROVIDE COMPLETE PROTECTION FROM 
ALL CONDITIONS m USE EXTREME CARE FOR ALL EMER- 
GENCYOPERATIONS. FAILURE TO COMPLYWITH THESE 
WARNINGS MAY RESULT IN SERIOUS INJURY OR DEATH." 

Manufacturer's name 
Manufacturer's lot number  or,other method that identifies date of. 

manufacture 
Country of manufacture 
Model or stock number  
Size and width 

"DO NOT REMOVE THIS LABEL" 

2-5.2 All portions of the required protective footwear label(s) sl~all b e  
printed at least in English. 

2-5.$ Labels shall be permanently affmed to all protective footwear by 
stamping, embossing, gluing, or stitching. 

2-6 User Information. 

, 2-6.1 The manufacturer of protective footwear certified as being 
compliant with this standard shall provide, with each pair, instruc- 
tions for storage, marking, inspecuon, maintenance, and retirement 
criteria. Also to be included are cleaning and drying instructions, 
including applicable warnings regarding detergents, soaps, cleaning 
additives and bleaches. 

, 2-6.2 The manufacturer shall provide to the purchaser upon 
request a statement r e ~ .  i ng the footwear materials resistance to 
deterioration by chemicals that may be specified by the purchaser. 

Chapter $ Design Requirements 

S-I Configuration. 

3-1.1 Protective footwear shall consist of a sole with heel, upper  with 
lining, and insole with a puncture-resistant device and an impact-and 
compression-resistant toecap permanently attached. 

S-1.2 Protective footwear shall not  be less than 8.0 in. (20.3 cm) in 
height when measured from the plane of the wear surface at the heel 
to the.lowest point of the top lind. 

3-1.$ Heel breast shall not  be less than0.5 in. (1.27 cm) nor  more 
than 1.0 in. (2.54 cm). Heel breasting angle shall not  be less than 90 
degrees nor  more than 135 degrees. Sides and rear of heel shall not  
be flared or tapered, and edges shall not  be less than, or extend more 
than, 0"5 in. (L27 cm) laterally from the upper  at any point. 

&l.4 The puncture resistant device shall cover the maximum area of 
the insole allowed by the const/uction of the footwear. 

s.2 sizing. 
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$-2.1 Protective footwear shall be available in all of the following sizes 
when measured in accordance with Footwear Industries of America, 
Shoe Size Conversion, Research Results and Recommendation. 

Mens: 5.13, including half sizes, and a minimum of 2 widths. 

Womens: 5.10, including half sizes, and a minimum of 2 widths. 

$-3 Construction. 

$.3.1 Metal parts shall not  penetrate from the outside into the lining 
or insole at any point. 

$-$.2 No metal parts, including but  not  limited to nails or screws, 
shall be present or Utilized in the construction or attachment of the 
sole with heel to the puncture-resistant device, insole, or upper. 

Chapter 4 Performance Requirements 

4-1 Test Series. 

4-1.I Protective footwear shall be tested as specified in Section 5.2, 
Heat Resistance Test, of this standard. No part of footwear shall melt 
and all accessories shall remain functional. Labels shall remain 
attached and legible to the unaided eye. 

4-1.2 All metal parts of protective footvcear, including but  not  limited 
to toe cap, ladder shank, puncture-resistant device, and accessories 
shall be tested as specifiedin Section 5-8, Corrosion Resistance Test, 
of this standard. Metals inherently resistant to corrosion, including 
but not limited to stainless steel, brass, copper, aluminum, and zinc 
shall show no more than light surface type corrosion or o~/.idation. 
Ferrous metals shall show no corrosion of the base metal. Accessories 
shall remain functional. 

4-1.3" Protective footwear shall not  allow puncture through sole area 
and heel area when tested as specified in Section 5-9, Puncture 
Resistance Test, of this standard. . , 

4-1.4" Protective footwear shall have no leakage in excess of 5.0 
milliamperes when tested as specified in Section 5.10, Electrical 
Resistance Test, of this standard. 

4-1.5 Protective footwear toe shall be tested in accordance with 
Section1.4 of  ANSI Z41, Standard for SafityToe Footwear. Compres- 
sion requirement shall be 2500 pounds (11,121 N). Impact 
requirement shall be 75 foot-pounds (101.7J). 

4-1.6 Protective footwear upper  shall not  allow any cut through the 
lining at any point when tested as specified in Section 5-3, Upper Cut 
Resistance Test, of this standard. 

4-1.7 Protective footwear upper  shall not puncture under  an average 
applied force of 13.2 lbs ( tkg)  when tested as specified in Section 5- 
4, Upper Penetration Resistance Test, of this standard. / 

4-1.8 Protective footwear shall have a maximum afterflame of not 
more than 2.0 seconds, and shall not melt or drip when tested as 
specified in Section 5-11, Flame Resistance Test, of this standard. 

4-1.9 Protective footwear sole with heel shall have an abrasion- 
resistance rating of not  less than 65 when tested in accordance with 
Footwear Industries of America Standard 301, NBS Abrasion. 

4-1.10 Protective footwear insole surface in contact with foot shall not 
exceed 111.00F (44.00C) when tested as specified in Section 5-5, 
Conductive Heat Resistance Test, of this standard. 

4-1.11 Protective footwear upper  lining surface in contact with the 
skin shall not exceed 111.00F~44.00C) when tested as specified in 
Section 5-6, Radiant Heat Resistance Test, of this standard. 

4-1.12 Protective footwear exterior shall show no signs ofwate'r 
penetration when tested as specified in Section 5-12, Flex Testing, of 
this standard. 

4-1.13 Ladder shanks for protective footwear shall not deflect more 
than 0.25 in. (0.6 cm) when tested as specified in Section 5-7, Ladder 
Shank Bend Resistance Test, of this standard. 

4-1.1,t Labels shaU remain in place a~d shall not he tom or otherwise 
damaged when tested in accordance with ASTM D 4966, Standard Test 
Method for Abrasion Re~tance of Textib Fabrics. 

Chapter 5 Test Methods 

5-1 Conditioning. 

5-1.1 Where indicated, samples shall be preconditioned in accor- 
dance with Section 4, A_gr~x~¢ Conditi~r~for Testing~ of Federal Test 
Method Standard 191A, T~t /b  Test Me~od,~ Testing shall begin not  
more than 5.0 minutes after removal from preconditioning. 

5-1.2 Where indicated, samples shall be preconditioned by immer- 
sion in 70.0°F (21°C) tap water for not less than 1.0 hour. Samples 
shall be drained upside down for 5.0 minutes. Testing shall be done 
not less than 5.0 minutes after draining. 

5-2 Heat Resistance Test. 

5-2.1 The oven shall be of circuladng-ah" design and shall have a 
minimum interior size of 24 in. wide x 24 in. deep x 36 in. tall (61 x 
61 x82  cm). 

5-2.2 Protective footwear shall be tested after preconditioning in 
accordance with 5-1.1 of this chapter. 

5-2.$ Protective footwear shall be filled with bone-dry vermiculite to 
not less than 1.0 in. (2.5 cm) of the lowest point of the throat. Any 
closures shall be fastened. 

5-2.4 The test oven shall be calibrated using a black ball thermo- 
couple conforming to Figure 5-9.4. This black hall thermocouple 
shall be stabilized for at feast three minutes at 20°-28°C (68°-82-°F) 
and the relative humidity at 30 to 70 percent. The test oven shall be 
preheated and stabilized for a minimum of three minutes immedi- 
/~tely before calibration. The black ball thermocouple shall then be 
suspended in the center of the test oven. The test oven door shall not  
remain open for more than 15 seconds and the  air circulation in the 
test oven shall be shut offwhile the door is open and turned on when 
the door is closed. The oven shall be preheated and stabilized at a 
temperature not  less than 260°C (500°F), but  suffident to cause the 
temperature recorded by the thermocouple to rise to 93°C =7°C 
(200°F +200F) after 1 minute 30 seconds, to 160°C ~ ° C  (320°F 
±10°F) after 3 minutes, and to 215°C ±3°C (420°F ±10°F) after 5 
minutes, +15/-0 seconds. 

Type J probe-type 
thermocouple, 10" lead 

r 
.-- 6 "  (_+ .062) diam6ter x .015 

(_+ .005) thick copper float 
sphere, flush seam, painted 
flat black 

Figure 5-2.4 Black Ball Thermocouple 

5-2.5 The protective footwear shidl be placed in the calib/-ated 
circulating:air oven for 5 minutes +15/-0 seconds. Footwear exposure 
time shan-begin when the oven door is shut. 

5.2.6 Protective footwear shall be examined on outside and inside for 
melting, and all accessories shall be evaluated for function to 
determlne pass/fall.  

5.$ Upper Cut Resistance Test. 

5-3.1 Apparatus shall consist of an L-shaped metal frame and a 
pivoted arm that lowers a sharl>edged blade onto a spedmen, as 
shown in Figure 5-3.1(a). A locking mechanism shall be mounted on 
the L-frame upright to engage the pivoted arm and secure it in a 
neutral position above the material specimen. The locking mecha- 
nism shall be used when the blade is being replaced or when the 
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specimen is being moved into or out of the testing position. The 
bhde shall be mounted in a blade holder at the outer end of the 
pivoted arm, as shown in Figure 5-3.1 (b). The blade shall be 
mounted so its sharp edge is tangential to the material specimen. 
The pivoted arm, blade holder, and blade shall be weighted together 
to a total of 16.0 lb (7.6 kg). The sharp-edged blade shall be fi'/ade of 
hardened tool steel with an edge having a 60 degree included angle 
and a 0.001-in. (0.025-ram) radius as shown inFigure 5-3.1 (c). The 
specimen support assembly shall consist of a 9.0 x 2.0 x 4.0-in. (5.1 x 
5:1 x 10.2-cm) softwood block and a 0.75-in. (1.g-cm) diameter, half- 
rounded, soft-wood rod mounted to the block as shown in Figure 5- 
3.1(d). A 0.05-in. (0.13-cm) thick soft leather strip shall be draped 
over the rod and block as shown in Figure 5-3.1 (d). 
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5-S.3 Specimens shall be taken from the vamp; quarter; gusset, if 
present; and shaft. If different types of thicknesses of materials are 
utilized for other areas of the upper, these areas shall al, so be tes~d. 

Specimens shall be 2.0 x 4.5 in. (5.1 x 11.4 cm). 
5-3.4 The specimen shall be oriented so that the normal outer 
surface is the first to be contacted by the edge of the blade. The 
material specimen shall be draped over the leather strip covering the 
rod and block and tacked dghtly in place, but not stretched, as shown 
in Figure 5-3.1(d). The support assembly shall be positioned on the 
base of the L-frame, as shown in Figure 5-3.1 (a). The blade shaft be 
inserted in the holder and the pivoted arm lowered to bring the 
blade edge into contact with the specimen surface. 

Figure 5-$.1(a) Static Cut Test Apparatus. 

Q 
]Figure 5-3.1(c) 

Tesi Blade. 

t 

w ~ t  

" ~ 1 ~ ~  % . ~ ~ Blade Mounting 

~ - F i x ~ m  

Figure 5-$.l(b) Test Blade Holder. 

5-3.1.1" The sharpness, or geometry, of the blade edge shall be 
closely monitored and controlled to prevent changes m cuffing 
characteristics to ensure a conslstentbaseline for interpreting the cut 
data. A test blade shall be either replaced or resharpened when the 
sharpness, or geometry, of the blade edge changes. 

5-3.2 Protective footwear shall be tested after preconditioning in 
accordance with 5-1.1 of this Chapter. 

Leather 8ack,ng 

" O,ameter Half Round Rod . ~  

Material Specimen SuppOrt. 

Figure 5-,q.l (d) 
The specimen-edge contact shall be made 0.125 in. (0.3 cm) from the 
leading end of the blade. The specimen support assembly shall be 
drawn smoothly under the weighted blade at 20.0 in./minute (50 
cm/min) parallel to theblade edge. The support assembly shall be 
stopped when the specimen edge contact reaches 0.125 in. (0.S cm) 
from the trailing end of the blade. The pivoted arm shall be lifted to 
remove the blade edge from the specimen and the locking mecha- 
nism engaged to secure the pivoted arm. 

5-3.5 The specimen shall,be inspected as to whether the lining was 
cut through to  determine pass/falL 

5-4 Upper Penetration Resistance T e s t .  

4 5 5  
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54.1 The apparatus shall consist of a t ense  testing machine, such as an 
Instron or equivalent, that challenges a specimen with a Pointed 
penetrometer. Force shall be detected by a compression cell and shall be 
indicated by ~t recorder able to indicate the load at puncture specimen to 
:el percent. A penetrometer having the size and dimensions shown in 
Figure 5-4.1 (a) shall be mounted on the test apparatus and attached to 
the compression cell of the machine as shown in F'gure 5-4.1Co). The 
specimen support assembly shall consist of two flat metal plates that clamp 
together so the specimen is held tightly between, as shown in F'gure 
5-4.1(c). Each phte shall have three 0.25 in. (0.6 cm) diameter holes as 
shown in F'~gure 5-4.1 (d). The specimen support plates shall be 
connected to a metal sup.p?rt ring that mounts on the movable arm of the 
test apparatus, as shown m Figure 5-4.1(b). 
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Side View of Specimen Support Assembly. 
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Static Puncture Test Apparatus. 

~ r e  5-4.1(b) 

Support Plate (Two Required). 

S-4.1(d) 

5-4.2 Protective footwear shall'be tested after preconditioning in 
accordance with 5-1.1 of this chapter. 

5-4.$ Specimens shall be taken from the vamp; quarter; gusset, if 
present; and shaft. If different types or thicknesses of materials are 
utilized for other areas of the upper, these areas shall also be tested. 
Specimens shall be at least 3.5 in. (8.7 cm) in diameter. 

5-4.4 Specimens sl~all be mounted in the support assembly shown in 
Figure 5-4.1 (c). The specimen shall be oriented so that the normal 
outer surface is the first to be contacted by the penetrometer. The 
support assembly shall be attached to the movable arm of the test 
apparatus. The penetrometer shall be positioned on the compres- 
~on cell of the test apparatus as shown m Figure 5-4.1(b). The 
apvaratus shall be operated with a uniform velocity of 20.0 in , /  
minute (50.0 cm/mm)  until the penetrometer has been driven 
through the specimen. The penetrometer shall be repositioned 
under  each of the other guide holes and the test repeated until three 
punctures have been made. 
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5-4.5 The average penetration force for each specimen shall be 
calculated to determine pass/fail. 

5.5 Conduct ive  H e a t  Resistance Test. 

5-5.1 The apparatus shallconsist ofa  thermocouple connected to a 
meter and a l x  6 x 18 in. (2.5 x 15 x 45 cm) iron plate. 

5.5.2 Testing shall be done after preconditioning in accordance with 
5-1.1 of this chapter and after preconditioning in accordance with 5- 
.1.2 of this chapter. 

5-5.3 The thermocouple shall be affixed to the insole surface next to 
the foot, directly above the ball of the foot. The plate shall be heated 
to a uniform temperature of 932°F (500°C). The sample shall he 
placed on the plate in the upright position for 30.0 seconds. 

5.5.4 The thermocouple temperature shall be recorded at 30.0 
seconds of exposure to determine pass/fall. 

5-6 Radiant Heat Resistance Test. 

5-6.1 The apparatus shall consist of a radiometer with a special 
response flat within ±3.0 percent of not less than 1.10 to I0.0 microns 
with an accuracy of ±5.0 percent; a radiant panel with an effective 
radiating surface of not less than 6.0 x 6.0 in. (15 x 15 cm) and an 
emittance approximating that of a black body of 1000°K :O.00°K; a 
thermocouple with meter; and a test chamber that prevents 
interference from air movement. 

5-6.2 Testing shall be done after preconditioning in accordance with 
5-1.1 of this chapter and after preconditioning in accordance with 5- 
1.2 of this chapter. 

5-6.3 Tests shall be done on the toe; vamp; quarter;gusset, if present; 
and shaft. If different types or thicknesses of materials are utilized for 
other areas of the upper, these areas shall also be tested. 

5-6.4 The radiant panel shall be placed in front of the radiometer, 
parallel to the plane tangent to tile radiometer. The radiant panel 
shall be ~Fljusted to obtmn a stable, uniform irradiance of 1.0 ±.01 
watt/cm over at least a 3.0 in. (7.5 cm) diameter circle located on 
the above plane and centered at the center of test area. Calibration 
shall be achieved when the irradiance changes by less than 10 percent 
during a 3.0 minute period. 

5-6.5 The thermocouple shall be affixed to the inside surface of the 
liningnext to the foot, in the center of the test area. The radiometer 
shallbe, replaced with the protective footwear with the test area 
onented parallel to the plane tangent to the heat source, at the same 
distance. The area shal[be exposed for 1.0 minute. " 

5-6.6 The thermocouple temperature shall be recorded at 1.0 minute 
of exposure to determine pass/faiL 

5-7 Ladder Shank Bend Resistance Test. 

5.7.1 The apparatus shall consist of a tensile testing machine, such as 
an Instron or equivalent, that challenges a specimen with a simulated 
ladder rung. A 1.25 in. diameter x 2.0in. long (3.25 x 5 cm) 
noncompressible probe shall be mounted on the movable arm. The 
specimen support assembly shall consist of two 2.0 x 1.0 x 1.0 (5 x 2.5 
x 2.5 cm) noncompressible blocks placed 2.0 in. (5 cm) apart as 
shown in Figure 5-7.1. ' 

(SEE Figure 5-7.1 TOP, RIGHT) 

5-7.2 The ladder shank shall be precbnditioned for 1 hour +5/-0 
minutes at 70°F :e5 ° (21°C ± 2°C).  

5-7.$ The ladder shank shall beplaced on mounting blocks as it 
would be oriented toward the ladder when affLxed into the protective 
footwear and subjected to force on its center with the test probe 
operated at 2.0 in./minute (5 cm/min).  - 

5.7.4 Deflection at 400.0 lbs (182.0 kg) shall be recorded to 
determine pass/fall. 

5-8 Corrosion Resistance Test. 

5-8.1 Specimens shall be tested in accordance with ASTM B 117, 
Standard Method of Salt Spray (Fog) Testing. Salt spray shall be 5 percent 
saline soludon and test exposure shall be for 20hr. 

Force 
1 

Shank 
sample 

| in 

• M 
I--- 2 .0  in. --.4 9..0 ~°" 

I -  I.Oin. i f /  

Figure 5.7.1 Ladder Sh.nk Bend Test Set-up. 

5.8.2 Immediately following the test exposure and prior to examina- 
tion, specimens shall be rinsed under warm, running tap water and .  
dried with compressed air. 

5.8.$ Specimens shall then be examined visually with the unaided eye 
to determine pass/fail. 

5.9 Puncture Resistance Test. 

5-9.1 Protective footwear sole area and heel area shall be tested to 
not less than 272.0 lbs (123.4 kg) in accordance with Section 5.3 of 
CSA Z195, Standard for Protective Footwear, Occupational Health and 
Safay. 

5-10 Electrical Resistance Test. 

5-10.1 Protective footwear shall be tested to 14,000 volts (RMS) in 
accordance with Secdon 5.1.1 ofASTM F 1116, Standard TestMethod 
for Daermining Dielectric Strengat of Overshoe Footwear. 

5.10.2 Appropriate milliampere readings shall be taken to determine 
pass/fall. 

5-11 Flame Resistance Test. 

5-11.1 Protective footwear sole with heel and upper shall be tested in 
accordance with Method 5903.1, Flame Resistance of Cloth; Vertical, 
of Federal Test Method Standard 191A, Textile Test Methods, with 
the modification that the protective footwear shah be suspended such 
that burner flame impinges on the surface to be tested at-a 90 degree 
angle to the flame. 

5.11.2 The test shall be done on the sole with heel under the ball of 
the foot and on the upper at the toe; vamp; quarter; gusset, if present; 
and shaft. If different types of thicknesses of materials are udlued for 
other areas of the footwear, these areas shall.also be tested. 

5-11.3 Test specimens shall be observed to determine pass/falL 

5-12 Flex  Test. 

5.12.1 Protective footwear shall be tested in accordance with 
Footwear Industries of America Standard 1209, Who/e ShoeF/~ 

5-12.2 The test shall consist of 100,000 flexes. 

5.12.$ After flexing, protective footwear shall he blotted dry on the 
exterior and filled with tap water to not: less than 1.0 in. (2.5 cm) 
from the lowest point of the throat. 

5.12.4 After 2.0 hours, protective footwear shall be examined for 
water seepage to determine pass/fail. 
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Chapter 6 Referenced Publications 

6-I. The. followin, g documents or portlons, thereof are referenced 
wtthm this standard and shall be constdered part of the requirements 
of this document. 

The edition indicated for each reference shall be the current 
edition as of the date of the NFPA issuance of this document. 

6-1.1" ANSI Publications. 

ANSI Z41, Standard for Safety-Toe Footwear, 1983 

6-1.2" ASTM Publications. 

• ASTM B 117, Standard Method of Salt Spray (Fog) Testing, 1985 
ASTM D 4966, Standard Test Method for Abrasion Resistance of Textile 

Fabrics, 1989. 
ASTM F 1116-88, Standard Test Method for Determining Dielectric 

Strength of Overshoe Footwear, 1988. 

6-1.5" GSA Publications. 

Federal Test Method Standard 191A, Text/le Test Me0tod& 2G July 1978 

6-1.4" HA Publications. 

Footwear Industries of America, Shoe Size Conversion, Research Results 
and Recommendations. 

Footwear Industries of America, Standard 1209, Whole ShoeFlex 

Footwear Industries of America Standard 301, NBSAbrasion. 

6-1.5" CSA Publications. 

Canadian Standards Association, Standard Z195-M, Protective 
Footwear Occupational Health and Safety, 1984 Edition. 

Appendix A 

This Appendix is not  a part of the requirements of this NFPA 
document, but  is included for information purposes only.' 

A-I-2.3 Users are cautioned that if unusual conditions prevail, such as 
higher or lower extremes of temperature than described herein, or if 
there are signs of abuse or mutilation of the footwear or any 
component  thereof, or modifications or replacements made without 
permission of the manufacturer, the margin of protection may be 
reduced. 

A-I-$ Approved. The National Fire Protection Association does not 
approve, tnspect or certify any installations, procedures, equipment, 
or materials nor does it approve or evaluate testing laboratories. In 
determining the acceptability of installations or procedures, 
equipment or materials, the authority havingjunsdiction may base 
acceptance on compliance with NFPA or other appropriate stan- 
dards. In the absence of such standards, said authority may require 
evidence of proper installation, procedure or use. The authority 
havingjurisdicuon may also refer to the listings or labeling practices 
of an organization concerned with product evaluations which is in a 
position to determine compliance with appropriate standards for the 
current production of listed items. 

A-l-3 AuthorltyHavingJurtsdiction. The phrase "authority having 
~udsdicfion" is used in NFPA documents in a broad manner since 
,~udsdicfions and "approval" agencies vary as do their resi~.nsibilities. 
Where public safety is primary, the "authority having jurisdiction" may be 
a federal, state, local or other regional department or individual such as a 
fire chief, fire marshal, chief of a fire prevention bureau, labor depart- 
ment, health department, building official, eleculcal inspector, or others 
having statutory authority. For insurance purposes, an insurance 
inspection department, rating bureau, or other insurance company 
representative may be the "authority having jurisdiction." In many 
circumstances the pro.perty owner or his designated agent assumes the 
role of the "authonty having jurisdiction"; at government installations, the 
commanding officer or departmental official may be the "authority having 
jta-isdiction." 

A-1-3 Listed. The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some o f  
which do not  recognize equipment as Iisted unless it is also labeled. 
The "authority having jurisdiction" should utilize the system 
employed by the listing organization to identify a listed product. 

A-2-2.1 The certification organization should have sufficient breadth 
of interest and activity so that the loss or award of a specific business 
contract would not  be a determining factor in the financial we~l-being 
of the agency. 

A-2-2.3 The contractualprovisions covering certification programs 
should contain clauses advising the manufacturer that if reqmre- 
ments change, the product should be brought  into compliance with 
the new requirements by a stated effective date through a compliance 
review program involving all cfirrentiy listed products. 

Without these clauses, certifiers would not  be able to move quid@ 
to protect their name, marks or reputation. A product safety 
certification program would be deficient without these contractual 
provisions a n d t h e  administrative means to back them up. 

A-2-2.5 Investigative procedures are important elements of an 
effective and meaningful product safety certification program. A 
preliminary review should be carried out on product/submitted to 
the agency before any major testing is undertaken. 

,6,-2-2.7 Such inspections should include, in most instances, witness- 
ing of production tests. With certain products the certification 
organization inspectors should select samples from the production 
line and submit them to the main laboratory for countercheck 
testing. With other products, it may be desirable to purchase samples 
in the open market for test purposes. 

.4,-2-6.1 For information relative to the prevention and transmission 
of communicable diseases and carcinogens from contaminated 
protective footwear consult Centers for Disease Control, local board 
of public health, or the American Medical Association. 

.4,-2-6.2 Footwear materials resistance to deterioration by chemicals 
should be assessed by the following methods. As a minimum, 
chemical resistance information should be provided for the liquid 
chemicals listed in ASTM F 1001, Standard Guide for Test Materials to 
Evaluate Protective ClothingMate~als. Chemical resistance information 
should be provided for additional materials. 

Boot Upper Material chemical resistance should be determined by 
using one or both of the following test procedures: 

(a) Perm/.'ation Resistance. The boot upper material should be 
tested in accordance with ASTM F 739, Standard Test Method for 
Resistance of Protective Clothing Materials to Permeation by Liquids Goaes, 
using the following modifications: 

(i) The minimum detectable permeation rate for the 
permeation test apparatus should be measured for each chemical 
tested. The minimum c~tectable permeation rate should be less than 
or equal to 0.14 mg/cm / ra in  for all permeation resistance tests. 
When using closedloop systems, the testing should assume one hour 
accumulated permeation. 

(ii) All tests should be conducted at 77°F +5°F (25°C t3°C). 

(iii) The following information and results should be 
reported: 

, Material Type 
Chemical Name 

Permeation breakthrough time 
calculated at a system detectable rate of 0.14 rag/  
cm2/min 

Maximum permeation rate mg/cm2/min  
Minimum detectable'permeataon rate for test system (mg/  

cmS/min) 
Detection Method 
Date of Testing 
Laboratory 

(iv) The manufacturer should report all three measured 
breakthrough times. 

(v) The manufacturer should report all three observed 
permeation rates in the technical data package. 

(b) Penetration Resistance. The boot upper material should be 
tested in accordance with ASTM F 903, Test Method for Resistance to 
Penetration by Liquids, Procedure C The manufacturer should report 
the pass/fail result for each of the three test specimens tested. All 
tests should be conducted at 77°F :eS°F (25°C +3°C). 
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Boot sole, shank, and heel materials shall be testing in accordance 
with ASTM D 471, Standard Test Method for Rubber Property - -  
Effect of Liquids, using the procedures contained in Secuon 9, 
Procedure for Change in Mass. 

A-4-1.3 Steel test pins may be obtained from the Label Sales 
Department of the Canadian Standards Association, 178 Rexdale 
Boulevard, Toronto, Canada M9W 1113. 

A-4-1.4 WARNING Fire department pe.rsonnel should be advised 
that the electrical hazard resistant protective properties in new 
unworn structural fire fighters boo~ as required by this standard will 
diminish or be eliminated as the boot, soles/heels wear or if they are 
punctured or cut. 

A-5-3.1.1 A practical easy-to-use technique for achieving this control 
utilizes a reference material with known cut resistance. For example, 
the following vinyl tapes manufactured by the 3M Company, or their 
equivalents, should be used: 

Tape Identification Minimum Weight for Cut 
No. 470 White V'myl Tape 10 lb (4.5 kg) 
No. 472 Black V'myl Tape 12 lb (5.4 kg) 

A-6-1.1 ANSI publications can be obtained from the American 
National Standards Institute, 1450 Broadway, New York, NY 10018. 
A-6-1.2 ASTM publications can be obtainedfrom American Society 
for Testing Materials, 1916 Race Street, Philadelphia, PA 19103. 

A92 TCR 

A-6-1.3 Military Specifications and FederalStandards may be 
obtained from the Navy Publications and Forms Center, 5801 Tabor 
Avenue, Philadelphia, PA 19120. 

A-6-1.4 FIApublications can be obtained from the Footwear . 
Industries of America, 1420 K Sweet, N.W., Suite 600, Washington, 
DC 20005. 

A-6-1.5 C.SJ~ publications can be obtained from the C_~anadian 
Standards Association, 178 Rexdale Boulevard, Toronto, Canada 
M9W IlL~. 

Appendix B Referenced Publications 

ThisA pp endix is not  a . .  p art of the requirements of this NFPA . . 
document, but xs mcluded for mformauon purposes only. 

B-1 ASTM publications can be obtained from American Society for 
Testing Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM F 739, Test Method for Resistance of Protective Clothing 
MateKal~ to Permeation by Liquids and Gases, 1985 

ASTM F 903, Test Method for Resistance of P,'otective Clothing 
Matedals to Penetration Liquids 

ASTM F 1001, Guide for Test Ch~cals To Evaluate t%tective 
Clothing Material& 1989 
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PART III 

1976-1 - (Entire Document): Reject 
SUBM1TrER: Frank D. Harrisson, Philadelphia, PA 
RECOMMENDATION: Add new text as follows: 
3.1 Fire fighters and emergency response people working on or 
adjacent to maritime waters that obtain temperatures.of 60°F or 
below shall be properly attired with a combination coverall that 
provides maximum radiant heat and flame protection, buih-in 
flotation FR foam that does not break down under  heat PFD, and 
provides maximized hypothermia protection in cold water environ- 
ments. 

3.2 In particularly rough waters or climate conditions, in conjunction 
with the Type V coverall/suit, an inflatable vest with CO 9 cartridge 
that would enhance fioatability in the water to a Type I l b r  Type~I 
confi~.ration. This ensemble would maximize sea action protection 
and wsibility for the rescue party. 

3.3 The marine fire fighting coverall and vest shall be trimmed out 
with reflective tape sewn on the international orange exterior nomcx 
fabric. 

3.4 Fire fighters shall carry ready available in the breast pocket or 
arm pocket of the ensemble, a whistle with lanyard and either two 
cold flares or a strobe signal light. 

3.5 The fire fighter when working on deck of a fire marine unit or on 
board ship shall wear insullated leather high top work boots for ease 
of maneuvering and safety on board ship. 
SUBSTANTIATION: 4.1 We all know it's no joke to face a fire 
without the proper turn-out gear, it is equally no joke to fall or get 
blown into cold water where you have only maybe I0 or 20 minutes to 
live depending on the temperature of the PFD with standard turn-out 
gear just does not work andwearing fire boots on ships ladders and 
companionways is a sure hazard for slips and falls. 

4.2 The U.S. Coast Guard and the U.S. Public Health Service had 
performed a major study and had documented a comprehensive 
report addressing hypothermia and survival in cold water environs 
and made recommendations toward the use of protective gear. 

4.3 As an active firefighter for the past 40 years, the last 18 years as a 
marine firefighter, 15 years of which were as chief fire marshal for the 
Lavino Shipping Company. I strongly recommend the use of the 
aforemenuonedprotective gear such as the Mustang MAC 1O 
Aviation Coverall with the in flatable vest in waters lower than 60°F. 

4.4 Please refer to NFPA 1987 Annual Meeting TCD, entry 1500-1, 
Log 967, page 62 (Cincinnati, Ohio 18/12 May 87). 

NOTE: "Supporting material is available for review at NFPA 
Headquarters". 

COMM1TI'EE ACTION: Reject. 
COMMrlTEE STATEMENT: This document is a minimum 
standard. Nothing in the document prohibits the user from 
specifying[ additional requirements such as those recommended by 
the submttter. 

1976- 2 - (Entire Document)'i Accept 
SUBMrrI'ER: Technical Committee on Fire Service Protective 
Clothing and Equipment 
RECOMMENDATION: Adopt the new document NFPA 1976, 
Standard on Protective Clothing for Proximity Fire Fighting, 1992 
Edition. 
SUBSTANTIATION: This new document provides design, perfor- 
mance criteria, and test methods for protective coats and protective 
trousers utilized in fires involving high levels of radiant heat 
including, but not limited to, aircraft fires, bulk flammable liquid 
fires, andbulk  flammable gas fires. 

This document follows the performance criteria for NFPA 1971 and 
incorporates additional performance criteria for radiant heat. THe 
principle reflective reqmrements can be found in 3-1.3, 4-3.1, 4-3.5, 4. 
3.6, 4.3.7, 4.3.8, Section 5-3, Section 5.7, Section 5-8, Section 5-13, and 
Section 5.14. 
The performance criteria included in this document meets or 

exceeds the FAA advisory bulletin on protective clothing for aircraft 
rescue and fire fighting. 
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The document includes requirements for third party certification 
• includinglabeling, listing, and manufacturers quality assurance in 
(Log # 1) Chapter 2. 

COMMITrEE ACTION: Accept. 

NFPA 1976 

. Standard on Protective Clothing for Proximity Fire Fighting 

1992 Edition 

NOTICE: An asterisk (*) following the number  of letter designating 
a paragraph indicates explanatory material on that paragraph in - 
Appendix A. 

Information on referenced publications can be found in Chapter 6. 
J 

Chapter 1 ADMINISTRATION 

1-1 Scope. 

1-I.1" This standard specifies minimum design and performance 
criteria and test methods for protective clothing designed to provide 
limb/torso protection for fire fighters against adverse environmental 
effects encountered during proximity fire fighting operations. 

I-1.2 This standard specifies criteria for protection from convective 
and conductive heat that is equivalent to such requirements in NFPA 
1971, Standard on Protective Clothing for StructuralFire Fighting, and, in 
addition, specifies criteria for protection from high levels of radiant 
heat for limited exposures. 

1-1.3" Proximity protective garments meeting the requirements of 
this standard are intended to provide equivalent levels of protection 
to those specified in NFPA 1971, Standard on Protective Clothing for 
StructuralFireFightingwith the exception of trim requirements. 
Criteria for the use of proximity protective clothing in structural fire 
fighting applications are specified in NFPA 1500, Standard onFire ' 
Department Occupational Safety and Health Program. 

1-1.4" This standard does not address specialized protective clothing 
for fire entry, hazardous materials emergencies, or wildland file 
fighting, and does not provide criteria for protection from chemical, 
b~ologi~:al, or radiological agents. 

1-1.5" This standard is not intended to be utilized as a detailed 
manufacturing or purchase specification, but shall be permitted to be 
referenced in purchase specifications as minimum requirements. 

1-2 Purpose. 

1-2.1" The purpose of this standard is to provide minimum 
performance requirements for proximity protective clothing worn by 
fire fighters primarily responsible for aircraft fire fighting, bulk 
flammable liquids fire fighting, flammable gas fire fighting, and 
similar situations releasing high levels of radiant heat. 

1-2.2 Controlled laboratory tests used to determine compliance with 
the performance requiremehts of this standard shall n o t b e  deemed 
as establishing performance levels for all situations to which fire 
fighting personnel may be exposed. 

1-2.3 Nothing herein is intended to restrict any jurisdiction or 
manufacturer from exceeding these minimum requirements. 

1-3 Definitions. 

Aircraft Rescue and Fire Fighting. The fire fighting actions taken to 
rescue persons, and to control or extinguish fire involving or adjacent 
to alrcr-aft on the ground. Such rescue and fire fighting actions are 
performed both inside and outside of aircraft. 

Approved.* Acceptable to the "authority having jurisdiction." 

AuthorityHavingJurisdietlon.* The "authority havin~jurisdiction" is 
the .°rganizati°n: office, .°r individual responsible for approving" 
eqmpment, and mstallauon, or a procedure. 
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Cargo Pockets. Pockets located on the proximity protective garment 
exterior. 

Certification~Certified. A" system whereby a certification organiza- 
tion determines that a manufacturer has demonstrated the ability to 
produce a product that complies with the requirements of this 
standard, authorizes the manufacturer to use a label on listed 
products that comply with the requirements of this standard, and 
establishes a follow-up program conducted by the certification 
organization as a checI< on the methods the manufacturer uses to 
determine compliance with the requirements of'this standard. 

Certification Organization. An independent,  third party organiza- 
tion that determines product compliance with the requirements of 
this standard with a labeling/listing/follow-up program. 

Char. The formation of a brittle residue when material is exposed to 
thermal energy. 

Collar Lining, That  ipart of collar fabric composite that is next to the 
skin when the collar Is closed in the raised position. 

Compliant. Meeting or exceeding all applicable requirements of this 
standard. 

Composite. The layer or layers that provide the protection required 
of the outer shell, moisture barrier and thermal barrier. 

Drip. To run or fall in drops or blobs. 

Entry Clothing. Protective clothing that is designed to provide 
protection from conductive, convec-tive, and radiant heat and permit 
entry into flames. 

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

Garment Label. A label aWlxed to theproximity protective clothing 
by the manufacturer containing generalinformauon, warnings, care, 
maintenance, or similar data. This garment label is not a certification 
organization label, or identifying mark. 

Hardware. Non-fabric ,components of proximity protective clothing 
including those made of  metal or plastic material. 

Hazardous Materials Emergencies. Incidents involving the release or 
potential release of hazardous chemicals into the environment that 
can cause loss of life, personnel injury, or damage to property and the 
environment. 

Interface Area, An area of the body not protected by a proximity 
protective garment, helmet, gloves, footwear, or SCBA facepiece; the 
area where the proximity protective garments and the helmet, gloves, 
footwear, or SCBA facepiece meet, i.e. the proximity protective coat/  
helmet/SCBA facepiece area, the proximity protective coat/glove 
area, and the prommity protective trouser/footwear area. 

Interface Component. Item(s) designed to provide limited 
protection to interface areas. 

Labeled. Equipment or materials to which has been attached a label, 
symbol or other identifying mark of an organization accepthble to the 
authority having jurisdiction and concerned with product evaluation, 
that maintains periodic inspection of production of labeled equip  
ment or materials and by whose labeling the manufacturer indicates 
compliance with appropriate standards or performance in a specified 
manner. 

Listed.* Equipment or materials included in a list published by an 
organization acceptable to the "authority having jurisdiction" and 
concerned with product evaluation, that maintains periodic 
inspection of production of listed equipment or materials and whose 
lisung states either that the equipment or material meets appropriate 
standards or has been tested andfound  suitable for use in a specified 
manner. 

Major A Seams. See Seams. 

Major B Seanm. See Seams. 

Melt. To change from solid to liquid, or become consumed, by 
action of heat. 

Minor Seams. See Seams. 

Moisture Barrier*. That portion of the composite designed to 
prevent the transfer of liquid water from the environment to the 
thermal barrier. 

Outer Shell. That outside facing portion of the composite with the 
exception of trim, hardware and reinforcing materi/d. 

Protective Wristlet. The interface component  that provides limited 
protection to the proximity protective coat/glove interface area. 

Proximity Fire Fighting. The activities of rescue, fire suppression, 
and property conservauon at situations involving high levels of 
radiant heat including, but  not limited to, aircraft fires, bulk 
flammable liquid fires, and bulk flammable gas fires. 

Proximity Head Protection. A radiant refective protective item 
which includes, or is used in conjunction with, head impact protec- 
tion and is designed to provide protection to the head, face, and neck 
areas against radiant, convective, and conductive heat. 

Proximity Protective Clothing. Radiant reflective protective 
garments configured as a coat and trousers, or as a coverall, and 
interface components that are designed to provide protection for the 
fire fighter's body from conductive, convective, and radiant heat. 

Proximity Protective Coat. Proximity protective garment designed 
and configured toprovide protection to upper torso and arms, 
excluding the hands and head. 

Proximity Protective Coverall. Proximity protective garment 
designed and configured to provide protection to the torso, arms, 
and legs, excluding the head,  hands, and feet. 

Proximity Protective Garment. Proximity protective coat, proximity 
protective trouser, or proximity protective coverall. 

Proximity Protective Trouser. Proximity protective garment 
designed to provide protection for the lower torso and legs, 
excluding the feet. 

Sean~. 
, Major A Seams. Those outer shell seam assemblies where rupture 
could reduce the protection of the ~arment by exposing the moisture 
barrier, thermal barrier, the wearer s station/workuniform, other 
clothing, or skin. 

Mi~jor B Seams. Those moisture b~irrier or thermal barrier seanf 
assemblies were rupture could reduce the protection of the garment 
by exposing the next layer of the garment, the wearer's station/work 
uniform, other clothing, or skin. 

Minor Seams. Those remaining seam assemblies that are not 
classified as Major A or Major B seams. 

Shall. Indicates a mandatory requirement. 

Should. This term, as used in the Appendix, indicates a recommen- 
dation or that which is advised but not required. 

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

Thermal Barrier. That portion of the composite des!gned to provide 
thermal protection. 

Trim. Retroreflective and fluorescent material permanently attached 
to the outer shell for visibility enhancement.  Retroreflective materials 
enhance night time visibility and florescent materials improve day 
time visibility. 

W'mter Liner. An optional component  layer designed to provide 
added insulation against cold. 

Chapter 2 Certification 

2-1 General. 

2-1.1 Proximity protective garments that are labeled as being 
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compliant with this standard shall meet or exceed all applicable 
requirements specified in this standard and shall be cei'fified. 

2-1.2 All certification shall be performed by an approved certification 
organization. 

2-1.3 Compliant proximity protective garments shall be labeled and 
listed. Such proxamity protective garments shall also have a garment 
label that meets the requirements specified in Section 2-5 of this 
Chapter. 

2-2 Certification Program. 

2-2.1" The certification organization shall not be owned or con- 
trolled b~. manufacturers or vendors of the product being certified. 
The certification organization shall be primarily engaged in 
certification work and shall not have a monetary interest in the 
product's ultimate profitability. 

2-2.2 The certification organization shall refuse to certify products to 
this standard that do not comply with all requirements of this 
standard. 

2-2.3* The contractual provisions between the certification organiza- 
tion and the manufacturer shall specify that certification is contin- 
gent on compliance with all applicable requirements of this standard. 
There shail be no conditional, temporary, or partial certifications. 
Manufacturers shall not be authorized to use any label or reference to 
the certification organization on products that are not manufactured 
in compliance with all applicable requirements of this standard. 

2-2.4* For certification, laboratory facilities and equipment for 
conducting proper  tests shall be available, a program for calibration 
of all instruments shall be in place and operating, and procedures 
shall be in use to ensure proper control of all testing. Good practice 
shall be followed regarding the use of laboratory manuals, form data 
sheets, documentedcalibration and calibration routines, perfor- 
mance verification, proficiency testing, and staff qualification and 
training programs. 

2-2.5 Manufacturers shall be required to establish and maintain a 
program of production inspection and testing that meets the 
requirements of Section 2-4 of this Chapter. 

2-2.6 The manufacturers and the certification organization shall 
evaluate any changes affecting the form, fit, or function of the 
certified product to determine its continual certification to this 
standard. 
2-2.7* Product certifications shall include a follow-up inspection 
program, with at least 2 random and unannounced visits per 12 
month period. 

2-2.8 The certification organization shall have a program for 
investigating field reports alleging malperformance or failure of listed 
products. 

2-2.9 The operating procedures of the certification organization shall 
provide a mechanism for the manufacturer to appeal decisions. The 
procedures shall include the presentation of information from both 
sides of a controversy to a desxgnated appeals panel. 

2-2.10 The certification or[ganization shall be in aposition to use 
legal means to protect the integrity of its name andlabel.  The name 
and label shall be registered and legally defended. 

2-3 Inspection and Testing. 

2-3.1 Sam]~ling levels for testing and inspection shall be established 
by the certification organization and the manufacturer to assure a 
reasonable and acceptable reliability at a reasonable and acceptable 
confidence level that products certified as being compliant with the 
standard are compliant. 

2-3.2 Inspection for determining compliance with the design 
requirements specified in Chapter 3 o f  this standard shall be 
performed on a completed garment. 

2-3.3 Testing for determining material and component compliance 
with the requirements specified in Chapter 4 of this standard shall be 
performed on samples representative of materials and components 
used in the actual construction of the proximity protective clothing. 
The certification organization shall be permitted to also use sample 
material cut from a representative proximity protective clothing. 
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-4 Manufacturer's Quality Assurance, 

2-4.1 The manufacturer shall provide and maintain a quality 
assurance program that includes a documented inspection and 
product recall system. The manufacturer shall havean inspection 
system to substantiate product conformance to this standatZd. 

2-4.2 The characteristics to be inspected, or tested, or both, shall be 
classified according to the potential effect of such defects and 
grouped into the following classes: 

(a) Major A - -  a defect that will reduce protection and is not 
readily detectable by the user; 

(b) Major B - -  a defect, other than Major A, that is likely to 
result in reduced protection, and is detectable by the user; and 

(c) Minor a defect that is not likely to materially reduce the 
usability of the device for its intended p u r p o s e .  

2-4.2.1 The acceptable quality level shall be as defined by Military 
Standard MII.,.STD 105D, Sampling Procedures and Tables for lnspection 
by Attdbutea, Inspection Level II. 

2-4.2.2 The acceptable quality level for all garment defects shall be as 
follows: (a) Major A 1.0, (b) Major B 2.5, and (c) Minor - -  
u 4 . 0 .  

2-4.3 The manufacturer shall maintain written inspection and testing 
instructions. The instructions shall prescribe inspection and test of 
materials, work in process, and completed articles. In addition, 
criteria for acceptance and rejection of product shall be included in 
the instructions. 

2-4.4 The manufacturer shall maintain records of all inspections and 
tests. The records shall indicate the nature and number-of observa- 
tions made, the number  and type of deficiencies found, and the 
quantities accepted or rejected. 

2-4.5 The manufacturer shall take action to correct discrepant 
conditions which have resulted, or could result, in products which do 
not conform to the requirements of this Standard. The nature of the 
discrepancy and the corrective action taken shall be documented. 

2-4.6 The manufacturer's inspection system shall provide for 
procedures that assure the latest applicable drawings, specifications, 
and instructions are used for fabrication, inspection, and testing. 

2-4.7 Subcontracted or purchased supplies shall be subjected to 
inspection after receipt, as necessary, to assure conformance of the 
end i tem to the requfi'ements of this standard. When manufacturers 
rely upon the supplier toprovide data to demonstrate material 
conformance to this standard, or when the supplier is individually 
certified, that data shall become a part of the manufacturer's 
insI~ection records. The use o f a  supplier's test data or certification 
shall no~ relieve the manufacturer of~their responsibility to furnish an 
end item which complies with all the requirements of this standard. 

2-4.8 When the manufacturer conducts quality assurance testing, the 
facilities, and eq pui ment  for. conductin, g .  pro er tests shall be 
available, a program for cahbrauon of alPlnstruments shall be in 
place and operating, and procedures shall be in use to ensure proper 
control of all testing. Good practice shall be followed regarding the 
use of laboratory manuals, form data sheets, documented calibration 
and calibration routines, performance verification, proficiency 
testing, and staff qualification and training programs. 

2-4.8.1 The manufacturer, at their option, shall be permitted to 
utilize an outside test facility to conduct the quality assurance tests. 
When. this option is selected, the outside test facility shall meet the 
reqmrements of 2-4.8 of this Sectiom 

2-4.8.2 The test facility shall provide a written report to the manufac- 
turer that describes the tests performed and the results. This report 
shall become a part of the manufacturer's inspection records. - 

2-4.9 The manufacturer shall maintain a system for identifying the 
appropriate inspection status of component  materials, work in- 
process, and finished goods. 

2-4.10 The manufacturer shall establish and maintain a system for 
controlling nonconforming material, including procedures for the 
identificauon,, segrg .e  ation , and disposition of re'ected.-j material. All 
nonconforming materials or products shall be identified to prevent 
use, shipment, and intermingling with conforming materials or 
products. 
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2-5 Garment Labeling. 

2-5.1" The. outer shell and each se p arable, lay.er of each proximity 
protecuve garment shall have a garment label permanently and 
conspicuousl); attached to each layer upon which at least the 
following warning and information are printed in at least 1/16 inch 
(1.5 ram) high letters. At least one garment label shall be conspicu- 
ously locatedinside the garment in all possible configurations of 
garment utilization. 

"THIS PROXIMITY PROTECTIVE GARMEN~F MEETS THE 
REQUIREMENTS OF NFPA 1976, STANDARD ON PROTECTIVE 
CLOTHING FOR PROXIMITY FIRE FIGHTING, 1992 ED ITI ON. 

WARNING 

FOR PROXIMITYFIRE FIGHTING OPERATIONS, BOTH PROXIM- 
ITY PROTECTIVE COAT AND PROXIMITY PROTECTIVE 
TROUSERS MUST BE WORN FOR LIMB/TORSO PROTECTION. 
OUTER SHELL, MOISTURE BARRIER, AND THERMAL BARRIER 
MEETING ALL REQUIREMENTS OF NFPA 1976 MUST BE 
UTILIZED AND ALL GARMENT CLOSURES MUST BE FASTENED 
WHEN IN USE. DO NOT USE PROXIM1TYPROTECTIVE COAT 
AND PROXIMITYPROTECTIVE TROUSERS ALONE FOR 
PROXIMITYHRE FIGHTING OPERATIONS; OTHER PROTEC- 
TIVE EQUIPMENT~HEAD PROTECTION, SCBA, GLOVES, 
FOOTWEAR, PASS-----IS REQUIRED FOR PROTECTION. DO 
NOT KEEP THIS GARMENTIN DIRECT CONTACT WITH 
FLAMES. THIS GARMENT ALONE MAYNOT PROVIDE PROTEC- 
TION FOR FIRE ENTRYAPPLICATIONS OR FOR PROTECTION 
FROM CHEMICAL, BIOLOGICAL, OR RADIOLOGICAL AGENTS. 
KEEP THIS GARMENT CLEAN AS SOILING WILL REDUCE 
PROTECTIVE QUALITIES. 

DO NOT USE CHLORINE BLEACH 
CHLORINE BLEACH WILL SIGNIFIC.,ANTLY COMPROMISE THE 
PROTECTION AFFORDED BYTHE TEXTILE MATERIALS 
UTILIZED IN THE CONSTRUCTION OF THIS GARMENT. USERS 
MUST CLEAN, MAINTAIN, AND ALTER ONLYIN ACCORDANCE 
WITH MANUFACTURER'S INSTRUCTIONS. DO NOT STORE IN 
DIRECT SUNLIGHT. NO PROTECTIVE CLOTHING CAN 
PROVIDE COMPLETE PROTECTION FROM ALL CONDITIONS. 
USE EXTREME CARE FOR ALL EMERGENCY OPERATIONS. 
FAILURE TO COMPLYWITH THESE WARNIlqGS MAYRESULT IN 
SERIOUS INJURY OR DEATH". 
Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Manufacturer's garment identification number  
Date of manufacture 

Size - 
Cleaning and drying instructions 
Garment mater ia l (s )  

"DO NOT REMOVE THIS LABEL i' 

2-5.2 All portions of the required label shall be printed at least in 
English. 

o 

2-5.3 All labels shall be clearly legil~le to the eye both before and 
after being subjected to the procedure specified in Section 5-1 of this 
standard. Labels  not meeting specimen size requirements for the 
procedure listed above shall be sewn to a support fabric of required 
size. 

2-6* User Information. 

2-6 • 1 Proximity. . protective. .cl°thin g.manufacturers, shall provide the 
follovang mswucuons a-gd mformauon w~th each garment: 

(a) Cleaning instructions, 
(h) Maintenance criteria, 
(c) Methods of repair, 
(d) Warranty information, 
(e) Retirement considerations. 

2-6.2* Proximity protective clothing manufacturers shall furnish 
training materials that address, but are not  limited to: 

(a) Safety considerations, 
(b) Storage conditions, 
(c) Decontamination procedure. 

Chapter 3 Design Requirements 
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3-1" Proximity Protective Garment Requirements. 

3-1.1" A sample garment shall have at least the applicable design 
requirements specified in this chapter when inspected as specified in 
Chapter 2 of this standard. 

3-1.2" Proximity protective garments shall consist of a composite of 
an outer shell, moisture barrier, and thermal barrier. This composite 
shall be permitted to be configured as a single layer or multiple 
layers. , 

3-1.3' Proximiv/lprotective garments shall NOT have non-radiant 
.reflective material, including but not limited to trim, lettering, 
patches, name or number  stencils, emblems, paint, or other marking 
mediums affixed to the outer shell reflective surfaces. In addition, 
~erOXimity protective garments shall NOT have non-radiant reflective 

ather or other reinforcements affixed to the outer shell reflective 
surfaces other than when used as reinforcement of the sleeve and 
trouser leg cuffs only. Such reinforcements shall not exceed more 
than 1 in. (25 mm) over the reflective outer surface from the end of 
the cuff. 

3.1.4" Proximity protective garments shall have a means of securing 
the moisture barrier 'and thermal barrier to the outer shell. 

3-1.5 Proximity protective garments, including the front closure, 
shall be constructed in a manner  that provides secure and complete 
moisture and thermal protection. If non-positive fasteners such as 
snaps or hook and pile tapes are utilized in the garment closure, a 
positive locking fastener, such as hooks and dees or a zipper shall be 
utilized. 

3-1.6 Snaps shall meet the requirements of MS 27980E, Fastener, 
Snap. 

3-1.7" Fastener tape shall meet the requirements of MIL-I:-21840G, 
Fastener Tapes, Hook and Pile, Synthetic, excluding Class 2. 

3.1.8 Zippers shall meet minimum requirements of FED-V-F-106F, 
Fastener, Slide, Interlocking. The minimum crosswise breaking 
strength of the zipper shallbe size M of FED-V-F-106F. 

- 3-1.9 Hooks and dees shall be non-ferrous and shall conform to the 
design of Figure 3.1.9. 

(SEE Figure 3.1.9 Next page) 

3.1.10" Moisturebarriers and thermal barriers shall extend to within 
3 in. (76.2 mm) of the outer shell at the cuffs and hems of proximity 
protective garments. At the neck, the coat moisture barrier and 
thermal barrier shall extend to neckline seam. At the waist, the 
trouser moisture barrier and thermal barrier shall extend, as a 
minimum, to the waistline. 

3.1.11" Cargo pockets where provided shall have a means of 
drainage of water, and shall have flaps with a means of fastening them 
in the closed position. 

3-2 Additional Requirements for Proximity Protective Coats. 

3-2.1" Proximity protective coats shall provide protection as specified 
to the upper torso, neck, arms, and wrists, excluding the hands and 
head. 

3-2.2 Proximity protective coat hardware shall not ~0enetrate through 
the outer shell, moisture harrier, and thermal b a m e r  to contact the 
wearer's body when the coat is worn with closures fastened, unless the 
hardware is completely covered by external closure flaps. 

3.2.3* Each proximity protective coat sleeve shall have a protective 
wristlet meeung reqmrements as specified in Section 6-2 of NFPA 
1971, Standard on Protective Clothing for Structural Fire Fighting. 

3.2.4 Proximity protective coats shall have a composite collar not less 
than 4.0 in. (101.6 ram) in height at anypoint  with a closure system. 
The collar liningmaterial shall not be reflective material. Collar and 
closure system shall consist of an outer shell, moisture barrier, and 
thermal barrier that meet all performance requirements as specified 
in Chapter 4 of this standard. 

3-3 Additional Requirements for Proximity Protective Trousers. 

3-3.1" Proximity protective trousers shall provide protection as. 

t 
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Figure 5-1.9 Hook and Dee Ring (Inward Facing) Not to Scale 
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specified to the lower torso and legs, excluding the ankles and feet. 

3-3.2 Proximity protective trouser hardware shall not penetrate 
through the outer shell, moisture barrier, and thermal barrier to 
contact the wearer's body when trouser is worn with closures 
fastened, unless the hardware is located on the waistband or 
hardware 'is completely covered by external closure flaps. 

3-4 Additional Requirements for Proximity Protective Coverall. 

5-4.1 That portion of the proximity protective coverall that corre- 
sponds to the proximity protective coat shall meet all requirements of 
Section 3-2 of this Chapter. 

3-4.2 That portion of the proximity protective coverall that corre- 
sponds to the proximity protective trouser shall meet all require- 
m e n u o f  Section 3-5 of this Chapter. 

Chapter 4 Performance Requirements 

4-1 Proximity Protective Garment Requirements. 

4-1.1 The proximity protective garment fabric composite consisting 
of outer shell, moisture barrier, and thermal barrier shall have an 
average thermal protective performance (TPP) of not less then 35 
when tested as specified in Section 5-2 of this standard. 

4-1.2 All seam assemblies shall be tested for breaking strength and 
shall demonstrate a sewn seam strength equal to or greater than 150 
lbs (675 N) force for Major A seams,75 lbs (337.5 N) for Major B 
seams, and 40 lbs (180 N) force for Minor seams when tested as 
specified in Section 5-9 of this standard. 

4-1.2.1 Seam breaking strength shall be considered acceptable when 
the fabric strength is less than the required seam strength specified in 

4-1.2 of this Section, jarovided the fabric falls without failure of the 
seam below the apphcable forces specified in 4-1.2. 

4-2 Textiles. 

4-2.1 Outer shell, moisture barrier, thermal barrier, collar linings, and 
winter liner fabric shall be individually tested for flame resistance and shall 
have an average char length of not more than 4.0 in. (101.6 mm), an 
average after flame of not more than 2.0 seconds, and shall not melt or 
drip when tested as specified in Section 5-10 of this standard. 

Q 

4-2.2 Outer shell moisture barrier, thermal barrier, collar linings and 
winter liner fabric shall be individually tested for thermal shrinkage 
resistance and shall not shrink more than 10.0 percent in any 
direction when tested as specified in Section 5-4of this standard. 

4-2.3 Outer shell, moisture barrier, thermal barrier, collar linings, 
and winter liner fabric and other materials used in construction 
including but not limited to padding, reinforcement, garment labels, 
interfacing, binding, hanger loops, and emblems, but excluding hook 
and pile fasteners when notplaced in direct contact with the body 

shall be individually tested for heat resistance and shall not melt, 
separate, or ignite when tested as specified in Section 5-5 of this 
standard. 

4-2.$.1 Moisture barrier seam seal materials shall be tested for heat 
resistance and shall not drip or ignite when tested as specified in 
Section 5-5 of this standard. 

4-2.4 Outer shell, moisture barrier, thermal barrier, collar linings, 
and winter liner fabric shall be individually tested for cleaning 
shrinkage resistance and shall not shrink more than 5.0 percent in 
any direction when tested as specified in Section 5.11 of this standard. 

4-3 Outer Shell Requirements. I 
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4-3.1 The outer shell shall have a 100 percent radiant reflective value 
of 20 when tested as specified in Section 5-3 of this standard. 

4-3.2 Outer shell and collar lining fabrics shall be tested for tear 
resistance ahd shall have a tear strength of not less than 22 lb (99 N) 
when tested as specified in Section 5-6 of this standard. 

4-3.3 Outer shell and collar lining fabric shall be tested for char 
resistance and shall not char when tested as specified inSection 5-5 of 
this standard. 
4.3.4 Outer shell and collar lining fabrics shall be tested for water 
absorption resistance and shall have no more then 30 percent water 
absorption when tested as specified in Section 5-12 of this standard. 

4-3.5 The outer shell shall show no signs of cracking on the face or 
delamination if the base fabric is a laminate when tested for wet flex 
as specified in Section 5-7 of this standard. 

4.3.6 The outer shell shall show no evidence of separation of the 
coating or laminate from the base cloth, when tested for adhesion 
after wet flex as specified in Section 5-8 of this standard. 

4-3.7 The outer shell shall show no evidence of breaking, shattering, 
or cracking of the coating, laminate or fabric when tested for flex at 
low temperature as specified in Section 5.13 of this standard. 

4-3.8 The outer shell shall show no blocking, with a blocking rating 
of 1, when tested for resistance to high temperature blocking as 
specified in Section 5-14 of this standard. 

4-4 Moisture Barrier Requirements. 

4-4.1 Moisture barrier shall be tested for tear resistance and shall 
have a tear strength of not less than 5.0 lb (22.5 N) when tested as 
specified in Section .56 of this standard. 

4-4.2 The moisture barrier fabric shall be tested for water penetra- 
tion resistance and shall have a minimum water penetration " 
resistance of 25 psi (1.76 kg/cm2) when tested as specified in 5-15.2 
of this standard and 1 psi (0.07 kg/cm2) when tested as specified in 
5-15.4 of this standard. Appearance of water drops shall constitute 
failure. 

4-4.3 Moisture barrier seams shall be tested for water penetration 
resistance and shall have a minimum water penetration resistance of 
not less then 1 psi (0.07 kg/cm2) when tested as specified in 5-15.4 of 
this standard. 

4-5 Thermal Barrier Requirements. 

4-5.1 Thel-mal ba~'rier shall be tested for tear resistance and shall 
have a tear strength of not less than 5.0 lb (22.5 N) when tested as 
specified in Section 5-6 of this standard. 

4-6 W'mter Liner Requirements. 

4-6.1 When provided, the winter liner shall be tested for tear strength 
resistance and shall have a tear strength of not less than 5.0 lb (22.5 
N) when tested as specified in Section 5-6 of this standard. 

4-7 Thread Requirements. 

4-7.1 All thread utilized in the construction of the garments shall be 
tested for heat resistance and shall not ignite, melt, or cha/" when 
tested as specified in Section 5.16 of this standard. 

4-8 Hardware Requirements. " 

4-8.1 All hardware finish shall be free of rough spots, burrs, or sharp 
edges. 

4-8.2 All metal hardware and hardware that includes metalparts shall 
be tested for corrosion resistance as "specified in Section 5-17of this 
standard. Metals inherently resistant to corrosion, including but not 
limited to stainless steel, brass, copper, aluminum, and zinc shall 
show no more than light surface corrosion or oxidation. Ferrous 
metals shall show no corrosion of the base metal. 

4-8.3 All hardware shall be tested for heat resistance and shall not 
ignite and shall remain fimctional when tested as specified in Section 
5-5 of this standard. 

Chapter 5* Test Methods 

5-1 Washing and Drying Procedure. 

5-1.1 Specimens shall be subjected to 5 cycles of washing and drying 
in accordance with the procedure specified in Machine Cycle 1, Wash 
Temperature V, DryingProcedure Ai, of AATCC 135, Dimensional 
Change in Automatic Home Laundry of Woven and Knit Fabrics. A 
laundry bag shall not he used. 

5-2* Thermal Protective Performance Test. 

5-2.1 Specimens shall be tested both before and after being subjected 
to the procedure specified in Section 5-1 of this Chapter. 

5-2.2 All specimens to be tested shall he preconditioned by place- 
ment in a circulating air oven for not less then 4 hours at 120°F +5°F 
(49°C ±9°C) and then conditioned in accordance with Section 4, 
Atmospheric Conditions for Testing, of Federal Test Method 
Standard 191A, Textile Test Methods, with a relative humidity of 65 
percent, +5 percent. Specimens shall be tested not more than 5 
minutes after removal from conditioning. 

5-2.3 Thermal protective performance (TPP) testing shall be 
performed in accordance with ASTM D 4108, Thermal Protective 
Performance of Materials for Clothing, Open Flame Method, with t h e  
following modifications: 

5-2.3.1 Specimens shall consist of proximity protective clothing 
composites measuring 6 x 6 in. +1/2/- 0 in: (152.4 x 159.4 mm 
+12.7/-0 ram) consisungof outer shell, moisture barrier, and thermal 
barrier. Collar lining fabric shall bepermitted to he included in the 
proximity protective garment collar fabric composite specimen. 
Winter liners shall not be included in the test composite. 

5-2.3.2 Apparatus shall consist of specimen holder assembly, 
specimen holder assembly support, thermal flux source, protective 
shutter, sensor assembly, and recorder. 

5-2.3.3 Specimen holder assembly shall consist of upper/rod lower " 
mqunting plates. Specimen holder mounting plateis-hall he 8 x 8 in. 
±1/16 in. x 1/4 in. ±1/39 in. (203.2 x 203.2 mm ±1.6 mm x 6.4 mm 
±0.8 mm). The lower specimen mounting plate shall have Centered a 
4 x 4 in. ±1/16 in. (101.6 x 101.6 mm ± l . t m m )  hole. The upper 
specimen mounting plate shall have centered a 5 1/8 x 5 1 /8m.  ±1/ 
16 in. (130.2 x 130.9 mm ±1.6 mm) hole. The.lower sptcimen 
mounting plate shall have a 1 in. ±1/16 in high x 1/8 m. ±1/32 in. 
(25.4 mm ±1.6 mm x 3.2 mm ±0.8 ram) thick steel post welded to 
each corner 1/4 in. ±1/16 in. (6.4 mm ~-1.6 mm) from each side and 
perpen'dicular to the plane of the plate. The upper sample mounting 
plate shall have a corresponding hole in each corner so that the 
upper specimen mounting plate fits over the lower specimen 
mounung plate. 

5-2.3.4 Specimen holder assembl 7 support shall consist of a steel 
frame that rigidly holds and posiuons in a reproducible manner the 
specimen holder assembly and specimen relative to the thermal flux. 
Specimen holder assembly support shall be securely clamped at the 
edges such that specimen shnnkage is prevented. Sensor assembly 
shall consist of 5 1/4 x 5 1/4 x 1/2 in. (133.3 x 133.3 x 12.8 ram) 
heat-resistant block that fits without binding into hole of upper 
specimen mounting plate and shall be uniformly weighted such that, 
complete sensor assembly, including copper calorimeter, weighs 1000 
grams ±10 grams (2.2 lb ~q).022 lb). 

5-2.3.5 Thermal flux source shall consist of a convective thermal flux 
source and a radiant thermal flux source. The convective thermal 
flux source shall consist of two Meeker or Fisher burners affixed 
beneath the specimen holder assembly opening, and subtended at a 
nominal 45 degree angle from the vertical so that the flames • 
converge at a point immediately beneath the specimen. The radiant 
thermal flux source shall consist of nine quartz infrared tubes affixed 
beneath and centered between the burners. 

5-2.3.6 Aprotective shutter shall be placed between the thermal flux 
source and the specimen. The protective shutier shall be capable of 
completely dissipating thermal load from thermal flux source for the 
time periods before and after specimen exposure. The protective 
shutter shall be controlled by means of an automatic timer with a 
resolution of not less than 0.10 second. 
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5-2.3.7 Specimens shall be exposed to a thermal flux of 2.0 cal/cm2/ 
sec +0.1 cal /cm2/sec exposure condition. The total heat flux shall be 
calculated, directly from. the tem p erature response of the. cop p.er 
calorimeter and caionmeter constants. Other heat-sensmgdewces 
shall.not be used to reference or adjust the heat flux read by the 
copper calorimeter. The 2.0 cal/cm2/sec shall be determined 
directly and only from the voltage output of the thermocouples, using 
the measured temperature rise of the copper calorimeter, the area 
and mass of the calorimeter, and the heat capacity of copper to 
calibrate the incoming heat flux. The radiant load shall be set on 1.0 
cal/cmS/sec as measured using a calibrated commercial radiometer. 

5-2.5.8 The sensor assembly shall be fitted into the opening in the 
top plate of the specimen holder and be in contact with the surface of 
the thermal banner normally facing the wearer. 

5-2.3.9 If the individual test results ~ more than ±8 percent from 
the average result, the result shall be d~scarded and another set of 
specimens shall be tested. 

5-2.3.10 The individual test results of each specimen shall be 
reported. The average value for each sample and the pass/fail result 
shall be calculated and reported. 

5-5" Radiant Reflective Test. 

5-5.1 All samples shall be preconditioned in accordance with Section 
4, Atmospheric Conditions for Testing, of Federal Test Method 
Standard 191A, Textile Test Methods, at a relative humidity of 65 
percent ±5 percent. All samples shall be conditioned by means of 
abrading the sample before removing it from the conthtioncd 
atmosphere. Samples shall be tested for radiant heat not more than 
five mmutes after removal from conditioning. 

5-3.2 The outer shell material test samples shall bc 5 x 10 in. (7.6 x 
95.4 cm) with the long dimension in the warp or wale direction. .. 

5.3.3 All samples shall be conditioned on an oscillatinl~ drum 
abrasion apparatus as specified in Method 5304, Abrasmn Resistance 
of Cloth; Oicillatory Method (Wyzcnbeek) Method, of Federal Test 
Method Standard 191A, Textile Test Methods. The samples shall be 
mounted on the oscillating drum of the apparatus. The abradant 
shall be No. 6 hard textured cotton duck conforming to Type I of 
Federal Specification CCC-G419, Cloth, Duck, Unbleached, Plied- 
Yarn; Army and Numbered, and shall be cut into strips 1 7/8 in. (4.7 
cm) wide by 9 in. (22.9 cm) long with the long dimension in the warp 
or wale direction. The abradant shall be mounted in the specimen 
holding clamps under a tension of 3 Ibs. (13.5 N) and a head load of 
3 Ibs. 0.56 kg). A new abradant shall be used for each test and the 
contact area of the abradant shall be free ofslubs, knots, or other 
weave imperfections. The test sarnplcs shall bc subjected to 500 
abrasion cycles. 

5-3.4* Apparatus shall consist of a vertically oriented radiant heat 
source, specimen holder assembly, protecuve shutter, sensor 
assembly, and recorder. The sensor block shall consist ofa 5 I/4 x 5 . 
I/4 x I/2 in. (135.3 x 135.3 x 12.8 ram) heat resistant material, that 
fits without binding into the bracket or rear plate. The sensor shall 
be in accordance with paragraph 6.5, the recorder shall be in 
accordance with paragraph 6.6, and the chart overlay shall be in 
accordance with all paragraphs ofASTM D 4108, Thermal Protective 
Performance for Clothing, Open Flame Method. 

5.3.5 The radiant apparatus, as shown in Figure 5-5.5, shall consist of 
a bank of five, 500 watt, infrared, tubular, translucent quartz lamps 
having a 5 in. (12.7 cm) lighted length and a mean overall length of 8 
13/16in. (22.4 cm). Thelamps shall be mounted so that the lamp's 
surfaces are approximately 0.015 in. (0.381 ram) apart. The bank or 
array shall be mounted and centered behind a 2 I/4 x 5 1/2 in. (5.7 
x 14.0 cm) cutout on I/2 in. (I.5 cm) transite board. A specimen 
holder and holder plate with a 2 I/2 by 6 in. (6.5 by 15.2 cm) center 
cut out shall be posltioned so that the distance from the nearest lamp 
surface to the test specimen is exactly 1.0 in. (2.5 cm). The holder 
plate shall include a bracket to hold the copper calorimeter sensor 
assembly which will cover the complete cutout section. The quartz 
lamp shall be heated electrically and the power input controlled by 
means of a variac having a capacity of at least 25 amperes. 

(SEE FIGURE 5-5.5 NEXT 6 PAGES) 

5-3.6* A protective shutter shall be placed between the radiant 
source and the specimen. The protective shutter shall be capable of 
completely reflecting rad.iant load for the time period before 
speomen exposure. 

5-3.7 The sensor face shall be wiped immediately after each run,' 
while hot, to remove any decomposition products which condense 
and could be a source of error. I r a  deposit collects and appears to be 
thicker than a thin layer of paint, or is irregular, the sensor surface 
shall be reconditioned. The cooled sensor shall be carefully cleaned 
with cleaning solution, making certain there is no ignition source 
nearby. If bare copper is showing, the surface shall be repalnted with 
a thin layer of fiat black spray paint. At least one calibrauon run shall 
be conducted before using the repainted sensor in a test run. The 
sensor shall be recalibrated after every sample run of five specimens. 
The sensor shall always approximatebody temperature by contact 
with the hand prior to placing on the apparatus. 

5-3.8 Specin0ens shall be exposed to a thermal flux of 9.0 cal/cm 2, 
±0.1 caI/cm ~ as measured w~th copper calorimeter. The copper 
cal02r!~meter shall be the only heat sensor used in setdng the 2.0 cal/  
cm /see. exposure condidon. The total heat flux shall be calculated 
directly from the temperature response of the copper calorimeter 
constants. Other heat sensing devices shall not  be used to reference 
or ~d~ust the heat flux read by the copper calorimeter. The 2.0 cal/  
cm /see. exposure shall be determined directly and only from the 
voltage output of the thermocouple, using the measured temperature 
rise of the copper calorimeter, the area and mass of the calorimeter, 
and the heat capacity of copper to calibrate the incoming heat flux. 

5-3.9 The abraded specimens shall then be placed in the specimen 
holder so that the abraded area will be centered in the opening of 
the specimen holder. The sensing device shall be placed in contact 
with the back of the specimen holder and then both shall be placed 
in front of the heat source so that the distance from the specimen to 
the nearest edge of the lamp su'rface is exactly one inch (~.54 cm). A 
hand or mechanical operated shutter device shall be placed between 
the specimen holder containing the test specimen and the lamps to 
completely block the heat from reaching the specimen when lamps 
are first turned on. The lan~ps shall be turned on for a 60 s e c o n d  
warm up period. With the lamps still turned on, the shutter shall be 
removed from the front of the test specimen, and the recorder 
started. The specimen shall be exposed to the heat for 25 seconds 
and then the current shall be turned off. 

5-3.10" The radiant reflective value shall be graphically determined 
from the recorder chart of the sensor response and the overlay 
prepared in 5-5.4 of this Section. The overiay shall be positioned on 
the recorder chart, matching the zero of the overlay with the start of 
the exposure. The horizontal axis shall be placed in line with the 
initial trace of the pen. While keeping the overlay square with the 
recorder chart, the time in seconds shall be read from the overlay 
chart where the sensor response curve and the overlay curve intersect. 
The time in seconds shall be called the radiant reflective value for the 
test specimen. 

5-3.11 Five specimens shall be run and the radiant reflective value 
determined. The average value of the five specimens shall be 
calculated and reportedto determine pass/fall. 

5-4" Thermal Shrinkage Resistance Test. 

5-4.1 Thermal Shrinkage Resis.tance testing shall be conducted on three 
specimens of each fabric, and each fabric shall be tested separately. 

5-4.2 Specimens shall be tested both before and after being subjected 
to the procedure specified in Section 5-1 of this Chapter. 

5-4.3 Specimens to be tested shall be preconditioned in accordance 
with Section 4, Atmospheric Conditions for Testing, of Federal Test 
Method Standard 191A, Textile Test Methods, at a relative humidity 
of 65 percent :e5 percent. Specimens shall be tested not more than 
five minutes after removal from conditioning. 

5-4.4 Each specimen shall be 15 x 15 in. ±0.5 in. (581 x 581 mm ±13 
mm) and shall be cut from the fabric lot to he utilized in the 
construction of the garment. 

5-4.5 Specimen marking and measurements shall be conducted in 
accordance with the procedure specified in AATCC Test Method 
135, Dimensional Changes in Automatic Home Laundering of Woven 
and Knit fabrics. 

5-4.6 The forced circulating air oven shall achieve and maintain an 
air temperature of 500°F +10°/-0°F (2600C +3°/-00C) for a period of 
not less than five minutes. Oven recovery time after door is closed 
shall not exceed one minute. 
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5-4.7 The specimen shall be suspended by two metal hooks near each 
top comer with a 12 ±0.5 in. (305 mm ±12.7 mm) separation between 
hooks. The entire specimen shall be exposed to the circulating air so 
that it is not less than 2 in. (50.8 ram) from any oven surface or other 
specimen, and  airflow is parallel to the plane of the material. 

5-4.8 Specimens mounted as specified in 5-2.6 of this Section, shall 
be placed irx the circulating air oven for 5 minutes +0.15/-0 minutes. 
Specimen exposure time shall begin when oven has recovered to an 
air temperature of 500°F +10°/-0¢F (2600C +3/-0°C). 
5-4.9 After removal from the oven, knit fabric shall be allowed to 
relax for 1 minute prior to measurement to determine pass/fall. 

5-4.10 Results shall be reported as the average of all three specimens. 

5-5* Heat, Char, and Ignition Resistance Test. 

5-5.1 Fabric specimens shall be teste~i both before and after being 
subjected to the procedure specified in Section 5-1 of this Chapter. 

5-5.2 The fabric specimen'to he tested' shall be preconditioned in 
accordance with Section 4, Atmospheric condiuons for Testing, of 
Federal Test Method Standard 191A, Textile Test Methods, at a, 
relative humidity of 65 percent ± 5 percent. Specimens shall be 
tested not more than five minutes after removal from conditioning. 

5-5.3 Specimen length shall be 6 in. (152.4 mm), except for textiles 
utilizedin the garment in length less than 6 in. (152.4 mm), where 

-length shall he the same as uulized in garment. Specimen width shall 
be 6 in. (152.4 mm), except for textiles utilized in the garment in 
widths less then 6 in. (152.4 mm), where width shall he the same 
utilized in garment. Specimen shall be suspended in oven utilizing 
metal clips. 

5-5.3.1 Oven testing of seam seal materials shall be done on a " 
specimen consisting of tWo 3 x 6 in. (76.2 x 152.4 ram) pieces of 
moisture barrier fabric utilized in garment, sewn together and with 
seam sealing material applied. 

5-5.4 The forced circulating air oven shall achieve and maintain an 
air temperature of 500°F +10°/-0°F (260°C +3°/-0°C) for a period of 
not less than five minutes. Oven recovery time ~fter door is closed 
shall not exceed one minute. 

5-5.5 The fabric specimen shall b'e suspended b~, metal hook(s) at 
the top and centered in the oven so that the enure specimen is not 
less than 2 in. (50.8 mm) from any oven surface or other specimen, 
and airflow is parallel to the plane of the material. 

5-5.6 Hardware and accessory material specimens shall be supported 
or freely su~ended  in the center of the oven so that they are not less 
than 2 in. (90.8 mm) from any oven surface or other specimen and 
are exposed to the circulating air. 

5-5.7 Specimens, mounted as specified in 5-5.5 of this Section, shall 
be placed in the circulating air oven for 5 minutes +0.15/-0 minutes. 
Specimen exposure time shall begin when oven has recovered to an 
atr temperature of 500°F +10°/:O°F (260°C +3/-0°C). 

5-5.8 Results shall be reported as pass or fall. 

5.6 Tear Resistance Testing. 

5-6.1 The specimen shall be a 3 x 6 in. (76.2 x 152.4 mm) rectangle. 
The long dtmension shall be parallel to the warp or wale for warp and 
parallel to the filling or corse for the filling tests. No two specimens 
for warp or wale tests shall contain the same warp yarns, nor shall any 
two specimens for filling or corse tests contain the same filling yams. 
The specimen shall be t:~ken no nearer' the selvage than one-tenth of 
~ e  width of the cloth. An isosceles trapezoid having an altitude of 3 
in. (76.2 mm) and bases o f l  and 4 in. (25.4 and 101.6 mm) in 
length, respectively, shall he marked on each specimen, with the aid 
of a template. A cut 3 /8  in. (9.5 mm) in length shall then be made in 
the center of a line perpendicular to the 1-in. (25.4-mm) edge. 

5-6.2 Apparatus shall consist of a straining mechanism, two clamps 
for holding specimens, and load and elongation recording mecha- 
nisms, whereto the specimen is held between two clamps and strained 
by a uniform movement of the pulling clamp. The test machine shall 
be operated at a rate of 12 in. /min.  (304.8 mm/min) .  

5-6.2.1 Straining mechanism shall he of such capacity that the 
maximum load required to break the specimen shall be not ~ea te r  
than 85 percent or less than 15 percent of the manufacturer s rated 
capacity. 

5-6.2.2 Clamps shall be designed such that the 6 ounces (170 g) of 
weight are distributed evenly across the complete width of the 
sample. The clamps shall have two jaws on each clamp. The design 
of the clamps shall be such that one gripping surface or jaw may be 
an integral part of the rigid frame of the clamp or be fastened to 
allow a slight verticle movement, while the othergripping surface or 
~aw shall be completely movable. The dimensions of theimmovable  
jaw of each clamp parallel to the application of the load shall 
measure 1 in. (25.4mm), and the dimension of the jaw perpendicu- 
lax to this direction shall measure 3 in (76.2 mm) or more. The face 
of the movable jaw of each clamp shall measure 1 x 3 in. (25.4 x 76.2 
mm). Each jaw face shall have a flat, smo.oth gripping surface. All 
edges that might cause a cutting action shall be rounded to a radius 
of not more than . I /64  in. (0.4 mm). In cases where a cloth'tends to 
slip when being tested, the jaws shall be faced with rubber  or other 
material to prevent slippage. The distance between the jaws shall be 
1 in. (25.4 ram) at the start of the test. 

5-6.2.3 Recorder shall consist of calibrated dial, scale, or chart used 
to indicate applied load and elongation. Error shall not  exceed 2 
percent up to and including a 50-1b (22.7 kg) load at any reading 
within its loading range. All machine attachments for determining 
maximum loads shallbe disengaged during test. 

5-6.3 The specimen shall be clamped along the non-parallel sides of 
the trapezoxd so that these sides lie along the lower edge of the upper 
clamp and the upper edge of the lower clamp with the cut halfway 
between the clamps. The short trapezoid base shall be held taut and 
the long trapezoidbase shall lie in the folds. The strain mechanism 
shall be started and the force necessary to tear the cloth shall be 
observed by means of the recording device. Five specimens in each of 
the warp/wale and filling/corse directions shall be tested from each 

• sample unit. I fa  specimen slips between the jaws, breaks in or at the. 
edges of the jaws, or, if for any reason attributable to faulty technique, 
an individual measurement falls markedly below the average test 
results for the sample unit, such result shall be discarded and another 
specimen sh~l be tested. 

5-6.4 The tear strength shall be the average of the five highest peak 
loads of resistance registered. The tear strength shall be reported to 
the nearest 0.1 lb (45.4 g): 

5-7 Wet Flex. 

5-7.1 All samples shall be preconditioned in accordance with Section 
4, Atmospheric Conditions for Testing, of Federal Test Method 
Standard 191A, Textile Test Methods, at.a relative humidity of 65 
percent ~ percent. 

5-7.2 Test specimens shall he 4 in. (10.2 cm) wide by 8 in. (20.3 cm) 
long dimension parallel to the warp or wale direction and shall be 
from the fabric lot utilized in the construction of the proximity 
protective garment. Five (5) specimens from each sample Unit shall 
be tested with no two specimens containing the same yarns. 

5-7.3 The test specimen shall he immersed in water at 140°F ±5°F 
(60°C ±2.8°C) for 15 minutes. Upon removal from the water it shall 
beplaced on 2 layers of absorbent type blotters and covered by 2 
additional layers. After placing the wet specimens between the 
blotters a 10 lb (4.5 kg) weight, a steel rod $ in. (7.6 cm) in diameter 
and 5 in. (12.7 cm) long, shall be rolled over the test specimen for 4 
complete cycles, 8 passes. The specimen shall" he removed from 
between the blotters and placedin the flexing device as shown in 
Figure 5-7.3 The blotting paper shall conform to requirements 
detailed in Method 5500, Water Resistance of Cloth; Dynamic 
Absorption Method, of Federal Test Method Standard 191A, Textile 
Test Methods. 

(SEE FIGURE 5-7.3 NEXT 2 PAGES) 

5-7.4 The flexing device as shown in the Figure 5-7.3 shall be used. 
This device shall have a suitable weight on the weight arm to produce 
a 3 to 3.5 lb (13.5 N to 15.75 N) tension on the specimen during 
flexing. The tensioning jaw or clamp shall be so located that, with 
tension jaw arm vertical, any point on the tensioning jaw would be the 
apex of a cone of motion generated between that pomt and the 
corresponding point of the moving jaw. The crank arms shall be 
equal m effective length and in angular phase so that the moving jaw 
connecting the two arms remains parallel to the tension jaw 
throughout a complete revolution of the arms. The specimen shall 
be placed in the device with the moving jaw at bottom dead center, 
the tension jaw arm vertical, and the'face of the cloth down. Each jaw 
shall clamp the specimen across the entire width. The crank handle 
shall be turned at a rate of 50 revolutions ±10 revolutions per minute 
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of the crank arms and moving jaw during the test. A tray or board, flat 
black in color and suffidently large to catch an); particles that are removed 
from the fabric, shall be cleaned before each test and examined for 
material particles after each test. A motor driven apparatus shall be 
permitted to be used in lieu of the manual device specified. 

5-7.5 The specimens shall be taken directly from the blotter paper 
and laced in the flexing device with the warp or wale direction 
perpendicular to the jaw line. The distance between jaw lines shall be 
b.25 in. (13.3 cm). The specimen shall be flexed for 1000 cycles and 
then removed from the apparatus and shall be visually inspected to 
determine, pass/fail. 

5-7.6 Any cracking or delamination closer than 7/8  in. (22.4 mm) 
from either jaw line shall.not be considered. Failure of any one 
specimen shail constitute failure of sample unit of product. 

5-8 Adhesion After Wet Flex m Tape Method. 

5-8.1 Immediately after ea~:h of the 5 specimens has completed the 
wet flex test in Section 5-7 of this Chapter, the specimens shall be 
tested and evaluated for adhesion. This test shall be performed only 
on coated or laminated materials. 

5-8.2 A razor cut design shall be symmetrically centered within the 4 
x 8 in. ( 10.2 x 20.3 cm) specimen. T~;o "X" cuts and three horizon- 
tal cuts shall be made as shown in Figure 5-8.2 with a sharp razor 
blade through the coating or laminate and adhesive layers, but not 
through the base cloth. 

I 
I I 

I I 

b_ 
I I 

2"  I 
v 1 

T a p e  

F_.__Test Sample 

Figure - Showing "x" and horizontal cuts for adhesion of coating test 

NOTE: Solid lines indicate cut lines 

Figure 5-8.2 

5-8.3" The pressure sensitive tape used for testing the adhesion of the 
coating or the laminate shall have an adhesion value of not  less than 
2.75 pounds per inch (1.150 N/cm)  width or more than 3.50 pounds 
per inch (0.191 N/cm)  width. Five 1 x 8 in. (2.5 x 20.3 cm) 
specimens of the tape shall be tested using: 

(a) A tensile testing machine as described in Method 5100, 
Strength and Elongation, Breaking of Woven Cloth; Grab Method, of 
Federal Test Method Standard 191A, Textile Test Methods with the 
modification that all machine attachments for determining maxi. 
mum load shall be disengaged and speed of the pulling clamp shall 
be 20 in. (50.8 cm) per minute. 

(b) Five 2 x 4 in. (5.1 x 10.2 cm) steel plates conforming to Class 
301 of Federal Specification QQ-S-766, Steel Plate, Sheet, and Strip- 
Corrosion Resisung, which have been polished to a No. 4 finish. 

(c) A 1.5 inch (3.8 cm) wide steel roller weighing 10 pounds +2 
ounces (4.5S kg ±0.06 kg). 

5-8.3.1 Before each test, the steel plates shall be thoroughly cleaned 
with diacetone alcohol, methyl alcohol, or methyl ethyl ketone, using 
a clean piece oflintless wiping tissue. The tape shall be applied to 
the clean surface of thep[ate so that it covers the entire length of the 
plate and extends 4 in. (10.2 cm) beyond one end of the plate. 

5-8.3.2 The tape shall be pressed down by passing the roller over it 6 
times, 3 times in each direction. The free end of the tape shall be 
doubled back and 1 in. (2.5 cm) of the tape peeled offthe plate. The 
plate shall be inserted and clamped in the bottomja/¢ of the tensile 
testing machine with the free end of the tape downward. The free 
end of the tape shall be looped upward and inserted and clamped in 
the upper jaw so as to peel the tape from the plate when the jaw 
motion is started. The minimum tension re/luired to remove the 
remainder of the tape, except for the final 1in. (2.5 cm), shall be the 
adhesion value and shall be determined by means of the autographic 
recording device. 

5-8.4 Five 1 x 8 in. (2.5 x 20.3 cm) specimens of similar tape, taken 
from a lot of material which has passed the test as specified in Section 
5-6 of this Chapter, shall be used for testing the adhesion of the 

• coating or laminate. . . 

5-8.4.1 The apparatus and procedure shall be as specified in 5-8.3 of 
this Section, but instead of the steelplates specified in 5-8.3 (b), the 
test specimens used in Section 5-6 of this Chapter shall be used for 
this test. 

5-8.5 A moderate amount  of specks on the tape of coating shall not 
constitute failure; however exposure of adhesive beneath a laminate 
shall constitute failure. The failure of one specimen shall constitute 
failure of the unit of product. 

5-9 Seam Breaking Strength. 

5-9.1 All seams shall be tested in accordance with ASTM D 1683, 
Standard Test Method for Failure in Sewn Seams of Woven Fabric. 

5-9.2 The test machine shall be operated at  a rate of 12 in . /min 
(304.8 mm/min) .  

5-10 Flame Resistance. 

5.10.1 Specimens shall be tested before and after being subjected to' 
the procedure specified in Section 5-1 of this Chapter. 

5.10.2 Specimens shall be tested in accordance with Method 5903.1, 
Flame Resistance of Cloth; Vertical, of Federal Test Method Standard 
191A, Textile Test Methods. 

5.11 Shrinkage Resistance. 

5-11.1 Specimens to be tested shall be subjected to the procedure as 
specified in Section 5-1 of this Chapter. 

5.11.2 Knit fabric specimens shall be pulled to original dimensions, 
released, and shall be allowed to relax for 1 minute prior to measure- 
ment. 

5.11.3 Specimens shall then be measured to determine pass/fail. 

5-12 Water Absorption Test. 

5.12.1 Specimens shall be tested before and after being subjected to 
the procedure specified in Section 5-1 of this chapter. 

5-12.2 Specimens'shall be tested with the outer surface of the 
composite face upas  oriented in the proximity protectivegarment in 
accordance with Method 5504, Water Resistance of CoatedCloth; 
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Method, of Federal Test Method Standard 191A, 
xule Test Methods. 

5-15 Flex at Low Temperature. 

5-13.1 The test samples shail be 5 specimens, 1 x 4 inches (2.5 x 10.2 
cm) with the long dimension in the warp or wale direction and shall 
be from the fabric lot utilized in the construction of the garment. 

5-15.2 All samples shall be preconditioned in accordance with 
Section 4, Atmospheric Conditions for Testing, of Federal Test 
Method Standard191A, Textile Test Methods, at a relative humidity 
of 65 percent ±5 percent. Specimens shall begin conditioning not 
more then 5 minutes after removal from preconditioning. 

5-15.$ The test samples and jig as shown in Figure 5-15.5 shall be 
conditioned for 4.hours at a temperature of-25°F (-51.7°C). 

(SEE FIGURE 5-15.3 BELOW) 

5-13.4 At the end of the conditioning period, with the jig and the test 
specimens still in the test atmosphere, the sample shall be placed in 
the open jig with the rod in the center of the fabric. The face of the 
fabric shailbe positioned away from ~ e  rod. Thej ig  shall be closed 
in less than 5 seconds so that the specimen is bent  face out around 
the rod until the back of the speomen touches itself. The tested 
fabric shall be examined without magnification. 

5-13.5 Failure of any one specimen shall constitute failure of sample 
unit of production. 

i 

5-14 Resistance to High Temperature Blocking. 

5-14.1 All samples shall be preconditioned in accordance with 
Section 4, Atmospheric Conditions for Testing, of Federal Test 
Method Standard191A, Textile Test Methods, at a relative humidity 
of 65 percent ~ percent. 

5-14.2 Blocking test procedure shall be as stated in Method 5872, 
Temperature, High, Effect on Cloth Blocking, of Federai Test 
Method Standard191A, Texdle Test Methods. 

5-14.5 The test specimen shail be examined to determine pass/fail. 
Failure to any one specimen shall constitute failure of the unit  of 
product. 

5-15 Water Penetration Resistance. 

5-15.1 Specimens shall be tested both before and after being 
subjected to the procedure specified in Section 5-1 of this Chapter. 

5-15.2 Specimens shall be tested at 25psi (1.76 kg/cm 2) in 
accordance with Method 5512, Water Resistance of Coated Cloth; 
High Range, Hydrostatic Pressure Method, of Federal Test Method 
Standard 191A, Textile Test Methods. 

Figure 5-15.3 

I PLATe-A 
,, t ~ ( ~  ~ | PLATE'B I 

SCREW NO. 10-32 
1 / 8 "  7 . 
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HINGE PINS. STEEL ROD. 
SMOOTH MACHINE FINISH ALL OVER. 
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F 

2 REQD. 

JIG A S S E M B L Y - - R E S I S T A N C E  .TO LOW TEMPERATURE TEST 
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5-15.$ The specimen shall be examined to determine pass/fail. 

5-15.4 Specimens shall be tested at I psi (0.07 kg/cm 2) for 5 minutes. 
when tested in accordance with Method 5516, Water Resistance of 
Cloth; Water Permeability; Hydrostatic Pressure Method, of Federal 
Test Method Standard 191A, Textile Test Methods. 

5-15.5 The specimen shall be examined to determine pass/fail. 

5-16 Thread Heat ResisLance. 

5-16.1 Specimens shall be tested to a temperature of 500°F (260°C) 
in accordance with Method 1534, Melting Point of Synthetic Fibers, 
of Federal Test Method Standard 191A, Textile Test Methods. 

5-16.2 Specimens shall be examined to determine pass/fail. 

5-17 Corrosion Resistance. 

5-17.1 Specimens shall be tested in accordance with ASTM B 117, 
StandardMethod of Salt Spray (Fog) Testing. Salt spray shall be 5 
percent saline solution andtest exposure shall be for 2Ohr. 

5-17.2 Immediately following the test exposure and prior to 
examination, specimens shall be rinsed under warm, running tap 
water and driedwith compressed air. 

5-17.$ Specimens shall then be examined visually with the unaided 
eye to determine pass/fall. 

Chapter 6 Referenced Publications 

6-1 The following documents or portions thereof are referenced 
within this standard and shall be considered part of the requirements 
of this document. The edition indicated for each reference is the 
current edition as of the date of the NFPA issuance of this document. 

6-1.1" NFPA Publicatlons. 

NFPA 1500, Standard on Fire Department Occupational Safety. and Health 
Program, 1992 edition. 

NFPA 1971, Standard on Protective Clothing for Structural Fire Figh ring, 
1991 edition. 

6-1.2" AATCC Publications. 

AATCC 135, Dimensional Changes in Automatic Home Laundering 
of Woven and Knit Fabrics, 1989. 

6-1.3" AS'I':M Publications. 

ASTM B 117, Standard Method of Sah Spray (Fog) Testing, 1985 

ASTM D 1683, Standard Test Method for Failure in Sewn Se.~ms of 
Woven Fabrics, 1990. 

ASTM D 4108, Standard Method of Thermai Protective Perfor- 
mance of Materials for Clothing by Open-Flame Method, 1987 

6-1.4" GSA Publications. 

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

Federal Specification FED-V-F-106F, Fasteners~ Interlocking, Slide; 
23June 1987. 

Federal Specification CCC,-C,-419, Cloth, Duck, Unbleached, Plied- 
yams, Army and Numbered, 15 December 1989. 

Federal Specification QQ-S-766, Steel Plate, Sheet, and Strip- 
CorrOsion Resisting, 15 December 1966. 

6-1.5" U.S. Navy Publications. 

MS 27980E, Fastener, Snap, 30 November 1984 

MIL-F-21840G, Fastener Tapes, Hook and Pile, Synthetic, 16 
December 1987. 

Appendix A 

This Appendix is not part of the requirements of this NFPA document, but is 
indued for information purposes only. 

A-l-l.1 Research and testing that was available to the Committee was 
insufficient for development of specific proximity protection 
requirements for footwear and gloves at this time. Until further data 
is produced and test criteria developed and validated so that specific 
proximity protective requirements can be incorporated for footwear 
and gloves, it is recomnfended that purchasers donsider referencing 
in written purchase specifications as a minimum the appropriate 
NFPA standard for ttie respective item (NFPA 1973 foi'glo~,es and 
NFPA 1974 for footwear) and additional radiant reflective criteria 
that is considered suitable for the expected exposures where the item 
will be used. 

Also, sufficient research and testing data was not available for 
development, ofs p ecific proximity, protection, re q uirements for head 
protecuon and for self-contained breathing apparatus (SCBA) 
protection. 

It is recommended thatpurchasers include, in written purchase 
specifications for proximity head protection, sufficient head 
protection requirements, as are. considered suitable for the expected 
exposures where the 1tern wall be used. 

PurChasers should also consider including, in writtenpurchase 
specifications, proximity protection criteria for the SCBA. This might 
be accomplished by designing proximity protective coats that can be 
worn over the SCBA whiIe still providing means for access to SCBA 
operating knobs, switches, and valves; or providing a radiant heat 
covering for'the SCBA. 

See also A-2-4.1. 

A-l-l.3 Trim is specifically excluded from proximity protective 
garments as described in this standard. The use of ram on proximity 
protective clothing can substantially reduce or eliminate the ability of 
the garment to reflect radiant heat. Trim acts as a heat sinc which 
accelerates heat transfer through the garment and increases the risk 
of burn injury to the fire fighter. Some of the materials that act as a 
heat sinc are: trim, leather or other non-radiant reflective reinforce- 
ments, lettering, patches, name or number stencils, emblems, paint, 
or other marking mediums. 

A-I-l.4 Organizations responsible for specialized functions including 
wildland fire fighting and hazardous materials response should use 
protective clothing and equipment specifically designed for those 
activities. 

.4,-1-1.5 This standard is not designed to be utilized as a purchase 
specification. It isprepared as far as practical in terms of required 
performance, avoiding restrictive design of garments. Purchasers 
should specify departmental requirements for closures, pockets, etc. 
Tests specified in this standard should not be deemed as defining or 
establishing performance levels for protection from all proximity fire 
fighting environments. 

A-I-2.1 "Primarily responsible for" refers to the principal responsibil- 
ity in a given j'urisdiction. This encom..passes fire fi~gJ.hting situations 
that are most probable to occur wathm the responding area of the 
responsible., agency.. Proximity.fire fi htin. g.situations include, but are 
not hmlted to, the hazards assooate~wlth mrcraft fire fighting, bulk 
flammable gas and bulk flammable liquid fire fighting, and similar 
situations involving high levels of radiant heat. 

NFPA 1500, Standard on Fire Department Occupational Safety and Health 
Program, requires protective clothing to be appropriate for the 
intended, applicanon. . It is not the intention of this standard to 
provade a protecuve garment to be used by fire fighters who are 
primarily responsible for structural fire fighting. Users who are 
primarily responsible for structural fire fighting should use protective 
clothing meeting all of the requirements of NFPA 1971, Standard on 
Protective ClothingforStructuralFireFighting. When using protective 
garments meeting the requirements of this standard for structural 
fire fighting, it must be realized that the lack of trim can reduce the 
ability to see or visually locate fire fighters. 

A-I-$ Approved. The National Fire Protection Association does not 
approve, respect or certify any installation, procedures, equipment, or 
materials nor does it approve or evaluate testing laborato/iei. In 
determining the accef/tability of installations o f  procedures, 
equipment or materials, the authority having jurisdiction may base 
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acceptance on compliance with NFPA or other appropriate stan- 
dards. In the absence of such standards, said authority may require 
evidence of proper  installation, procedure or use. The authority 
havingjurisdicuon may also refer to the listings or labeling practices 
of an . . . .  organization concerned with p!roduct evaluadons, which is in a 
posmon to determine comphance w~th appropriate standards for the 
current producdon of listed items. 

A-l-3 Authority Having Jurisdiction. The phrase "Authority haying 
~urisdiction" is used in NFPA documents in a broad manner  since 
jurisdictions and quote "approval" agencies vary as do their responsi- 
bilities. Where public safety is primary, the "authority having 
jurisdiction" may be a federal, state, local, or other regional depart- 
ment  or individual such as a fire chief, fire marshall, chief of a fire 
prevention bureau, labor department, health department, building 
official, electrical inspector, or others having statutory authority. For 
insurance purposes, an insurance inspection department, rating 
bureau, or other insurance company representative may be the 
"authority having jurisdiction." In many circumstances thepro~erty 

• owner or his deslgnated agent assumes the role of the "authority 
having jurisdiction"; at government installation, the commanding 
officer or departmental officer may be "the authority having 
jurisdiction". 

A-I-$ Listed. The means for identifying listed equipment may vary for 
each organization concerned with product evaluauon, some of which 
do not recognize equipment as listed unless it is also labeled. The 
"authority having jurisdiction" should utilize the system employed by 
the listing orgamzation to identify a listed product. 

A-I-$ Moisture Barrier. The term %apor barrier" that was utilized in 
pad  editions of NFPA 1971 was changed to "moisture barrier" in the 
1986 Edition to represent more accurately the test methods 5512 and 
5516 of Federal Standard Test Method 191A. Purchasers wishing to 
specify additional requirements for vapor resistance should contact 
fabric suppliers for assistance with establishing specifications. 
Moisture barriers might not  prevent the passage of chemical, 
biological, or radiological agents through the garment; such incidents 
should be handled with appropriate chemical protective clothing and 
procedures. 

A-2-2.1 The certification organization should have sufficient breadth 
of interest and activity so that the loss or award of a specific business 
contract would not be a determining factor in the financial well-being 
of the agency. 

A-2-2.3 The contractualprovisions covering certification programs 
should contain clauses advising the manufacturer that if reqmre- 
ments change, the product should be brought  into compliance with 
the new requirements by a stated effective date through a compliance 
review program involving all current Listed products. 

Without these clauses, certifiers would not be able to move quickly 
to protect their name, marks, or reputation. A product safety 
certification program would be deficient wi _thout these contractual 

• provisions and an' administrative means to back them up. 

A-2-2.4 Investigative procedures are important elements of an 
effective and meaningful product safety certification program. A 
preliminary review should be carried out on products submitted by 
the agency before any major testing is undertaken. 

A-2-2.7 Such factory inspections should include, in most instances, 
wimessing of production tests. With certain products the certification 
organizauon inspectors should select samples from the production 
line and submit them to the main laboratory for countercheck , 
testing. With other products, it may be desirable to purchase samples 
in the open market for test purposes. 

A-2-5.1 See A-3-1.10 for protective ensemble information. 

It is recommended that purchasers consider referencing in written 
purchase specifications as a minimum the appropriate NFPA 
standard for the respective item (NFPA 1973 for gloves and NFPA 
1974 for footwear) and additional radiant reflective criteria that is 
considered suitable for the expected exposures where the item will be 
used. 

Some proximity head protection utilizes a hard hat within the hood 
for impact head protection. Users are cautioned that hard hats may 
not provide adequate head protection for all situations where 
proximity protective clothing is needed. 

NFPA 1500, Standard on Fire Department Occupational Safety and Health 
Program, requires that helmets meeting the requirements of NFPA 
1972, Standard on Helmets for Structural Fire Fighting, be worn while 
engaged in structural fire fighting operations. The use of self- 
contained breathing apparatus (SCBA) is required by NFPA 1500 
whenever fire fighters are exposed or may be exposed to the products 
of combustion, ox'y~en deficient, or toxic atmospheres. Since this 
would cover most if not all proximity fire fi~hting situations, SCBA 

• will be used with proximity protective clothing. 

There are no specific proximity protection requirements'for SCBA 
in this document. Persons wearing SCBA in conjunction with 
proximity protective clothing are cautioned to use EXTREME CARE. 
An SCBA worn over Or outside of theproxlmlt), garments will be 
exposed to the high radiant levels of the simataon and failure of the 
SCBA is possible. Users should consider the purchase of proximity 
protective coats that are designed to be worn over the SCBA, or 

~ rovide a protective covering for radiant heat protection of the 
CBA. See alsoA-l. l . l .  

Purchasers might wish to include a requirement in purchase 
specifications for an additional label containing certain information 
such as date of manufacture, manufacture's names, garment 
identificatidn number, etc., to be located in a protected location in 
the garment to reduce the chance of label degradation and as a 
backup source of information to aid garment tracking or an 
invesugation. 

A-2-6 Some components of these garments are inherently flame 
resistant but lose their physical integrity on exposure to chlorine 
bleach. Other components will actually lose their flame resistant 
properties and thermal insulation on exposure to chlorine ~ bleach. In 
either case, the protection provided by the garment will be compro- 
mised. 

Clean protective 'clothing reduces health and safety risks; it is 
recommended that clothing be cleaned frequently to reduce the level 
of and bodily contact with contaminates. User agencies should 
establish guidelines for frequency and situations for g .a.~'ment 
cleaning. For gross contamination with products of combustion, fire 
debris or body fluids removal of contaminants by flushing water as 
soon as practical is necessary, followed by appropriate cleaning. 

Decontamination may not b'e possible when protective clothing is 
contaminated with chemical, radiological, or biological agents. W h e n  
decontamination is not possible garments should be discarded in 
accordance with local, state, and federal regulations. 

There are industrial cleaning produc~ and facilities available for 
protective clothing that the user may wish to investigate. Contact 
your protective clothing manufacturer for additional information. 
Where not explicidy outlined by the manufacturer, the following 
procedures are recomme.nded for cleaning protective clothing. 

Cleaning of Outer Shells - The outer shells of this ensemble contain 
a highly reflective surface, in order that it may reflect high levels of 
radiant heat. It is extremely important to keep this surface clean so 
that it may perform at peak efficiency. 

I 
One common reflective surface is an aluminized film lanlinated to a 

base fabric. This material cannot be machine washed without losing 
reflective qualities of the garment. Cleaning of this type of garment 
can be accomplished in the following manner: 

1. Clean by gently rubbing surface with a cloth or sponge using mild 
soap, 1.1.1 trichlorethylene, or isopropanol. 

2. Rinse the garment with clear water to assure that all cleaning 
compounds have been removed from the garment. ,.. 

J 

3. Dry the garment by hanging it in a shaded area that receives . 
good cross ventilation or hang the garment on a line and ltse a fan to 
circulate the air. I 

4. Do not store garment until it has been completely dried. 
i 

When cleaning with 1.1.1 trichlorethylene or isoprop.anol, ensure 
that work is performed in an area with adequate ventilation and that 
proper gloves and eye protection are utilized. . , 

Cleaning compounds that contain ammonia should not  be used at 
any time,-sihce the ammonia will react with the aluminum surface 
and diminish'its reflectivity. 
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Aluminized surfaces can be damaged by contact with the dry powder 
fire extinguishing agent potassiumbicarbonate powder (PKP). 
Before storing a garment with PKP residue present, the following is 
recommended: 

1. Dry powder shbuld be removed with dry brush or vacuum. 

2. Wet powder should be removed by thoroughly flushing with 
water and wiping surface down with a clean soft cloth. 

3. Damp or wet garments should be hung to dry in a shaded 
area that receives a good cross ventilation or should be hung on a 
line and use a fan to circulate the air. 

4. Do not store garment until it has been completely dried. 

Cleaning of Liners Liners may be washed in an automatic 
washing machine. Protective clothing should be washed separately 
from other garments. Snaps and other metal fasteners may damage 
the tub of the washer so the liner should be placed in a large laundry 
bag that can be fled shut to avoid damage to the wash tub. A stainless 
steel tub should be used if available. 

These instructions can be used for cleaning any of the following 
wash loads in a large capacity (16 gallon) top loading or front loading 
machine. 

(a) one protective coat liner and one protective trouser liner 
(b) two protective coat liners 
(c) two protective trouser liners 

1. While the washing machine is filling with hot water [tempera- 
ture between 190°F (5~,.5 ° C) and 130°F (49 ° C)], add 1/2 cup (118.3 
ml) of licluid oxygenated bleach (do not use chlorine bleach) and 1 
cup (237.6 ml) of liquid detergent. These products are readily 
available in supermarkets around the country. 

2. Fill the washing machine to the highest water level. 

3. Add garments to be washed. 

4. Set washing m/lchine for normal cycle, cotton/white, or similar 
setting. 

5. Machine should be programmed for double rinse. If the 
machine will not  automatically double rinse, a complete second cycle 
can be run without adding detergent or oxygenatedbleach. Double 
rinsing helps remove any residual dirt and ensures detergent 
removal. 

6. Remove garments from washing machine and hang to dry in a 
shaded area that receives a good cross ventilation or hang the 
garment on a line and use a fan to circulate the air. Awater extractor 
may he utilized. 

Purchaser should maintain protective clothing only in accordance 
with manufacturer's instructions. Maintenance should include 
regular, ins p ection,, proper, reap air, and retirement when appro p riate . 
Protecuve clothing that is reured should be destroyed. 

A-3-1 Purchasers of protective clothing should realize that fire 
fighters must wear many items of protective clothing and equipment. 
Any interference by one item of another 's  use might resultin 
inefficient operation or unsafe situations. Chest, girth, sleeve length, 
and coat length should be required for protective coats; waist girth, 
inseam length, and crotch rise should be recjuired for protective 
trousers; chest girth, sleeve length, waist girm, outseam length from 
underarm to pant cuff, and trunk length from base of neck to crotch 
fold should be required for protective coveralls. Since 
manufacturer's patterns vary to assure proper fit, measurement for 
sizing should be done by manufacturer's representative or a person 
familiar with sizing in accordance with manufacturer's instructions. 

A-3-1.1 SeeA-3-1.10 for ensemble information. 

A-3-1.2 Purchasers might wish to specify additional reinforcement or 
padding in high-wear or load-bearing areas, such as pockets, cuffs, 
knees, elbows, and shoulders. Padding could include additional 
thermal barrier material meeting requirements as specified herein. 
Reinforcement material could include outer shell material or other 
material that meets the outer shell requirements. Purchasers are 
cautioned that additional weight caused by excessive reinforcement 
or padding could lead to fatigue or result in injury. 

A-3-1.3 See A-I-I.3 

A-3-1.4 Fastener system should be specified by thepurchaser.  
Fastener system methods can include (but are not limited to) 
stitching the thermal barrier and moisture barrier into the coat at the 
neck, or into the trouser at the waist area, with snap or hook and pile 
fasteners securing the remainder; entirely stitching the thermal 
barrier and moisture barrier to the outer shell; entirely securing the 
the .r.mal barrier and moisture barrier to a component  p.art of the 
outer shell with snaapr,fasteners, or fastener, tap e; or zip p. m g the 
thermal barrier and moisture b a m e r  to the outer shell  

A-3-1.7 Purchasers should consider including in purchase specifica- 
tions requirements for hook and pile fastener service life for dry and 
wet operation and thermal stability including shrinkage, melt, char, 
and drip requirements when tested in accordance with 5-2.2 and 
Section 5-3of the text of this standard. 

,4,-3-1.10 Protective ensemble consisting of both protective coat and 
" protective trouser is required to be utilized for both proximity and 

structurM fire fighting in order to assure better protection for the fire 
fighter's torso and limbs by NFPA 1500, Standard on Fire Department 
OccupationalSafety and Health Program. An overlap of no less them 2 
in. (203.2 ram) of all layers of the proximityprotective coat and of 
the proximity protective trouser is also required-~ by NFPA 1500 so 
there is no gaping of the total thermal protection when the protective 
garments, are worn. The minimum overLa~ is determined, by 
measunng the garments on the wearer, vathout SCBA, wath the 
wearer in the most stretched position, hands together reaching 
overhead as high as possible. 

.4,-3-1.11 Purchasers should specify pocket placement to allow for 
access to the pockets while wearingSCBA. Specifying ballooned 
pockets will increase capacity, but could interfere with maneuverabil- 
tty. Divided pockets could be desired, as well as pockets for specific 
items, such as SCBA facepieces and radios. 

A-3-2.1 A protective ensemble consistin]g of both protective coat and 
protective trousers is required to he utihzed for both proximity and 
structural fire fighting in order to assure better protection for the fire 
fighter's torso and limbs by NFPA 1500, Standard on Fire Department 
Safety and Health Progra~ An overlap of coat and trousers is also 
required. See A-3-1.10 for further details. 

.4.-3-2.3 Purchasers should consider specifying wristlets with a thumb 
hole or barrack creating a thumb hole for wearer's thumb in order to 
assure protection when arms are in raised position. 

A-3-3.1 A protective ensemble consistin~ of both protective coat and 
protective trousers is required to be utihzed for both proximity and 
structural fire fighting in order to assure better protection for the fire 
fighter's torso and limbs by NFPA 1500, Standard on Fire Department 
Safety and Health Progran~ An overlap of coat and trousers is also 
required. See A-3-1.10 for further details. Purchasers might wish to 
specify for the proximity protective trouser an anklet that is part of 
the outer shell. The anldet is set in similar to a wristlet of a coat and 
will come down over the boot. The anklet could be manufactured 
from the moisture barrier material and be elasticized at the bottom. 

A-5 Proper laboratory procedures should be followed when 
performmg any flammability or oven testing. The tests should be 
performedin a hooded or vented area to carry away combustion 
products, smoke and fumes, f la i r  currents disturb the flames, shield 
the apparatus or turn off the hood while running the test; turn the 
hood on to clear fumes. Exercise care in handling burners with open 
flames. Maintain adequate separation between flame and combus- 
tible materials. Protective gloves should he used when handling hot 
objects. When performing radiant heat tests protective goggles 
should be worn. 

A-5-S The requirements in Sections 5-2, 5-3, 5-4, and 5-5 are not 
intended to establish the limiting working environment for fire 
ng~fi hting but are for establishing material-performance req~uirements 
However, fire fighters should understand that when they feel a 
continual increase of heat, the protective garments may be nearing 
their maximum capacity and injury may be imminent. 

A-5-3 See A-5-2. 

A-5-3.4 Radiant heat source, specimen, and sensor are mounted 
vertically to allow convective heat to escape from the test apparatus. 
If tested in a horizontal position, convective heat significantly effects 
the test results. 
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A-5-S.6 An example of a protective shutter that can completely reflect 
radiant heat would be a chrome plated aluminum shutter. 

A-5-3.10 The graphical data described in paragraph 5-3.10 can be 
digitized for computer analysis applications. 

A-5-4 See A-5-2. 

A-5-5 See A-5-2. 

A-6-1.1 NFPA publications can be obtained from National Fire 
Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
Ma. 02269-9101 

A-6-1.2 ASTM publications can be obtained fi'om Amedcan Society for 
Testing Matedah (ASTM), 1916 Race Street, Philadelphia, PA 19103. 

A-6-1.3 GSA publications can be obtained from General Services 
Administration, Specifications Activity; Printed Materials Supply 
Division; Building 197, Naval Weapons Plant, Washington, DC 20407. 
Single copies are generally available without charge at the General 
Services Administration Business Centers in dties throughout the U.S. 

A-6-1.4 Navy publications can be obtained from Navy Publications 
and FormsCenter, 5801 Tabor Avenue, Philadelphia, PA 19120. 

Appendix B 

B-1 The following'documents or portions thereof are referenced 
within Appendix A for informational purposes only and thus are not 

• considered part of the requirements of this document. The edition 
indicated for each reference is the current edition as of the date of 
the NFPA issuance of this document. 
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B-1.1 NFPA Publications. National Fire Protection Association, 1 
Batterymarch Park, P.O. Box 9101. Quincy, Ma 02269-9101. 

NFPA 1500, Standard on Fire Department Occupational Safety and Health 
Program, 1992 edition: 

NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting, 
1991 edition. 

NFPA 1972, Standard on Helmas for Structural Fire Fighting, 1992 
edition. 

NFPA 1973, Standard on Gloves for Stmctural Fire Fighting, 1988 
Edition. 

NFPA 1974, Standard on Protective Footwear for Stru aural Fire Fighting, 
1992 edition. 

]3-1.2 Other Publications. 

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

• ASTM publications can be obtained from American Society for 
Testing Materials (ASTM), 1916 Race Street, Philadelphia,,Pa 19103 

The Federal Test Method Standard can be obtained from General 
Service Administration, Specifications Activity; Printed Material 
Supply Division; Building 197, Naval Weapons Plant, Washington, DC 
20407. Single copies are generally available without charge at the 
'General Service Administration Business Centers in cities throughout 
the U.S. 
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PART IV 

(Log # 1) 
1981- 1 - (Entire Standard): Accept in Principle 
SUBMITrER: Robert W. Tyree, International Safety.Instruments, 
Inc. 
RECOMMENDATION: Paragraph 2 reads: 

"This document is being completel), revised.., and to add a series of 
seven performance tests that are designed to simulate.various . , 
emaronmental condmons that fire fighters' self-contmned breathing 
apparatus may be exposed to during-use and storage." 
SUBSTANTIATION: In my opinion, the tests as designed do not 
simulate environmental conditions that fire fighters might actually 
encounter. There is no substantial reason for the soak time of the 
temperature excursion tests to be so long, nor are the continuous 
three-hour vibration tests representative. In addition, flame and heat 
resistance tests will be made on selected components of the S.C.B.A. 
In my opinion, all components of the S.C.B.A. should be subjected to 
the same flame and heat resistance tests. At no time will different 
components he exposed to different flame or temperature condi- 
tions. 
COMMITTEE ACTION: Accept in Principle. 
COMMITTEE STATEMENT: See new Heat and Flame test in 
Sections 3-11 and 4-11 of this TCR. 

SUBSTANTIATION: Either all components on the S.C.B.A. which 
will be subjected to a high temperature flame should be tested in the 
same manner, or the harness material on the S.C.B.A. should only be 
tested to the maximum temperature that the remainder of the 
S.C.BA. is subjected to (in this case as I read the specification, plus 
160°F is the maximum temperature to which the S.C.B.A. facemask, 
regulators, breathing hoses, etc. are subjected.) 
COMMITTEE ACTION: Accept in Principle. 
COMMITTEE STATEMENT: See new Heat and Flame test in 
Sections 3.11 and 4-11 of this TCIL 

(Log # 2B) 
1981- 6 - (4-4): Accept in Principle 
SUBIVUTI/dR:. Manfred Rot.mann, Toronto, Canada 
RECOMMENDATION: Delete "Flame Resistance Performance and 
Test." Test not relevant to SCBA primary functions. 
SUBSTANTIATION: There is no purpose indicated for the test nor 
background on what is to be tested. Presumably, the harness material 
might be the tested objects. However, whether a fabric does or does 
not pass is not the question. The question is whether the harness has 
sufficient strength after exposure. This requires a separate test. 
COMMrrrEE ACTION: Accept in Principle. 
COMMrrrE£ STATEMENT: See new Heat and Flame test in 
Sections 3.11 and 4-11 of this TCR. 

(Log # 2A) 
1981- 2 - (3.5): Accept in Principle 
SUBMrr:FER: Manfred Rotmann, Toronto, Canada 
RECOMMENDATION: Delete "Flame Resistance Performance and 
Test." Test not relevant to SCBA primary functions. 
SUBSTANTIATION: There is no purpose indicated for the test nor 
background on what is to be tested. Presumably, the harness material 
might be the tested objects.. However, whether a fabric does or does 
not pass is not the question. The question is whether the harness has 
sufficient strength after exposure. This requires a separate test. 
COMMITFEEACTION: Accept in Principle. 
COMMrFFEE STATEMENT: See new Heat and Flame test in 
Sections 3-11 and 4-11 of this TCR. 

(Log # 3) 
1981- 3 - (8-6): Accept in Principle 
SUBMITFER: Manfred Rotmann, Toronto, Canada 
RECOMMENDATION: Delete "Heat Resistance Performance." Test 
not relevant to SCBA primary functions. 
SUBSTANTIATION: There is no purpose nor background on test 
application as for 3.5 and 4-4. 

If it is the intention to engure harness performance in case of heat 
or flame exposure it is necessary to go further than just the material 
test. It is necessary to have a functional test for the harness. 
COMMITrEE ACTION: Accept in Principle. 
COMMrFFEE STATEMENT: See new Heat and Flame test in 
Sections 3.11 and 4-11 of this TCIL 

(Log # 4) 
1981- 4 - (3.7): Accept in Principle 
S U B ~  Manfred Rotma.nn, Toronto, Canada 
RECOMMENDATION: Delete "Thread Heat Resistance Perfor- 
mance." Test not relevant to SCBA primary function. 
SUBSTANTIATION: There is no purpose nor background given for 
this test. Even if the thread passes the test it does not ensure passing 
of the main requirement assumed to be harness integrity aftei" flam(." 
exposure. 
COMMITTEE ACTION: Accept in Principle. 
COMMITTEE STATEMENT: See new Heat and Flame test in 
Sections 3.11 and 4-11 of this TCR. 

• " (Log # 5) 
1981- 5 - (4-4): Accept in Principle 
SUBMITrER: Robert W. Tyree, International Safety Instruments, 
Inc. 
RECOMMENDATION: General question: Why is only the harness 
material on the S.C.B.A. subjected to the high temperature flame 
resistance tests? 

(Log # 6) 
1981~ 7- (4-5): Accept in Principle 
SUBMrrrER: RobertW. Tyree, International Safety Instruments, 
Inc. 
RECOMMENDATION: General question: Why is only the harness 
material on the S.C.B.A. subjected to the high temperature flame 
resistance tests? 
SUBSTANTIATION: Either all components on the S.C.B.A. which 
will be silbjected to a high temperature flame should be tested in the 
same manner, or the harness material on the S.C.B.A. should only be 
tested to the maximum temperature that the remainder of the 
S.C.B.A. is subjected to (in this case as I read the specification, plus 
160°F is the maximum temperature to which the S.C.BA. facemask, 
regulators, breathing hoses, etc. are subjected.) 
COMMITTEE ACTION: Accept in Principle. 
COMMITTEE STATEMENT: See new Heat and Flame test in 
Sections 3-11 and 4-11 of this TC1L 

1981- 8 - (Entire Document): Accept 
SUBMITFER: Technical Committee on Fire Service Protective 
Clothing and Equipment 
RECOMMENDATION: Completely revise NFPA 1981, Standard on 
Open-Circuit Self-Contained Breathing Apparatus for Fire Fighting, 
1987 Edition. - - 
SUBSTANTIATION: This complete revision of the 1987 edition 
incorporates two major additions to the standard and 2 significant 
changes to existing test methods. 

In new Chapter 2( in the TCR text), the requirements of a third 
party testing and certification program appear. This program 
includes labeling, listing, and the certification test series criteria, as 
well as product labeling criteria. 

In new Sections 3.11 and 4-11 (in the TCR text), the ~:equirements 
of the heat and flame test appear. This new performance require- 
ment and test method exposes a functioning SCBA to an oven heat 
soak, and then exposes the entire SCBA to a high temperature flame 
ex.posure while the SCBA is being "breathed" at a 100 liters per 
minute rate. 
The facepiece lens abrasion test method in Section 4-9 (TCR text) 

was changed to make the method a more reproductible test. The 
commumcations test was also revised in Secuon 4-10 (TCR text) in an 
attempt to improve on the past test method. 

In general, editorial clean-up has occurred throughout the 
document. 
C O M M I T r ~  ACTION. Accept. 
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NFPA 1981 

Standard on 

• Open-Circuit Self-Contained 

Breathing Apparatus for Fire Fighters 

1992 Edition 

NOTICE: An asterisk (*) following the number  or letter designating 
a paragraph indicates explanatory material on that paragraph m 
Appendix A. ' 

Information on referenced publications can be fourfd in Chapter 5 
and Appendix B. 

Chapter 1 Adwlnistratlon 

1-1 Scope. 

1-1.1" This standard specifies minimum requirements for the design, 
performance, testing, and certification of open-circuit self-con'talned 
breathing apparatus (SCBA) used in fire fighting, rescue, and other 
hazardous duties. 

1-1.2 This standard does not apply to closed-circuit self-contained 
breathing apparatus. 

1-1.3 This standard is not intended to serve as a detailed manufactur- 
ing or'purchase specification, but can be referenced in purchase 
specifications as minimum acceptable requirements. 

1-2 Purpose. 

1-2.1" The purpose of this standard is to provide minimum performance 
requirements for open-circuit SCBA utilized by fire fighters. 

1-2.2" Controlled laboratory environmental and physical tests are 
used to determine compliance with the performance requirements of 
this standard. These tests shall not  be deemed as establishing SCBA 
performance levels for all situations to which fire fighting personnel 
may be exposed. 

1-2.3 Nothing herein is intended to restrict any jurisdiction from 
specifying or manufacturer from producing open-circuit SCBA that 
exceeds these minimum requirements. 

1-3 Def'mitions. 

Approved*. Acceptable to the "authority having jurisdiction." 

Authority Having Jurisdiction*. The "authbrity having jurisdiction" is 
the organization, office or individual responsible for "approving" 
equipment, an installation or a procedure. 

Breathing Air. See "Compressed Breathing Gas". 

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

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

• Char. The formation of a brittle residue when material is exposed to 
thermal energy. 

Closed-Circuit SCBA. A recirculation-type SCBA in which the 
exhaled gas is rebreathed by the wearer after the carbon dioxide has 
been removed from the exhalation gas and the oxygen content within 
the system has been restored from sources such as compressed 
breathing gas, chemical oxygen, and liquid oxygen, or compressed 
gaseous oxygen. 

Compliant. Meeting or exceeding all applicable requirements of this 
standard. 
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Compressed Breathing Gas.* Oxygen or a respirable gas mixture 
storedin a compressedstate and supplied to the user in gaseous 
form. 

Demand SCBA. See: "Negative Pressure SCBAf 

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

End-of-Servlce-Time Indicator. Awarnin~ device on an SCBA that 
warns the user that the end of the service ume of the SCBA is 
approaching. 

Fabric Component. Any single or combination of pliable, natural, or 
synthetic material(s) made byweaving, felting, forming, or knitting 

. that is used to secure the backplate assembly to the SCBA wearer 
including but not limited to shoulder, waist, and chest straps. 

Facepiece. The component  of an SCBA that covers as a minimum 
the wearer's nose, mouth, and eyes. 

Follow-Up Pro~rmn. The sampling, inspections, tests, or other 
measures conducted by the certification organization on a periodic 
basis to determine the continued compliance of listed products that 
are being produced by the manufacturer to the requirements of this 
standard. 

Gas. An aeriform fluid that is in a gaseous state at standard 
temperature and pressure. 

Haze. Light which is scattered as a result of passing through a 
transparent object. 

Identical SCBA. SCBA that are produced to the same engineering 
and manufacturing specifications. 

Labeled. Equipment or materials to which has been attached a label, 
symbol or other identifying mark of an organization acceptable to the - • 

-"authority having jurisdiction" and concerned with product evalua- 
tion, that maintains periodic inspection of production of labeled 
equipment or matenals and by whose labehng the manufacturer 
indicates comp!iance with appropriate standards or performance in a 
specified manner. 

Listed*. Equipment or materials included in a list published by an 
organization acceptable to the "authority having jurisdiction" and 
concerned with product evaluation, that maintains periodic 
inspection of production of listed equipment or materials and whose 
limng states either,that the equipment or material meets appropriate 
standards or has been tested andfound  suitable for use in a specified 
manner. 

Melt. To change from solid to liquid, or become consumed, by. 
action of heat. 

Negative Pressure SCBA. An SCBA in which the pressure inside the 
facepiece, in relation to the pressure surrounding the outside of the 
facepieve, is negative during any part of the inhalation or exhalation 
cycle when tested by NIOSH in accordance with 30 CFR 11, Subpart 
H. 

NIOSH/MSHA Certified. Tested and certified jointly by the 
National Institute for Occupational Safety and Health (NIOSH) of 
the U.S. Department of Health and Human Services and the Mine 
Safety and Health Administration (MSHA) of the U.S. Department of. 
Labor in accordance with the requirements of Title 30, Code.of 
Federal Regulations, Part 11, Subpart H (30 CFR 11). For the 
NIOSH/MSHA certification to remain in effect, the SCBA must be 
used and maintained in the approved condition. 

Open-Circuit SCBA. An SCBA in which exhalation is vefited to the 
atmosphere and not rebreathed. There are two types of open-circuit 
SCBA; negativepressure or demand type and the positive pressure or 
pressure demand  type. 

Plnk Noise. Noise which contains constant energy per  octave band. 

Positive Pressure SCBA. An SCBA in which the pressure inside the 
facepiece, in relation to the pressure surrounding the outside of the 
facepiece is positive during both inhalation and exhalation when 
tested by NIOSH in accordance with 30 CFR 11, Subpart H. 

Pressure Demand SCBA. See: "Positive Pressure SCBA". 
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Product Label. A label affixed to the SCBA by the manufacturer 
containing general information, warnings, care, maintenance, or 
similar data. This product la.bel is not a certification organization 
label or identifying mark. 

Rated Service Time. The period of time, stated on the SCBA's 
NIOSH/MSHA certification label, that the SCBA supplied air to the 
breathing machine when tested to 30 CFR 11. 

SCBA. See self-contained breathing apparatus. 

Selt-Conmlned Breathing Apparatus (SCBA). A respirator worn by 
the user that supplies a resptrable atmosphere that is either carriedin 
or 8[enerated by the apparatus and is independent  of the ambient 
environment. 

Service Time. See "Rated Service Time". 

Shall. Indicates a mandatory requirement. 

Should. This term, as used in Appendix A, indicates a recommenda- 
tion or that which is advised but not  required. 

1-4 Units. 

1-4.1 In this standard, values for measurement are followed by. an 
equivalent in parentheses, but only the first stated value shall be 
regarded as the requirement. Equivalent values in parentheses shall 
not, be considered as the requirement as these values might be 
approramate. 

Chapter 2 Certification 

2-1 General. 

2-1.1 Prior to certification of SCBA to the requirements of this 
standard, SCBA shall be NIOSH/MSHA certified. 

2-1.1.1 SCBA shall have NIOSH/MSHA certification as positive 
pressure. 

2-1.1.2" SCBA shall have a NIOSH/MSHA certified weight not 
exceeding 35 pounds. 

2-1.1.3" SCBA shall have a NIOSH/MSHA certified rate~ service 
time of at least 30 minutes. 

2-1.1.4 SCBA that is NIOSH/MSHA certified as positive pressure but 
capable of supplying air to the user in a negativepressure, demand- 
type mode shall NOT be certified to this standard.' 

2-1.2 SCBA that are labeled as being compliant with this standard 
shall meet or exceed all applicable requirements specified in this 
standard and shall be certified. This certification shall be to the 
program specified in Section 2-2 of this Chapter and shall be in 
add~tio T " n to, and shall not be construed to be the same as NIOSH/ 
MSHA certification as specifically defined in Section 1-3 of this 
standard. 

2-1.8 All certification shall be performed by an approved certification 
organization. 

2-1.4 Compliant SCBA shall be labeled and listed. Such SCBA shall 
also have a product label that meets the requirements specified in 
Section 2-4 of this Chapter. 

2-2 Certification Program. 

2-2.1' The certification organization shall not be owned or con- 
trolled b~, manufacturers or vendors of the product being certified. 
The certification organization shall be primarily engaged in 
certification work and shall not  have a monetary in(crest in the 
product's ultimate profitability. 

2-2.2 The certification organization shall refuse to certify products to 
this standard that do not  comply with all requirements of this 
standard. 

2-2.3* The contractual provisions between the certificatioh organiza- 
tion and the manufacturer shall specify that certification is contin- 
gent upon compliance with all applicable requirements of this 
standard. There shall be no conditional, temporary, or partial 
certifications. Manufacturers shall not be authorized to use any label 

or reference to the certification organization on products that are not 
manufactured in compliance with all applicable requirement~ of this 
standard. 

2-2.4* For certification, laboratory facilities and equipment for 
conducting proper tests shall be available, a program for ~alibration 
of all instruments shall be in place and operating, and procedures 
shall be in use to ensure proper control of all testing. Good practice 
shall be followed regarding the use of laboratory manuals, form data 
sheets, documentedcalibration and calibration routines, perfor- 
mance verification, proficiency testing, and staff qualification and 
training programs. 

2-2.5 Manufacturers shall be required to establish and maintain a 
program of productioninspection and testing. 

2-2.6 The manufacturers and the certification organization shall 
evaluate any changes affecting the form, fit, or function of the 
certified product to determine its continued certification to this 
standard. 

2-2.7* Product certifications shall include a follow-up inspection 
program, with at least two random and unannounced visits per 12- 
month period. 

2-2.8 The certification organization shall have a program for 
investigating field reports alleging malperformance or failure of listed 
products. 

2-2.9 The operating procedures of the certification organization shall 
provide a mechanism for the manufacturer to appeal decisiohs. The I 
procedures shall include the presentation of information from both 
sides of a controversy to a designated appeals panel. 

2-2.10 The certification organization shall be in aposition to use 
legal means to protect, the integrity of its name andlabel.  The name 
and label shall be registered and legally defended. 

2-3 Inspection and Testing. 

2-3.1 Four identical SCBA selected from the manufacturer's 
production SCBA and that are to be certified to this standard shall be 
subjected to the tests specified in Categories A, B, C, and D of Table 
2-3.1, Wrest Series." The first SCBA shall be subjected tO the tests 
listed in Category A, the second SCBA shall be subjected to the tests 
listed in Category B, the third SCBA shall be subjected to the tests 
listed in Category C, and the fourth SCBA shall be subjected to the 
tests listed in Category D as shown in Table 2-3.1. SCBA components 
shall be subjected to the tests specified in Category.E of Table 2-3.1. 

(SEE TABLE 2-3.1 NEXT PAGE) 

2-3.2 SCBA shall be initially tested and shall meet the performance 
requirements of three separate test series of Category A, B, C, and D 
as specified in Table 2-3.L -All tests within Categories A, B, C, and D 
shall be conducted in the order specified and are designed as - 
cumulative damage tests. 

SCBA components shall be initially tested and shall meet the 
performance requirements of one test series of Category E as 
specified in Table 2-3.1. SCBA. component  testing in Category E shall 
be conducted on test specimens as specified in each respective test 
method. 

2-3.3 After certification, compliant SCBA shall be tested annually 
within twelve months from previous tests and shall meet the 
performance requirements of one test series of Categories A, B, C, D,' 
and E as specified in Table 2-3.1 of this Section. This requirement 
shall be waived every fifth year when the testing required by 2-3.3.1 of 
this Section is conducted. 

2-3.3.1 Compliant SCBA shall be tested and shall meet the perfor- 
mance requirements of three separate test series of Categones A, B, 
C, and D as specified in Table 2-3.1 of this Section every fifth year 
from the date of the initial certification testing specified in 2-3.2 of 
this Section. 

SCBA components shall be tested and shall meet the performance 
requirements of one test series of Catego...ry E as. specified, in. Table 2- 
3.1 every fifthyear from the date of mmal certificauon tesung 
specified in 2-3.2 of this Section. 

2-3.4 No adjustment, repair, or replacement of parts is permitted to 
any SCBA being tested in accordance with this standard. Breathing- 
gas containers s~all be permitted to be filled as required. 
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Table 2-3.1 Test Series 

Test 
Order 

. 

. 

. 

Category A 
(SCBA #1) 

Air Flow 
Section 3-1 

Communication 
Section 3-10 

Environmental. 
Temperature 
Section 3-4 

4. Particulate 
Section 3-8 

'Category B 
(SCBA #2) 

Air Flow 
Section 3-1 

Accelerated 
Corrosion 
Section 3-7 

Category C - Categonj D 
(SCBA #3) (SCBA #4) 

l 

Air Flow Air Flow 
Section 3-1 Section 3-1 

Category E 
(Component 

Tests). 

Fabric Flame 
Section 3-4 

Vibration Heat and Flame Fabric Heat 
Section 3-3 Section 3-11 Section 3-5 

Thread Heat 
Section 3-6 

Lens Abrasion 
Section 3-9 

2-3.5 Inspection and testing for determining compliance with the 
requirements of this standard shall be performed on a complete 
SCBA, unless otherwise specified within this standard. 

2-3.6 After completion of these tests for a specific model SCBA or its 
variant, only those tests on 'other  similar SCBA/hotels or variants 
shall be required where, in the determination of the certification 
organization, the SCBA's test results can be affected byany compo- 
nents that are different from those on the original SCBA tested. 

2-3.7 An), modifications made by the manufacturer to an SCBA after 
certificauon shall require the retesting and meeting of the perfor- 
mance requirements of all those individual tests that the certification 
organization determines may be affected by such changes. This 
retesting shall be conducted before certifying the modified SCBA as 
being compliant with this standard. 

2-4 Product Labeling. 

2-4.1 In addition to the NIOSH/MSHA certification label and the 
certification organizations label, each SCBA shall have a product label 
permanently and conspicuously atLached upon which at least the 
following information and warning are printed in at least 1/16 in. 
"(1.5 mm) high letters. 

(a) The following statement: 

q'HIS SCBA MEETS THE REQUIREMENTS OF NFPA 1981, 
STANDARD ON OPEN-CIRCUIT SELF-CONTAINED BREATH- 
ING APPARATUS FOR FIRE FIGHTERS, 1992 EDITION." 

(b) The following warning: 

"WARNING 

FOR RESPIRATORYPROTECTION, SCBA MUST BE WORN AND 
USED AS SPECIFIED IN MANUFACTURERS INSTRUCTIONS. 
DO NOT USE SGBA ALONE FOR ANYFIRE FIGHTING OR 
HAZARDOUS MATERIALS OPERATIONS; ADDITIONAL 
PROTECTIVE CLOTHING AND EQUIPMENT IS REQUIRED 
FOR PROTECYION. USERS MUST CLEAN AND MAINTAIN 
THE SCBA ONLYIN ACCORDANCE WITH MANUFACTURER'S 
INSTRUCTIONS. NO PROTECTIVE EQUIPMENT CAN 
PROVIDE COMPLETE PROTECTION FROM ALL CONDI- 
TIONS--USE EXTREME CARE FOR ALL EMERGENCY 
OPERATIONS. FAILURE TO COMPLYWITH THESE WARN- 
INGS MAYRESULT IN SERIOUS IN[LTRy OR DEATH." 

(c) The identification of the major components of the SCBA that 
are required for certification to this standard. 

(d) The following warning: 

"DO NOT REMOVE THIS LABEL" 

2-4-2 The major cbmponents listed by the manufacturer in 2-4.1 of 
this Section shall be labeled with the lot number  or serial number, or 
the year and the month of manufacture. 

2-4.3 All portions of the required product labels shall be printed at 
least in English. . 

2-5 User Information. 

2-5.1 The SCBA manufacturer shall provide, with each SCBA, . 
instructions and information for maintenance, cleaning, disinfecting, 
storage, and inspection. 

2-5.2 The SCBA manufacturer shall provide, with each SCBA, specific 
instructions and training materials regarding the use, operation, • 
safety considerations, and limitations of the SCBA. 

, Chapter 3 Performance Requirements 

3-1 Air Flow Performance. 

3-1.1" When tested in accordance with the Air Flow Performance 
Test specified in Section 4-1 of this standard, the SCBA facepiece 
pressure shall not be less than 0.00 in. (0.00 mm) of water column 
nor greater than 3.50 in. (88.9 mm) of water column above ambient 
pressure from the time the test begins until the time the test is 
concluded. 

3-2 Environmental Temperature Performance. 

3-2.1 SCBA shall be tested in accordance with the Environmental 
Temperature Tests specified in Section 4-2 of this standard. 

3-2.1.1 When conditioned in accordance with the cold environmen- 
tal test specified in 4-2.4 of this standard, the SCBA shall meet the 
performance requirements of Section 3-1 of this Chapter. 

3-2.1.2 When conditioned in accordance with the hot environmental 
test specified in 4-2.5 of this standard, the SCBA shall meet the 
performance requirements of Section 3-1 of this Chapter. 
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3-2.1.3 When ~onditioned in accordance with the hot to cold 
environmental test specified in 4-2.6 of this standard, the SCBA shall 
meet the performance requirements of Section 3-1 of this Chapter. 

3-2.1.4 When conditioned in accordance with the cold to hot 
environmental test specified in 4-2.7 of this standard, the SCBA shall 
meet the performance requirements of Section 3-1 of this Chapter. 

3-3 Vibration Resistance Performance. 

3-3.1 When conditioned in accordance with the Vibration Tests 
specified in Section 4-3 of this standard, tl"/e SCBA shall meet the 
performance requirements of Section 3-1 of this Chapter. 

3-4 Fabric Flame Resistance Performance. 

3-4.1 When tested to the Fabric Flame Test specified in Section 4-4 of 
this standard, the test specimens shall have an average char length of 
not more than 4.0 in. (101.6 mm), an average afterflame of not more 
than 2.0 seconds, and shall not melt or drip. 

3-5 Fabric Heat Resistance Performance. 

3-5.1 When tested to the Fabric Heat Test specified in Section 4-5 of 
this standard, the test specimens shall not melt, separate, or ignite. 

3-6 Thread Heat Resistance Performance. 

3-6.1 When tested in accordance with the Thread Heat Test specified 
in Section 4-6 this standard, the thread shall not melt or ignite. 

3-7 Accelerated Corrosion Resistance Performance. 

3-7.1 When conditioned in accordance with the Accelerated 
Corrosion Test specified in Section 4-7 of this standard, corrosion 
shall not prohibit the proper use and function as specified in the 
manufacturer's instructions of any control or operating feature of the 
SCBA. In addition, the SCBA shall meet the performance require- 
ments of Section 3-1 of this Chapter. 

3-8 Particulate Resistance Performance. 

3-8.1 When conditioned in accordance with the Particulate 
Resistance Test specified in Section 4-8 of this standard, the SCBA 
shall meet the performance requ~ements of Section 3-1 of this 
Chapter. 

3-9* Facepiece Lens Abrasion Resistance Performance. 

3-9.1 When tested in accordance with the Facepiece Lens Abrasion 
Test specified in Section 4-9 of this standard, the average value of the 
tested samples shall not exhibit a delta haze greater than 14.0 percent. 

3-10" Communications Performance. 

3-10.1 When tested in accordance with the Communications Test 
specified in Section 4-10 of this standard, the average calculated value 
shall not be less than 72 percent. 

3-11 Heat and Flame Resistance Performance. 

3-11.1 When tested in accordance with the Heat and Flame Test 
specified in Section 4-11 of this standard, the SCBA facepiece 
pressure shall not be less than 0.00 in. (0.00 ram) ofwatcr column 
nor greater than 3.50 in. (88.9 mm) of water column above ambient 
pressure from the time the test begins until the time the test is 
concluded. 

3-11.2 When tested as specified in 4-11.17 of this standard, no 
components of the SCBA shall have an afterflame of more than 2.2 
seconds. 

3-11.3 When tested as specified in 4-11.17 and 4-11.19 of this 
standard, no component that secures the SCBA to the user's body or 
that secures the cylinder to the SCBA; such as chest, pull, facepiece, 
waist, cylinder, and shoulder straps; shall separate or fail in such a 
manner that would cause the SCBA to be worn and used in a position 
not specified by the manufacturer's instructions. 

3-11.4 When tested as specified in 4-11.21 of this standard, the 
facepiece lens shall not obscure vision below the 20/100 vision 
criterion. 

Chapter 4 Test Methods 

4-1 Air Flow Performance Test. 

4-1.1" The facepiece of the SCBA being tested shall be secured to 
Scott Aviation Model Nos. 803608-01 or 8-3608-02 test headform or 
equivalent The facepiece shall be secured to the headform to assure 
that an initial pressure of 1.0 in. ~ .1  in. (25.4 mm ±2.5 mm) water 
column below ambient shall not decay by more than 0.2 in. (5.1 mm) 
water column in 5 seconds. 

4-1.2 The remaining components of the SCBA shall be mounted in 
accordance with Figure 4-L2 to simulate its typical wearing position, 
as specified by the manufacturer, on a fire fighter. 

Figure 4-1.2 Typical Apparatus Configuration for 
Airflow Performance Test 

' I 22" 

4-1.3 A pressure probe shall be attached to the test headform to 
monitor facepiece pressure. The pressiJre probe shall be a 0.25 in. 
(6.4 mm) O.D. with,0.062-in. (1.6 mm) wall thickness metal tube 
having one open end and one" closed end. The closed end shall have 
4 equally spaced holes, each 0.062 in. ±0.005 in. (1.6 mm ±0.1 'mm), 
andpositioned 0.250 in. ±0.02 in. (6.4 mm ±0.5 mm) from the end of 
"the pressure probe. 

4-1.4 The closed end of the pressure probe shall extend through the 
test headform exiting out the center of the left eye. The pressure 
probe shall extend 0.50 in. +0.06/-0.0 in. (12.7 mm + 1.5/-0.0 mm) 
outward from fhe surface of the center of the left eye. o 

4-1.5 The open end of the pressure probe shall extend a maximum 
of 18 in. (457 mm) and a minimum of 1.0 in. (25.4 mm) outward 
from the back surface of the test headform. 

4-1.6 A maximum ofa 5-ft (1.5 m) length of nominal 0.188 in. (4.8 
ram) I.D. flexible smoothbore tubing with a nominal 0.062 in. (1.6 
ram) wall thickn'ess shall he permitted to be connected from the 
open end of the pressure probe to the inlet of the pressure trans- 
ducer. 

4-1.7" A differential pressure transducer having the following 
characteristics shall be used: 

Range: 8.9 in. (226 mm) of water differential 
Linearity: ±0.5% Full Scale (FS) best straight line 
Line Pressure Effect: Less than 1% FS zero shift/100O psig 
Output: ±2.5 Vdc for ±FS 
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Output Ripple: l0 mv peak to peak 
Regulation:-FS output shall n o ,  change more than +0.1 percent for 

input voltage change from 22 to 35 Vdc • 
Tempera-ture, Operating: -65°F to 250°F (-54°C to 121°C) 
Temperature, Compensated: 0°F to 160°F (-180C to 710C) 
Temperature Effects: Within 2 percent FS/100°F (55.6°C), Error" 

band 

4-1.8* The differential pressure transducer shall be appropriately 
connected to a strip chart recorder having the following characteris- 
tics: 

(a) a chart width of 9.8 in. (250 mm) 
(b) a pen speed of at least 29.5 in./sec (750 n~m/sec) (0.333 sec FS) 
(c) an accuracy of ~ .25  percent FS 
(d) an input voltage range of I v FS 
(e) a span set at .98 in. (25 mm) of chart per 1.0 in. (25.4 mm) 

water column. 

4-1.9 The test headform shall be equipped with a stainless steel 
breathing tube havingan 0.90-in. (22.9 ram) I.D. with 0.024-in. (0.6 
mm) wall thickness. The metal breathing tube shall be located on 
the centerline of the mouth and be flush with the test headform. 

4-1.10 The metal breathing tube shall extend outward from either 
the back or the base surface of the test headform a minimum of 8 in. 
(203 mm) and a maximum of 18 in. (457 ram). 

4-1.11 If flexible smoothbore tubing is used from the metal 
breathing tube to the inlet connection of the breathing machine, it 

• shall have a maximum length of 4 ft (1.2 m) and a 0.75in. (19.0 mm) 
I.D. with nominal 0.125 in. (3.2 mm) wall thickness. 

4-1.12" A Model 327-6 Breathing Machine as shown in Figures 4- 
1.12(a), (b), and (c) shall be used. The breathing machine shall be 
set to the following characteristics: 

(SEE TABLE AT BOTTOM) 

(SEE FIGURE 4-1.12(a) NEXT PAGE) 

(SEE FIGURE 4-1.12(b) AFTER NEXT PAGE) 

Figure 4-1.12(c) Model 327-6 Breathing Machine 

A92 TCR 

4-1.13 The test conditions shall be as follows: 
Ambient temperature: 72°F +5°F (22°C ±3°C) 
Relative humidity: 50 percent * 25 percent 
Barometric pressure: 725 mm Hg +50/-70 mm Hg. 
The dew point of air charged into the SCBA breathing gas contain- 

ers shall not be higher than -65°F (-54°C) at the outlet port of the 
charg.e line. The air shall meet or exceed the requirements of the 
speclficatlon for Grade D breathing air as specified in ANSI/CGA 
G7.1, Commodity Specification for Air. 

4-1.14" The test set-up for conducting the air flow performance test 
shall be calibrated at least once each day before conducting tests, and 
shall be verified at least once each day after testlng~ The ca~iibratlon 
procedure . . . .  utilized for the differentialu_pressure transducer shall 
consist of confirming at least three different pressures between 0.0 m. 
and 5.0 in. (0.0 mm and 127 mm) water gauge. The pressure shall be 
measured using an incline manometer or equivalent with a scale 
measuring in increments of ±0.02 in. (~-0.5 mm) of water column or 
less. 

4-1.15 The SCBA beingtested shall utilize a fully charged breathing 
gas container. The airflow performance test shall begin after five 
cycles of the breathing machine and continue to operate through 30 
cycles of the breathing machine after actuation of the end-of-service- 
life indicator. 

4-1.16 The facepiece pressure shall be read from the strip chart 
recorder to determine pass/fall. 

4-2 Environmental Temperature Tests. 

4-2.1 The environmental temperature tests specified in this section 
shall be permitted to be conducted in any sequence. After perform- 
ing each test, the SCBA shall be placed in an ambient environment of 
72°F ±5°F (22°C ±3°C) with a relative humidity ofh0 percent ±25 
percent for a minimum 12-hour dwell period. 

4-2.2 The SCBA shall be placed in an appropriate environmental 
chamber and positioned to simulate, the normal wearing position of 

, the SCBA on a fire fighter as specified by the manufacturer. A test 
headform as specified in 4-1.1 of this Chapter shall be equipped with 
a thermocouple or other temperature-sensing element, to monitor 
SCBA test chamber temperature. The thermocouple or other 
temperature-sensing element used shall be attached to the test 
headform in a manner in which it will be directly exposed to the 
chamber atmosphere. The test headform shall be connected to the 
breathing machine in accordance with Section 4-1 of this Chapter. 

• The breathing.machine shall be permitted to be located either inside 
or outside the ~nvironmental chamber. 

4-2.3 The dwell period between environmental temperature tests 
shall be used for refilling the breathing gas container and visually 
inspecting the SCBA for any gross damage that could cause unsafe 
test conditions. , 

4-2.4 The SCBA shall be cold soaked at -25°F ±2°F (-32°C ±l°C) for a 
minimum of 12 hours. The SCBA shall be tested'in accordance with 
Section 3-1 of this standard at an ambient temperature of-25°F ±10°F 
(-32°C ~°C). 

4-2.5 The SCBA shall be hot soaked at 160°F ±2°F (71°C ±l°C) for a 
minimum of 12 hours. The SCBA shall then be tested in accordance 
with Secdon 3-1 of this standard at an ambient temperature of 160°F 
±10°F (71°C ±5°C). 

4-2.6 The SCBA shall be hot soaked at 160°F ±2°F (71°C ±l°C) for a 
minimum of 12 hours. The SCBA shall then be transferred to a 

0 o o o chamber with an air temperature of-25 F ±2 F (-32 C ±1 C). The 
SCBA shall then be tested in accordance with Section 3-1 of this 
standard at a chamber air temperature of-25°F ±10°F (-32°C ±5°C). 
The air flow performance test shall commence within 3 minutes after 
removal from hot soak. 

RESPI RATO RY TI DAL 
VENTILATION RATE FREQUENCY VOLUME 

(liters/min) (breaths/min) (liters) 
103 ± 3 , 30 ± 1 3.4 Nominal 

487 



CO 
~0 

• c,,_e~--, oo--,4 

N O T E S  c c~T,,.~o) 

~HI~ G~AR REOUr-ER (I'TEM Z) A~ R~Q'D 
TO ALI~I~ WITH MO*TOR (ITE/~I 5) 

{ ~  LU~ RcJ~TjoM ERMI~51~LE DU~IM~ ~ 

~Y RE~p~RATOe MANLtRII~TURER* 

I} "'') 

2,; 

I. 
A ,7 

" o ....... .... i, 

u : 

El)  

. . . .  

. . . .  - = _ _ - - = =  

--211. IiO0.)o). ~ 4 . ~  T ~,o 1,4ad 
N ,T£M ~, ~, y 

I e I 

. . . .  F 
50 REF 

~ )  i. 

J& 

NOTES 

~ >  R~TO~ TO E ~ I F I E D  P ~  

~ !(..,. "- ~TF.,~E T U ~  . ' ,~o 0 0 " , . . ~ , . .~  . . . . . .  1 7 - 1  
~.:~ - ~ e . e , ~ . - , ~  

c-o ~,~ ~C,& .............. 

5(.W ~4{,, ~BUNC-ZA ~ ~.'L~CRES 
HEEL SWART 

.,,~p_, ~.~,~o__, _s~-~. u,.~.u, x ,z ~-t 6 1 
NUT. ~'B-~ 'J,,lC r.~ r.Re.~ 

I 
~J~EW ~H,~VW,__ ~e,u..,C-~,~. r.,~t'~ 4 
',.'~_'_'_'_'_'_'~¢~., FL~ ~OUNO ~r. ,C~{..'. ,= 

_~,~.~. _.'~.~ ~ ~ CR£~ , ,  

C.tLUkRD, r~ONT ~#{aC 

m ~ f m  l ~  3~f,,~-~3 i ~ . ~ , . _  

:Z 

O ' ~  



N F P A  1 9 8 1  ~ A92 TCR 

Figure 4-1.12 (b) 
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4-2.7 The SCBA shall be cold soaked at -25°F ±2°F (-32°C ±I;C) for a 
minimum of 12 hours• The SCBA shall then be transferred to a 
chamber with an air temperature of 160°F ±2°F (710C ±l,°C). The 
SCBA shall then be tested in accordance with Section 3.1 of this 
standard at a chamber air temperature of 160°F ±10°F.(71°C ±50C). 
The air flow performance test shall commence within 3 minutes after 
removal from cold soak• , 

4-3 Vibration Tests'. 

4-3.1 The foUowingtest program shall be conducted according to 
sections in Method514.4, Vibration, of MIL-STD-810E, Environmental 
Test Methods, specified herein. After being subjected to the tests, 'the 
SCBA shall be tested in accordance with Section 3-1 of this standard. 

4-3.2 The complete SCBA, with full breathing gas container, shall be 
securely mounted on the vibration fixture/table using a suitable rigid 
mounting bracket designed to maximize vibration transfer directly to 
and through the breathing gas container. This restraininl~ device 
shall be acceptable to both the manufacturer and the certification 
organization. The SCBA shall be vibrated as specified in the 
following frequency curves of MIL-STD-810E, Environmental Test 
Methods: 

(a) Figure 514.1-1, vertical, 
(b) Figure 514.4-2, transverse, 
(c) Figure 514.4-3, longitudinal. 

The SCBA shall be vibrated to simulate cargo tied or blocked in all 
three axes with respect to the bed of the transport vehicle. 
The definitions oi'the SCBA axes shall be as shown in Figure 4-3.2 of 

this standard. The total test duration shall be nine hours, consisting 
of three 3.hr periods: one period for each frequency curve. 

(SEE FIGURE 4-3.2 NEXT PAGE< TOP) 

4-3.3 Subsequendy, the same complete SCBA shall be tested on a .  
typical package tester similar to that shown in Figure 514.4-19 of MIL- 
STD-810E, Environmental Test Methods, within a plywood holding 
box(es) as specified in 4-3.4 of this Section. 

4-3.4 A holding box shall be constructed with one-inch plywood to 
accommodate the complete SCBA, less facepiece, and those ' 
components that attach directly to the facepiece. The total travel 
distance between the SCBA and the sideboards of the vibration box 
shall be 2.0 ±0.5 in., 1.0 ±0.25 in./side (5.08 ±1.3 cm, 2.54 ±0.64 cm/  
side)• 

4-3.4.1 A separate plywood holding box shall be constructed with one 
inch plywood to accommodate the facepiece and those components 
that attach direcdy to the facepiece. The total travel distance between 
the SCBA components and the side boards of the vibration box shall 
be 2.0 ±0.5 in., 1.0 ±0.25 in.side (5.08 ±1.3 cm, 2.54 ±0:64 cm/side). 
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FIGURE 4-3.2 Test Specimen Axis Definition 

4-3.5 The test items shall be placed unrestrained in the holding 
box (es) described in 4-3.4 of this Section, and shall be tested to the 
level as specified in I-3.3.3.2 of Method 514.4, Vibration, of MIL-STD- 
810E, Environmental Test Methods. 

4.3.6 The test shall be con, [ucted with the test specimen situated in 
each of the four positions shown in Figures 4-3.6(a), 4.3.6(b), 4- 
3.6(c), and 4-3.6(d) of this standard. The total test duration shall be 
three hours, consisting of four 45-minute periods: one period for 
each position. 

(SEE Figures 4-3.6a, b, c & d BELOW) 

4-3.7 For safety purposes, a restraining device or cover shall be 
secured to the top of the vibration box throughout testing. The 

restraining device shall be design.ed to contain the SCBAwithin the 
holding box without disrupting me normal motion of the SCBA in 
any manner  during the test. 

4-4 Fabric Flame Tests. 

4-4.1 Five specimens of each different fabric component  of the SCBA 
shall be tested in accordance with Method 5903.1, Flame Resistance 
of Cloth; Vertical, of Federal Test Method Standard 191A, Textile 
Test Methods. 

4-4.2 Test specimens shall be a minimum of 12 in. (305 mm) long 
and shall be tested in the width specified by the prescribed test 
method. Test specimens shall be cut from a standard production run 
of the fabric components used in the SCBA. If the fabric components 
are not  available m the width specified in Method 5903.1, the width 
of the test specimen shall be the widest width as used on the SCBA, 
but shall be a minimum of 12 in. (305 ram) long. 

4-4.3 The five test specimens shall first be conditioned by five cycles 
of washing and drying in accordance with the procedures specified in 
Machine Cycle I, Wash Temperature V, Drying Procedure Ai, of 
AATCC 135, Dimensional Changes in Automatic Home Laundering 
of Woven and Knit Fabrics prior to flame resistance testing. 

4-4.4 The char lengths and afterflame shall be recorded and each 
shall be averaged to determine pass/fall. Melting and dripping shall 
be observed and recorded to determine pass/faiL 

4-5 Fabric Heat Tests. 

4-5.1 Five specimens of each different fabric component  of the SCBA 
shall be tested in a forced circulating air oven capable of achieving 
and maintaining an air stream temperature of 500°F +I0°/-0°F 
(260oc +5o/-0oc). 

4-5.2Test specimens shall be 15 x 15 in. ¢-0.5 in. (381 x 381 mm +13 
mm) and shall be cut from a standard production run of the fabric 
components used in the SCBA. I f  the fabric is not available in a 15-in. 
(381-mm) width, the width of the test specimen shall be the widest 
width as used on the SCBA, but  shall be a minimum of 15 in. (381 
ram) long. 

4-5.3 The five test specimens shall first be conditioned by five cycles 
of washing and dr~'ng in accordance with the procedures specified in 
Machine Cycle I, Wash Temperature V, Drying Procedure Ai, of 
AATCC 135, Dimensional Changes in Automatic Home Laundering 
of Woven and Knit Fabrics, prior to heat resistance testing. 

4-5.4 The test specimen shall be suspended by a metal hook(s) at the 
top and centered in the oven so that the entire test specimen is not 
less than 2 in. (51 ram) from any oven surface or another test 
specimen. Oven air flow shall be parallel to the plane of the material. 

BACKPLAITE DOWN 
4 - 3 . 6 a  

BACKPLATE UP 
4 - 3 . 6 b  

I"  
I 
I 
I 
I 
L 

mD 
SIDE POSITION 

4 - 3 . 6 c  

1 r 

. . . . . . . . . . . . . . . . .  I 

L . . . . . . . . . . . . . . . .  M 

OPPOSITE SIDE 
4 -3 .6d  

Figures 4-3.6a, b, c & d Test Specimen Orientation (Top View) 
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4-5.5 Test specimens shall be exposed to the circulating air flow for 5 
minutes +15/-0 seconds. Oven recovery time after the door is closed 

• shall not exceed one minute. Test specimen exposure time shall 
,begin,when the oven has recovered to an air temperature of 500°F 
+10°/-0°F (260°C +5°/-0°C). 

4-5.6 The fabric shall be observed for melting or ignition to 
determine pass/fail. 

4-6 Thread Heat  Test. 

4-6.1 All thread utilized shall be tested in accordance with Method 
1534, Melting Point  of Synthetic Fibers, of Federal Test Methdd 
Standard 191A, Textile Test Methods, to a temperature of 500°F 
+10°/-0°F (260°C +5°/-0°C). 

4-6.2 Thread shall be observed for melting or ignition to determine 
pass/fail. 

4-7 Accelerated Corrosion Test. 

4-7.1 An SCBA with a fully charged cylinder, and having the cylinder 
valve closed, shall be tested in accordance with Method 509.3, Salt 
Fog, Section II~ of MIL-S.TD-810E, Environmental Test Methods. 

4-7.2 The SCBA shall be attached to a mannequin to simulate its 
typical wearing position on a fire fighter as specified by the manufac- 
turer. The mannequin shall then be placed in a test chamber. The • 
test chamber temperature shall be adjusted to 95°F ±3°F (35°C ±2°C). 
The SCBA shall be placed in the chamber for 2 hours prior to the 
introduction of the salt solution. 

4-7.3 The SCBA shall be exposed to a 5 percent ±1 percent salt fog 
for a period of 48 hours. 

4-7.4 The SCBA shall then be stored in an environment of 72°F ±5°F 
(22°C ±S°C) with 50% :~5% relative humidity for a minimum of 48 
hours. 

4-7.5 The SCBA shall then be tested in accordance with Section 3-1 
of this standard to determine pass/fail. All controls or operating 
features of the SCBA shall operate per the SCBA manufacturer's 
instructions to determine pass/fail. 

4-8 Particulate Test. 

4-8.1 A fully charged SCBA shall be subjected to Method 510.3, Sand 
and Dust, Section II-8, of MIL-STD-810E, Environmental Test 
Methods. 

4-8.2 The facepiece of the SCBA being tested shall be secured to a 
test headform as specified in 4-1.1 of this Chapter. 

4-8.3. The. test headform shall bee[o!~'oined to a mannequin with the. 
remmnmg components of the SCBA attached to the mannequin to 
simulate its typical wearing position on a fire fighter as specified by 
the manufacturer. 

4-8.4 The test headform shall be connected as specified in Section 3- 
1 of this standard to a Model 327-6 Breathing Machine or other 
respiration simulator producing a minute volume of 40 liters, ±2 liters 
at ambient conditions as specified in 4-1.13 of this chapter with a 
minimum tidal volume of 1.6 liters per breath at a minimum 
respiration of 10 breaths per  minute. 

4-8.5 The mannequin, including the test headform, shall be 
mounted upright and turned about its vertical axis 1800 midway 
through the test. The test duration shall be 1 hour and the breathing 
machine shall be operating throughout the entire test. The test shall  
be permitted to be interrupted to change the SCBA breathing gas 
container. 

4-8.6 The test conditions as outlined per Method 510.3, Sand and 
Dust, of MIL-STD-810E, Environmental Test Methods, Secdon I-3d, 
shall be: 

(a) Air velocity: Refer to subparagraph I-3.2c (1). 
(b) Temperature: 72°F =~5°F (22°C ±S°C) 
(c) Test item configuration and orientation: mannequin upright 

and rotated 1800 midway through the test. 
(d) Dust composition: Refer to Segtion I-3.2d (1). 
(e) Dust concentration: Refer to Section I-3.2e (1). 
(f) Test duration: 1.0 hour. 

4-8.7 After the completion of the above test, the SCBA shall be 
removed from the test compartment; it shall be lightly shaken or 
brushed free of ~ust, and then shall be tested in accordance with 
Section 3-1 of this standard to determine pass/faiL 

4-9 Facepiece Lens Abrasion Test 

4-9.1 The test apparatus shall be constructed in accordance with 
Figure 4-9.1. 

(SEE FIGURE 4-9.1 NEXT TWO PAGES) 

4-9.2 Seven samples shall be chosen from a minimum of three 
facepiece lenses. Four samples shall be taken from the left viewing 
area, and three samples shall be taken from the right viewing area. 
One of the four samples taken from the left viewing area shall be the 
set-up sample. 

4-9.2.1 The left test samples shall include all of the following criteria: 
(a) The sample sharl be a square measuring 2 x 2 in. (51 x 51 

mm). 
(b) Two edges of the square section shall be parallel within ±2 

degrees of the axis of the cylinder or cone in the center of the 

sa~lc~le'-- At least 1 1/2 inches (88 mm) of the 2 x 2 in. (51 x 51 mm) 
square shall be taken from the left side of the center line of the lens. 

(d) The 2 x 2 in. (51 x 51 mm) square shall be cut at approxi- 
mately eye level. 

4-9.2.2 The right test samples shall include all of the following 
criteria: 

(a) The sample shall be a square measuring 2 x 2 in. (51 x 51 
mm). 

(b) Two edges of the square section shall be parallel within ± 2 
degrees of the axis of the cylinder or cone in the center of the 

sa*(*c~le'--- At least 1 1/2 inches (38 mm) of the 2 x 2 in. (51 x 51 mm) 
square shall be taken from the right side of the center line of the lens. 

(d) The 2 x 2 in. (51 x 51 mm) square shall be cut at approxi- 
mately eye level. 

4-9.3 Each of the samples shall be cleaned in the following manner: 
(a) The sample shall be rinsed with clean tap water. 
(b) The sample shall be washed with a solution of nonionic/low 

phosphate detergent and water, using.a clean,, soft. gauze p a d . .  
(c) The sample shall be nnsed with de-tomzed water. 
(d) The sample shall be blown dry with clean compressed air or 

nitrogen. 

4-9.4 The haze of the sample shall be measured using a haze meter 
' in accordance with ASTM D 1003, Test Methods for Haze and 

Luminous Transmittance of Transparent Platics, and recorded with 
' the following additions: 

_(a) The haze shall be measured in the middle of the sample ±1/ 
16 in. (±1.6 mm). 

(b) The sample shall be repositioned to achieve the maximum 
haze value within the area defined in (a). 

(c) The haze meter shall have a specified aperture of 7 /8  in. 
(22.4 ram). 

(d) The haze meter shall have a visual display showing 0.1 
percent resolution. 

(e) The haze meter shall be calibrated before and after each 
day's use following procedures outlined in ASTM D 1003~ Test 
Methods for Haze and Luminous Transmissance of Transparent 
Plastics. 

4-9.5 The set-up sample shall be placed cover s ideup in the test 
apparatus sample holder. The sample holder shall be configured 
with a flat surface under  the lens or with an inner radius support. 

4-9.6 The pad holder shall consist of a cylinder 3 /8  in. (9.6 mm) 
high and 1 in. (25.4 ram) in diameter with a radius of curvature equal  
to the radius of curvature of the outside of the lens in the viewing 
area ±1/4 diopter. This cylinder shall be rigidly affixed to the 
stroking arm by a #10-32UNF threaded rod. 

, 4-9.7 The pad shall be a Blue Streak M306M, wool i'eh polishing pad 
15/16 in. (23.8 ram) in diameter. 

4-9.8* The abrasive disc shall be made from 3M Part Number 7415, 
Wood Finishing Pad. A disc 15/16 in. (23.8 ram) in diameter shall be 
cut from the abrasive sheet. The marked side of the disc shall be 

' placed against the pad. Care shall be exercised to maintain this 
orientation for each abrasive disc throughout the testing. 
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4-9.9 The pad holder, pad and abrasive disc shall be installed on the 
stroking arm. The stroking arm shall be leveled to ±3 degrees by 
adjusting the threadedpin. The pin shall be secured to prevent 
rotation of the pad holder. The axis of curvature of the pad holder 
shall be coincident .with the axis of curvature of the lens. 

4-9.10 The stroking arm shall be counterbalanced with the pad 
holder, pad, and abrasive disc in place. 

4-9.11 The set-up sample shall be replaced with one of the six 
samples to be tested. 

4`9.12 The 1000 gram ±5 gram test weight shall be installed on the 
pin above the test sample. 

4-9.13 The test shall be run for 200 cycles ±1 cycle. One cycle shall 
consist of a complete revolution of the eccentric wheel. 

4-9.14 The length of stroke shall be 9/16 in. (i4.4 ram) producing a 
pattern 1 1/2 in. with (38.1 ram) long. The frequency of the stroke 

• shall be 60 cycles ~1 cycle per minute. The center of the stroke shall 
be within ±1/16 in. (±1.6 mm) of the center of the sample. 

4-9.15 The sample shall be removed and cleaned following the • 
procedure specified in 4`9-3 of this Section. The abrasive disc shall be 
discarded. 

4`9.16 The haze of the sample shall be measured following the 
procedure specified in 4`9.4 of this Section. 

4-9.17 The delta haze shall be calculated by subtracting the initial 
haze from the final haze. 

4-9.18 The testing steps specified in 4~-9.3 through 4-9.16 of this Section 
shall be repeated five times with a new sample and abrasive disc. 

4`9.19 The six delta haze values shall be averaged. The resultant 
value shall be compared to the value specified 3.9.1 of this standard 
to determine pass/fall. 

4-10 Communication Test. 

4`10.1 The method for measuring word intelligibility shall be as specified 
in ANSI $3.9, Method for Measuring the Intelligibility of Speech Over 
Communication Systems, as modified by the following requirements. 

4-10.2 Testing shall be conducted in a chamber that absorbs a 
minimum of 90 percent of all sound from 500 to 5000 Hz. . 

4`10.$ Five listening subjects and five talkers consisting of four males 
and one female shall be available for testing. The subjects participat- 
ing as listeners shall have "audiometrically normal" hearing as 
defined in Section 5.3 of ANSI $3.2, Method for Measuring the 

• Intelligibility of Speech Over Communication Systems. Talkers and 
listeners shall be selected and trained according to Section 7 of ANSI 
$3.2, Method for Measuring the Intelligibility of Speech Over 
Communication Systems. 

4-10.4 The five talkers shall have no facial hair, any unusual facial 
characteristics, or any other condition that could cause interference 
with the seal of the. . facepiece from either. The talkers shall perform 
and pass a qualRauve fit check per the SCBA manufacturer's 
instructions. If the talker is qualified to wear several sizes of 
facepieces, then the talker shall choose the facepiece that is most 
comfortable. 

4`10.5 The five talkers shall be trained in the donning and usage of 
the SCBA per mar.ufacturer's instructions. 

4`10.6 The five talkers shall have no obvious speech defect or strong 
regional accent. Distance between the talker and listener(s) shall be 
5 ft +1/-0 ft, and they shall be facing each other. 

4-10.7 The test material shall be the reading of one complete list of 
phonetically balanced words as contained in Table 1 of ANSI $3.2, 
Method for Measuring the Intelligibility of Speech Over Communica- 
tion Systems. The words shall be spoken singularly in the following 
carrier sentence: ~ o u l d  you write (list word) now?" The rate shall 
be approximately one test word every six seconds. The talkers shall 
be trained to talk at 65-75 dBA without an SCBA mask, measured at 
the listener's ear, placing no unusual stress on any word. Training 
shall include the use of background noise as defined in 4-10.9 of this 
Section. The talkers shall not vary their voice level after the facepiece 
is donned from that used without the facepiece. The listeners sh-all 
write each word as they hear it. 

4-10.8 The talkers shall conduct two tests in the chamber having an 
ambient noise field as specified in 4-10.9 of this Section, using a 
different word llst for each of the following conditions: 

(a) With no SCBA, 
(b) With SCBA worn and operated per the SCBA manufacturer's 

instructions. 

4`10.9 The test chamber shall be filled with broadband "pink" noise 
with a tolerance of 6 dB per octave band from 400 to 4,000 Hz. The 
forward axis of the loudspeaker shall be oriented away form the 
listener group. The distance between the loudspeaker and the 
listeners-shallbe as great as possible so as to create a quasi-uniform 
sound field over the listening group. More than oneIoudspeaker 
shall bepermitted to be used io achieve the desired sound field. The 
gain of the power amplifier shall be adjusted to achieve an A- 
weighted sound level of 60 dB ±2 dB at each listener's head position, 
without listerers present. 

4`10.10 Each listener's response form shall be scored as to the number of 
correct responses out of the 50 words recited. Talkers' speech shall be 
recorded or monitored closely during the tests to determine if'the talkers 
conform to the word list specified for that test. Listeners' scores shall be 
based on the words actually spoken by the talkers. Listeners' scores shall 
not be reduced because of speaking mistakes of the talkers or spelling 
errors that are phonetically correct. 

4`10.11 All of the listeners' scores without the SCBA used by the 
talker shall be averaged. All of the listeners' scores with the SCBA 
used by the talker shall be averaged. The average score of the five 
listeners for the talker using the-SCBA shall be divided by the average 
score of the five listeners for the talker without using the SCBA, and 
the result shall be called the Uscore value." This procedure shallbe 
performed for each of the five talkers. 

4-10.12 The average of the score values obtained in 4-10.11 shall be 
calculated. 

4`10.12.1 If the average of the score values ,, 72 percent, this average 
score value shall be, used to determine pass/fail as specified in 
Section 3-10 of this standard. 

4-10.12.2 If the average of the score values < 72 percent, the sample 
standard deviation (s.d.) of the score values shaU be calculated in the 
following manner: / 

/~ / Ex 2 _ _ ( Z x )  2 
8odo • ~' " V  - N t 

where x = score values , N - '~ 
N = sample size (5). 

4-10.12.3 If the calculated sample standard deviation of the test score 
values > 10.0, the test shall be invalidated, and the procedures of 4- 
10.7 through 4-10.] 2.6 of this Section shall be repeated. 

4-10.12.4 If the calculated sample standard deviation of the test score 
values x 10.0, a test statistic T value shall be calculated to determine if 
the avera~ge of the score values obtained is or is not equivalent to 72 
percent; tt shall be calculated in the following manner: 

where x = average of the score vaiues 
N = sample size (5) 
I~ = 72 percent 
s.d. = sample standard deviation. 

4-10.12.5 For T values x 2.13, the score value shall be considered to 
be equivalent to a score value of 72percent and shall be used to 
determine pass/fall as specified in Section 3.10 of this standard. 

4-10.12.6 For T values • 2.13, the score value shall be as calculated in 
4-10.12 of this Section. This calculated score value shall be used to 
determine pass/fall as specified in Section 
3.10 of this standard. 

4-I 1 Heat and Flame Test. 

4-1.1.1 A test mannequin meeting the requirements specified in 
Figure 4-11.1 shall be provided, t 

(SEE FIGURE NEXT PAGE) 
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4-11.2" The test mannequin shall have a protective covering. The 
protective covering shall be designed and constructed as follows. 

4-11.2.1 The assembled protective covering composite consisting of 
an outer shell, moisture barrier, and thermal liner shall have an 
average Thermal Protective Performance (TPP) of not'less than 35.0 
when tested in accordance with Section 5-2 of NFPA 1971, Standard 
on Protective Clothing for Structural Fire Fighting. 

4-11.2.2 The outer shell shall be 40 percent PBI/60 percent KEVLAR 
rip stop weave, weighing approximately 7.5 oz/sq yd with a water 
repellent finish. Color shall be natural, undyed. 

4-11.2.$ The thermal liner shall be constructed of a 3.0 oz/sq yd rip 
stop pajama check NOMEX III facecloth quilt stitched to 100 percent 
NOMEX III batting of approximately 6.0 oz/sq yd. 

4-11.2.4 The moisture barrier shall be constructed of approximately 
2.25 oz/sq yd polyester/cotton fabric that is coated with approxi- 
mately 6.5 oz/sq yd of flame resistant neoprene. 

4-11.2.5 The moisture harrier shall be completely sewn to the 
thermal liner at its perimeter with the neoprene side facing outward 
from the thermal liner. All edges shall be sewn to~ether and bound 
with non-wicking moisture barrier material. The hner/moisture 
barrier shall be no more than 3 in. (.76 ram) from the coat hem. 

4-11.2.6 'The moisture barrier and thermal liner shall be completely 
detachable from the outer shell. 

4-11.2.7 The protective covering shall be stitched with Kevlar thread 
using a minimum of 6-8 stitches per  inch. All major seams are to be 
double stitched and felled locked with all inside seams to be finished 
with Kevlar.thread. All stress points shall be reinforced. No metal 
shall pass from the outside of the protective covering through the 
moisture barrier and liner to cause the transfer of heat to the 
mannequin when the protective covering is completelyassemhled. 
The protective covering, including the front closure, shall be 
constructed in a manner that provides secure and complete moisture 
and thermal protection. If nonpositive fasteners, such as snaps or 
hook and pile tape, are utilized ingarment closures, a positive 
locking fastener, such as hooks anddees  or zippers, shall also be 
utilized. Pockets and fluorescent retroreflective trim shall not be 
installed. 

4-11.2.8 The collar shall be made of four-piece construction 
consisting of outer shell material on both the back or outside, and 
next to the mannequin neck. The two inner layers shall consist of a 
thermal liner and moisture barrier. No throat strap shall be attached. 

4-1'1.2.9 Sleeve outside seams shall be felled, while inside seams shall 
be lock stitched. 

4-11.2.10 All protective covers shall measure 35 in. (889 mm) long 
when measured from the center of the back collar seam to the hem. 
The protective cover size shall be 44-in. chest x 34 in. sleeve (118 mm 
x 864 ram). , 

4-11.2.11 The complete protective covering shall be discarded and 
shall not be used after three flame exposures of the Flame and Heat 
Test. 

4-11.3 A test headform meeting the requirements specified in 4-1.1 
of this Chapter shall be used on the test mannequin. 

4-11.4 The test headform shall be attached to the Model 327-6 
Breathing Machine as specified in Figures 4-1.2(a), (b) and (c), with 
the modification that 0.75 in. ID breathing hose, not longer than 25 

' ft (7.6 m) shall be attached to the tee in the breathing machine and 
'the throat tube of the test mannequin headform. 

4-11.5 The test headform shall be covered with an undyed aramid 
hood for protection of the headform during testing. The protective 
hood shall meet the requirements of Section 6-1 of NFPA 1971, 
Standard on Protective Clothing for Strucutral Fire Fighting. 

4-11.6 The protective hood, when placed on the test headform, shall 
not affect the seal of the facepiece to the headform. The protective 
hood shall not cover or protect any part of the facepiece or the 
facepiece retention system that holds the facepiece to the headform. 

4-11.7 The SCBA shall be mounted on the test mannequin to 
simulate the correct wearing position on a fire fighter as specified by 
the SCBA manufacturer's instructions. 

4-11.8 The facepiece shall be mounted and tested on the test 
headform as specifed in 4-1.1 of this Chapter. 

4-11.9 The heat and flame test apparatus shall be specified in Figure 
4-11.9. 

(SEE FIGURE NEXT TWO PAGES) 

4-11.10 The test oven shall be a vertical forced circulating air oven 
with an internal velocity of 200 linear fr (61 m) per minute. The test 
oven shall have minimum dimensions of $6 in. depth x S6 in. width x 
48 in. height. (91 x 91 x 122 cm). 

4-11.11 The test oven shall be calibrated using a 30-gauge ~xposed 
head typeJ iron/constantin wire reference thermocoup]e that has 
been c alib-rated to set the 32.0°F (0.0°C) reference point with an ice 
bath containing ice and de-ionized or distilled water. Boiling water 
shall be used to set the 212°F (100oc) reference value. The reference 
temperatures shall be corrected to standard temperatures using a 
barometric pressure correction. 

4-11.12 For calibration prior to the Heat and Flame Test, the test 
mannequin shall be exposed to direct flame contact for 10 seconds 
using the Heat  and Flame Test apparatus as specified in Figure 4-11.9. 
All peak temperature readings shall he within a temperature range of 
1500°F to 21020F (81'50C to I150°C). The average mean of all peak 
temperature readings shall be no higher than 1742°F (950°C). 

4-11.15 The test oven recovery time, after the door is closed, shall not 
exceed 1.0 minute. 

4-11.14 The airflow performance test shall be conducted as specified 
in 4-1.12, 4-1.13, 4-1.14, and 4-1.15 of this Chapter, with modifications 
to the ventilation rate specified in 4-11.15 of this Section, and with 
test temperatures specified in 4-11.12 and 4-11.15 of this Section. 
The airflow performance test shall continue through the drop test as 
specified in 4-11.19 of this Section. 

4-I 1.14.1 The variation in pressure extremes caused by the Flame and 
Heat Test mannequin configuration shall be determined in the following 
manner. The airflow performance test as specified in Section 4-1 of this 
Chapter shall be carried out at a ventilation rate of 103 I/min .-~ I/min, 
and 40 I/rain +9 I/rain. A second airflow l~fformance test shall be 
carried out using the configuration specified in 4-11.4 of this Chapter at 
the same ventilation rates, The difference in pressure between the two 
tests shall be calculated by subtracting the values obt2ained using the 
configuration defined in 4-11.4 from the values obtained using the 
configuration specified in Section 4-1, 

4-I 1.15 The ventilation rate shall be set at 40 I/min +2 I/min, with a 
respiratory frequency of 12 *1 breaths/minute at ambient conditions 
as specified in4-1.13 of this Chapter. The SCBA mounted on the test 
mannequin shall he placed in the test oven that has been pre-heated 
to 203°F ±4°F (95°C ±2°C). After the door is closed and the oven 
temperature recovers to 203°F (95°C), the test exposure time of 15 
minutes shall begin. 

4-11.16 At the completion of the 15.minute exposure, the ventilation 
rate shall he increased to 100 I/min as specifiedin 4-1.12 of this 
Chapter. The oven door shall be opened and the SCBA mounted on 
the test mannequin shal] he moved out of the oven and into the 
center of the burner array. 

4-11.17 The SCBA shall then be exposed to direct flame contact for 
10 seconds +0.25/-0.0 seconds. Thls exposure shall begin within 20 
seconds of removal of the SCBA from the test oven. 

4-I 1.17.1 The SCBA shall be observed for any afterflame, and the 
afterflame duradon shall be recorded to determine pass/fail as 
specified in 8-I 1.2 of this standard. 

4-II.18 Within 90 seconds after completing the direct flame 
exposure, the SCBA mounted on the test mannequin shall be raised 6 
in. +0.25/-0.0 in. (152 mm +6.3/~.0 ram) and dropped freely. 

4-11.18.1 The SCBA shall be observed to determine pass/fail as 
specified in 8-11.3 of this standard. 

4-11.19 The facepiece pressure during the entire test shall be read 
from the strip chart recorder and corrected by adding the value of 
the difference in pressure calculated in 4-I 1.14 of this Section to 
determine pass/fail as specified in 8-11.1 of this standard. Any 
pressure splke caused by the impact of the drop test and measured 
within a duration of three cycles of the breathing machine after the 
apparatus drop shall be disregarded. 
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4-11.20 The SCBA facepiece shail be removed from the test 
headform and, without touching the lens, shail be donned by a test 
subject with visual acuity o f  20 /20  in each eye uncorrected, or 
corrected with contact lenses. The test shallbe conducted using a 
standard 20 ft (65.8 m) eye chart with normal lighting of 100-150 f t -  
candles at the chart and with the test subject posttioned at a distance 
of 20 ft (65.8 m) from the chart. The test subject shall then read the 
standard eye chart through the leris of the facepiece to determine 
pass/fail as specified in 3-11.4 of this standard. 

Chapter 5 Referenced Publications 

5-1 The following documents or portions thereof are referenced 
within this document  and shall,be considered part  of the require- 
ments of this document. The edition indicated for each reference 
shall be the current edition as of the date of the NFPA issuance of this 
document. 

5-1.1" AATCC Publication. 

AATCC 135, Dimensional Changes in Automatic Home Laundering 
/ of Woven and Knit Fabrics, 1989. 

5-1.2" ANSI Publications. " - 

ANSI $3.2, 

5-1.3" ASTM Publication. 

ASTM D 1003, Test Methods for Haze and Luminous Transmittance 
of Transparent Plastics, 1988. 

5-1.4" GSA Publication. 

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

5-1.5" Navy Publication. 

MII..-STD-810E, Envit:onmental Test Methods, 14July 1989. 

5-1.6" Superintendent of Documents Publication. 

30 CFR Part 11; Respiratory Protective Devices, Tests for Permissibil- 
ity, 25 March 1972. 

Appendix A / 

This App'endix is not a part of the requirements'of this NFPA document, but 
is induded for information purposes only . " 

A-I-I.1 The use of self-contained breathing apparatus (SCBA) byfire 
fighters is alwa.~, assumed to be in atmospheres immediately 
dangerous to life or health (IDLH). There is no way to predetermine 
hazardous conditions; concentrations of toxic materials, or percent- 
ages of oxygen in air in a fire environment, during overhauI(salvage) 
operations, or under  other emergency conditions involving spills or 
releases of hazardous materials. Thus, SCBA are required at all times 
during any fire fighting, hazardous materials, or overhaul operations. 

A-l-2.1 The following performance requirement is new for this 
edition of the standard: 

Heat and Flame Test. This test is intended to provide a reasonable 
level of assurance that when a breathing apparatus is exposed to a 
variety of thermal and physical conditions and breathing rates which 
simulate the conditions of a flashover accident, the apparatus will 
perform and function properly. 

The performance tests contained in the 1987 edition of this 
s tand~d and continued or revised in this edition are: 

1. ' Air Flow Performance Test. This test increases the current 
NIOSH breathing machine requirement of 40 liters per minute to 
100 liters per minute. The 100 liters per minute ventilation rate was 
derived from a review of several studms indicating that a ventilation 
rate of 100 standard liters per minute encompass the 98th percentile 
of all fire fighters studied. 

2. Environmental Temperature Resistance Tests. This series of 
tests exposes the breathing apparatus to various temperature 
extremes and temperature cycles that breathing apparatus might be 
exposed to during storage conditions and certain environmental 
changes. 
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3. Particulate Resistance Test. This test exposes the breathing 
apparatus to a specified concentration of particulates to provide a 
reasonable level of assurance that the apparatus is designed to 
properly function when exposed to the dust conditions commonly 
present during fire fighting operations. 

4. Facepiece Lens Abrasion Resistance Test. This.test is 
designed to provide a reasonable level of assurance that the facepiece 
lens of the breathing apparatus is not easily scratched during fire 
fighting operations that could result in reduced visibility for the fire 
fighter. 

5. Communications Test. This test is designed to assure that 
the facepiece of the breathing apparatus does not significantly reduce 
a fire fighter's normal voice communication. 

6. Accelerated Corrosion Resistance Test. This test is to 
provide a reasonable level of assurance that the breathing apparatus 
ts designed to resist corrosion that may form and interfere with the 
apparatus performance and function. 

7. Vibration Test. This test is to provide a reasonable level of 
assurance that when the breathing apparatus is exposed to vibration 
and impact, such as being carried on a vehicle that often travels over 
rough road surfaces, the apparatus will properly perform and 
function. 

8. Fabric Components Test. Flame, heat, and thread tests ai'e 
added to provide a reasonable level of assurance that the fabric 
components of a harness assembly used to hold the backplate to the 

' wearer's body will remain intact during fire fighting operations. 

A-1-2.1 Users are cautioned that if more unusual conditions prevail, 
such as higher or lower extremes of temperatures than described 
herein, or if there are signs of abuse or damage to the SCBA or its 
components, the user's margin of safety may be reduced. All retrofits 
6r repairs should be approved by the manufacturers whose SCBA 
complies.with this standard. 

A-1-2.2 Although SCBA that meet this standard have been tested to 
more stringent requirements than required for NIOSH/MSKA 
certification, there is no inherent  guarantee against SCBA failure or 
fire fighter injury. Even the best-designed SCBA cannot compensate 
for either abuse or the lack of a respirator training and maintenance 
program. The severity of these tests should not encourage or 
condone abuse of SCBA in the field. 

The envii'onmental tests utilized in this standard alone might not 
simulate actual field conditions, but are devised to put extreme loads 
on SCBA in an accurate and reproducible manner  by test laborato- 
ries. However, the selection of the environmental tests was based on 
summary values derived from studies of conditions that relate to field 
U s e .  

A-1-$ Approved. The National Fire Protection Association does not 
approve, respect or certify any installations, procedures, equipment, 
or materials nor does it approve or evaluate testing laboratories. In • 
determining the acceptability of installations or procedures, 
equipment or materials, the authority having jurisdiction may base 
acceptance on compliance with NFPA or other appropriate stan- 
dards. In the absence of such standards, said authority may require 
evidence of proper installation, procedures or use. The authority 
havingjurisdicuon may also refer to the listings or labeling'pracuces 
of an organization concerned with product evaluations which is in a 
position to determine compliance with appropriate standards for the 
current production of listed items. 

A-l-3 Authority HavlngJurlsdiction. The phrase "authority having 
jurisdiction" is used inNFPA documents in a broad manner  since 
t~hrisdictions and "approval" agencies vary as do their responsibilities. 

e're public safety is primary, the "authority having jurisdiction" 
may be a federal, state, local or other regional department or-  
individual such as a fire chief, fire marshal, chief of a fire prevention 
bureau, labor department, health department, building official, 
electrical inspector, or others having statutory atithority. For 
insurance purposes, an insurance inspection department, rating 
bureau, or other insurance company representative may be the 
Uauthority having jurisdiction." In many circumstancOs the property 
owner or his designated agent assumes the role of the "authori~ 
having jurisdiction"; at government installations, the commanding 
officer of dej~artmental official may be the ~authority having 
jurisdiction. 
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A-l-3 Compressed Breathing Gas. There are requirements in many 
standards and regulations covering the quality of  air to be used in 
open-circuit SCBA, and it is not  the function of this Committee to 
reference all the established requirements. However, the Committee 
believes it is most important to remind the user that the quality and 
water content of the air in the cylinder are of great concern. ANSI/ 
CGA G7.1, Commodity Specification for Air, specifies air quality and 
dewpoint for SCBA. As a minimum, open-circuit SCBA manufactur- 
ers recommend and NIOSH requires the use of Grade D air. Open- 
circuit SCBA manufacturers also recommend that the air used to fill 

linders shall have a water vapor content of 25 ppm or less. Further, 
A 1500, Standard on Fire Department Occupational Safety and Health 

Program, in 5-3.6, requires thatbreathing air for SCBA be at least 
Grade D with a water vapor content of 25 ppm or less. 

~-1-3 Listed. The means ofidentlfyinglisted equipment mayvary for 
each organization concerned with product evaluauon, some of which, 
do not recognize equipment as listed unless it is also labeled. The 
"authority havin~jurisdiction" should utilize the system employed by 
the listing orgamzatlon to identifying a listed product. 

A-2-1.1.2 Since additional weight can reduce the fire fighter's ability 
to carry out assigned tasks, weight reduction is a prime concern of the 
Committee. The Committee recommends that SCBAs of rated 30- 
minute duration should be limited to a maximum weight of 25 lbs 
(11 kg). Purchasers are advised to specifically address weight in their 
purchase specifications regardless of the rated service time. 

.4,-2-1.1.8 SCBA that are certified by NIOSH/MSHA include a rated 
service time based on laboratory tests required by NIOSH. The SCBA 
is tested using a specified breathing machine with a breathing rate of 
40 liters per minute. NIOSH uses this 40 liter per minute rate 
because ~t represents a moderate work rate that an average user can 
sustain for a period of time. To attain a rated service time of 30 
minutes, dunng  this 40 liter per minute test, the typical SCBA 
cylinder must contain 1200 liters or more of compressed breathable 
air. A 45-cubic foot cylinder has a capacity of 1273.5 liters, based on 
28.3 liters per cubic foot. Because actual work performed by a fire 
fighter often results in. a ventilation rate that. exceeds 40 liters, p.er 
minute, fire fighters will frequently not  attain the rated serwce ume of 
30 minutes. During extreme exertion, for example, actual service 
time can be reduced by 50 percent or more. - 

To assure proper utilization of equipment in actual situations, after 
training and.instruction, it is recommended that users gain confi- 
dence by actually using the SCBA in a series of tasks representing or 
approximating the physical demands likely to be encou- ntered. - 

In addition to the degree of user exertion, other factors that may 
affect the service time of the SCBA include: 

(a) The physical condition of the user. (See also ANSI Z88.6.) 
(b) Emotional conditions, such as fear or excitement, that may 

increase the user's 
breathing rate. 

(c) The degree of training or experience the user has had with 
such equipment. 

(d) Whether or not the cylinder is fully charged at the beginning 
of use. 

(e) The facepiece fit. 
(0 Use in a pressurized tunnel or caisson. At two atmospheres 

of'pressure (29.4 psig), the duration will be one-half the duration 
obtained at one atmosphere of pressure (14.7 psig); at three 
atmospheres of pressure (44.1 prig), the durauon will be one-third 
the duration obtained at one atmosphere of pressure. 

(g) The condition of the SCBA. 
(h) The SCBA effective dead air space. Dead air space is a 

volume proportional to the CO 2 concentration in the inhaled 
breathing gas. 

During normal breathing without a facepiece, carbon dioxide, 
which is produced by the body's metabolism, is released to the 
environment on each breath. The facepiece of an SCBA reduces this 
environment to a small space around the face. On exhalation, a 
portion of the . . . .  carbon dioxide-rich exhaled breath is trapp.ed in .this 
space. On mhalauon, fresh mr from the SCBA cyhnder m~xes vath 
this carbon dioxide-rich air and then enters the lungs. The concen- 
tration of carbon dioxide is dependent  on facepiece configuration, 
flow characteristics and ventilation rate. 

The full effect of increased dead air space has not been demon- 
strated. However, the scientific work done in this area shows that an 
increase of CO s in the inhalation air leads to increased ventilation 

A 9 2  T C R  

and, consequently, shorter service time for a given air supply. Means 
to reduce CO s in the inhalation air by using, for example, a well- 
fitting nose cup, have been demonstrated to give longer service time. 
Contact each manufacturer for specific data. 

A-2-2.1 The certification organization should have sufficient breadth 
of interest and activity so that the loss or award of a specific business 
contract would not be a determining factor in the financial well-being 
of the agency. 

A-2-2.8 The contractualprovisions covering certification programs 
should contain clauses advising the manufacturer that if reqmre- 
ments change, the product should be brought into compliance with 
the new requirements by a stated effective date through a compliance 
review program involving all currently listed products. 

Without these clauses, certifiers would not be able to move,quickly 
to protect their name, marks, or reputation. A product safety 
cerdfication program would be deficient without these contractual 
provisions and the administrative means to back them up. 

A-2-2.4 Investigative procedures are important elements of an 
effective and meaningful product safety certification program. A 
preliminary revieg" should be carried out on products submitted to 
the agency before any major testing is undertaken. 

A-2-2.7 Such inspections should include, in most instances, wimess- 
ing of production tests. With certain products the certification 
organization inspectors should select samples from the production 
line and submit them to the main laboratory for countercheck 
tesdng. With other products, it may be desirable to purchase samples 
in the open market for test purposes. 

A-3-1.1 The current NIOSH certification test method, 30 CFR 11, 
uses a ventilation rate of 40 liters per minute, while NFPA 1981 
re.quires an airflow test based on a ventilation rate of 100 liters per 
minute. Aventiladon rate o f l00  standard liters per minute 
encompasses the 98th percentile ofail fire fighters studied. The 
ability of the SCBA to supply the 100 liters per minute of breathing 
air is measured in this airflow performance test by monitoring the 
pressure within the facepiece. 

Specific response times for both the pressure transducer and 
recorder are specified in this standard. It is important to note that if 
other types of recording devices, measuring equipment, and testing 
methods are used,pressure fluctuations might appear in the 
facepiece as short (millisecond) negative pressure spikes. The 
siguificance of these spikes to the actual protection afforded the user 
by the SCBA is not fully understood at thts time. Additional studies 
are needed to determine the significance, if any, of these spikes. 
Because these negative spikes might affect the actual protection 
offered by the SCBA, it is recommended that a facepiece fitting 
program be  established. Quantitative fittin~ tests are recognized to be 
the best  method for determining the faceplece-to-face seal and 
should be performed by the fire service wherever SCBA are used. For 
departments that wish to perform quantitative fit testing, a suggested 
procedure for conductingsuch tests may be found in ANSI Z88.2, 
Practices for Respiratory Protection. 

A-3-9 This standard contains an abrasion test that is used to evaluate 
the outside surface of the facepiece lens. This standard does not 
address the abrasion resistance of the interior surface of the facepiece 
lens. Current facepiece lens interior surfaces may be uncoated, 
coated with an anu-fog agent, coated with an abrasion-resistant agent 
that does not comply with the performance required in Section 3.9 of 
this standard, or an abrasion-resistant coating that does comply with 
the performance required in Section 3.9 of this standai'd. Informa- 
tion regarding coatings on the lens interior surface should be 
obtained from the SCBA manufacturer. 

.4,-3-10 As the Communications Test'is the only test that requires 
human subjects, there were variations in the data used to determine 
the appropriate pass/fail criteria. Therefore, a statistical approach to 
analyze the data was required to determine whether an individual 
SCBA meets the pass/fail criteria of Section 3-10. A null hypothesis 
test utilizing the Student t-distrlbution is an appropriate method to 
do this. 

The Student t-distribution quantile of 2.13 results from the following 
conditions: 

Degrees of freedom = 4 
Confiderlce level =c95 percent. 
Refer to any current statistical text for further information. 

A-4-1.1 The headform, Models 803608-01 and 803608-02, can be 
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obtainedfrom Scott Aviation, 225 Erie St., Lancaster, NY 14086.' 
Drawings can be obtained from NFPA for Model 803608-01 or 
803608-02. 

A-4-1.7 A Model P24 differential pressure transducer with a range of 
±8.9 in. (±226 mm) of water differential is recommended and 
available from Validyne Engineering Corporation, 8626 Wilbur 
Avenue, Northridge, CA 91324'. ' - 

A-4-1.8 A Model #1241 BOO one-pen recorder is recommended and 
available from Soltec Corporation, 11684 Pendleton Street, Sun 
Valley, CA 91352. 

A-4-1.12 Complete engineering drawings to construct the Model 327- 
6 Breathing Machine can be obtained from NFPA. 

The respirator*/frequency is determined by dividing the minute 
volume by the udal volume for each Model 327-6 Breathing Machine 
manufactured. 

A-4-1.14 Calibration Procedure for NFPA Model 327-6 Breathing 
Machine. 

CALIBRATION PROCEDURE FOR 
NFPA MODEL 327-6 

BREATHING MACHINE 

I. Set Up Equipment. 

1. Remove plug fitting and open valve at side port of the breathing 
machine (BM), then close the valve to the test headform. 

2. Connect a non return 2-wayvalve to the side port. (See Figure 
1.) 

3. Make sure all gas has been expelled from agas collection bag by 
rolling the bag up. Connect the bag to the dead-ended gas-collection 
port of a 3-way valve. (See Figure 2.) A recommended gas-collection 
bag is a 190-liter meteorological bag (Catalog No. 022631) or a 150- 
liter Douglas bag (Catalog No. 022692) available from Warren C. 
Collins, Inc., 220Wood Road, Braintree, MA 02184. Equivalent or 
similar collection bags may be substituted. Collins also supplies a 3- 
way valve (T-shape stopcock- Catalog No. 021043). 

4. Connect the common port of the 3-way valve to the exhalation 
port of the nonreturn 2-wayvalve. (See Figure 3.) 

5. Connect the Validyne Transclucer DP 24 to a pressure tap on the 
collection side of the 3-way valve. The transducer output goes to the 
Soltec Recorder. 

II. Collect Gas 

1. With the ventpor t  of the 3-way valve open, start BM and allow 
BM to "warm up" for at least ten minutes. 

2. After the 10-minute "warm up" period, adjust the speed ~o 
approximately 30 RPMs if the machine has not been calibrated within 
th.e last few da.~. If the machine has recently been calibrated, leave it 
at its preset adjustment. 

3. Set the chart speed on the Soltec Recorder to 60 cm/min,  and 
start the recorder. 

4. At the start of an inhalation, turn the 3-way valve so that the air. 
exhaled from the BM goes into the collection bag, (See Figure 4.) \ 

5. Each exhalation stroke should produce a positive peak on the 
strip-chart recording, which can be used as a counter. The operator 
may use a substitute method to count the exhaled tidal volumes (TV) 
that go into the bag. 

• 6. After 30 to 85 exhalations, turn the 3-wayvalve at the start of an 
inhalation so that the gas collection port  is closed and the BM vents 
to atmosphere. Turn off the Soltec Recorder. 

HI. Measure the Volume (liters) of Gas Collected. 

1. The recommended method to measure the volume of gas in the 
bag is to transfer the air into a Spirometer. Make sure the bag is 
completely empty by rolling it up. 

2. Another method to measure the gas volume in the bag is to 
slowly empty the bag through a calibrated dry-gas meter. Ensure that 
a correction factor is applied as required. 

IV. Calculate Minute Volume. 

1. From thepositive peaks on the strip chart recording, count the 
number  of exhalations (NE) that were made into the bag or use your 
own counting method if you are sure it is correct. 

2. Measure the total distance (in cm) between the peaks of 30 
exhalations, which should be approximately 60 cm at a chart speed of 
60 cm/min.  (See Figure 5.) If the pressure in the gas-collection port 
has not  been measured, the operator may use another  method to 
accurately measure the breatl~ing machine's RPMs. 

3. Calculate RPM, 
30 b r e a t h s  

R P M  = 
d i s t a n c e  × m i n  

60 c m  
4. Determine the tidal volume (TV), 

VSlPD T V  . . . . . .  
N E  

5. Determine the Minute Volume, V~. 

V.~ = TVx I~M 

NOTE: A record of TV and RPM should be maintained for each 
machine. As the seals on the pistons wear, the TV for a given 
RPM may decrease, an indication that the seals should be 
replaced. 

V. Minute Volume Adjustment. 

1. If the Vxl is between 100 liters and 106 liters, no adjustment is 
necessary arid the BM is ready to perform the NFPA Air Flow 
Performance Test at the present RPM setting. 

9. If the V>t < 100, the RPM must be increased and the Vxt recalculated. 

3. If the "v'~ > 106 liters the RPM must be decreased and the V.x i 
recalculated. 

(SEE Figure A-4-1.14 NEXT PAGE) 

The total distance is the length that the 30 exhalations take on the 
strip chart recording. Each positive pressure peak indicates an 
exhalation stroke. 

(SEE Calibration Log AFTER NEXT PAGE) 

A-4-9.7 The Blue Streak M3-6M wool felt polishing pad can be 
obtained from J.I. Morris Co., 394 Elm Street, Southbridge, MA. 

A-4-9.8 The 3M, 7415 Wood Finishing Pad is an abrasive sheet that 
has markings on one side. The pad can be obtained from 3M Corp. 
Box 33053, St. Paul, MN 55133. 

A-4-11.2 The protective covering has been selected solely for the 
purpose of protecting the Flame and Heat Test mannequin and 
providing a reproducible exterior configuration to support the SCBA 
being tested. The intention of this standard is to test the SCBA and 
not me protective covering. 

A-5-1.1 AATCC publications can be obtained from the American 
Association of Textile Chemists and Colorists, Post Office Box 12215, 
Research Triangle Park, NC '77709. 

A-5-1.2 ANSI publications can be obtained from the American 
National Standards Institute, 1430 Broadway, New York, NY 10018. 

A-5-1.3 ASTM publications can be obtained from the American 
Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 
19103. 

A-5-1.4 GSA publications can be obtained from the General Services 
Administration, Specifications Activities, Printed Materials Supply 
Division, Building 197, Naval Weapons Plant, Washington, DC 20407. 

A-5-1.5 Navy publications can be obtained from the Navy Publications 
and Forms Center, 5801 Tabor Avenue, Philadelphia, PA 19120. 

A-5-1.6 Superintendent of Documents publications can be obtained 
from the Superintendent of Documents, U.S. Government Printing 
Office, Washington; DC 20402. - 
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American National Standards Institute, 1430 Broadway, New York, 

Appendix B 

B-I The follo~ng documents or portions thereof are referenced 
within this document for informational 15urposes only and thus 
should not be considered part of the requirements of this document. 
The edition indicated for each reference should be the current 
edition as of the date of the NFPA issuance of this document. 

]3-I-I Other Publlcaflons. 

NY 10018, 
ANSI Z88.£, Practices for Respiratory Protection, 1982 

ANSI Z88.6, Standard for Respiratory P~.tccdon - -  Respirator Use 
Physical Qualifications for PersonneJ, ~vo . 

ANSI/CGA G7.1, Method for Measuring the Intelligibility of Speech 
Over Communication Systems, 1989. 
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PARTV 

1999- 1 - (Entire Document): Accept 
SUBMITrER: Technical Committee on Fire Service Protective 
Clothing and Equipment 
RECOMMENDATION: Adopt the new document NFPA 1999, 
Standard on Protective Clothmg for Medical Emergency Operations, 
1992 Edition. 
SUBSTANTIATION: This new standard covers protective garments, 
gloves, and facewear designed to protect emergency medical service 
personnel against exposure to liquid borne pathogens during 
emergency medical operations. Each type of clothing must resist 
penetration to blood-borne pathogens as determinedby performance 
tests to determine "fluid-proof" performance of materiais. Garments 
are also required to meet requirements for overall lquid-tight 
integrity, material strength and physical hazard resistance, seam 
strength, and closure strength. Gloves must demonstrate minimum 
performance for tensile and elongation properties, in an "as 
received" condition as well as following heat aging and isopropyl 
alocohol immersion. Gloves also must meet reqmrements for 
minimum sizing, liquid tight integrity, puncture resistance, and 
dexterity. Facewear is tested for and must meet minimum require- 
ments with respect to water-tight integrity for intended areas of 
penetration. The selectlron of test methods and performance 
requirements was based on surveys of EMS persona/and a technical 
study supported by the U.S. Fire Administration. 
COMMITTEE ACTION: Accept. 

NFPA 1999 

Standard on 

Protective Clothing for Emergency Medical Operations 

1992 Edition 

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

Information on referenced publications can be found in Chapter 6. 

Chapter 1 Administration 

1-1 Scope. 

1-1.1" This standard specifies minimum documentation, design 
criteria, performance criteria and test methods for emergency 
medical clothing, including garments, gloves, and face protection 
devices. 

1-1.2* This standard does not apply to protective clothing for any fire 
fighting application. 

1-1.3" This standard does not provide criteria for protection from 
radiological or cryogenic agents, hazardous chemicals, or flammable 
or explosive atmosptteres. 

1-1.4" This standard is not intended to be utilized as a detailed 
manufacturing or purchase specification, but can be rdfereneed in 
purchase specifications as minimum requirements. 

1-2 Purpose. 

1-2.1 The purpose of this standard is to provide minim~im require- 
ments for emergency medical garments, gloves, and face protection 
devices designed to minimize skin exposure to liquid-borne 
pathogens under  the various conditions that might exist at the scene 
of an emergency. 

1-2.2" It is not  the purpose of this standard to provide criteria for 
protection from biological agents that are not liquid borne. 

1-2.3 Controlled laboratory tests used to determine compliance with 
the performance requirements of this standard shall n o t b e  deemed 
as establishing performance levels for any situations to which 
personnel maybe exposed. 

1-3 Definitions. 

Approved.* Acceptable to the "authority having jurisdiction." 

AuthorityHavlngJurlsdiction.* The "authority having jurisdiction"is 
the organization, office or individual responsible for "approving" 
equipment, an installation or a procedure. 

Biological Agents. Biological materials that are capable of causing a 
disease or long term damage to the human body. 

Body Fluids. Fluids that the body makes including, but not limited 
to, blood, semen, mucus, feces, urine, vaginal secretions, breast milk, 
amniotic fluid, cerebrospinal fluid, synov~ai fluid, and pericardia] 
fluid. 

Boot. A 13rotecfive clothing item designed to protect the wearer's feet. 

Bootie. A sock-like extension of the garment leg designed to protect 
the wearer's feet when worn in conjunction with an outer boot. 

Certlficatlon/Certlfied. A system whereby a certification organiza- 
tion determines that a manufacturer has demonstrated the ability to 
produce a product that complies with the requirements of the 
standard, authorizes the manufacturer to use a label on listed 
products that comply with the requirements of this standard and 
establishes a follow-up program conducted by the certification 
organization as a check on the methods the manufacturer uses to 
determine compliance with the requirements of this standard. 

Certification Organization. An independent, third party organiza- 
tion that determines product compliance with the requirements of 
this standard with a labeling/listing/follow-up program. 

Compliant. Meeting or exceeding all applicable requirements of this 
standard. 

Cryogenic Agents. Low temperature materials that are capable of 
causing acute or long term freeze burn damage to the human body. 

Emergency Medical Clothing. A single garment or an assembly of 
multiple garments constructed of protective clothing material, 
designed and configured to cover any part  of the wearer's skin that 
meets all applicable requirements of NFPA 1999, Standard on Protective 
Clothing for Emergency Medical Operations. 

Emergency Medical Face Protection Device. A faceprotection 
device which meets all applicable requirements of NFPA 1999, 
Standard on Protective Clothing for E ~ c y  Medical Operations. 

Emergency Medical Glove. A glove constructed of protective clothing 
materials designed and configured to cover the wearers hand to at least 
the wrist and meets all applicable requirements of NFPA 1999, Standard on 
Protective Clothing of Emergency Medical Operation~ 

Emergency Medical Operations. Delivery of emergency patient care 
and transportation prior to arrival at a hospital or other health care 
facility. 

Emergency Patient Care. The provision of treatment to patients, 
including first aid, cardiopulmonary resuscitation, basic life support 
(EMT level), advanced life support (Paramedic level), and other 
medical procedures that occur prior to arrival at a hospital or other 
health care facility. 

Exposure. Contact with an infectious agent, such as body fluids, 
rough inhalation, percutaneous inoculation, or contact with an 

open wound, nonintact skin, or mucous membrane. 

Face Protection Devices. Devices constructed of protective clothing 
materials designed and configured to cover part o-r all of the wearer's 
entire face orhead.  Face protection devices may include splash 
resistant eyewear, hooded visors, or respirators. 

Face Protection Device Product Label. A label affixed to or 
imprinted on the face protection device by the manufacturer 
indicating compliance with this standard. This product device label is 
not  a certification organization label or identifying make. • 

Flammable or Explosive Atmospheres. Atmospheres containing 
substances or gases at concentrations that will burn or explode iF 
ignited. 

Follow-Up Program. The sampling, inspections, tests, or other 
measures conducted by the certification organization on a periodic 
basis to determine the continued compliance of labeled anal listed 
products that are being produced by the manufacturer to the 
requirements of this standard. 
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Garment. An item'of clothing that covers any part of the wearer's 
skin except accessory items like gloves or face protection devices. 

Garment Closure. The garment component  designed and config- 
ured to allow the wearer to enter  (don) and exit (doff) the emer- 
gency medical garment. 

Garment Closure Assembly. The combination of the garment 
closure and the seam attaching the garment closure to the garment, 
excluding any protective flap or cover. 

Garment Product Label. A label affixed to the garment by the 
manufacturer containing general information, warnings, care, 
maintenance, or similar data. This product label is not a certification 
organization's label or identifying mark. 

Garment Material. The primary protective clothing material(s) used 
in the construction of Emergency Medical Garments. 

Glove. A protective clothing item designed to protect the wearer's 
hands. 

' Glove Product Label. A label affixed to or imprinted on the glove by 
the manufacturer indicating compliance with this standard. This 
product label is not a certification organization's label or identifying 
mark. 

Glove Material. The primary protective clothing material(s) used in 
the construction of Emergency Medical Gloves. 

Hazardous Chemical. Any solid, liquid, gas or mixture thereof that 
can potentially cause harm to the human body through respiration, 
ingestion, skin absorption, or contact. 

Labeled. Equipment or materials to which has been attached a label, 
symbol, or other identifying mark of an organization acceptable to 
the "authority having jurisdiction" and concerned with product 
evaluation, that maintains periodic inspection of production of 
labeled equipment or materials and by whose labeling the manufac- 
turer indicates compliance with appropriate standards or perfor- 
mance in a specified manner. 

Liquid Borne Pathogen. An.infectious bacteria or virus carried in 
human, animal.or clinical body fluids, organs or tissues. 

Listed.* Equipment or materials included in'a list published by an 
organization acceptable to the "authority having jurisdiction" and 
concerned with product evaluation, that maintains periodic 
inspection of production of listed equipment or materials and whose 
listing states either that the equipment or material meets appropriate 
standards or has been tested andfound  suitable for use in a specified 
manner. 

Package. The wrapping or enclosure directly containing the 
emergency medical glove or face protection device. 

Protective Clothing Material. Any material or combination of 
materials used in garments, gloves, or face protection devices for the 
piJrpose of isolating parts of the wearer's body from contact with 
liquid borne pathogens or physichl hazards. 

Radiologlcal Agents. Radiation associated with x-rays, alpha, and 
gamma emissions from radioactive isotopes or other material in 
excess of normal radiation background levels. 

Seam. Any permanent  attachment of two or more garmefit or glove 
materials, excluding external fittings, gaskets, and garment closure 
assemblies, in a line formed byjoinlng the separate material pieces. 

Shall. This term indicates a mandatory requirement. 

Should. This term, as used in the Appendix, indicates a recommen- 
dation or thlit which is advised but  not required. 

Splash Resistant Eyewear. Safety glasses, prescription eyewear, 
~oggles, or chin-length face shields that when properly worn provide 
limited protection against splashes, spray, spatters, droplets, or 
aerosols of body fluids or other potentially infectious material. 

Trace Number. A code that can he used to retrieve the production 
history of a product, for example a lot or serial number. 

1-4 Units. 

1-4.1" In this standard, values for measurement are followed by an 
equivalent in parentheses, but only the f rs t  stated value shall be 
regarded as the requirement. Equivalent values in parentheses shall 
not be considered as the requirement as these values might be 
approximate. 

Chapter 2 Certification 

2-1 General. 

2-1.1 Emergency medical garments, gloves, and face protectloh 
devices that are labeled as being compliant with this standard shall 
meet or exceed all applicable requirements specified in this standard 
and shall be certified. 

2-1.2 All certifications shall be performed by an approved certifica- 
tion organization. 

2-1.S Compliant emergency medical garments shall be labeled and 
listed. Such garments shall also have a garment product label that 
meets the requirements specified in Section 2-5 of this Chapter. 

2-1.4 Compliant emergency medical gioves shall be labeled and 
listed. Such gioves shall also have product labels that meets the 
requirements specified in Section 2-6 of this Chapter. 

2-1.5 Compliant emergency medical face protection devices shall be 
labeled andlisted. Such face protection devices shall also have 
t~roduct labels that meet the requirements specified on Section 2-7 of 

is Chapter. 

2-2 Certification Program. 

2-2.1" The certification organization shall not be owned or con- 
trolled by manufacturers or vendors of the product being certified. 
The certification organization shall be primarily engaged in 
certification work and shall not have a monetary interest in the 
product's ultimate profitability. 

2-2.2 The certification organization shall refuse to certify products to 
this standard that do not  comply with all applicable.requirements of 
this standard. 

2-2-$* The contractual provisions between the certification organiza- 
tion and the manufacturer shall specify that certification is contin- 
gent on compliance with all applicable requirements of this standard. 
There shall be no conditiona/, temporary, or partial certifications. 

2-2.4* For certification, laboratory facilities and equipment for 
conducting proper tests shall be available, a program for calibration 
of all instruments shall be in place and operating, and procedures 
shall be in use to ensure proper control of ail testing. Good practice 
shall be followed regarding the use of laboratory manuals, form data 
sheets, documentedcalibration and calibration routines, perfor- 
mance verification, proficiency testing and staff qualificauon and 
training programs. 

2-2.5 Manufacturers shall be required to establish and maintain a 
program of production inspection and testing that meets the 
requirements of Section 2-4 of this Chapter. 

2-2.6 The manufacturer and the certification organization shall 
evaluate any changes affecting the form, fit or function of the 
certified product to determine its continued certification to this 
standard. 

2-2.7* Product certifications shali include a foUow-up inspection 
program, with at least 2 random and unannounced visits per 12 ~ 
month period. 

2-2.8 The certification organization shall have a program for 
investigating field reports alleging malperformance or failure of listed 
products. 

2-2.9 The operating procedures of the certification organization shall 
provide a mechanism for the manufacturer to appeal decisions. The 
procedures shall include the presentation of information from both 
sides of a controversy to a designated appeals'panel. 

2-2.10 The certification organization shall be in aposition to use 
legal means to protect the integrity of its name andlabel.  The name 
and label shall be registered.and legally defended. 
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2-$ Inspection and Testing. 
2-3.1 Saml~ling levels for testing and inspection shall be established 
by the certification organization and the manufacturer to assure a 
reasonable and acceptable reliability at a reasonable and acceptable 
confidence level that products certified to this standard are compli- 
ant. This information shall be included in the manufacturers 
technical data package. 

2-3.2 Testing for determining material and component compliance 
with the requirements specified in Chapter 4 of this standard shall be 
performed on samples representative of materials and components 
used in the actual construction of the eme~enc],  medical garments, 
gloves, or face protection devices. The certificanon organization shall 
also be permitted to use sample materials cut from representative 
emergency medical clothing. 

2-3.$ Any combination of materials used in emergency medical 
clothing that is needed to meet any of the performance requirements 
specified in Chapter 4 of this standard, shall also be required to meet 
all of the requirements for that particular segment of the emergency 
medical clothing~ 

2-4 ~ u f a c t u r e r ' s  ~ a l i ~ A s s u r a n c e .  

24.1 The manufacturer shall provide and maintain a quality 
assurance program that includes a documented inspection and 
product recall system. The manufacturer shall have an inspection 
system to substantiate product conformance to this standard. 

2-4.2 The characteristics to be inspected, or tested, or both shall be 
classified according to the potential effect of such defects and 
grouped into the following classes: 

(a) Major A - -  a defect that will reduce protection and is not  
readily detectable by the user; 

(b) Major B - -  a defect, other than Major A, that is likely to result 
in reduced prbtection, and is detectable by the user; and 

(c) Minor - -  a defect that is no t  Ilk.ely to materially reduce the 
usability of the device for its intended purpose.  

2-4.2.1 The acceptable quality level shall be as defined by Military 
Standard MII.~TD 105D, Sampling Procatures and Tables for lnspection 

Attnbu~, Inspection Level II. 

2-4.2.2 The acceptable quality level for all garment defects shall be as 
follows: (a) Major A m 1.0, (b) Major B -  2.5, and (c) Minor- -4 .0 .  

2-4.$ The manufacturer shall maintain written inspection and testing 
instructions. The instructions shall prescribe inspection and test of 
.materials, work in process, and completed articles. In addition, 
criteria for acceptance and rejection of product shall be included in 
the instructions. 

2-4.4 The manufacturer, shall, maintain records of all inspections and 
tests. The records shall mdicate the nature and number  of observa- 
tions made, the number.and type of deficiencies found and the 
quantities accepted or rejected. 

2-4.5 The manufacturer shall take action to correct discrepant 
conditions which have resulted, or could result, in products which do 
not conform to the requirements of this Standard. The nature of the 
discrepancy and the corrective action taken shall be documented. 

2.4.6 The manufacturer's inspection system shall provide for 
procedures that assure the latest applicable drawings~ specifications, 
and instructions are used for fabrication, inspection, and testing. 

2.4.'/ Subcontracted or purchased supplies shall be subjected to 
inspection after receipt, as necessary, to assure conformance of the 
end i tem to the requirements of this standard. When manufacturers 
rely upon the supplier toprovide data to demonstrate material 
conformance to this standard, or when the supplier is individually 
certified, that data shall become a part of,the manufacturer's 
inspection records. The use of a supplier s test data or certification 
shall not relieve the manufacturer of  their responsibility to furnish an 
end item which complies with all the requirements of this standard. 

2-4.8 When the manufacturer conducts quality assurance testing, the 
facilities and equipment for conducting proper  tests shall be 
available, a program for calibration of all instruments shall be in 
place and operating, and procedures shall be in use to ensure proper 

control of all testing. Good practice shall be followed regarding the 
use of laboratory manuals, form data sheets, documented calibration 
and calibration routines, performance verification, proficiency 
testing, and staff qualification and training programs. 

2-4.8.1 The manufacturer, at their option, shall be permitted to 
utilize an outside test facility to conduct the quality assurance tests. 
When this option is selected, the outside test facility shall meet the 
requirements of 2-4.8 of this Section. ' , 

2-4.8.2 The test facility shall provide a written report to the manufac- 
turer that describes the tests performed and the results. This report 
shall become a part of the manufacturer's inspection records. 

2-4.9 The manufacturer shall maintain a system for identifying the 
appropriate inspection status of component  materials, work in- 
process, and finished goods. 

24.10 The manufacturer shall establish and maintain a system for 
controlling nonconforming material, including procedures for the 
identificauon, segregation, and disposition ofresected material. All 
nonconforming materials or products shall be identified to prevent 
use, shipment, and intermingling with conforming materials or 
products. 

2-5 Garment Product Labeling. 

2-5.1 The emergency medical garment shall have a garment product 
label permanently and conspicuously attached to the inside of the 
garment upon which at least, the following warnings and information 
are pr in tedin  at least 1/16 in (1.5 ram) high letters. 

THIS EMERGENCYMEDICAL GARMENrl " MEETS THE 
REQUIREMENTS OF 
NFPA 1999, STANDARD ON PROTECTIVE CLOTHING FOR 
EMERGENCY MEDICAL OPERATIONS, 1992 EDITION. 

WARNING 

THIS GARMENT MAYBURN. IT HAS NOT BEEN RE- 
QUIRED TO MEET A FLAMMABLE PERFORMANCE TEST. 

T USE THIS GARMENT FOR EMERGENCY MEDICAL 
RESPONSE ONLY. DO NOT USE FOR PROTECTION FROM 
ANY HAZARDOUS CHEMICAL EMERGENCIES, FIRE 
FIGHTING APPLICATIONS, CRYOGENIC AGENrTS, OR IN 
FLAMMABLE OR EXPLOSIVE ATMOSPHERES. CONrI'AMI- 
NATION OF THIS GARMENrr MAYWARRANrl " ITS DIS- 
POSAL. MAINTAIN ONLYIN ACCORDANCE WITH 
MANUFACTURER'S INSTRUCTIONS. NO PROTECTIVE 
GARMENT CAN PROVIDE PROTECTION FROM ALL 
CONDITIONS. FAILURE TO COMPLYWITH THESE 
INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR ' 
DEATH." 

Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Garment model and style 
Trace number  
Date of manufacture 
Size 

"DO NOT REMOVE LABEL" 

2-5.2 All portions of this required garment product label shall be 
printed at least in English: The label shall be clearly legible to the 
eye. 

2-6 Glove Product Labeling. 

2-6.1 The emergency medical glove shall have at least a glove product 
label on the outside of the gaundet that includes the followin-g 
statement printed in at least 1 /4  inch (6.0 mm) high letters: 

"MEETS NFPA 1999 (1992 EDITION)" 

2-6.2 Each package containing one or more emergency medical 
gloves shall have a package product label permanently and conspicu- 
ously attached to the outside or printed on the package upon which 
at least the following warnings and information are printed in at least 
1/16 in (1.5 mm) high letters. 
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~rHIS EMERGENCY MEDICAL GLOVE MEETS THE 
REQUIREMENTS OF NFPA 1999, STANDARD ON PROTEC- 
TIVE CLOTHING FOR EMERGENCY MEDICAL OPERA- 
TIONS, 1992 EDITION. 

WARNING 

THIS GLOVE MAYBURN. IT HAS NOT BEEN REQUIRED 
TO MEET A FLAMMABLE PERFORMANCE TEST.USE 
THIS GLOVE FOR EMERGENCY MEDICAL OPERATIONS 
ONLY. DO NOT USE FOR PROTECTION FROM ANY , 
HAZARDOUS CHEMICAL EMERGENCIES, FIRE FIGHTING 
APPLICATIONS, CRYOGENIC AGENTS, OR IN FLAM- 
MABLE OR EXPLOSIVE ATMOSPHERES. CONTAMINA- 
TION OF THIS GLOVE MAYWARRANT ITS DISPOSAL. 
MAINTAIN ONLY IN ACCORDANCE WITH 
MANUFACTURER'S INSTRUCTIONS. NO PROTECTIVE 
CLOTHING CAN PROVIDE PROTECTION FROM ALL 
CONDITIONS. FAILURE TO COMPLYWITH THESE 
INSTRUCTIONS MAY RESULT IN SERIOUS INJURY OR 
DEATH." 

Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Glove model and style 
Trace number 
Date of manufacture 
Size 

"DO NOT REMOVE LABEL" 

2-6.3 All portions of the required glove and package product labels 
shall be printed in at least English. All labels shallbe clearly legible to 
the eye. 

2-7 Face Protection Device Product Labeling. 

2-7".1 The emergency medical face protection device shall have a face 
protection device product label in a conspicuous location not 
interfering with vision that includes the following statement printed 
in at l eas t l /4  (6.0 ram) high letters: 

"MEETS NFPA 1999 (1992 EDITION)". 

2-7.2 Eachpackage containing one or more emergency medical face 
protection devices shall have a package product label permanently " 
and conspicuousl]t attached to the outside of the package upon which ' 
at least the follovnn$ warnings and information are printed in at least 
1/16 in (1.5 ram) high letters. 

~'I-IIS EMERGENCYMEDICAL FACE PROTECTION DEVICE 
MEETS THE REQUIREMENTS OF NFPA 1999, STANDARD 
ON PROTECTIVE CLOTHING FOR EMERGENCY MEDICAL 
OPERATIONS, 1_992 EDITION. 

WARNING 

THIS FACE PROTECTION DEVICE MAYBURN. IT HAS 
NOT BEEN REQUIRED TO MEET A FLAMMABLE PERFOR- 
MANCE TEST. U S E  THIS FACE PROTECTION DEVICE FOR 
EMERGENCYMEDICAL OPERATIONS ONLY. DO NOT 
USE FOR PROTECTION FROM ANY I-IAZARDOUS CHEMI- 
CAL EMERGENCIES, FIRE FIGHTING APPLICATIONS, 
CRYOGENIC AGENTS, OR IN FLAMMABLE OR EXPLOSIVE 
ATMOSPHERES. CONTAMINATION OF THIS FACE 
PROTECTION DEVICE MAYWARRANT ITS DISPOSAL. 
MAINTAIN ONLY IN ACCORDANCE WITH 
MANUFACTURER'S INSTRUCTIONS. NO PROTECTIVE 
DEVICE CAN PROVIDE PROTECTION FROM ALL CONDI- 
TIONS. FAILURE TO COMPLYWITH THESE INSTRUC- 
TIONS MAYRESULT IN SERIOUS INJURY OR DEATH." 

Manufacturer's name 
Manufacturer's address 
Country of manufacture 
Device model and style 

• Trace number 
Date of manufacture 
Size 

"DO NOT REMOVE LABEL" 

2-7.3 All portions of the required face protection device and package 
product labels shall be printed in at least English. All labels shall be 
clearly legible to the eye. 

2-8 Garment User Information. 

2-8.1 The manufacturer of emergency medical garments certified as 
being compliant with this standard shall provide the following 
instructions and information with each garment: 

(a) Cleaning instructions; 
(b) Marking and storage instructions; 
(c) Frequency and details of inspections; 
(d) Maintenance criteria; 
(e) How to use test equipment, where applicable; 
(f) Method of repair, if recommended by manufacturer; 
(g) Warranty information. . 

2-8.2 The manufacturer of emergency medical garments'shall also 
furnish training materials that address, but arc not limited to: 
(a) Donning procedures; 
(b) Doffing procedures; 
(c) Safety considerations; 
(d) Optimum storage conditions; 
(e) Recommended storage life; 
(f) Decontamination recommendations and considerations; 
(g) Retirement considerations; 
(h) Disposal considerations;and 
(i) Closure lubricants, if applicable. 

2-9 Glove User Information. 

2-9.1 The manufacturer of emergency medical gloves certified as 
bein. g corn pliant .with this .standard. shall provide the followin g 
mstrucuons and mformauon w~th each package of gloves 

(a) Donning procedures; 
(b) Doffing procedures; 
(c) Safety considerations; 
(d) Optimum storage conditions; 
(e) Recommended storage life; 
(f) Decontamination recommendations and considerations; 
(g) Retirement considerations;and 
(h) Disposal considerations. 

2-10 Face Protection Device User Information. 

2-10.1 The manufacturer of emergency medical face protection 
certified as being compliant with this standard shall provide the 
following instructions and information with each package of fa, ce 
protection devices: 

(a) Do.nning procedures; 
(b) Doffing procedures; 
(c) Safety considerations; 
(d) Optimum storage conditions; 
(e) Recommended storage life; ' 
(t') Decontamination recommendations and considerations; 
(g) Retirement considerations; 
(h) Disposal considerations;and 
(i) Visor/faceshield antifog agents or procedures, if applicable. 

Chapter 3 Documentation Requirements 

3-1 Technical Data Package. 

3-1.1" Upon the request of the purchaser or end user, the manufac- 
turer shall furnish a technical data package with each type of 
clothing. 

3-1.2 The technical data package shall contain all documentation 
required by this standard and the data showing compliance with this 
standard. 

3-2 Emergency Medical Garment Information. 

3-2.1 In the technical data package, the manufacturer shall describe 
the emergency medical garment m ter6as of manufacturer trade 
name and model number, manufacturer replaceable components 
and available options, accessories such as repair kits and sizes. 

3-2.2 The manufacturer shail provide, in the technical package, the 
list and descriptions of the following garment materials and 
components, if applicable: 
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(a) Garment material; 
(b)' Boot or bootie material; 
(c) Zipper/closure type and materials; 
(d) Material seam types and composition; 
(e) External fitting types and material(s); 
(f) External gasket types and material(s). 

3-2.2.1 All descriptions of material composition shall specify either ' 
the generic material names or trade names if the composition of the 
material is proprietary. 

&2.2.2 Descriptions of respective suit materials and components shall 
include the following information, if applicable: 

(a) Boots or Booties 

1. Type of linings or surface treatments; 
2. Type of soles or special toe reinforcements. 
3. Available boot sizes. 

(b) Garment Zipper or Closure 

1. The material(s) of construction for the closure (including 
\ chain, slide, pull and tape for zippers); 

2. The location and the length of the completed closure 

assembly~. A description of any protective covers or flaps. 

3-2.$ The manufacturer shall describe, in the technical data package, 
the type of seams or methods of attachment for the following 
garment material and component  combinations; if applicable: 

(a) Garment material-garment material; 
(b) Garment material-visor; 
(c) Garment material-glove; 
(d) Garment material-boot; and 
(e) Garment material-garment closure. 

3-2.4* The manufacturer shall document, in the technical data 
package, the flame resistance of the garment material when tested as 
specified in Section 5.1 of this standard. 

3-2.5* This manufacturer shall document, in the technical data 
package, penetration resistance after abrasion to liquid borne 
pathogens of the garment material for one hour, when tested as 
specified in Sectio n 5.2 of this standard. 

3-2.6* The manufacturer shall document, in the technical data 
package, penetration resistance after flexingto liquid-borne 
p~ithogens of the garment material for one hour,  when tested as 
specified in Section 5-3 of this standard. 

3-$ Emergency Medical Glove Information. 

~3-3.I In the technical data package, the manufacturer shall provide 
the following information, ff applicable: 

(a) Name or designation of manufacturer, 
(b) Model, name number  or design, 
(c) Material composition, 
(d) Description of material seams, 
(e) Type of linings or surface treatments, and 
(f) Available glove sizes. 

3-3.2 Description of the material composition shall 'specify either the 
generic material name or tradename if the composiuon of the 
material is proprietary. 

3-4 Emergency Medical Face Protection Device Information. 

3-4.1 In the technical data package, the manufacturer shall provide 
the following information, if apph"cable: 

(a) Name or designation of manufacturer, 
(b) Model, name, number  or design, 
(c) Material composition, 
(d) Description of any hardware, 
(e) Replaceable items, and 
(f) Available sizes. 

3-4.2 Description of the material composition shall specify either the.  
generic material name or tradename ffthe composiuon of the 
material is proprietary. 
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Chapter 4 Design and Performance Requirements 

4-1" Emergency Medical Garment Requirements. 

4-1.1 All external fittings including, but not limited to, zippers, snaps, 
or other fasteners, shall be free of rough spots, burrs, or sharp edges 
that could tear the garment or glove materials. 

4-1.2 Sample garments shall be tested for water-tight integrity and 
allow no water penetration when tested as specified by Section 5-4 of 
this standard. 

4-1.3 Garment material samples shall exhibit no penetration of Phi- 
X-174 Bacteriophage for at least one hour  when tested as specified by 
Section 5-5 of this standard. 

4-1.4 Garment material samples shall be tested for tensile strengdi 
and have a tensile strength of not less than 30 lbs (13.6 kg) when 
tested in accordance with Section 9 ofASTM D 751, Methods of Testing 
Coated Fabrics, Breaking Strength, A - Grab Method, 

4-1.5 Garment material samples shall l~e tested for bursting str¢,ngth 
and have a bursting strength of not less than 50psi (3.5 kg /cm ' )  in  
accordance with Section I5.3 ofASTM D 751, Methods for Testing 
Coated Fabrics, Bursting Strength, using the Diaphragm Bursting Testing. 

4-1.6 Garment material samples shall be tested for puncture 
resistance and shall have a puncture resistance of not less than 5.5 lbs 
(2.5 kg) when tested in accordance with ASTM D 2582, Standard Test 
Method for Puncture Propagation Tear Resistance of Plastic Film and Thin 
Sheeting. 

4-1.7 Garment material samples shall be tested for tear strength and 
have a tear strength of not less than 8.0 lbs when tested as specified in 
Section 5-6 of this standard. 

4-1.8 All garment seams shall possess a breaking strength of not less 
than 15 lbf/2in. (66.7N/5.0 cm) when tested in accordance with 
Section 50.55 ofASTM D 751, of Testing Coated Fabrics, Seam Strength. 

4-1.9' The garment closure assembly shall possess a breaking 
strength of not less than 15 lbf/2 in. (6.77N/5.0 cm) when tested in 
accordance with Section 50-55 ofASTM D 751, Methods of Testing 
Coated Fabncs, ,Seam Strength. 

4-2* Emergency Medical Glove Requlrements. 

4-2.1 Sample gloves and related hardware shall be free of rough 
spots, burrs, or sharp edges which could tear the garment or glove 

, material. 

4-2.2 Sample g.loves shall be tested for wa te r ,  tight inte.g~tyri and meet 
the pass" reqmrements when tested m accordance wath ASTM D 
5151, Test Method for Detection of Holes in Medical Gloves. 

4-2.3 Sample gloves shall be measured for physical dimensions and 
meet the length and width dimension reqmrements when tested in 
accordance with ASTM D 3577, Standard Specification for Rubber 
Surgical Gloves. 

4-2.4 Glove material samples shall exhibit no penetration of Phi-X- 
174 Bacteriophage for at least one hour  when tested as specified in 
Section 5-7 of this standard. 

4-2.5 Glove material samples shall~have an ultimate tensile strength 
elongation of not less 2000 l~s/in" (13.7 MPa) and a 300% modulus 
of not more than 300 lbs/in (2 07 MPa) when tested in accordance 
with ASTM D 412, Standard Test Methods for Rubber Properties in Tension, 
Method A, Dumbbell Specimens. 

4-2.6 Glove material samples shall be tested for ultimate elongation 
following whole glove immersion in isopropanol, and have an 
ultimate elongauon of not less than 50Opercent when tested as 
specified in Section 5-8 of this standard. 

4-2.7 Glove material samples shall be tested for ultimate elongation 
following heat aging, and have an ultimate elongation of not less than 
500% when tested as specified in Section 5.9 of this standard. 

4-2.8 Glove material samples shall be tested for puncture resistance 
and have a puncture resistance of not less than 1.0 lb (0.45 kg) when 
tested as specified in Section 5.10 of this s t andard . .  
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4-2~9 Sample gloves shall be tested for dexterity and have a dexterity 
test timing not greater than 120 percent of the baseline time when 
tested as specified in Section 5-1 l o f  this standard. 

4-3" Emergency Medical Face Protection Device Requirements. 

4-3.1 Sample face protection devices and related hardware shall be 
free of rough sp?ts, burrs, or sharp edges which could tear garment 
or glove matenals. , ' r 

4-$.2 Visor or faceshield material samples shall be.tested for total 
visible luminous wansmittance and percentage haze as specified in 
Section 5-12 of this standard. Visor material samples shall transmit 
not less than 95 percent of the incident visible radiation. The 
percentage haze of visor material samples shall not exceed 3 percent. 

4-3.$ Sample face protection devices shall be tested for water tight 
integrity. . and shall allow, no water penetration when tested as specified 
m Secuon 5-4 of thin standard. 

4-3.4 Samples representing protective clothing materials used in 
construction of the face protection device shall exhibit no penetra- 
tion of Phi-X-174 Bacteriophage for at least one hour when tested as 
specified by Section 5-5 ofthifstandard.  

Chapter 5 Test Methoda 

5-1 Flame Resistance Test. 

5-1.1 All samples to be tested shall be conditioned for not less than 
four hours in standard atmospheric conditions at a relative humidity 
of 65 percent n=2 percent and a temperature of 70°F±2°F (21°C 
±I°C). Samples shall be tested not more than five minutes after 
removal from conditioning. 

5-1.2 Vertical flammability testing shall be performed in accordance 
with Method 5903.1; Flame Resistance of Cloth; Vertica~ of Federal Test 
Method Standard 191A, Textile Test Methods, with the following 
modifications: 

5-1.2.1 Specimens shall consist of at least ten protective clothing 
material samples measuring 3 x 16 in. ±1/16 in. (76 x 203 mm ±1.6 
mm). If the material is anisotropic, specimens shall be cut in both 
the machine and transverse directions. 

5-1.2.2 Specimens shall be folded such that the folded edge is 
exposed m the apparatus holder. The fold shall be produced by 
placing a 1/4  in (6.4 mm) rod at the bend of the material. The rod 
shall then be removed after the material is clamped in the holder 
prior to flame contact. The folded edge of the specimen shall 
protrude 1/4  in (6.4 mm) below the lower horizontal end of the 
mental specimen c lamp.  

5-1.2.$ A stopwatch or other time device reading in seconds shall be 
started. The tip of the flame shall be applied to the end of the 
specimen until It is ignited, but no longer than 3 seconds. The 
operator shall observewhether or not the specimen ignites and 
supp.orts serf-sustaining burning after removal of the flame from the 
specimen. 

5-1.2.4 f f the  specimen falls toignite in 3 seconds, the time shall be 
restarted and the flame shall be reapplied to the end of the specimen 
for an additional 12 seconds. If the specimen ignites, the timer shall 
be stopped when the flame is extinguished. 

5-1.2.5 The vertical distance, measured from the horizontal edge of 
the specimen to which the ignition flame is applied, to the farthest 
point on the specimen visibly charred or melted by the burning 
process, shall be recorded. This measurement shall be made on the 
specimen after exposure. The apparent cause of extinguishment, 
such as melting or dripping, shall be noted. 

5-1.5 The ignition propensity shall be noted as those specimens 
igniting within the 5-second exposure period, specimens igniting 
within the 12-second exposure period, and specimens not l~gniting at 
all. 

5-1.4 Burning time shall be the time, reported in seconds, from the 
mdment  that the oj~. rator removes the flame from the sample until 
burning is extingmshed. • 

5-1.5 The distance of burn shall be the distance, reported in inches 
(cm), from the ignited edge of the sample to the farthest vertical 
point on the sample that is burned in the test. 

5-1.6 The burning behavior of the specimen shall be noted and 
characterized for the samples that ignite, are self-extinguishing, or as 
otherwise observed. The specimen shall be considered self- 
extingnishingif the distance of burning is less than 4.0 inches (10.24 
cm) and theburn ing  time is less than 10 seconds. The appearance of 
decomposition by melting or dripping shall be noted. - 

5-1.7 Report items sl'/all be summarized as: 

(a) Test specimens igniting in 3 seconds or less; 
(b) Test specimens ignitin~ in 12 seconds or less; 
(c) Test specimens not ignltlng in the test; 
(d) Test specimens with an ignition time exceeding 3 seconds but 

supporting burning for 10 seconds or more; 
(e) Test specimens with an ignition time exceeding 3 seconds hut 

havinga burn distance exceeding 4 inches (10.94 cm); 
(f) Notation of specimen dripping. 

5-2 Abrasion Resistance Test. 

5-2.1" Abrasion resistance testing shall be conducted in accordance 
with ASTM D 4157, Test Method for Abrasion Resistance of Textile Fabiics 
(Oscillatory Cylinder Method)with tl3e following conditions: 

(a) A 5 lb (2.27 kg) tension weight shall be used. 
(b) A 3 1/2 lb (1.6 kg) head weight shall be used. 
(c) An 80 grit abradant trimite D-weight open coat #1A4180, or 

equivalent, shall be used. 
(d) The specimen shall be abraded for 25 continuous cycles. 
(e) Penetration resistance to Bacteriophage Phi-X-174 testing as 

specified in Section 5-5 of this chapter shallbe substifiated for - . 
abrasion to rupture and percentage loss in breaking load for 
interpreting abrasion reststance test results. 

5-2.2 Only one specimen for bacteriophage penetration resistance 
testing shall be taken from each sample subjected to abrasion. The 
test specimen shall be taken from the exact center of the abraded 
sample so that the center of the bacteriophage exposure test and the 
center of the abraded sample coincide. 

5-2.$ The average number  plaque forming units per ml shall be 
reported. 

5-2.4 Anyvisual observations, such as sample rupture, loss of luster, 
or deformation of the outside coating of tested specimens shall be 
reported. 

5-3 Fhxural Fatigue Test. 

5-3.1 Flexural fatigue testingshall be conducted in accordance with 
ASTM F 392, Test Method for Flex Durability of Flexible Barrier Materials, 
with the following modifications: 

(a) In lieu of Flexing Conditions A, B, C, D, or E, test specimens 
shall have a flex period of 100 cycles at 45 cycles per minute. A cycle 
shall be full flex and twisting action. , - - -  

(b) Penetration resistance to Bacteriophage Phi-X-174 testing as 
specified in Section 5-5 of this Chapter shall be substituted f o r -  
pinhole counting. 

(c) Anisotropic materials shall be tested in both machine and 
transverse directions. 

5-3.2 Only one specimen for bacteriophage penetration testing shall 
be taken from each sample subjected to flexing conditions. The test 
specimen shall be taken from the exact center of the flexed sample so 
mat the center of the bacteriophage exposure and the center of the 
flexed sample shall coincide. 

5-$.$ The average number  of plaque forming units per ml shall he 
reported. 

5-$.4 Any unusual observations for test specimens, such as delamina- 
tion or tears,'shall be reported. 

5-4 Overall Clothing Water Penetration Test. 

5-4.1 Sample emergency medical clothing shall be selected for 
overall garment water penetration testing as specified in Section 2-3 
of this standard. 

54.2 A human form mannequin shall be selected that is of appropriate 
size for the suit to be tested. The mannequin shall be water resxstant. 
During the test the mannequin arms shall be placed by the sides of the 
mannequin torso and the mannequin legs shall not be bent. 
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5-4.$* Portions of the mannequin not  covered by the emergency 
medical clothing or face protection device shall be coveredby 
accessory items or their equivalent. 

5-4.4* An inner garment shall cover all areas of the mannequin as an 
aid to observe wa~er penetration. The inner garment shall be 
constructed from a fabric that is easily watermarked. 

5-4.5 Five nozzles shall be oriented with respect to the mannequin as 
specified in Figure 5-4.5. 

FRONT VIEW 

3 1 2 

TOP V IEW 

1 ~ BASELINE 

2 3 4 

SUITED MANNEQUIN 
ROTATED THROUGH EACH OF 

4 POSITIONS 

SUIT 
HEIGHT 

+ 

18" 

'4 ~ ~5  
CENTERLINE OF SUIT 

+ 3'6" 
Figure 5-4.5 - Positions of Shower Nozzles. 

5-4.6* The nozzles shall conform to the specifications in Figure 5-4.6. 

(SEE HGURE 5-4.6 NEXT PAGE) 

5-4.7 The water distribution system shall deliver a minimum of 3 I /  
min. through each nozzle. 

5-4.8* Water used for overall clothing penetration testing shall 
contain a non-foaming surfactant that lowers the surface tension to 
less than 34 dynes/era. 

5-4.9 The inner garment and emergency medical clothing to be 
tested shall be inspected for total dryness before the), are donned on 
the marmequin. The inner garment shall be donned on the 
mannequin underneath the emergency medical garment to be tested. 
The emergency medical garment shall be donned on the mannequin 
in accordance with manufacturer instructions. 

5-4.10 Water shall be sprayed at the suited mannequin for duration 
of 5 mlnu~s for each of the suit orientations specified m Figure 5.4.10. 
Note: Mannequin or test subject torso shall be oriented such that the 
front faces parallel to the indicated orientation. 

(SEE Figure 5-4.10 RIGHT, TOP) 

5-4.11 Water penetration shall be determined by removing the protective 
suit and an)' other protective clothing components or eqmpment from 
the mannequin and examining the inner garment, garment liners, and 
garment interior for signs ofwemess. Any evidence of water penetration 
shall constitute failure of the protective clothing for this test. 

5-5 Bacteriophage Penetration Test. 

5-5.1 A Thickness Gauge, suitable for measuring thickness to the 
nearest 0.001 in. (0.01 ram), as specified in Method 5030.2 of Federal 
Test Method Standard 191A, Textile T~tMethods, shall be used to 
determine the thickness of each protective clothing material 
specimen tested. 

A NOZZLE POSITION 
£89274-43.2.2 

Note: Mannequin or test subject torso shall be oriented such that the 
front faces parallel to the indicated orientation 

Figure 5-4.10- Orientation of Suited Mannequin 
(or Test Subject) Exposure. 

5-5.2 A test cell shall be used to restrain the specimen during contact 
with the pressurized test liquid. It shall consist of a chamber which 
will'contain approximately 60mL (2.0 oz) of the challenge liquid in 
contact with the specimen's normal outside surface and a restraining 
ring with a viewing port which will allow observation of the 
specimen's normal reside surface during the test. The test cell shall 
be as specified in ASTM F 903, Test Method for Resistance of Protective 
Clothing Materials to Penetration. 

5-5.$ The following other equipment shall be used in this test: 

(a) Air pressure source. 

(b) Cell incubator capable of 35 °- 37°C (950- 99°F). 

(c) Waterbath capable of 45°C ±2°C (l13°F ±4°F). 

(cl) Analytical balance capable of 0.001 g. 

(e) Vortex mixer. 

(f) Refrigerator capable of 2 °- 8°C (36 °- 46°F). 
i 

(g) Autoclave capable of 121°C (2500F); 15 lbs (66.7 N) pressure. 

(h) Electronic timer. 

(i) Orbital shaker. 

(j) pH meter sensitive to 0.1 pH units. 

5-5.4* The following supplies shall be used in this test: 

(a) Sterile petri dishes, 15 x 100 mm. 

(b) Sterile 1, 5, 10 mL pipettes. 

(c) 13 x 100 mm test tubes. 

(d) Stainless steel test tube rack. 

(e) 0.45 um sterile membrane filters. 

(f) 0.22 um sterile membrane filters. 

(g) Sterile glass bottles, 100 mL - 500 mL. 

(h) Phi-X-174 ATCC 13706-B1. 

(i) E. coli ATCC 13706. 
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_~(BRASS) 

~ 1 4 5  DIA. 

RUBBER GASKETS 

\ 

-E89274-42~.~ 

B 

sTEEL 

NOTE: All d imens ions  are in inches  (1 inch = 25.44 m m )  
Figure 5-4.6 - Shower Nozzle Specifications. 
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5-5,5 The following reagents shall be used in this test: 

(a) Tween 80. Sterilize by filtering through sterUe 0.22 um 
membrane filter. 

5-5.6 Test media shall be prepared as follows: 

(a) Bacteriophage Tryptone broth (Phi-X): 

Bacto-Tryptone 10.0g 
Potassium Chloride 5.0 g 
Calcium Chloride 0.15g 
Purified Water Q.S. to 1000 mL 
Adjust pH to 7.3 with 2.5 N Sodium 
Hydroxide; sterile filter. 

(b) Bottom Agar (Phi-X): 

(c) Too Agar (Phi-X): 

Bacto-Agar 10.0 g 
Tryptone 13.0 g 
NaCL 8.0 g 
Glucose 1.8 g 
Sodium Citrate 2.0 g 
Purified water, Q.S. tol000 mL 
Adjust pH to 7.2 - 7.4; Sterilize by 
Autoclaving 

Agar 6.5 g 
Tryptone 13.0 g 
NaCL 8.0 g 
Glucose 3.0 g 
Sodium Citrate 2.0 g 
Purified Water, Q.S: to1000 mL 
Adjust pH to 7.2 - 7.4; Sterilize by 
Autoclaving 

5-5.7* Test specimens shall have a minimum dimension of 2.5 in (64 
mm). A minimum of three random specimens shall be tested for 
each material. 

5-5.8 The bacteriophage shall be prepared as follows: 

(a) Inoculate 100 mL of tryptone broth with E. coli and incubate 
• overnight at 35 o. 37°C (95°-99°1:) with shaking at 2"00 rpm. 

(b)  Prepare a 1:100 dilution of the culture and incubate for 
approximately 90 minutes. 

(c) Inoculate the 90 minute culture with 0.5 mL of the Phi-X-174 
phage stock. 

(d) Incubate the culture with rapid shaking for 2 hours ±0.25 
hours. Complete lysis of the host bacteria shall be noted when the 
broth is clear. 

(e) Filter through a sterile 0.22 micron microporous membrane 
• filter to remove the host cell debris. 

(0 Refrigerate the phage stock at 5°C ~3°C. 

(g) Make sterile 0.1 percent Tween 80 in tryptone broth and 
dilute it 1 volume to 9 volumes of the phage suspension. 

(h) Adjust the titer of the phage suspension to ~. 1.0 x 108. , 

5-5.9 The test cell shall be prepared as follows: 

(a) The penetration test cell shall be autoclaved. 

(b) The sterile sample shall be aseptically inserted in the cell with 
the liner side oriented away from the challenge. 

(c) The bolts in the test cell shall be torqued to 120 inch pounds 
(13Joules) each. 

(d) The cell shall be assembled in test apparatus but not 
connected the air line to the cell. 

(e) The drain valve shall be is closed. 

(f) The chamber shall be carefully filled with the cell in a vertical 
orientation with approximately 60 mL of challenge. 

(g) The chamber shall be observed for five minutes. 

(h) The air line shall be connected to the celh 

(i) The cell valve shall be opened to the pressu~, source. The 
pressure shall be slowly raised to 2 l~ig (0.14 kg/cm ) at a rate no 
faster than 0.5 psig/s (0.035 kg/cm ). 

(j) The psig shall be held constant for one minute and the 
surface of the sample shall he monitored for the appearance of 
liquid. If liquid appears, the test shall be terminated. 

(k) The cell valve shall be turned to the vent position. 

(1) The chamber shall be observed for 54 minutes. 

(m) The drain valve shall be opened and the cell drained of 
challenge. 

(n) The cell shall be disassembled from the apparatus. 

(o) With the cell in a horizontal position, 2 mL sterile tryptone 
broth with 0.01 percent Tween shall be slowsly added onto the inner 
surface of the sample. The tryptone broth shall be removed as soon 
as possible. 

(p) With a sterile swab prewetted with sterile media to prevent 
bacteriophage absorption, the sample surface shall be gently wiped to 
release any penetrated Phi-X-174 into the media. The media shall be 
pipetted off and transfered to a sterile container. 

(q) The assay fluid shall be refrigerated until the sample can be 
tittered. 

(r) The sample shall be removed from the cell. 

(s) The apparatus shall be disassembled• 

5-5.10 The assay fluid shall be quantified as follows: 

(a) 2.5 mL of sterile molten top agar shall be dispensed into 
sterile test tubes and the top agar shall-be held at 45°C ±2°C (113°F 
±4°F). 

e 

(b) 0.5 mL of the assay media shall be added to three top agar 
tubes. 

(c) 1-2 drops of an'overnight culture ofE coli C shall be added 
to each of the inoculate tubes.- 

(d)'  The tubes shall be mixed well and poured over the surface of 
the bottom agar plates. 

(e) The agar shall be allowed to solidify and incubate at 35 o. 
37°C (950. 99°F) for 4 to 18 hours. The length of time shall depend 
on having the plaques large enough to count but not merging, 

(f) The plaques shall be counted and the phage titer shall be 
calculated. 

(g) If necessary, serial ] to 10 dilutions shall be prepared in 
Tryptone broth of the assay media and assay for phage as above• 

5-5.11 All tests shall be run with a "blank" that uses deionized water, 
which shall be tested and titered using the procedure established in 5- 
5.10 of this Section• 

5-5.12 Background aerosol/airborne counts for the Phi X-174 shall 
be made utilizing settling plates. Background counts shall be made 
during the entireprocedure to enable the operator to distinguish 
false positive results from true failures and allow the operator to 
subtract background counts from actual penetration counts. Settling 
plates shall be placed in strategic locations during the aseptic test 
sample insertion, filling, testing, draining, and assay operations. 

5-5.13 Negative test sample controls shall be selected at random and" 
introduced into the test program• Mylar film shall be used as the test 
sample controls. 

5.5.14 Positive test sample controls shall be selected at random and 
introduced in the test program. A hydrophilic porous membrane 
material with a pore sizes larger than 0.03microns shall be used as 
the positive test sample controls. 
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5.5.15 A statistical analysis of settle plate counts shall be made and 
compared to the results for all test samples to rule out false positives. 
Background counts sEall be subtracted from all falling test sample 
data. Sample data shall be calculated by using the formula: Fmled 
Sample PFU/mL. Mean = 3 X Standard Deviation of Background 
Count PFU/mL. 

5.5.16" All failed sample data shall be normalized to a challenge 
concentration of 1.0 x 10E8 PFU/mL Phi X-174. 

5-6 Tear Resistance Tes~ng. 

5-6.1 The specimen shall be a 3 x 6 in .  (76.2 x 152.4 mm) rectangle. 
The long dimension shall be parallel to the warp for the warl~ tests 
and parallel to the filling for filling tests. No two specimens tor warp 
tests shall contain the same warp yarns, nor  shall any two specimens 
for filling tests contain the same filling yarns. The specimen shall be 
taken no nearer to salvage than one-tenth of the width of the cloth.. 
An isosceles trapezoid having an altitude of 3 in. (76.2 mm) and bases 

'~ of I and 4 in. (25.4 and 101.6 ram) in length, respectively, shall be 
marked on each specimen, with the aid o f  a template. A cut 3 /8  in. 
(9.5 ram) in length shall then be made in the center of a line 
perpendicular to the 1 in. (25.4 ram) edge. 

5-6.2 ApparatUs shall consist of a straining mechanism, two clamps 
for holding specimens, an/t load and elongation recording mecha- 
nisms, wherein the specimen is held between two clamps and strained 
by a uniform movement of the pulling clamp. 

5-6.2.1 Straining mechanism shall be of such capacity S a t  the 
maximum load required to break the specimen shall be not greater 
than 85 percent or less than 15 percent of the manufacturer's rated 
capacity. 

5-6.2.2 Clamps shall be designed such that the six ounces (170 g) of 
weight are distributed evenly across the complete width of the 
sample. The clamps shall have two jaws on each clamp. The design 
of the clamps shallbe such that one gripping surface or jaw shall be 
permitted to be an integral part of the rigid frame of the clamp or be 
fastened to allow a slight vertical movement, while the other gripping 
surface or jaw shall be completely moveable. 

The dimensions of the immovable jaw of each clamp parallel to the 
application of the load shall measure 1 in. (25.4 mm) and the 
dtmension of the jaw perpendicular to this direction shall measure 3 
in. (76.2 ram) or inore. T h e  face of the moveable jaw of each clamp 
shall measure 1 in. x 3 in. (25.4 x 76.2 mm). Each jaw face shall have 
a flat, smooth gripping surface. All edges that might cause a cutting 
action shall b e roundedto a radius of not more than 1/64 in. (0.4 mm). 

In cases where a cloth tends to slip when being tested, the jaws shall 
be faced with rubber or other material to prevent slippage. The 
distance between the jaws shall be in 1 in. (25.4 m m ) a t  the start of 
the test. 

5-6.2.$ Recorder shall consist of calibrated dial, scale, or chart used 
to indicate applied load and elongation, Error shall not exceed 2 

, percent up to and including a 50 pound (22,7 kg) load and I percent 
over a 50 pound (22.7 kg) load at any reading mthin  its loading 
range. Allmachine attachments for determining maximum loads 
shall be disengaged during test. 

5-6.$ The specimen shall be clamped along the non-parallel sides of 
the trapezotd so that these sides lie along tile lower edge of the upper 
clamp and the upper edge of the lower clamp with the cut halfway 
between the clamps. The short trapezoid base shall be held taut and 
the long trapezoidbase shall lie in the folds. 

The strain mechanism shall be started and the force necessary to tear 
the clothing shall be observed by means of the recording devine. Five 
specimens in each of the warp and filling directions shall be tested 
from each sample unit. I f a  specimen individual measurement falls 
markedly below the average test results for the sample unit, such 
result shall be discarded and another specimen shall be tested, 

5-6.4 The tear strength shall be the average of the five highest peak 
loads of resistance registered for inches ofseparadon of the tear. The 
tear strength shall be reported to the near, est 0 1 lb (45 4 g) 

5.7 Overall Glove Bacteriophage Penetration Test. 

5.7.1 The procedures outlined in Section 5-5 of this Chapter shall be 
used to test whole emergency medical gloves with the following 
modifications: 

(a) Gloves to be tested shall be turned inside-out so that the normal 
exposure surface of the gloves face inward. 

(b) A sterile 250 ml Erlenmeyer flask shall be used in place of the 
test cell. Gloves shall be placedin the flask, fingers first with the cuff 
portion of the glove turned over the lip of the flask to minimize the 
chance of contaminadon. 

(c) 100 ml of phage suspension shall be poured into each test 
glove. The cuffportion of  the glove shall be clamped to prevent 
spillage and contamination of the flask. 

(d) 100 ml of deionized water shall be used'as a "blank" for 
determining background contamination. 

(e) 10 ml of media shall be used to wash the exposed glove 
surfaced (originally the glove intern). 

(f) The test flasks interval surface shall be  maintained at 35°-87°C 
(95°-99°F) for one hour. 

" (g) The test flasks shall be swiveled carefully to thoroughly wash all 
exposure surfaces of the glove. 

(h) The assay liquid shall be removed by holding the top portion'of 
the glove to one side and transferring from the flask to a sterile 
sample vial using a sterile glass pipet. 

5-7.2 The assay fluid shall be quantified using the procedures 
established in Section 5-5 of this Chapter. 

5-8 Isopropanol Degradation Test. 

5-8.1 Isopropanol degradation shall be m'easured in accordance with 
ASTM D 412, Standard Test Methods for Rubber Properties in Ten.don, 
Method A, Dumbbell Specimen, with the following modifications: 

(a) Test specimens shall be conditioned by total immersion in 100 
percent isopropanol at room temperature for a period of 2 hours. 

(b) The tes~specimens shall be blotted dry arid tested within 5 
minutes following removal from the isopropanol. 

~8.2 Ultimate elongation (percentage) shall be measured and 
reported. 

5-9 HeatAglng Degradation Test. 

5-9.1 Specimen degradation shall be measured in accordance with 
ASTM D 412, Standard Test Methods for Rubbers in Tension, Method A, 
Dumbbell Specimen following heat aging conducted in accordance with 
ASTM D 573, Test Method for Rubber- Deterioration in an.Air Oven. 

5-9.2 Specimens shall be subjected to a temperature of 100°C ±2°C 
(212°F ±4°F) for 22 hours +0.3 hours. 

5.9.3 Ultimate elongation (percentage) shall be measured and 
reported. 

5.10 Puncture Resistance Testing For Gloves. 

5-10.1 Each sample specimen to be tested shall be a rectangle at least 
3.5 in. (8.9 cm) on a side. Multiple puncture tests shall be permitted 
to be made on each sample specimen. 

5-10.2 Each sample specimen shall consist of either a single layer or 
composite used in actual glove construction with all layers arranged 
in proper order. In each test, the sample specimen's normal outer 
surface shaU be the first contacted by the point of the penetrometer. 

5-10.3 Three sample specimens shall be tested for each material with 
one puncture made on each sample specimen. 

5-10.4 The static puncture test apparatus shall be a tesdng machine, 
such as an Instron or its equivalent, that challenges a sample 
specimen with a uniformly moving pointed penetrometer. 

5-10.4.1 The penetrometer shall have a velocity of 20 in/rain (50.8 
cm/min)  udder load conditions and shall be uniform at all times. 

5-10.4.2 The force applied to the sample specimen shall be accurate 
to ± lpercen t  up to and including a force ofS0 lb (23 kg). The force 
shall be detected by a compression cell and shall be indicated by a 
dial, scale or automatic recorder. 
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5-10.4.$ The apparatus shall be able to record or indicate the 
maximum load at puncture of a sample specimen. 

5-10-4.4 The travel of the penetrometer shall be capable of being 
stopped once the tip has passed beyond the sample specimen to 
prevent damage by tmpact on the underlying supports assembly. This 
may be accomplished by a mechanical or an electrical stop on the test 
apparatus. For the support assembly specified in 5-10.6 o f  this 
section, the stop shal lbe set in 1 in (9.5 cm) beyond the sample 
specimen surface. 

5-10.5 Apenewometer  having the size and dimensions shown in 
Figure 5-10.5 shall be mounted on the apparatus and shall be 
attached to the compression cell of the machine as sho .wn in Figure 5- 
10.6. 

5/16" Dia. 

1/2" 

0.08" Dia. 

D"56"1 "41 

±1 

1-5/16" 

NOTE: All dimensions are in inches (1 ir/ch - 2.54 cm) 

5-10.6 The specimen support assembly shall consist of two fiat metal 
plates that clamp together so the sample specimen is held tightly 
between them, as shown in Figure 5-10.6. " 

5-10.6.1 Each plate shall have one or more 1/4  in. (0.6 cm) 
diameter holes. For efficiency in testing, three holes spaced at the 
points for a 60-degree equilateral triangle having 1 in (2.5 cm) legs 
centered within the plate may be used. Each hole shall be located 3 /  
4 in. (1.9 cm) from the plate edge and 1 in (2.5 cm) from each of the 
other holes, as shown in Figure 5-10.6.1. 

Pene t romete r  G u i d e  Hole(s)  

1 9 /16"  

k, 

3' /2  I, 4. -I 
i i i ! 4, 

i;~ : ; :  i i :  i i :  ~,i [1/4" 
D~LIJ i [ [ ' ~ "  

NOTE: All dimensions are given in inches (1 inch - 2.54 cm) 

Figure 5-10.6.1 - Supi~ort Plate (Two Required). 

5-10.6.2 The specimen support plates shall be connected to a metal 
support ring that mounts on the movable arm of the test apparatus. 

5-10.7 A template shall be used to locate the holes for specimen 
mounting the support assembly, as shown in Figure 5-10.7. 

Figure 5-10.5 - Cross-Section of Puncture Probe. 

Machine Interface 
Plate 

Upper Specimen Plate - - ~  

Specimen 
Bottom Specimen 
Plate / ~  

Puncture Probe--~ 

,T , , ' , , 

s | I t e o * * I I i 

D.56.1.2 

Figure 5-10.6 - Side View of Specimen Support Assembly. 
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5-10.8 A leather puncfi ball shall be used to cut the four holes in 
each sample specimen as located by the template. 

5-10-9 The first sample specimen to be tested shall be mounted in 
the support assembly as shown in Figure 5-10.6. The two plates shall 
be marked and care shall be taken that the holes are aligued prior to 
testing to avoid damaging the penetrometer and plates. ' 

5-10.10 The support assembly shall be attached to the moveable arm 
of the test apparatus. 

5-10.11 The pentrometer  shall be pos!tioned on the compression cell 
of the test apparatus. 

5-10.12 The apparatus shall be set in operation, but stopped when 
the pentrometer has been driven through the.sample specimen. 

5-10.13 The maximum force resisted by the indicating device shall be 
recorded to the nearest 0.1 lb (nearest 50 g) for each determination. 

5-10.14 If the sample specimen has not been penetrated, a maximum 
force of 50 lb (23 kg) shall be recorded. 

5-10.15 After the first test has been run, thepenetrometer  shall be 
reposifioned under  each of the other guide holes and the test 
repeated until three punctures have been made. ' 

5-10.16 Additional sample specimens shall be tested until the 
requirement of 5-10.3 of this section is met. 

5-10.17 The force required for each puncture shall be reported to the 
nearest 0.1 lb (nearest 50 g) for each sample specimen. The average force 
for each sample specimen shall then be calculated and reported. 

5.11 Dexterity Testing. 

5-11.1" Dexterity shall be evaluated using the Crawford Small Parts 
Dexterity Test, Screws Technique. . 

5-11.2 Each sample glove shall be tested as a complete glove in new, 
as distributed, condiuon. The size most comfortably fitting the test 
subject shall be selected. 

5-11.S Sample gloves shall not  receive special softening treatmenfs 
prior to tests. 

¢ 

5-11.4 For each giove style or type to be certified the test shall be 
repeated three times using three separate test subjects and glove 
specimens for each matenal and construction combination. 

1/8" 
o_~.s I I 

NOTE: All dimensions are given in inches (1 inch - 2.54 cm) 
Figure 5-10.7 - Template. 

5-11.5 Each test subject shall practice without wearing any glove until 
the baseline times of that person's last three repetitions vary no more 
than 6 percent. 

5-11.6 Each test subject's first time wearing gloves shall be compared 
with the average dme from the three last practice trials to detehnine 
percentage of baseline test time required to perform the exercise . 
while wearing gloves. ' 

5-12 Luminous (Visible) Transmittance Testing. 

5-12.1 Luminous (visible) d'ansmittance shall be measured in 
accordance with ASTM D 1003, Test Method for Haze and Luminous 
Transmittance of Transparent Plastics, Method A, with the following 
modifications: 

(a) The standard source of radiant energy used in the measure- 
ment of luminous transmittance of filter lenses shall be a projection- 
type lamp T-8, or other high-powered, ghs-filled, tungsten-filament 
incandescent lamp, operated at the color temperature corresponding 
to Commission Internationale de l'Eclairage (CIE) Source A :  

(b) Luminous transmittance shall be determined by measuring the 

~ ectral transmittance and calculating the luminous transmittance 
rough the use of published data on the special radiant energy of 

CIE Source A and the relative luminous efficiency of the average eye. 
The standards of luminous transmittance maintained by the National 
Bureau of Standards shall be tested. 

Chapter 6 Referenced PubLications 

6-1 The following documents or portions thereof are referenced 
within this standard and shall be considered part of the requirements • 
of this document. The edition indicated for each reference is the 
current edition as the date of the NFPA issuance of this document. 

6.1.1" ASTM Publications. 

ASTM D 412, Test Methods for Rubber Properties in Tension, 1987.- 

ASTM D 573, Test Method for Rubber-Deterioration in an Air Oven, 1988 

ASTM D 751, Method of Testing Coated Fabdcs, 1979 

ASTM D" 1003, Test Method for Haze and Luminous Transmittance of 
Transparent Plasties, 1977 

ASTM D 2582, Test Method for Puncture Propagation Tear Resistance of 
Plastic Film and Thin Sheeting, 1984 
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ASTM D 3577, Specification for Rubber Surgical Gloves, 1991 

ASTM D 4157, Test Method for Abrasion Resistance of Textile Fabrics 
(osclUato O ¢j~nder method), 1982 

ASTM D 5151, Test Method for Detection of Holes in Medical Glov~ 1991 

ASTM F 392, Telt Method for Flex Durability of Flexible Barrier Mat~als, 
1987 

ASTM F 903, Test Method for Resistance of Protective Clothing Materials to 
Penetration by Liquids and Gozes, 1990 

Military Standard MII.,.STD-105D, Sampling Procedures and Tables for 
Inspection by Attribute..c, 29 April 1983 

6-1.2" GSA Publication. 
Federal Test Method Standard 191A, Textile Test Methods, 20July 

1978. 

6-1.$* Psychological Corporation Publication, San Antonio, Texas. 
Crawford Small Parts Dexterity Test 1981. 

~pendixA 

This Appendix is not a part of the requirements of this NFPA 
document, but it is included for information purposes only. 

A-I.I.1 Use of emergency medical clothing is addressed in NFPA 
1581, Standard on F. ire Department lnfection Control Program. Particularly 
relevant sections are: 

2-2 Training and Education 

2-5 Exposures 

4-2 Infection Conu'91 Garments and Equipment 

5-1 Skin Washing 

5-2 Disinfectants 

5.3 Emergency Medical Equipment 

5-4 Clothing 

A-1.1.2 Organizations responsible for fire fighting applications 
should use protective clothing and equipment specifically deigned for 
those activities. 

A-1.1.3 Organizations responsible for chemical response functions 
and other hazard protection including radiological, cryogenic or 
hazardous chemical should use protective clothing and equipment 
specifically designed for those activities. Criteria for protection from 
liazardous chemicals are provided in the following standards: 

(a) NFPA 1991, Standard on Vapor Protective Suits for Hazardous 
Chemical Emergencies 

(b) NFPA 1992, Standard on Liquid Splash-Protective Suits for Hazarda 
Chemical Emergencies 

(c) NFPA 1993, Standard on Support Function Protective C, arments for 
Hazardous Chemical Operations 

A-l.l.4 Purchasers should s .pecify desired features that are not in 
conflict with the design requirements of this standard. It is recom- 
menced that purchasers o f  emergency medical garments should 
consider the following: - 

(a) Personnel may be wearing many items of protective clothing 
and equipment. Any interference by one item of another s use might 
result'in mefficient operations or unsafe situations. 

(b) Different breathing apparatus, communications systems, 
cooling devices, and other protective equipment may not be 
accommodated by the emergency medical garments equally. 

(c) Specifications of additional reinforcement in high-w..ear or load- 
bearing areas such as the knees, elbows, shoulders, and back may be 
necessary. Reinforcing materials should be the same as the garment 
material. Purchasers are cautioned that additional weight caused by 
excessive reinforcement could lead to fatigue or injury. 
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A-1-2.2 Biological agents may also be transmitted via aerosols. 

.4.-1-3 Approved. The National Fire Protection Association does not 
approve, inspect or certify an installations, procedures, equipment, or 
materials nor does it approve or evaluate testing laboratories. In 
determining the acceptability of installations or procedures, 
equipment or materials, the authority having jurisdiction may 
consider on compliance with NFPA or other appropriate standards. , 

In the absence of such standards, such authority may require 
evidence ofpro)3er installation, procedure or use. The authority 
havingjurisdicuon may also refer to the listings or labelling practices 
of an organization concerned with product evaluations which is in a 
position to determine compliance with appropriate standards for the 
current production of listed items. 

A-I-$ Authority HavingJurisdlcfion. The phrase "authority having 
~urisdiction" is used in NFPA documents in a broad manner since 
jurisdictions and "approval" agencies vary as do their responsibilities. 
Where public safety is primary, the "authority having jurisdiction" 
may be a federal, state, local or other regional department or 
individual such as a fire chief, fire marshal, chief of a fire prevention 
bureau, labor department, health department, building official, 
electrical inspector, or others having statutory authority. For 
insurance purposes, an insurance inspection department, rating 
bureau, o f  other insurance ~:ompany representative may be the 
"authority havingjurlsdlction". In many circumstances, the property 
owner or his designated agent assumes the role of the "authori.v/ 
having jurisdiction"; at government installations, the commanding 
officer or departmental official may be the "authority having 
jurisdiction". 

A-l-3 Listed, The means for identifying listed equipment may vary for 
each organization concerned with product evaluation, some of which 
do not recognize equipment as listed unless it is also labeled. The 
"authority having jurisdiction" shouid utilize the system employed by 
the listing orgamzation to identify a listedproduct. 

A-14.1 English units are used throughout Chapter 4 with metric 
equivalents provided in parentheses. This practice is also follows in 
Chapter 5 wath the exception of Sections 5-5 and 5-7 where metric 
units are exclusively used for units of volume. 

A-2.2.1 The certification organization should have sufficient breadth 
of interest and activity so that the loss or award of a specific business 
contract would not be a determining factor in the financial well being 
of the agency. 

A-2-2.3 The contractualprovisions/covering certification pro~am 
should contain clauses advising the manufacturer that if reqmre- 
ments change, the product should be brought into compliance with 
the new requirements by a stated effective date through a compliance 
review program involving all currently listed products. 

Without the clauses, certifiers would not be able to move quickly to 
protect their name, marks or reputation. A product safety certifica- 
tion program would be deficient without these contractual provisions 
and the administrative means to back them up. 

.4,-2-2,4 Investigative procedures are important elements of an 
effective and meaning full product.safety certification program. A 
preliminary review should be carried out on products submitted to 
the agency before any major testing is undertaken. 

A-2-2,7 Such inspections should include, in most instances, witness- 
ing of production tests. With certain products the certification 
organization inspectors should select samples from the production 
line and submit them to main laboratory for countercheck testing. 
With other products, it may be desirable to purchase samples in the 
open market for test purposes. 

A-3-1,1 Purchasers should use the technical data package to compare 
garment or glove performance data in purchasing emergency 
medical garments or gloves. The purchaser should determine the 
relative ranking of performance data to aid this selection process. 

A-3-2.4 This documentation requirement provides information to the 
end user about the flame resistance of the garment material. 
Material flame resistance is measured using a modified version 
Method 5903.1 of FTMS 191A, where a folded edge of the material is 
suspended over a flame. The test involves two flame exposures: an 
iniual 3 second exposure and subsequent 12 second exposure. 
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Ignition of the material is noted after each exposure. Ignition of the 
material is noted after each exposure period, with measurement of 
both burn distance and burn ume for each material specimen tested, 
if the specimen ignites. These measurements provide an assessment 
for the ease of material ignition, if the materialdoes ignite, and 
whether the material is self-extinguishing. 

A-3-2.5 This documentation requirement provides information to the 
end user about the abrasion reststance of the garment material. 
Material abrasion resistance is measured by subject material 
specimens to a standard abrasion technique designed to simulate 

•. wear on an asphalt-like surface. These material specimens are then 
tested for penetration resistance to bacteriophage (described in A-4- 
1). End users should assess the abrasion resistance of the garment 
material by comparing the material bacteriophage penetration before 
abrasion (as required m 4.1.3 of this standard) and after abrasion. 

A-8-2.6 This documentation requirement provides information to the 
end user about the flexing resistance of the garment material. 
Material abrasion resistance is measured by subject material 
specimens to a standard flexing technique designed to simulate wear 
from repeated material bending, twisting, and compression. These 
materialspecimens are then tested for penetration resistance to 
bacteriophage (described in A-4-1). End users should assess the 
flexing[ resistance of the garment material by comparing the material 
bacteriophage penetration before flexing (as required in 4.1.3 of this 
standard) and after flexing. 

A-4-1 There are one design and eight performance requirements for 
emergency medical garments. The basis and rationale for each given 
below:. " • 

(a) Fittings Oual'itv f4.I.D. This design requirement prevents 
fittings beingu.se/:l in the construction of garments which could 
potentially snag or test protective clothing materials. 

(b) Overall Wi~¢r-Ti~ht Integrity (4-1.2L This performance 
requirement entails tesdfig of th~ complete garment in a "shower- 
like" test which is designed to assess how well garment materials, 
seams, and closures and interfaces resist penetration from liquid 
splashes. The test is not intended to simulate exposure from liquid 
splashes. This requirement is similar to that required in NFPA1993, 
Standard on Support Function Protective Garments in Hazardous Chemical 
o~tio~. 

(c) Bacterionha~e Penetration Resistance (4.1.3). This test is 
intended to detdrmilae how well garment materials prevent penetra- 
tion or biological agents (liquid-borne pathogens). The resistance of 
protective clothing materials to penetration by blood-borne 
pathogens is determined using a modified form of ASTM F 903, 
Standard .Test Method for Resistance of Protective Clothing Mate~als to 
Penetrat/on ~ L/qu/ds. Procedure C form F903 is used for this test. 
The protecuve clothin~ materials are challenged with a Phi-X174 
Bacteriophage suspensmn for 5 minutes at atmospheric pressure, 1 
minute at 5.0 PSI, and 54 minutes' at atmospheric pressure, or until 
liquid penetration. Then the reverse side of the test material is rinsed 
and assayed for the Phi-X174. Bacteriophage Phi-X174 best 
approximates Hepatitis C virus but also simulates Hepatitis B virus 
and the Human ImmunodeficiencyVirus (HIV). Itwas chosen as the 
most appropriate blood-borne pathogen model because of its non- . 
human infectivity, high assay sensitivity, rapid growth, and high titer 
(available in large concentrations.) 

All remaining performance requirements are identical to those 
provided in NFPA 1993, Standard on support Function Protective 
Garments for Hazardous Chemical Operation. The same requirements 
were adopted since the subcommittee believed the working environ- 
ment forEmergency Medical Clothing.to be the same as for Support 
Function Protective Clothing. 

(d) Tensile Stren~,.h f4.1.4). This requirement was designed to 
ensure materials provide adequate strength when pulled or stretched. 

(e) Burst Strength (4-1.5). This requirement was designed to 
simulate material bursting from protruding objects with the 
emergency medical garment. 

(f) Puncture Pronat, ation Tear Resistancef4-1.6), This 

' (g) Tear Resistance f4.1.7). This requirement is designed to 
simulate how the material tears when pulled apart. 
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(h) Seam Strength (4-1.8). This requirement is based on 
• documentation of adequate strength from field performance data. 

(i) Closure Strength (4.1.9), Garment closure assemblies are 
required to meet the ~ame minimum tensile strength requirements as 
garment seams. 

A-4-2 There are one design and eight performance requirements for 
emergency medical gloves. The basis and rational for each are given 
below: - 

(a) Hardware Ouality (4.2.1), This requirement prevents any 
glove hardware frorfi beiiag used in the construction of the glove 
which could potentially snag or tear protective clothing materials. 

(b) W~er Ti~rht Intetrritv (4.2.2). This requirement assesses the 
overall integrity of the gltves in a procedure developed by ASTM in 
which water is poured into a glove, with the glove checked for leakage 
after 2 minutes. 

t 

(c) Sizin~ (4.2.33. This requirement addresses dimefisional 
requirements ofgioves. ASTM D 3578, Standard Spedfication for Rubber 
Sur~cal Gloves specifies width and length requirements for 8 different 
glove sizes. , , 

(d) Bacterlotha~te Penetration Resistance (4.2.4). This 
requirement is a/qalo-gous to the Bacteriophag'e Penetration 
Resistance test described in A-4.1 (c). The test is conducted differ- 
ently in th~/t entire gloves are evaluated as opposed to material 
~ecimens. Gloves are turned inside out and placed in a flask. The 

ew ~ inside surface of theglove is filled with media containing the 
Phi-X-174 Bacteriophage. The "new" outside surface of the glove is 
rinsed and assayed for bacteriophage penetration after one hour 
contact with the bacteriophage. The analysis of the assay media is 
evaluated in the same manner as done for garment materi.al 
specimens. 

(e) Tensile Strength Elongation and 300 Per~:ent Modulu~ (4. 
This requirement is designed to simulate the failure mode of 

gloves which occurs from pull!ng the glove onto the hand with its 
subsequent breaking and tearing. 

(f) IsoproDanol Degradation Resistance (4-2.6). In this 
requirement, the degra~dation resistance of the glove is measured 
following a 2 hour immersion in isopropanol with measurement of 
glove elongation. The inability of the glove to elongate 500 percent is 
cause for failure. Isopropanol is a common medical solvent which 
when in contact with glove materials may remove plasticizer or other 
additives necessary for adec~uate glove function. 

(g) Heat A~ng Degradation Resistance (4.2.7). Analogous to 
Isopropanol Degradation Resistance, the heat aging degradation 
resistance is measured by subjecting sample gloves to an accelerated 
heat aging at 100°C for 22 hours. Thisprotocol was adopted from 
ASTM D 3577, specification for Rubber Surgical Gloves andis designed 
to simulate the effects of long term storage of gloves at elevated 
temperature and subsequeht glove degradation through loss of 
plasticizers or other additives necessary for adequate glove function. 
Glove degradation resistance is measured using glove elongation. 

(h) Puncture Resistance (4.2.8). This requirement is designated 
to simulate the puncture of gloves by sharp (flail-like) object. It  is not 
designe d to simulate needle-pricks or similar medical instrument 
punctures. 

(i) Dexterity (4.5.9L The overall gloveperformance is assessed 
through a standard glove dexterit,/test in which test subjects ability to 
manipulate fine objects is determmed. Test subject performance is 
compared with and without gloveg. 

A-4-3 There are one design and three performance requirements for 
emergency medical face protection devices. The basis and rationale 
for each requirement are given below: , 

(a) Hardware Quality (4.3.1). This design requirement prevents 
hardware on face protective devices being used which could 
potentially snag or tear protective clothing materials. 

(b) Ligh~ Transmission (4.3.2). This requirement ensures 
emergency medical devices provide clear and "undistorted visor 
through the visor or eye piece portions of the device. Although 
similar, this requirement is not the same as that established on ANSI 
Z87.1 for protective visors. 
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(c) Water-Tight Intem-itv (4-3.3L This requirement is analogous 
to the testpefforined on-emergency medical garments described in 
A-4-1 (b). Water-tight integrity is assessed on a standard mannequin 
head form. 

(d) Bacterionha~e Penetration Resistance (4-3.4L This 
requirement is a/lalo-gous to the requirement for medical emergency 
garments described in A-4-1 (c). It applies only to those portions of 
the face protection device intended to provide protection to the face 
or head. . 

A-5-2.1 A source for the equipment required to perform ASTM D 
4157, Standard Test Method for Abrasion Resistance of Textile Fabrics, isJ.K. 
Industries, P.O. Box 6, Villa Park, II 60181. 

A-5-4.$ Examples of accessory items ~ e  gloves, boots, hoods, and 
breathing apparatus. 

A-5-4.4 An example of an inner  garment fabric is a light weight, tight 
woven (e.g. 2.2 oz/yd, 92 x 88 ), medium or dark colored, 100 
percent polyester fabric without surface treatment. 

A.5-4.6 Type #SSW1C nozzles can be obtained from Whedon 
Products, Inc., West Hartford, CT. 

A-5-5.4 Phi-X-174 ATCC 13706 B1 Bacteriophage and E. Coli ATCC 
13706 are available from American Type Culture Collection, 12301 
Parklawn Drive, Rockville, MD 2-852. 

A-5-5.7 A 2.8-in. (70 ram) square is convenient. 

A-5-5.16 Example: 

1.0 X 10E8 (Normal Challen=e) = ~ (iNormal Failure) 
2.9 X 10E8 (Actual Challenge') = 115230 (Actual Failure) 

X = 39734 

A-5-11.1 The Crawford Small Parts Dextrity Test is available from the 
Psychological Corporation, 555 Academic Court, San Antonio, TX 78204. 

A-6-1.1 ASTM publications can be obtained form American Society 
for Testing and materials (ASTM), 1916 Race Street, Philadelphia, PA 
19130. 

A-6.1.2 GSA publications can be obtained from General Services 
Administration Specifications Activity;, Printed Materials Supply 
Division; Building 197, Naval Weapons Plant, Washington, DC 20407. 
Single copies are generally available without charge at the General 
Service Administration Business Centers in cities throughout the U.S. 
Federal Test Method standards are available form the U.S. Govern- 
ment  Printing Office, Washington, DC 20402. 

A-6-1.3 This publication is available form The Psychological 
Corporation, 555 Academic Court, San Antonio, TX 78204 

Appendix B 

This appendix is not  pan  of the requirements of this NFPA 
document, but is included for information purposes only. 

"NOTICE TO THE READER" / 

The following test method is given so that.persons who are interested 
in evaluating and comparing the heat transfer qualities of fabrics can 
do so to an established method. 

This test method is NOT a requirement of this document and 
nothing contained herein canbe  construed to be a part of the 
mandatory requirements of this document. The use of the term 
"shall" in this test method is to emphasize critical procedures that are 
part of the test and not  to indicate-a mandato~'  re-quirement of this 
document. A simple criterion - -  the watts/m of heat transferred 
through the composite by_ the combined.dry and avaporative heat 
exchnages from 95°F (350C), fully sweating test plate surface in a - 
77°F (250C), 65 percent RH env i ronmen t - -  provides a single 
number for comparing each fabric. • 

Total Heat Loss Test. 

NOTE: Practitioners of this method should be intimately 
familiar with ASTM D 1518, although this Total Heat Loss Test 
contains signifidant differences. 

I. The test plate and guard ring shall have a wettablc surface. 

NOTE: One useful sweating hot plate, apparatus is available 
form Holometrix, Inc., 99 Erie Street, Cambridge, MA 02139; 
(telephone 617-868-8050). An environmental chamber with air 
temperature, humidity and air velocity control is also required. 

2. The test plate shall have a temperature of 35°C, ± 0.5°C (95°F, 
± 1°F). The guard ring and bottom plate shall be controlled to 
eliminate lateral and downward heat from the test plate. 

3. The local environmental climate shall be 25°C, ± 0.5°C (77°F, ± 
I°F) and 65% RFI, ± 4% RH. The air velocity shall be the same for all 
calibrations and tests. These conditions shall be measured continu-, 
ously in the free flow air stream uninfluenced by the boundary of the 
test plate. Apparatus used to measure temperature shall be accurate 
to within ± 0.25°C. Apparatus used to measure humidity shall be 
accurate to within e 4%RH. 

4. The average bare pl:ite thermal resistance, including the air 
layer and any apparatus contribution (Rcbp), shall be an  average of at 
least 3 measurements with nothing mounted on the test plate. 

5. The average intrinsic thermal resistance of the sample along 
(Rc0 shall be determined by subtracting the average bare plate 
resistance (Rcbp) form the average of the total thermal resistance 
(Rct) of the specimens tested. 

6. The total thermal resistance (Rct) of the specimen shall be 
calculated form the following equation: 

Rct= (Ts- Ta) A 
H 

where 

Rct= total thermal resistance of the specimen and surface air layer 
(°cmS/w) 

T s = temperature at the place surface (°C) 

T a = temperature in the local environment (°C) 

A = area of the test plate (m s) 

B = power input (watts) 

7. Data shall be collected when equilibrium is reached. Data shall 
be collected every'5 minutes. Equilibrium shall be a rate of change of less 
than 3 percent per hour of calcuhted thermal resistance over a period not 
less than 30 minutes. The standard deviation of the calculated thermal 
resistance shall be less than 1 percent. 

8. The specimens shall be mounted on the test plate in the 
orientation its has in the finished garment from the skin surface 
(plate surface) to the outside. 

9. The apparatus shall be calibrated to meet the following 
constraints: 

(a) A g'caph of total thermal resistance versus number  of layers of 
7.5 oz./yd s Nomex duck shall be linear for the bare plate valde, one, 
two, three, and four layers. 

(b) The slope of the linear regression shall be 0.0206°CmS/W±10%. 

(c) No individual data measurement shall be outside + 10% of the 
value predicted by the linear regression. 

(d) The intrinsic thermal resistance of four layers of 7.5 oz Nomex 
duck shall be 0.082°cm~/W±l 0%. 

NOTE: The standard sample of 7.5 oz/yd Nomex duck should 
be obtained form Office of Standard Reference Materials, 
National Institute of Standards and Technologies, 
Gaithersburg, Maryland 20899; 301-957-6776.- 

10. The average intrinsic thermal resistance of the specimens shall 
be determined by averagingall values obtained over the equilibrium 
period (minimum of 6). The average intrinsic thermal reststance of 
the sample shall be determined by averaging the values for all 
specimens. If the results for any of the 3 individual specimens vary 
more than ±10% from the average of all 3, then the test shall be 
repeated on the specimen(s) lying outside the ±10% limit. If the 
retest produces a value(s) within the ±10% limit, then the new 
value(s) shall be used instead. If the retest remains outside the ±10% 
limit, then an additional 3 specimens shall be tested, and all original 
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and retest results shall be. re.p.orted along with. the average and 
standard deviation for mtnnslc thermal resxstance, and a statement 
identifying this sample as having a high variability. 

11. Water shall be fed to the test plate and guard ring so that water 
uniformly wets the test plate and guard ring surface. 

12. The test plate and guard ring shall be covered with a liquid 
barrier that prevents wetting of the test specimen by the liquid water. 
The permeability index of the bare plate with the liquid, barrier in 
place be greater than 0.7. 

NOTE: The permeability index of the bare plate should be " 
calculated from the following equation: 

ira= 061 x Rcbp/Rebp 

where 

is= permeability index 

Rcbp = average bare plate thermal resistance (without liquid 
barrier) described in paragraph 4 (*cmS/W) 

Rebp = average bare plate evaporative resistance (with liquid 
barrier in place) described in paragraph 14 (kPa~2/W) 

NOTE: One source for uncoated cellophane that will meet this 
0lin, Ecusta Paper and Film Group, NC 28768. 

18. The average bare plate evaporative resistance, including the air 
layer, the liquidbarrier, and any apparatus contribution, (Rebp) shall 
be an average of at least S measurements with only the liquid barrier 
mounted on theplate.  The local environmental climate may be 
increased above 250C (770F) ffnecessary to maintain test plate 
temperature at 35"C (950F). 

14..The apparent  total evaporative resistance (ARet) of the ' 
specimen shall be calculated from the following equation: 

ARet.= ~ . : ~  A 
H..(1"x'1"JA 
Rct 

where 

ARet = apparent total evaporative resistance of the specimen and 
surface air layer (kPamS/W) 

P, = water vapor pressure at the plate surface (kPa) 

P" = water vapor pressure in the local environment (kPa) 

A = area of the test plate (m s) 

H = power input (watts) 

"I", = temperature at the plate surface (*C) 

T, = temperature in the local environment (*C) 

Rct= total thermal resistance of the specimen and surface air layer 
(*C ms/W) 

NOTE: The term "apparent" is used as a modifier for 
evaporative resistance to reflect the fact that condensation may 
occur within the specimen. 

15. Data shall be collected when equilibrium is reached. Data shall 
be collected every 5 minutes. Equilibrium shall be a rate of change of 
less than 3 percent per hour  of calculated apparent evaporative 
resistance over a period not less than 30 minutes. The standard 
deviation of the calculated apparent evaporative resistance shall be 
less than 1 percent. 

If data collection cannot be completed within ,t hr  after mounting 
the specimen on the test plate, the specimen shall be removed form 
the test plate and allowed to dryat  least 2'1 hr  at 60-80"F (16" - 25"C) 
before retesting. Subsequent data reporting shall state that drying 
was required• If the retest of the specimen still cannot meet these 
constraints, then it shall be reported that the specimen cannot be 

• tested by this method. 

16. The average apparent intrinsic evaporative resistance of the 
sample alone (ARef) shall be the apparent total evaporative resistance 
(ARet) minus the average bare plate evaporative resistance (Rebp). 

17. The apparatus shall be calibrated to meet  the following 
constraints: 

(a) A graph of apparent total evaporative resistance versus number  
of layers of 7.5 oz./yd 2 Nomex duck shall be linear for the bare plate 
value, one, two, three and four layers. 

(b) The slope of the linear regression shall be .005 kPa m~/W. 

(c) No individual data measurement shall be outside ± 10% of the 
value predicted by the linear. 

(d) The apparent intrinsic evaporative resistance of four layers of 
7.5 oz/yd 2 N-omex duck shall be .020 kPa mS/W, ± 10%. 

18. The average apparent intrinsic evaporative resistance of the 
specimen shall be determined by averaging all values obtained over 
the equilibrium period (minimum of 6). The average apparent 
intrinsic evaporative resistance of the sample shall be determined by 
averaging the values of all specimens. If the results for any of the $ 
in.dividual specimens vary more than ± 10% from the average of all 3, 
then the test shall be repeated on the specimens(s) lying outside the 
± 10% liinit, If the retest produces a value (s) shall be used instead. If 
the retest remains outside the ± 10% limit, then an additional 3 • 
specimens shall he tested an all original and retest results shall be 
reported along with the average and standard deviation for apparent 
intrinsic evaporative resistance, and a statement identifying this 
sample as having a high variability. 

19. The average total heat loss of the sample shall be determined 
and reported, subject of the reporting requirements in paragraphs 
11, 16, and 19. The total heat loss of the sample shall be calculated 
from the following equation: 

Q,* = 10*G + ~.57kPi~ 
Rcf + .04 ARef + .0035 

where 

Q, = total heat loss (W/m s) 

Rcf = average intrinsic thermal resistance of the sample deter- 
mined in paragraph 5 (*C n~2/'W) 

ARef = aver;age apparent intrinsic evaporative resistance of the 
sample determined in paragraph 17 (kPa mS/W) 

• These values are appropriate for a surface air layer at an air 
temperature of 25'C, a relative humidity of 65 percent, a skin 
temperature of 35'C, and a nominal effective air velocity of 2 m/s.  

NOTE: This calculation is based on the temperature and vapor 
pressure differences between and the test plate and local 
environmental climate specified in this pro- cedure. Other 
environmentalconditions may alter the performance 
measured. 

Using the total heat calculated under  the conditions used here to 
extrapolate to other environmental temperatures and other 
environmental humidities may also produce inaccurate results 
because of possible condensation w~thin a composite that would not 
be accounted for. The permeability index of the specimen and its 
associated air layer may also be calculated using the following 
equation: 

i~, = .06 x Rct/ARet 

where 

i,~ = permeability index 

o S Rot = total thermal resistance described in paragraph 6( C m / W )  

Aget = apparent total evaporative resistance described in 
paragraph 15(kPa m~/W) 

I_ is the measure of the efficiency of evavorative heat transport in 
a clot~ing system. An i m of 0 indicates that t~e clothing system allows 
no evaporative heat transfer. An i m of I indicates that the clothing 
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~ tem achieves the theoretical maximum evaporative heat transfer 
owed by its insulation. Casual dress clothing typically has values for 
of 0.3 to 0.5. Protective clothing typically has values of i¢, of 0.1 to 

C-I.1 NFPA Publications, National Fire Protection Association, 1 
Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101 

NFPA 1581, Standard on Fire Department Infection Control Program, 1991 
edition 

Appendix C 

C-I The following documents or portions hereof are referenced 
within this standard for informational purposes only and thus are not 
considered part of the requirement of this document. The edition 
indicated for each reference is the current edition as of the date of 
the NFPA issuance of this document. 

NFPA 1991, Standard on Vapor-Protective Suits for Hazardous Chemical 
Emmgend~ 1990 edition 

NTPA 1992, Standard on Liquid Splash Protective Suits for Hazardous 
ChemicaI Erai, rgencies, 1990 edition 

NFPA 1993, Standard on Support Function Garments for Hazardous 
Chemical Operations, 1990 edition 
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