
ANSIINFPA 1981 An American National Standard June 10, 1987 

l l l l l l I I l l I I l 

m N FPA 1981 
/ 

m 

Open-Circuit 
Self-Contained 

m Breathing 
m 

m 

m 

Apparatus for 
Fire Fighters 
1987 Edition 

mm 

mm 

mm 

mm 

mm 

mm 

mm 
L~ 
NFPA' 

National Fire Protection Association Batterymarch Park, Quincy, MA 02269 

m 



NOTICE 

All questions or other communications relating to this document should be sent only to NFPA l lead- 
quarters, addressed to the attent'ion of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpreta- 
tions, proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and 
appeals on matters relating to the content of the document, write to the Secretary, Standards Council, Na- 
tional Fire Protection Association, Battervmarch Park, Quincy, MA 02269. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations 
Governing Committee Projects shall not be considered the official position of NFPA or any of its Commit- 
tees and shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult appli.cable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with ap 
plicable laws and this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject ~n ~ts technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory 
committee to provide specific guidance to the technical committees on questions relating to assessing the 
hazards of the products of combustion. 

Licensing Provision --- This document is copyrighted by the National Fire Protection Association 
(NFPA). 

1, Adoption by Reference m Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. Any deletions, additions and 
changes desired by the adopting authority must be noted separately. Those using this method are requested 
to notify the NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by 
reference" means the citing of title ant~ publishing information only. 

2. Adoption by Transcription ...... A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, m laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, "(2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdtction's 
lawmaking or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all 
printings of this document by public authorities with lawmaking or rulemaking powers or any other persons 
desiring to reproduce this document or its contents as adopted by the jurisdiction in whole or ~n part, in any 
form, upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonex- 
clusive license to print, republish, and vend this document in whole or in part, with changes and additions. 
if any, noted separately provided that due notice of NFPA's copyright is contained in each copy. Such 
license shall be granted only upon agreement to pay NFPA a royalty. This royalty is required to p.rovide 
funds for the research and development necessary to continue the work of NFPA and its volunteers In con- 
tinually updating and revising NFPA standards~ Under certain circumstances, public authorities with 
lawmaking or rulemaking powers may apply for and may receive a speci~il royalty when the public interest 
will be served thereby. 

3, Scope of License Grant - -  The terms and conditions set forth above do not extend to the index to 
this document. 

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This matorial has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having 
balanced representation. While these procedures assure the highest degree of care, neither the National Fire 
Protection Association, its members, nor those participating in its activities accepts any liability resulting 
from compliance or noncompliance with the provisions given herein, for any restrictions imposed on 
materials or processes, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
and any certification of products stating compliance with requirements of this document is made at the peril 
of the certifier. 
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(~) 1987 NFPA, All Rights Reserved 

NFPA 1981 

Standard on 

Open-Circuit Self-Contained 

Breathing Apparatus for Fire Fighters 

1987 Edition 

This edition of NFPA 1981, Standard on Open-Circuit Self-Contained Breathing 
Apparatus for Fire Fighters, was prepared by the Technical Committee on Protective 
Equipment for Fire Fighters, and acted on by the National Fire Protection Associa- 
tion, Inc. at its Annual Meeting held May 18-21, 1987 in Cincinnati, Ohio. It was 
issued by the Standards Council on June 10, 1987, with an effective date of June 30, 
1987, and supersedes all previous editions. 

The 1987 edition of this standard has been approved by the American National 
Standards Institute. 

Origin and Development  of N F P A  1981 

The first NFPA document to address fire fighter respiratory protection was NFPA 
19B, Standard on Respiratory Protective Equipment for Fire Fighters. NFPA 19B was 
adopted on May 18, 1971 at the Association's Annual Meeting in San Francisco, 
California. It was developed by the Sectional Committee on Protective Equipment for 
Fire Fighters of the Technical Committee on Fire Department Equipment. After 1975, 
the Sectional Committee was removed from the Technical Committee on Fire Depart- 
ment Equipment and made its own technical committee. The main thrust of NFPA 
19B was to prohibit filter-type canister masks for fire fighters and permit only self- 
contained breathing apparatus. NFPA 19B was officially withdrawn by the Associa- 
tion on May 19, 1981 at the Annual Meeting in Dallas, Texas. 

NFPA 1981, Standard on Self-Contained Breathin~ Apparatus for Fire Fighters, 
was adopted at the same meeting to replace NFPA 19B. That first edition of NFPA 
1981 essentially specified NIOSH/MSHA approved SCBA with a minimum rated ser- 
vice life of 30 minutes. Open-circuit SCBA was required to be positive pressure. 

The Technical Committee on Protective Equipment for Fire Fighters undertook a 
complete revision of NFPA 1981 to state performance requirements and appropriate 
testing procedures designed to simulate various environmental conditions that fire 
fighters' SCBA can be exposed to during use and storage. These requirements are in 
addition to the basic NIOSH/MSHA certification requirements and now NFPA 1981 
only applies to open-circuit SCBA. A similar document will be developed for closed- 
circuit SCBA. 

This second edition of NFPA 1981 was completed in March, 1986 and adopted by 
the Association at the 1987 Annual Meeting in Cincinnati, Ohio. 
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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 5 and Appendix B. 

Chapter 1 Administration 

1-1 Scope. 
1-1.1" This s t anda rd  sets forth m i n i m u m  requi rements  
for the design, per formance ,  and  testing of open-ci rcui t  
self-contained b rea th ing  appa ra tus  (SCBA) used in fire 
fighting, rescue, and  other  hazardous  duties. This  stan- 
da rd  does not apply  to closed-circuit  se l f -contained 
brea th ing  appara tus .  

1-1.2 This s t andard  is not in tended  to serve as a de- 
tai led manufac tu r ing  or purchase  specification, but  may 
be referenced in purchase  specifications as m i n i m u m  ac- 
ceptable  requirements .  

1-1.3" Envi ronmenta l  and  physical  tests are used to 
de t e rmine  compl i ance  with the pe r fo rmance  re- 
qui rements  of this s t andard .  These tests shall not be 
deemed as establishing SCBA per formance  levels for all 
si tuations to which fire f ighting personnel may be ex- 
posed. 

1-2 Purpose. 
1-2.1" The  purpose  of this s t anda rd  is to provide mini- 
m u m  per formance  requi rements  for open-ci rcui t  SCBA 
util ized by fire fighters. 

1-3 Def in i t i ons .  

Anechoic Chamber. A test room in which some or 
all surfaces are l ined with sound-absorb ing  mate r ia l  to 
reduce reflections of sound to a specified m i n i m u m  over a 
range of frequencies.  

C losed-Ci rcu i t  SCBA. A reci rcula t ion- type SCBA in 
which the exhaled gas is r eb rea thed  by the wearer  after  
the carbon  dioxide has been removed from the exhala t ion  
and  the oxygen content  within the system has been 
restored from sources such as compressed b rea th ing  gas, 
chemical  oxygen, and  l iquid oxygen. 

Compressed Breathing Gas.* A mixture  of oxygen 
or air  stored in a compressed state and  suppl ied to the 
user in gaseous form. Compressed b rea th ing  gas shall 
meet  at least the requi rements  of the specification for 

Type  I, Grade  D b rea th ing  air, and  l iquid  air  shall meet  
at least the requi rements  for Type  II,  Grade  B b rea th ing  
air  as descr ibed in ANSI  Z86.1, Commodity Specification 
for Air. 

End-of-Service-Time Indicator. A warn ing  device 
on a SCBA that  warns the user that  the end of the service 
t ime of the SCBA is approach ing .  

F a b r i c  C o m p o n e n t .  Any single or  combina t ion  of  
.pliable, na tura l ,  or synthet ic  mater ia l (s)  m a d e  by weav- 
ing, felting, forming,  or kni t t ing  that  is used to secure the 
backp la te  assembly to the SCBA wearer  inc luding  but  not 
l imi ted  to shoulder,  waist, and  chest straps.  

Facepiece. The  componen t  of  a respi ra tor  that  
covers the wearer 's  nose, mouth ,  and  eyes. It is designed 
to make  a gast ight  or par t ic le - t ight  fit with the face and 
includes the headbands ,  exha la t ion  valves, and  o ther  
necessary components  requi red  to connect  it to a 
respi rable  gas source. 

Gas.  An aer i form fluid that  is in a gaseous state at 
s t anda rd  t empera tu re  and  pressure.  

Identical SCBA. SCBA that  are p roduced  to the 
same engineer ing and  m a n u f a c t u r i n g  specifications.  

May .  This  term is used to state a permissive use, or 
an a l ternat ive  me thod  to a specified requirements .  

N I O S H / M S H A  A p p r o v e d .  Tested and  cer t i f ied 
joint ly  by the Nat iona l  Inst i tute  for Occupa t iona l  Safety 
and  Heal th  (NIOSH)  of the U.S. D e p a r t m e n t  of  Hea l th  
and H u m a n  Services and  the Mine Safety and Hea l th  Ad- 
min is t ra t ion  (MSHA) of  the U.S. D e p a r t m e n t  of  Labor  in 
accordance  with the requ i rements  of Ti t le  30, Code of 
Federa l  Regulat ions  (CFR),  Par t  11, Subpar t  H. Ap- 
proval  by the Bureau  of Mines of  the U.S. D e p a r t m e n t  of 
In ter ior  shall not fall under  the def ini t ion of  approved .  
For  the approval  to r emain  in effect, the SCBA must  be 
used and ma in t a ine d  in the approved  condi t ion.  

O p e n - C i r c u i t  SCBA. An  SCBA in which exha la t ion  
is vented to the a tmosphere  and  not r eb rea thed .  The re  
are two types of open-c i rcui t  SCBA: 

(a) Demand Type (Negative Pressure). An SCBA in 
which the pressure inside the facepiece,  in re la t ion to the 
immed ia t e  environment ,  is negative dur ing  any par t  of 
the inha la t ion  or exha la t ion  cycle when tested in accor- 
dance  with 30 CFR Par t  11, Subpar t  H by N I O S H  and 
using N I O S H  test equ ipment .  

(b) Pressure Demand Type (Positive Pressure). An 
SCBA in which the pressure inside the facepiece,  in rela- 
t ion to the immed ia t e  envi ronment ,  is positive dur ing  
both  inha la t ion  and  exha la t ion  when tested in accor- 
dance  with 30 CFR, Par t  11 Subpar t  H by N I O S H  and 
using N I O S H  test equ ipment .  

Random Noise. An oscil lat ion whose ins tantaneous  
magn i tude  is not specified for any give instant  of t ime. 

Random Noise Generator. An electr ical  device used 
as a source of high-level, b r o a d - b a n d ,  r a n d o m  electr ical  

1987 Edition 



GENERAL REQUIREMENTS 1981 5 

noise that  can be converted to acoustic noise by means of 
a loudspeaker .  

Rated Time Service. The  per iod  of time, stated on 
the SCBA's N I O S H / M S H A  approval  label ,  that  the 
SCBA suppl ied air  to the b rea th ing  mach ine  when tested 
to 30 CFR Part  11. 

Resistance. Opposi t ion to the flow of gas, as through 
an orifice or valve. 

SCBA. See self-contained b rea th ing  appara tus .  

Self-Contained Breathing Apparatus (SCBA). A 
respi ra tor  worn by the user that  supplies a respirable  at- 
mosphere,  that  is ei ther  carr ied in or genera ted  by the ap- 
paratus ,  and  is independen t  of the ambien t  environment .  

Shal l .  Indicates  a manda to ry  requi rement .  

Should. This term, as used in Append ix  A, indicates 
a r ecommenda t ion  or that  which is advised but  not re- 
quired.  

White Noise. 
energy per unit  
range of interest.  

Random noise that  has a constant  
bandwid th  at every frequency in the 

var iant ,  only those tests on other  similar SCBA models  or 
variants  shall be requ i red  where, in the de te rmina t ion  of 
the manufac tu re r ,  the SCBA's test results can be affected 
by any components  that  are different  from those on the 
original  SCBA tested. 

2-1.2.3 SCBA shall be tested and shall meet  the perfor- 
mance  requi rements  of three separa te  test series as de- 
f ined in 3-1.1, and  the f lame resistance test specified in 
Section 3-5, heat  resistance test specified in Section 3-6, 
and  th read  heat  resistance test specified in Section 3-7, all 
of this s t andard ,  every fifth year from the da te  of the in- 
itial tests pe r fo rmed  in 2-1.2.1. After  comple t ion  of these 
tests for a specific model  SCBA or its var iant ,  only those 
tests on other  s imilar  SCBA models  or variants shall be re- 
qui red  where, in the de te rmina t ion  of the manufac tu re r ,  
the SCBA's test results can be affected by any components  
that  are different  from those on the or iginal  SCBA tested. 

2-1.3 Any modif ica t ions  made  to the SCBA by the man-  
ufac turer  after  conduc t ing  the tests specified in 2-1.2 of 
this section shall require  the retest ing and meet ing  of the 
pe r fo rmance  requi rements  of all those individual  tests 
that  the ma nu fa c tu r e r  de termines  may  be affected by 
such changes.  This  retest ing shall be conduc ted  before 
labe l ing  the modi f ied  SCBA as being compl i an t  with 
N F P A  1981. 

Chapter 2 General Requirements 

2-1 Compliance. 
2-1.1 SCBA labeled  as being compl ian t  with this stan- 
da rd  shall meet  or exceed all requi rements  of this stan- 
da rd .  

2-1.2 To comply with the pe r fo rmance  requi rements  of 
Chap te r  3 of this s t andard ,  samples of the manufac tu re r ' s  
cur rent  product ion  SCBA that  are to be labe led  as being 
compl ian t  with NFPA 1981 shall be tested as specified in 
2-1.2.1, 2-1.2.2, and  2-1.2.3. 

2-1.2.1 SCBA shall be init ial ly tested and shall meet  the 
pe r fo rmance  requi rements  of three separa te  test series as 
def ined in 3-1.1, and  the f lame resistance test specified in 
Section 3-5, heat  resistance test specified in Section 3-6, 
and  th read  heat  resistance test specified in Section 3-7, all 
of this s tandard .  After  comple t ion  of these tests for a spe- 
cific model  SCBA or its variant ,  only those tests on other  
similar  SCBA models  or variants  shall be requi red  where, 
in the de te rmina t ion  of the manufac tu re r ,  the SCBA's 
test results can be affected by any components  that  are 
different  from those on the original  SCBA tested. 

2-1.2.2 SCBA shall be annual ly  tested within twelve 
months  from previous test and  shall meet  the perfor-  
mance  requi rements  of one test series as def ined in 3-1.1, 
and  the f lame resistance test specified in Section 3-5, heat  
resistance test specified in Section 3-6, and  th read  heat  
resistance test specified in Section 3-7, all of this stan- 
da rd .  This requ i rement  may  be waived every fifth year 
when the testing requi red  in 2-1.2.3 is conducted .  After  
comple t ion  of these tests for a specific model  SCBA or its 

2-2 Labeling. 
2-2.1 Only SCBA that  meet  all the requ i rements  of this 
s t anda rd  and are so represented  by the ma nu fac tu r e r  
shall be labe led  according  to the provisions of 2-2.2 of 
this section, 

2-2.2 In add i t ion  to N I O S H / M S H A  approval  label ,  
each SCBA shall be labe led  with the following informa-  
tion: 

(a) The  following s ta tement:  

"This  SCBA meets all requi rements  of N F P A  1981, 
S t anda rd  on Open-Ci rcu i t  Self -Contained Breath- 
ing Appara tus ,  1987 Edi t ion."  

(b) The  ident i f ica t ion of the major  components  of the 
SCBA that  are requi red  to meet  this s t andard .  

2-2.3 The  major  components  listed by the manufac-  
turer  in 2-2.2 of this section shall be labe led  with the lot 
n u m b e r  or serial number ,  or the year and the mon th  of  
manufac tu re .  

2-2.4 Manufac turers  of SCBA shall provide,  upon re- 
quest, a wri t ten s ta tement  that  the SCBA m a n u f a c t u r e d  
and  labe led  as being compl ian t  with this s t andard  does 
meet  or exceed all requirements  of this s t andard .  

2-3 Basic  Design. 
2-3.1 SCBA shall be cert if ied by the Nat iona l  Inst i tute  
for Occupa t iona l  Safety and Heal th  (NIOSH)  and the 
Mine Safety and Heal th  Admin i s t r a t ion  (MSHA) as 
positive pressure SCBA. 

2-3.1.1" In accordance  with N I O S H / M S H A  certifica- 
tion, the m a x i m u m  weight of the SCBA shall not  exceed 
35 pounds.  
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2-3.2* SCBA shall have a N I O S H / M S H A  ra ted  service 
t ime of 30 minutes  or more.  

2-3.3 SCBA that  is cert if ied by N I O S H / M S H A  as 
positive pressure but  capab le  of supplying air to the user 
in a negative pressure, demand- type  mode  shall not meet  
the requi rements  of  this s t andard .  

2-3.4 The  SCBA shall not  be one that  was approved  
under  Bureau  of Mines schedules, regardless of any 
g randfa the r  provisions to the cont rary  that  have been 
adop ted  or that  may  in the fu ture  be adop ted  by U.S. or 
foreign governmenta l  agencies. 

2-4 Manufacturer's  Instructions.  
2-4.1 The  SCBA manufac tu r e r  shall provide,  with each 
SCBA, instructions and informat ion  for main tenance ,  
cleaning,  disinfecting, storage, and inspection. 

2-4.2 The  SCBA manufac tu re r  shall provide,  with each 
SCBA, specific instructions regard ing  the use, opera t ion ,  
and  l imita t ions  of the SCBA, and t ra in ing materials .  

Chapter 3 Performance Requirements  

3-1 Test Series. 
3-1.1 Three  ident ical  SCBA selected from the manufac-  
turer 's  p roduct ion  SCBA and  that  are to be labeled com- 
pl iant  with this s t andard  shall be subjected to the tests 
specified in Tab le  3-1.1, "Test  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, and  the third SCBA shall be subjected to the 
tests listed in Category C as shown in Tab le  3-1.1. This  
g roup ing  of test requi rements  shall be defined as a single 
test series. 

T a b l e  3-1.1 T e s t  Series 

C a t e g o r y  A C a t e g o r y  B Ca tego ry  C 
(SCBA #1) (SCBA #2) (SCBA #3) 

Airf low Airf low Airf low 
Section 3-2 Sect ion 3-2 Section 3-2 

Lens Abras ion  Acce le ra t ed  cor ros ion  V ib ra t i on  a n d  
Section 3-10 Sect ion 3 8 Shock 

Section 3-4 

C o m m u n i c a t i o n  
Section 3-11 

T h e r m a l  
Sect ion 3-3 

Pa r t i cu la t e  
Sect ion 3-9 

3-1.2 No adjus tment ,  repai r ,  or rep lacement  of parts is 
pe rmi t t ed  to any SCBA being tested in accordance  with 
this s t andard .  Breathing-gas  containers  may be filled as 
required.  All tests in Category A shall be conducted  in 
the order  specified and are designed as cumulat ive  
damage  tests. 

3-2 Airf low Performance.  
3-2.1" When  tested in accordance  with the Airf low Per- 
fo rmance  Test  specified in Section 4-1 of this s t andard ,  
the SCBA facepiece pressure shall not  be less than 0.00 
inches of water  co lumn nor  grea te r  than  3.50 inches of 
water  co lumn above ambien t  pressure f rom the t ime the 
test begins unti l  the t ime the test is concluded.  

3-3 Thermal  Resistance Performance.  
3-3.1 SCBA shall be tested in accordance  with the 
T h e r m a l  Resistance Tests specified in Section 4-2 of  this 
s t andard .  

3-3.1.1 Where  condi t ioned  in accordance  with the cold 
thermal  test specified in 4-2.4 of this s t andard ,  the SCBA 
shall meet  the pe r fo rmance  r equ i remen t  of Section 3-2 of  
this chapter .  

3-3.1.2 W h e n  condi t ioned  in accordance  with the hot 
thermal  test specified in 4-2.5 of this s t anda rd ,  the SCBA 
shall meet  the pe r fo rmance  requi rements  of Section 3-2 
of this chapter .  

3-3.1.3 When  condi t ioned  in accordance  with the hot 
to cold thermal  test specified in 4-2.6 of  this s t andard ,  the 
SCBA shall meet  the pe r fo rmance  r equ i remen t  of  Section 
3-2 of this chapter .  

3-3.1.4 When  condi t ioned  in accordance  with cold to 
hot  thermal  test specified in 4-2.7 of this s t andard ,  the 
SCBA shall meet  the pe r fo rmance  requ i rement  of Section 
3-2 of this chapter .  

3-4 Vibration and Shock Resistance Performance .  
3-4.1 When  condi t ioned  in accordance  with the Vibra-  
tion and  Shock Resistance Test  specified in Section 4-3 of 
this s t andard ,  the SCBA shall mee t  the pe r fo rmance  re- 
qui rements  of Section 3-2 of this chapte r .  

3-5 Flame Resistance Performance .  
3-5.1 When  tested to the F lame  Resistance Test  
specified in Section 4-4 of this s t andard ,  the test 
specimens shall have an average char  length of  not more  
than  4.0 inches (101.6 ram), an average a f te r f lame of not 
more  than  2.0 seconds, and  shall not  mel t  or dr ip  when 
tested in accordance  with Method 5903, F lame 
Resistance of  Cloth; Vert ical ,  of Federa l  Test  Method  
S t a n d a r d  No. 191, Textile Test Methods. 

3-6 Heat Resistance Peformance.  
3-6.1 W h e n  tested to the Heat  Resistance Test  specified 
in Section 4-5 of this s t andard ,  the test specimens shall 
not melt ,  separate ,  or ignite. 

3-7 Thread Heat Resistance Performance.  
3-7.1 When  tested in accordance  with the T h r e a d  Heat  
Resistance Test  specified in Section 4-6 of this s t andard ,  
the th read  shall not  melt  or ignite. 

3-8 Accelerated Corrosion Resistance Performance .  
3-8.1 W h e n  condi t ioned  in accordance  with the Ac- 
ce lera ted  Corrosion Resistance Test  specified in Section 
4-7 of this s t andard ,  corrosion shall not  p roh ib i t  the 
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proper  use and function per  the manufac tu re r ' s  instruc- 
tions of any control  or opera t ing  feature  of the SCBA. In 
addi t ion,  the SCBA shall meet  the pe r fo rmance  re- 
quirements  of Section 3-2 of this chapter .  

3-9 Particulate Resistance Performance. 

3-9.1 When  condi t ioned in accordance  with the Par- 
t iculate  Resistance Test  specified in Section 4-8 of this 
s t andard ,  the SCBA shall meet  the pe r fo rmance  re- 
qui rements  of Section 3-2 of this chapter .  

3-10 Facepiece Lens Abrasion Resistance Perfor- 
mance. 

3-10.1 W h e n  tested in accordance  with the Facepiece 
Lens Abras ion  Resistance Test  specified in Section 4-9 of 
this s tandard ,  the lens shall not  exhibi t  ei ther:  

(a) Any scratch greater  than  0.063 in. (1.60 ram) long 
and wider than  0.008 in. (0.20 mm)  in a 0.984-in. 
(25-mm) circle located on the center  of the stroked area 
of the lens. 

(b) More than  two scratches having a length greater  
than 0.008 in. (0.20 mm) or a width greater  than  0.008 
in. (0.20 mm) in the same 0.984-iD. (25-mm) circle 

I" located in the center  of the stroke area.  22" 
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2" 

3-11 Communications Performance. 

3-11.1 When  tested in accordance  with the Com- 
municat ions  Test specified in Section 4-10 of this stan- 
da rd ,  the average score achieved when tested with the 
SCBA shall not  be less than  72 percent  of the average 
score achieved when tested without  the SCBA. 

Figure 4-1.2 Typical Apparatus Configuration for Airflow 
Performance Test 

4-1.5 The  open end of the pressure p robe  shall extend a 
m a x i m u m  of  18 in. and  a m i n i m u m  of  one in. ou tward  
from the back surface of the test headform.  

Chapter 4 Test Methods 

4-1 Airflow Performance Test. 

4-1.1" The  facepiece of the SCBA being tested shall be 
secured to a Sierra Model No. 803608-01 or Scott Avia- 
tion Model No. 803608-02 test headform or equivalent .  
The  facepiece shall be secured to the headform to assure 
tha t  an init ial  pressure of 1.0 _+ 0.1 in. water  column 
below ambien t  shall not  decrease by more  than  0.2 in. 
water  column in 5 seconds. 

4-1.2 The  remain ing  components  of the SCBA shall be 
moun ted  in accordance  with Figure 4-1.2 to s imulate  its 
typical  wear ing posit ion on a fire f ighter as specified by 
the manufac tu re r .  

4-1.3 A pressure probe  shall be a t t ached  to the test 
headform to moni to r  facepiece pressure. The  pressure 
p robe  shall be a ¼- in .  O.D. with 0.062-in. wall thickness 
metal  tube having one open end and one closed end.  The  
closed end shall have 4 equal ly spaced holes, each 0.062 
+ 0.005 in. and posi t ioned 0.250 + 0.02 in. back  from 
the end of the pressure probe.  

4-1.4 The  closed end of the pressure probe  shall extend 
th rough  the test headform exit ing out  the center  of the 
left eye. The  pressure probe shall extend 0.50 + 0.06 

0.0 in. ou tward  from the surface of the center  of the left 
eye. 

4-1.6 A m a x i m u m  of a four  (4) foot length of nomina l  
~6-in. I .D. flexible smoothbore  tub ing  with a nomina l  
x/~6-in, wall thickness may be connected  from the open 
end of the pressure probe to the inlet  of the pressure 
t ransducer .  

4-1.7"  A different ia l  pressure t ransducer  having the 
following characteris t ics  shall be used: 

Range:  8.9 inches of water  different ial  

Linear i ty:  + 0.5% Full Scale best s t raight  line 

Hysteresis: 0 .5% pressure excursion 

Overpressure:  To 200% of range in ei ther  di- 
rect ion with less than 0.5% zero shift 

Line Pressure Effect: Less than  1% Full Scale 
zero shif t /1000 psig 

Outpu t :  + 2.5 volts dc for + Full Scale 

Ou tpu t  Impedance :  100 ohms, m a x i m u m  

Ou tpu t  Ripple:  10 millivolts peak  to peak  

Frequency Response: Flat  + 5%,  0 to 1000 Hz 

Regula t ion:  Full scale ou tpu t  shall not change 
more  than  + 0.1% for input  voltage change 
from 22 to 35 Vdc 

T e m p e r a t u r e :  Opera t ing:  65° . 250°F 

Compensa ted :  0 ° . 160°F 

T e m p e r a t u r e  Effects: Wi th in  2% Full Scale /  
100°F, Error  band  
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4-1.8" The  different ial  pressure t ransducer  shall be ap- 
propr ia te ly  connected  to a strip char t  recorder  having the 
following characterist ics:  

(a) a char t  width of 250 m m  

(b) a pen speed of at least 750 m m / s e c o n d  (1A second 
FS) 

(c) an accuracy of ± 0.25% FS 

(d) an input  voltage range  of 1 volt full scale 

(e) a span set at 25 m m  of char t  per  in. water  column.  

4-1.9 The  test headform shall be equ ipped  with a 
stainless steel b rea th ing  tube having a 0.90-in. I .D. with 
0.024-in. wall thickness. The  metal  b rea th ing  tube shall 
be located on the center l ine of the mou th  and be flush 
with the test headform.  

4-1.10 The  metal  b rea th ing  tube shall extend outward  
f rom ei ther  the back  or the base surface of the test head- 
form a m i n i m u m  of 8 in. and  a m a x i m u m  of  18 in. 

4-1.11 If  flexible smoothbore  tubing  is used from the 
meta l  b rea th ing  tube  to the inlet connect ion of the 
b rea th ing  machine ,  it shall have a m a x i m u m  length of 4 
ft and  a N- in .  I .D. with nomina l  %-in. wall thickness. 

4-1.12" A Model 327-6 Brea th ing  Machine as shown in 
Figures 4-1.12(a), (b), and  (c) shall be used. The  
brea th ing  machine  shall be set to the following 
characterist ics:  

R E S P I R A T O R Y  T I D A L  
M I N U T E  V O L U M E  F R E Q U E N C Y  V O L U M E  

(liters rain)  ( b r e a t h s / r a i n )  (liters) 
103 + 3 30 +_ 1 3.4 n o m i n a l  

4-1.13 The  test condit ions of ambien t  t empera tu re  and 
baromet r ic  pressure shall be 72°F ± 5°F (22°C ± 3°C), 
50% relative humid i ty  ± 25%,  (725 m m  Hg + 50 70 
m m  Hg). The  dew point  of air  charged  into the SCBA 
brea th ing  gas containers  shall not be higher  than  65 °F 
( 5 4 ° C )  at the outlet  por t  of the charge  line. The  air shall 
meet  or exceed the requi rements  of the specification for 
Type  1, Grade  D brea th ing  air as specified in ANSI  
Z86.1, Commodity Sp'ec~fication for Air, 

4-1.14" The  test set-up for conduc t ing  the airflow per- 
formance  test shall be ca l ib ra ted  at least once each day 
before conduct ing  tests, and  shall be verified at least once 
each day after  testing. The  ca l ibra t ion  procedure  uti l ized 
for the different ial  pressure t ransducer  shall consist of 
conf i rming at least three different  pressures between zero 
and 5 in. water  gauge.  The  pressure shall be measured  
using an incline m a n o m e t e r  or equivalent  measur ing  
device with a scale measur ing  in increments  of ± 0.02 in. 
of water  column or less. 

4-1.15 The  SCBA being tested shall utilize a fully 
charged  b rea th ing  gas conta iner .  The  airflow perfor-  
mance  test shall begin after five comple te  strokes of the 
b rea th ing  mach ine  and cont inue to opera te  th rough  30 
comple te  strokes of the b rea th ing  machine  after actua-  
tion of the end-of-service life indicator .  

4-1.16 The  facepiece pressure shall be read  from the 
strip char t  recorder  to de te rmine  pass / fa i l .  

4-2 T h e r m a l  Res is tance  Tests .  

4-2.1 The  thermal  resistance tests specified in this sec- 
tion may  be conduc ted  in any sequence.  Af ter  perform- 
ing each test, the SCBA shall be p laced  in an ambien t  en- 
v i ronment  of 72°F ± 5°F (22°C ± 3°C) with a relative 
humid i ty  of 50% ± 25% for a m i n i m u m  12-hour dwell 
period.  

4-2.2 The  SCBA shall be p laced  in an app rop r i a t e  en- 
v i ronmenta l  c ha mbe r  and posi t ioned to s imulate  the nor- 
mal  wearing posit ion of  the SCBA on a fire f ighter  as 
specified by the manufac tu re r .  A test headform as 
specified in 4-1.1 of this chap te r  shall be equ ipped  with a 
the rmocouple  or o ther  t empera ture -sens ing  e lement  to 
moni to r  SCBA test c ha mbe r  t empera tu re .  The  ther- 
mocouple  or o ther  t empera ture -sens ing  e lement  used 
shall be a t t ached  to the test head fo rm in a m a n n e r  in 
which it will be directy exposed to the c h a m b e r  at- 
mosphere .  The  test headform shall be connec ted  to the 
b rea th ing  mach ine  in accordance  with Section 3-2 of this 
s t andard .  The  b rea th ing  mach ine  may  be loca ted  ei ther  
inside or outside the env i ronmenta l  chamber .  

4-2.3 The  dwell per iod  between the rmal  tests shall be 
used for refil l ing the b rea th ing  gas conta iner  and  visually 
inspect ing the SCBA for any gross d a m a g e  that  could 
cause unsafe test condit ions.  

4-2.4 The  SCBA shall be cold soaked at 25°F ± 2°F 
( -32°C ± I°C)  for a m i n i m u m  of 12 hours.  T h e  SCBA 
shall be tested in accordance  with Section 3-2 of  this stan- 
da rd  at an ambien t  of 25°F ± 10°F ( 32°C ± 5°C). 

4-2.5 The  SCBA shall be hot soaked at 160°F _+ 2°F 
(71°C _+ 1°C) for a m i n i m u m  of 12 hours.  The  SCBA 
shall then be tested in accordance  with Section 3-2 of  this 
s t anda rd  at an ambien t  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 ± I °C)  for a m i n i m u n  of 12 hours.  T h e  SCBA 
shall then be t ransferred to a c h a m b e r  with an air  tem- 
pe ra tu re  of 25°F _+ 2°F ( -32°C + I°C) .  The  SCBA 
shall then be tested in accordance  with Section 3-2 of  this 
s t anda rd  at a chamber  air  t e m p e r a t u r e  of 25°F _+ 10°F 
( -32°C ± 5°C). The  airflow pe r fo rmance  test shall  com- 
mence  within 3 minutes  after  removal  f rom hot  soak. 

4-2.7 The  SCBA shall be cold soaked at - 2 5 ° F  + 2°F 
( -32°C _+ I °C)  for a m i n i m u m  of 12 hours. The  SCBA 
shall then be t ransferred to a c h a m b e r  with an air  tem- 
pe ra tu re  of 160°F + 2°F (71 °C _+ 1 °C). The  SCBA shall 
then be tested in accordance  with Section 3-2 of  this stan- 
d a r d  at a c ha mbe r  air  t e m p e r a t u r e  of  160°F _+ 10°F 
(71°C _+ 1 °C). The  airflow pe r fo rmance  test shall com- 
mence within 3 minutes  after  removal  f rom cold soak. 

4-3 Vibration and Shock Resistance Tests. 
4-3.1 The  following tests shall be conduc ted  in the 
order  specified. After  be ing  subjected to the tests, the 
SCBA shall be tested in accordance  with Section 3-2 of 
this s tandard .  
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Figure 4-1.12(c) Model 327-6 Breathing Machine 

4-3.2* The  complete  SCBA shall be tested in accor- 
dance with Method 514.3,  Vibration, of MIL-STD-810D,  
Environmental Test Methods. The test shall be set up ac- 

cording to I-3.2. l c .  The  test procedure used shall be Sec- 
tion II-3.1,  Procedure II, using the frequency curves 
514.3-1,  514.3-2,  and 514.3-3.  The  SCBA shall be 
secured using a suitable rigid mount ing  bracket and the 
SCBA shall be tested on each axis for three hours. The  
total duration shall be 9 hours; 3 hours for each fre- 
quency curve. 

4-3.3 The  complete  SCBA less facepiece and less those 
components  that attach directly to the facepiece per the 
manufacturer's  instructions for use shall be tested in ac- 
c o r d a n c e  w i t h  M e t h o d  5 1 4 . 3 ,  V i b r a t i o n ,  o f  
MIL-STD-810D,  Environmental Test Methods, using 
Procedure II. The  test shall be set up according to 
I-3 .2 .3c .  The  duration of the test shall be 3 hours. A 
vibration box with a one- inch circular mot ion  shall be 
constructed in accordance with diagram 514.3-24 of 
Method 514.3,  Vibration, of MIL-STD-810D,  En- 
vironmental Test Methods. 
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4-3.4 The  SCBA facepiece with those components  not 
tested in 4-3.3 a t t ached  per  the manufac tu re r ' s  instruc- 
tions for use shall be tested in accordance  with Method 
514.3, Vibrat ion,  Section II-3.2 of MIL-STD-810D,  En- 
v ironmental  Test Methods,  using Procedure  II .  The  test 
shall be set up accord ing  to 1-3.2.3c. The  dura t ion  of the 
test shall be 3 hours. A v ibra t ion  box with a one-inch cir- 
cular  mot ion  shall be const ructed in accordance  with 
d i a g r a m  514.3-24 of Method  514.3, Vibra t ion ,  of 
MIL-STD-810D,  Environmenta l  Test Methods.  

4-4 Flame Resistance Tests. 

4-4.1 Five specimens of each different  fabric  compo- 
nent  of the SCBA shall be tested in accordance  with 
Method  5903, F lame  Resistance of Cloth; Vert ical ,  of 
Federa l  Test Method S t a n d a r d  191A, Texti le Test 
Methods.  

4-4.2 Test  specimens shall be a m i n i m u m  of 12 inches 
long and shall be tested in the width specified by the pre- 
scr ibed test method.  If  the fabr ic  component(s)  is (are) 
not avai lable in the specified width,  the width of the test 
specimen shall be the widest width as used on the SCBA, 
but  shall be a m i n i m u m  of 12 in. long. 

4-4.3 The  five test specimens shall first be condi t ioned 
by five cycles of washing and drying in accordance  with 
the procedures  in Section 5 of A A T C C  135, 1, III ,  B 
pr ior  to f lame resistance testing. 

4-4.4 The  char  lengths and  af ter f lame shall be recorded  
and each shall be averaged to de te rmine  pass/fai l .  
Mel t ing and d r ipp ing  shall be observed and  recorded to 
de te rmine  pass/fa i l .  

4-5 Heat Resistance Tests. 

4-5.1 Five specimens of each different  fabr ic  compo- 
nent  shall be tested in a forced c i rcula t ing  air  oven 
capab le  of achieving and  ma in t a in ing  an air s t ream tem- 
pe ra tu re  of 500°F + 1 0  ° 0 ° F ( 2 6 0 ° C  + 4  ° 0°C). 

4-5.2 Test  specimens shall be 15 × 15 inches _+ 0.5 
inches (381 × 381 ram, + 13 mm) and shall be cut from 
a s t andard  produc t ion  run  of the fabric  component(s)  
used in the SCBA. If  the fabric  is not avai lable in a 
15-inch (381-mm) width,  the width of the test specimen 
shall be the widest width as used on the SCBA, but  shall 
be a m i n i m u m  of 15 in. (381 mm) long. 

4-5.3 The  five test specimens shall first be condi t ioned 
by five cycles of washing and drying in accordance  with 
the procedures  in Section 5 of A A T C C  135, 1, III ,  B 
pr ior  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 en- 
t ire specimen is not less than  2 inches from any oven sur- 
face or another  test specimen.  Oven airflow shall be 
para l le l  to the p lane  of the mater ia l ,  

4-5.5 Specimens shall be exposed to the c i rcula t ing air- 
flow for 5 minutes  + 15 0 seconds. Oven recovery t ime 
af ter  the door  is closed shall not exceed one minute .  
Specimen exposure  t ime shall begin when the oven has 

recovered to an air  t empera tu re  of 500°F + 10°F - 0°F  
(260°C + 4 ° 0oC). 

4-5.6 The  fabric  shall be observed for mel t ing  or igni- 
tion to de te rmine  pass / fa i l .  

4-6 Thread Heat Resistance Test. 

4-6.1 All th read  uti l ized shall be tested in accordance  
with Method 1534, Melt ing Point  of Synthetic Fibers, of 
Federa l  Test  Method S tanda rd  191A, Texti le Test 
Methods,  to a t empera tu re  of 500°F + 10 ° 0°F (260°C 
+ 4 ° 0°C). 

4-6.2 T h r e a d  shall be observed for mel t ing  or ignit ion 
to de te rmine  pass/fa i l .  

4-7 Accelerated Corrosion Resistance Test. 
4-7.1 An  SCBA with a fully charged  cyl inder  and  
having the cyl inder  valve closed shall be tested in accor- 
dance  with Method 509.2. Salt Fog, Section II, of 
MIL-STD-810D,  Environmenta l  Test Methods.  

4-7.2 The  SCBA shall be a t t ached  to a m a n n e q u i n  to 
s imulate  its typical  wear ing posit ion on a fire f ighter  as 
specified by the manufac tu re r .  The  m a n n e q u i n  shall 
then be p laced  in a test chamber .  The  test c ha mbe r  tem- 
pe ra tu re  shall be adjus ted  to 95°F +_ 3°F (35°C _+ 2°C). 
The  SCBA shall be p laced  in the c ha mbe r  for 2 hours 
pr ior  to the in t roduc t ion  of the salt solution. 

4-7.3 The  SCBA shall be exposed to a 5 + 1% salt fog 
for a per iod  of 48 hours. 

4-7.4 The  SCBA shall be stored in an envi ronment  of 
72°F _+ 5°F (22°C _+ 3°C) with 50% relative humid i ty  
for a m i n i m u m  of 48 hours. 

4-7.5 The  SCBA shall then be tested in accordance  with 
Section 3-2 of this s t andard  to de te rmine  pass/fa i l .  All  
controls or opera t ing  features of  the SCBA shall be 
opera ted  per  the SCBA manufac tu re r ' s  instructions to 
de te rmine  pass/fai l .  

4-8 Particulate Resistance Test. 

4-8.1 A fully charged  SCBA shall be subjected to 
Method 510.2, Sand and Dust, Section II-3, of 
MIL-STD-810D,  Environmenta l  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 be jo ined  to a m a n n e q u i n  
with the remain ing  components  of the SCBA a t tached  to 
the m a n n e q u i n  to s imulate  its typical  wear ing posit ion on 
a fire f ighter as specified by the manufac tu re r .  

4-8.4 The  test headform shall be connected  as specified 
in Section 3-2 of this s t andard  to a Model 327-6 
Brea th ing  Machine  or o ther  respira t ion s imula tor  
capab le  of p roduc ing  a nomina l  minu te  volume of 40 
liters with a m i n i m u m  tidal  volume of 1.6 liters per  
b rea th  at a m i n i m u m  respirat ion of 10 breaths  per  
minute .  
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4-8.5 The  mannequ in ,  including the test headform,  
shall be moun ted  upr ight  and turned  about  its vertical 
axis 180 ° midway through  the test, The  test du ra t ion  
shall be one hour  and the b rea th ing  mach ine  shall be 
opera t ing  throughout  the entire test. The  test may be in- 
te r rupted  to change the SCBA brea th ing  gas conta iner .  

4-8.6 The  test condit ions as out l ined per  Method 510.2, 
Sand and Dust, of MIL-STD-810D,  Environmental Test 
Methods, Section I-3d, shall be: 

(a) Air velocity: Refer to s u b p a r a g r a p h  1-3.2c (1). 

(b) Temperature: 72°F + 5°F (22°C + 3°C) 

(c) Test item configuration and orientation." manne-  
quin upr ight  and ro ta ted  180 ° midway through the test. 

(d) Dust composition: Refer to Section I-3.2d (1). 

(e) Dust concentration: Refer to Section I-3.2e (1). 

(f) Test duration: 1 hour.  

4-8.7 After  the complet ion  of the above test, the SCBA 
shall be removed from the test compar tmen t :  it shall be 
l ightly shaken or brushed free of dust, and then shall be 
tested in accordance  with Section 3-2 of this s t andard  to 
de te rmine  pass/fai l .  

4-9 Facepiece  Lens A b r a s i o n  Resis tance  Test  

4-9.1 The  test appa ra tus  shall be constructed in accor- 
dance with Figure 4-9.1. 

Detail A 

Movement 
Lens ~ ~ 

Lens h o l d e r - -  " 

I , 

Shaft free to rise or fail 

f 
with lens curvature 

S 4T~a[ weight, 

Bearing holds shaft 

l 
and weights in 
alignment firmly 

Wooden dowel (~A m.) 
/ - - w ~ t h  0000 steel wool pad 

, / a t t a c h e d  (see detail A) 
I /  

I i 

I \  
I C S l i d i n g  block 

Lens moves under steel wool pad such tha~ 
leading edge of padded dowel tends to "dig" 
into convex lens surface 

Figure 4-9.1 Dowel Tester for Lens Abrader 

4-9.2 The  facepiece shall be moun ted  with the lens ex- 
terior side up in the test appa ra tus  shown in Figure 4-9.1. 
The  rubb ing  surface shall be a 0.25-inch (6.35-mm) 
d iamete r  dowel covered with 0000 steel wool. A 4-1b 
(1.7-kg) vertical  weight shall be appl ied  to the steel wool, 
T h e  lens shall be ab r aded  with three one inch (25 mm) 
strokes. A stroke shall be de te rmined  as s tar t ing at the ap- 

p ropr i a t e  level of the user's eye, 0.50 inch (13 mm) from 
the center  of the lens, passing th rough  the center  of  the 
lens and  beyond for 0,50 inch (13 ram),  and  re tu rn ing  to 
the s tar t ing point .  

4-9.3 Upon comple t ion  of the test, the facepiece lens 
shall be inspected for the pass / fa i l  cr i ter ia  de ta i led  in 
3-10.1 of this s t anda rd  when tested in accordance  with 
ASTM F532-81, Standard Methods for Measuring the 
Width in Optical Surfaces Using Nomarski Differential 
Microscopy, using a magni f ica t ion  of 50X. 

4-10 C o m m u n i c a t i o n  Test.  

4-10.1 The  me thod  for measur ing  word intel l igibi l i ty  
shall be as specified in ANSI  $3.2, Method for Measure- 
ment of Monosyllabic Word Intelligibility. 

4-10.2 Test ing shall be conduc ted  in an anechoic  
c ha mbe r  that  absorbs a m i n i m u m  of 95 percent  of  all 
sound from 500 to 6000 hz. 

4-10.3 A m i n i m u m  of five l is tening subjects shall be 
used for testing. The  subjects pa r t i c i pa t i ng  as listeners 
shall meet  the audi tory  acuity cr i ter ia  as descr ibed in 
p a r a g r a p h  2.3 of ANSI  $3.2, Method for Measurement of 
Monosyllabic Word Intelligibility. 

4-10.4 The  subject  pa r t i c ipa t ing  as the ta lker  shall have 
no obvious speech defect  or s t rong regional  accent .  
Distance between the talker  and  the listener(s) shall be 5 
feet + 1 - 0 feet, and  they shall be fac ing each other.  

4-10.5 The  test ma te r i a l  shall be the read ing  of  one 
comple te  list of phonet ica l ly  ba l anced  words as con ta ined  
in ANSI  $3.2, Method for Measurement of Monosyllabic 
Word Intelligibility. The  words shall be spoken singular ly 
in the following carr ier  sentence: "Wr i t e  the word (list 
word) now." T h e  ta lker  shall be t ra ined  to speak at the 
same volume, p lac ing  no unna tu ra l  stress on any word. 
T h e  listeners shall write each word as they hear  it. 

4-10.6 The  talker  shall conduct  two test in an anechoic  
c ha mbe r  having an ambien t  noise field as specified in 
4-10.7 of this section using two different  word lists under  
the following condit ions:  

(a) no SCBA 

(b) with SCBA worn and  opera ted  per  the manufac -  
turer 's  instructions.  

4-10.7 The  test c h a m b e r  shall  have a uniform,  diffuse 
ambien t  noise field p roduced  by a white noise genera tor  
connec ted  to acoust ical  speakers.  The  ou tpu t  f requency 
range of  the white noise genera to r  shall be a m i n i m u m  of 
500 to 6000 Hz _+ 1 dB and  the m i n i m u m  frequency 
response of  the acoust ical  speakers shall be 500 to 6000 
Hz +_ 6 dB. The  white noise sound pressure level shall  be 
adjus ted  to an average 60 + 2 dBA as measured  at each 
of the listener 's ears. 

4-10.8 Each listener's wri t ten word list shall  be scored as 
to the n u m b e r  of correct  words out  of the 50 words 
reci ted.  An  average score shall then be ca lcu la ted  f rom 
the test group 's  results to de te rmine  pass / fa i l .  
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Chapter 5 Referenced Publications 

5-1 The  following documents  or por t ions  thereof  are 
referenced within this document  and shall be considered 
par t  of the requi rements  of this document .  The  edi t ion 
ind ica ted  for each reference shall be the current  edi t ion 
as of the da te  of the NFPA issuance of this document .  

5-1.1" AATCC Publication. 
A A T C C  135, 1, III ,  B; Dimensional Changes in 

Automatic Home Laundering of Woven and Knit 
Fabrics, 1978. 

5-1.2" A N S I  Publications. 
ANSI 83.2, Method for Measurement of Monosyllabic 

Word Intelligibility, 1982. 

ANSI  Z86.1, Commodity Specification for Air,  1986. 

5-1.3" ASTM Publication. 
ASTM F532-81, Standard Methods for Measuring the 

Width in optical Surfaces Using Nomarski Differential 
Microscopy, 1981. 

5-1.4" GSA Publication. 
Federa l  Test  Method S t anda rd  191, Textile Test 

Methods, 1983. 

5-1.5" Navy Publication. 
MIL-STD-810D,  Environmental Test Methods, 19 July 

1983. 

5-1.6" Superintendent of Documents Publication. 
30 CFR, Par t  11 ; Respiratory Protective Devices, Tests 

for Permissibility. 

Appendix A 

This Appendix is not a part of  the requirements of  this NFPA docu- 
ment, but zs included for  information purposes only. 

A-1-1.1 The  use of self-contained b rea th ing  appa ra tus  
(SCBA) by fire fighters is always assumed to be in at- 
mospheres  immedia te ly  dangerous  to life or heal th  
( IDLH) .  There  is no way to p rede te rmine  hazardous  con- 
ditions, concentra t ions  of toxic mater ials ,  or percentages  
of  oxygen in air  in a fire environment ,  dur ing  overhaul  
(salvage) operat ions,  or under  o ther  emergency condi- 
tions involving spills or releases of hazardous  mater ials .  
Thus ,  SCBA are requi red  at all t imes dur ing  any fire 
fighting, hazardous  mater ials ,  or overhaul  operat ions.  

A - 1 - l . 3  Al though  SCBA that  meet  this s t anda rd  have 
been tested to more  str ingent  requi rements  than  requi red  
for N I O S H / M S H A  approval ,  there  is no inherent  
guaran tee  against  SCBA fai lure or fire f ighter  injury. 
Even the best-designed SCBA cannot  compensa te  for 
ei ther  abuse or the lack of a respira tor  t ra in ing  and  main-  
tenance p rog ram.  The  severity of these tests should not  
encourage  or  condone abuse of SCBA in the field. 

The  envi romenta l  tests uti l ized in this s t andard  alone 
might  not  s imulate  ac tua l  field condit ions,  but  are devis- 
ed to put  ex t reme loads on SCBA in an accurate  and 
reproduc ib le  m a n n e r  by testing laborator ies .  However,  
the selection of the envi ronmenta l  tests was based on sum- 
mary  values derived from studies of condit ions that  relate  
to field use. 

A- l -2 .1  The  per fo rmance  tests being a d d e d  to the stan- 
da rd  are: 

1. Airflow Performance Test. This test increases the 
current  N I O S H  brea th ing  mach ine  requ i rement  of 40 
liters per  minu te  to 100 liters per  minute .  The  100 liters 
per  minu te  volume was derived from a review of  several 
studies ind ica t ing  that  a vent i la t ion rate  of 100 s t anda rd  
liters per  minu te  encompasses the 98th percent i le  of all 
fire fighters s tudied.  

2. Thermal Resistance Tests. This series of tests ex- 
poses the b rea th ing  appa ra tus  to various t empe ra tu r e  ex- 
tremes and  t empera tu re  cycles that  b rea th ing  appa ra tus  
might  be exposed to dur ing  actual  fire f ight ing opera-  
tions. 

3. Particulate Resistance Test. This test exposes the 
b rea th ing  appa ra tus  to a specified concent ra t ion  of par-  
t iculates to provide a reasonable  level of assurance that  
the appa ra tus  is designed to proper ly  funct ion when ex- 
posed to the dust condit ions commonly  present  du r ing  
fire f ight ing operat ions.  

4. Facepieee Lens Abrasion Resistance Test. This 
test is designed to provide a reasonable  level of assurance 
tha t  the facepiece lens of the b rea th ing  appa ra tus  is not 
easily scratched dur ing  fire f ight ing opera t ions  that  could 
result in reduced  visibility for *he fire fighter.  

5. Communications Test. This test is designed to 
assure that  the facepiece of the b rea th ing  appa ra tus  does 
not  significantly reduce a fire f ighter 's  no rma l  voice com- 
munica t ion .  

6. Accelerated Corrosion Resistance Test. This test 
is to provide a reasonable  level of assurance that  the 
b rea th ing  appa ra tus  is designed to resist corrosion that  
may form and  interfere with the appa ra tus  pe r fo rmance  
and  function.  

7. Vibration and Shock Resistance Test. This test is 
designed to provide a reasonable  level of  assurance that  
when the b rea th ing  appa ra tus  is exposed to vibrat ion,  
such as being car r ied  on a rig that  often travels over 
rough  road  surfaces, the appa ra tus  will pe r fo rm and 
funct ion proper ly .  

8. Fabric Components Test. Flame,  heat,  and  
th read  tests are a d d e d  to provide a reasonable  level of 
assurance that  the fabr ic  components  of a harness 
assembly used to hold the backp la te  to the wearer 's  body 
will r ema in  in tac t  dur ing  fire f ight ing operat ions .  

A - l - 3  Compressed Breathing Gas. There  are re- 
qui rements  in many  s tandards  and regulat ions  covering 
the qual i ty  of air  to be used in 8CBA, and  it is not  the 
funct ion of  this Commi t tee  to reference all the estab- 
l ished requirements .  However,  we do believe it is most 
impor t an t  to r emind  the user that  the qual i ty  of the air  in 
the cyl inder  is of great  concern,  and  that  it should have a 
dew point  compa t ib le  with the ambine t  t empera tu re  to 
be encountered .  
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A-2o3.1.1 Since addi t iona l  weight can reduce the fire 
f ighter 's  abil i ty to carry  out  assigned tasks, weight reduc- 
tion is a p r ime  concern  of  the Commit tee .  The  Commit-  
tee recommends  that  SCBAs of ra ted  30-minute  dura-  
tion, the p r e d o m i n a n t  SCBA used by the fire service, 
should be l imi ted  to a m a x i m u m  weight of 25 lbs. Pur- 
chasers are advised to specifically address weight in their  
purchase  specifications regardless of the ra ted  service 
t ime. 

A-2-3.2 SCBA approved  by N I O S H / M S H A  include a 
r a t ed  service t ime based on specific tests conduc ted  by 
NIOSH.  The  SCBA is tested using a specified b rea th ing  
machine  with a b rea th ing  ra te  of 40 liters per  minute .  
NIOSH uses this 40 l i ter  per  minu te  rate  because it 
represents a modera t e  work rate  that  an average user can 
sustain for a per iod of time. To a t ta in  a ra ted  service t ime 
of 30 minutes,  dur ing  this 40 liter per  minute  test, the 
typical  SCBA cylinder must  conta in  1200 liters or more  of 
compressed b rea thab le  air. A 45-cu ft cyl inder  has a 
capaci ty  of 1273.5 liters based on 28.3 liters per  cubic 
foot. Because ac tual  work per formed  by a fire f ighter  is 
often more  strenuous than  the work rate  of 40 liters per  
minute ,  fire fighters will often not a t ta in  an acuta l  service 
t ime of 30 minutes.  Dur ing  ext reme exertion, for exam- 
ple, actual  service t ime can be reduced  by 50 percent  or 
more.  

To assure p roper  ut i l izat ion of  equ ipment  in actual  
situations, af ter  t ra in ing  and  instruction,  it is recom- 
m e n d e d  that  users gain  confidence by actual ly using the 
SCBA in a series of tasks represent ing or app rox ima t ing  
the physical demands  likely to be encountered .  

In  addi t ion  to the degree of user exertion, other  factors 
that  may affect the sevice t ime of the SCBA include:  

(a) The  physical condi t ion  of the user. (See also ANSI  
z 8 8 . 6  ) 

(b) Emot ional  condit ions,  such as fear or exci tement ,  
that  may  increase the user's b rea th ing  rate.  

(c) The  degree of t ra in ing or experience the user has 
had  with such equipment .  

(d) Whe the r  or not the cyl inder  is fully charged  at the 
beginning  of use. 

(e) The  facepiece fit. 

(f) Use in a pressurized tunnel  or caisson. At two at- 
mospheres (15 psig), the dura t ion  will be one-hal f  the 
dura t ion  ob ta ined  at one a tmosphere;  at three atmo- 
spheres, the dura t ion  will be one- th i rd  the dura t ion  ob 
ta ined at one a tmosphere .  

(g) The  condi t ion of the SCBA. 

A-3-2.1 The  current  NIOSH cert i f icat ion test method,  
30 CFR, Par t  11, uses a minute  volume of 40 liters per  
minute ,  while NFPA 1981 requires an airflow test based 
on a minute  volume of 100 liters per  minu te  of airflow. A 
venti lat ion rate of 100 s t andard  liters per  minute  encom- 
passes the 98th percent i le  of all fire fighters studied. The  
abi l i ty  of the SCBA to supply the 100 liters per  minute  of 
b rea th ing  air is measured  in this airflow per formance  test 
by moni tor ing  the pressure within the facepiece.  

Specific response times for both the pressure 
t ransducer  and  recorder  are specified in this s tandard .  It 
is impor t an t  to note that  if o ther  types of recording 

devices, measur ing  equ ipment ,  and  testing methods  are 
used, pressure f luctuat ions might  appea r  in the facepiece 
as short (mil l isecond) negative pressure spikes. The  
signif icance of these spikes to the ac tual  pro tec t ion  af- 
forded  the user by the SCBA is not fully unders tood  at 
this t ime. Addi t iona l  studies are needed  to de te rmine  the 
significance, if any, of these spikes. Because these 
negative spikes might  affect the actual  pro tec t ion  offered 
by the SCBA, it is r e c o m m e n d e d  that  a facepiece f i t t ing 
p rog ra m be established. Quan t i t a t ive  f i t t ing tests are rec- 
ognized to be the best me thod  for de te rmin ing  the 
facepiece- to-face  seal and  should be pe r fo rmed  by the 
fire service wherever SCBA are used. For  depa r tmen t s  
that  wish to per form quant i ta t ive  fit testing, a suggested 
p rocedure  for conduc t ing  such tests may  be found in 
ANSI  Z88.2, Practices for Respiratory Protection. 
A-4-1 .1  T h e  h e a d f o r m ,  Mode l s  803608-1 a n d  
803608-2, can be ob ta ined  from Scott Aviat ion,  225 Erie 
St., Lancaster ,  NY 14086. Drawings can be ob ta ined  
from NFPA for Model 803608-1 or 803608-2. 

A-4-1.7 A Model  P24 di f ferent ia l  pressure t ransducer  
with a range  of _+ 8.9 in. of  water  d i f ferent ia l  is recom- 
m e n d e d  and avai lable  from Val idyne  Engineer ing  Cor- 
pora t ion ,  8626 W i l b u r  Avenue,  Nor thbr idge ,  CA 91324. 

A-4-1.8 A Model #1241 BOO one-pen  recorder  is recom- 
m e n d e d  and avai lable  from Soltec Corpora t ion ,  11684 
Pendle ton  Street,  Sun Valley, CA 91352. 

A-4-1.12 Complete  engineer ing drawings to construct  
the Model  327-6 Brea th ing  Machine  can be ob ta ined  
f rom NFPA.  

The  respira tory f requency is de t e rmined  by dividing 
the minu te  volume by the t idal  volume for each Model  
327-6 Brea th ing  Machine  manufac tu r ed .  

A-4-1.14 Calibration Procedure for N F P A  M o d e l  
327-6 Breathing Machine.  

C A L I B R A T I O N  P R O C E D U R E  FOR 
N F P A  M O D E L  327-6 

B R E A T H I N G  M A C H I N E  

I. Set Up Equipment.  
1. Remove plug f i t t ing and  open valve at side por t  

of  the b rea th ing  mach ine  (BM), then close the valve to 
the test headform.  

2. Connect  a nonre tu rn  2-way valve to the side port .  
(See Figure 1. ) 

3. Make sure all gas has been expel led f rom a gas 
collection bag  by rol l ing the bag  up.  Connect  the bag  to 
the de a d -e nde d  gas collection por t  of a 3-way valve. (See 
Figure 2.) A r e c o m m e n d e d  gas collection bag  is a 
120-liter meterological  bag  (Cata log  No. 022631) or a 
150-liter Douglas bag  (Cata log  No. 022622) avai lable  
f rom W a r r e n  C. Collins, Inc. ,  220 W o o d  Road,  Brain- 
tree, MA 02184. Equivalent  or s imilar  collection bags 
may be subst i tuted.  Collins also supplies a 3-way valve 
(T-shape  stopcock Cata log  No. 021043). 

4. Connect  the c o m m o n  por t  of the 3-way valve to 
the exhala t ion  por t  of the nonre tu rn  2-way valve. (See 
Figure 3. ) 
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Figure 5 

The total distance is the length that*the 30 exhalations take on the ~trip 
chart recording. Each positive pressure peak indicate~ an exhalation 
stroke. 

5. Connect  the Validyne Transducer  DP 24 to a 
pressure tap on the collection side of the 3-way valve. The  
transducer output  goes to the Soltec Recorder. 

l I .  Collect  Gas. 
1. With the vent port 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 RPMs to approximately 30 if the machine  has not 
been cal ibrated within the last few days. If the machine  
has recently been calibrated, leave it at its preset adjust- 
ment .  
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Calibration Log 
for Model 327-6 Breathing Machine 

v 
STPD 

Date T ( ° R ,  Pb (ram Hg, V m IV m,~.~} (PT@0) ~ NE NPM 

TV (liters) MV (liters) 

[,v=..o] OPR Initials 

I 
I 
I 
I 

3. Set the char t  speed on the Soltec Recorder  to 60 
c m / m i n ,  and  start  the recorder .  

4. At  the start  of an inhala t ion,  turn  the 3-way valve 
so that  the air  exhaled from the BM goes into the collec- 
tion bag.  (See Figure 4.) 

5. Each exhala t ion  stroke should produce  a positive 
peak on the s t r ip-char t  recording,  which can be used as a 
counter .  The  opera to r  may use a substi tute me thod  to 
count  the exhaled t idal  volumes (TV) that  go into the 
bag.  

6. After  30 to 35 exhalat ions,  turn  the 3-way valve 
at the start  of an inha la t ion  so that  the gas collection por t  
is closed and the BM vents to a tmosphere .  T u r n  off the 
Soltec Recorder .  

I I I .  Measure the Volume (liters) of Gas Collected. 

1. The  r ecommended  me thod  to measure  the 
volume of gas in the bag  is to t ransfer  the air  into a 
Spirometer .  Make sure the bag is complete ly  empty  by 
rol l ing it up. 

2. Another  method  to measure  the gas volume in 
the bag  is to slowly empty  the bag  through a ca l ib ra ted  
dry-gas meter .  Ensure a correct ion factor  is appl ied  as re- 
quired.  

3. Convert  the measured  volume (V,,) to S t a n d a r d  
T e m p e r a t u r e  Pressure Dry (STPD),  

492 Pb 
VsrPo = V,,  X X - " 

T 760 

where T is the room t empera tu r e  in degrees Rank in  
and  Pb is the ba romet r i c  pressure in m m H g .  

IV. Calculate Minute Volume. 

1, From the positive peaks on the strip cha r t  record-  
ing, count  the n u m b e r  of exhala t ions  (NE) that  were 
m a d e  into the bag  or use your own count ing  me thod  if 
you are sure it is correct .  

2. Measure the total  d is tance (in cm) between the 
peaks of 30 exhalat ions,  which should be approx ima te ly  
60 cm at a char t  speed of 60 c m / m i n .  (See Figure 5.) If  
the pressure in the gas collect ion por t  has not been 
measured ,  the opera to r  may use another  me thod  to accu- 
rately measure  the b rea th ing  machine ' s  RPMs. 

3. Calcula te  RPM, 

30 brea ths  
RPM = 

dis tance x min  

60 cm 
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4. Determine the tidal volume (TV), 

TV - Vsle~ 
NE 

5. Determine the Minute Volume, 

MV = TV x RPM 

N O T E :  A record  of T V  a n d  RPM should  be m a i n t a i n e d  for  
e ach  m a c h i n e .  As the seals on the pistons wear ,  the T V  for a 
given RPM m a y  decrease ,  an  ind ica t ion  tha t  the seals should  be 
r ep laced .  

V. Minute Volume Adjustment. 
1. If  the MV is between 100 liters and 105 liters, no 

adjustment is necessary and the BM is ready to perform 
the NFPA Flow Performance Test at the present RPM 
setting. 

2. If  the MV < 100 liters, the RPM must be in- 
creased and the MV recalculated. 

3. If  the MV > 105 liters, the RPM must be de- 
creased and the MV recalculated. 

A-4-3.2 A suggested configuration of a typical holding 
bracket. See Figure 4-1.2 for general configuration. 

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 
27709. 

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 Ac- 
tivities, 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. 

Appendix B 

B-1 The following documents or portions thereof are 
referenced within this document  for informational pur- 
poses 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 .  

B-I-I.1 Other Publications. 
American National Standards Institute, 1430 Broad- 

way, New York, NY 10018. 

ANSI Z88.2, Practices for Respiratory Protection, 
1982 

ANSI Z88.6, Standard for Respiratory Protection 
Respirator Use Physical Qualifications for Personnel, 
1984. 
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