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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
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, National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

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 Committees and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable federal, state and local laws and regulations. NFPA does 
not, by the publication of this document, intend to urge action that is not in compliance with applicable 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 toxicity of 
the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with that subject in 
its 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 committees 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 co/nmittee to provide specific guid- 
ance 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--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 and 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, in laws, 
ordinances, regulations, administrative orders, or similar instruments having the force of law, provided that: (I) 
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 jurisdiction's lawmaking or rule-making process. B. 
Once this NFPA Code or Standard has been adopted into law, all printings of this document by public authorities 
with lawmaking or rule-making powers or any other persons desiring to reproduce this document or its contents 
as adopted by the jurisdiction in whole or in part, in any form, upon written request to NFPA (Attention: Secretary, 
Standards Council), will be granted a nonexclusive 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 provide funds for the research and development necessary to continue the work of NFPA and its vol- 
unteers in continually updating and revising NFPA standards. Under certain circumstances, public authorities with 
lawmaking or rule-making powers may apply for and may receive a special royalty where 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 material 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 accept 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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This edition of NFPA 258, S&mlard Research Test MethodJbr Determining Smoke (;e~lemtim~ o/ 
Solid Materials, was prepared by the Technical Committee on Fire Tests and acted on by the 
National Fire Protection zVssociation, Inc., at its Annual Meeting held May 16-18, 1994, in 
San Francisco, CA. It was issued bv the Standards Council on July 14, 1994, with an etDc- 
tive date of August 5, 1994, and supersedes all previous editions. 

The 1994 edition of this document  has been approved bv the American National 
Standards Institute. 

Origin and Development of NFPA 258 

The smoke problem that develops during unwanted fires has been recognized for years. 
There is continuing recognition of the major role of'combustion products in the majority of 
fire tatalities. Fire lighters are t~aced with the smoke problem daily in their work. 

The many ways in which fire gases influence a hazard to Ilia' have, to date, precluded 
their exact technical assessment. A test method, such as the one described in this stan- 
dard, has obvious merit as a measurement tool t in assisting in research, development, 
and production quality control of materials and products. Use of this test method tor 
rough analysis of the smoke production dur ing  an actual fire is informative in demon- 
strating the magnitude of the smoke problem. 

The smoke density chamber provides a means tot characterizing smoke production 
with an accuracy l~n in excess of any application requirements. It also provides a means 
fin reporting rate of smoke production and time at which specific smoke levels are 
reached under  the test conditions applied. 

The concept of specific optical density, while outdated in terms of photometric prac- 
tice, was first introduced lot measuring smoke as part of the smoke density chamber test 
method. It is based on Bouguer's law and permits reporting smoke developed in terms 
that recognize the area of the specimen involved, the volume of the box, and the optical 
path length of the photometer. The test method was developed at tim National Bureau 
of Standards and first described publicly in 1967. Since then, there have been numerous  
publications reporting on its application and on studies of the correlation of results of 
interlaboratorv tests through its use. 

This standard was tentatively adopted by the NFPA as a standard in 1974. A revised 
edition was adopted as a standard in 1976 and reconfirmed at the NFPA 1981 and 1986 
Fall Meetings. The 1989 edition retlected a minor revision to the scope statements of the 
standard. 

This 1994 edition is a reconfirmation of the 1989 edition with minor editorial changes 
and updating of the references within the document.  
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NFPA 258 

Standard Research Test Method for Determining 

Smoke Generation of Solid Materials 

1994 Edition 

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

Intormation on referenced publications can be found in 
Appendix E. 

Chapter 1 General 

1-1 Scope. 

1-1.1 This method of test provides a procedure tbr mea- 
suring the total smoke generated in a closed chamber fiom 
solid materials and assemblies in thicknesses up to and 
including 1 in. (25.4 ram) where subjected to specific test 
conditions. 

1-1.2 Measurement is made of the attenuation of a light 
beam by the suspended solid or liquid particles (smoke) 
accumulated within a closed chamber. The smoke is due to 
ei ther  nonf laming  pyrolytic decomposi t ion or f laming 
combustion of a relatively small sample of material. 

1-1.3" Results of the test shall be expressed in terms of 
specific optical density, which is a dimensionless value 
derived from the measured light transmission and geomet- 
ric measurements of the chamber and the specimen. 

1-1.4 This test shall be used only as a research and devel- 
opment  tool. It shall not be used as a basis for determining 
ratings for building code or other regulatory purposes. 

1-1.5 This standard is intended to measure and describe 
the properties of materials, products, or assemblies in 
response to heat and flame under  controlled laboratory 
conditions and is not intended to describe or appraise the 
fire hazard or fire risk of materials, products, or assemblies 
under  actual fire conditions. 

1-2 Significance. 

1-2.1" This test method shall provide a means for con> 
paring the specific optical density of the smoke generated 
by materials and assemblies in the torm and thickness 
tested, and under  the specified exposure conditions. 

1-2.2 Values determined by this test are specific to the 
specimen or assembly material in the form and thickness 
tested and shall not be considered inherent,  fundamental  
properties of a given material. 

1-2.3 The values stated in U.S. customary units shall be 
regarded as the standard, The metric equivalent of U.S. 
customary units given in the standard are approximate. 

1-2.4 No basis is provided for predicting the density of 
smoke that can be generated by materials upon exposure 
to heat and flame under  other fire conditions or in other 
atmospheres, 

1-2.5 Values determined by this test are specific with 
respect to the effect of attenuation of light transmission 

within the chamber of the smoke generated by the material 
in the |orm, thickness, and quantity tested where subjected 
to the energy sources specified. These values by themselves 
do not provide a basis for predicting material pertbrlnance 
in actual fires. 

1-3 Summary of Method. 

1-3.1 Tiffs method for measuring the smoke generated by 
materials employs an electrically heated radiant energy 
source mounted within an insulated ceramic tube and posi- 
tioned to produce an irradiance level of 2.2 Btu/seceft ~ 
(2.5 W/cm") averaged over the central 11/2 in. (38.1 ram) 
diameter area of a vertically mounted specimen facing 
the radiant heater. The nominal  3 in. x 3 in. (76.2 m m ×  
76.2 mm) specimen shall be mounted within a holder that 
exposes an area measuring 2%6 in. x 2"Ylt~ in. (65.1 m m ×  
65.1 mm). The holder can accommodate specimens up to 
1 in. (25.4 ram) thick. This exposure provides tim nonflam- 
ing condition of the test. 

1-3.2 For the flaming condition, a six-tube burner  shall 
be used to apply a row of equidistant premixed (air- 
propane) flamelets across the lower edge of the exposed 
specimen area and into the specimen holder trough. This 
application of flame, in addition to the specified irradiance 
level fi'om the heating element, shall constitute the flaming 
combustion exposure. 

1-3.3 The test specimens shall be exposed to the flaming 
and nonflaming conditions within a closed 18-ft :~ (0.51-m :~) 
chamber. A photometric system with a 36-in. (914-mm) 
vertical light path measures the continuous decrease in 
light transmission as smoke accumulates. Exposure shall be 
continued |br 20 minutes or until min inmm light transmis- 
sion is reached, whichever occurs first. 

1-3.4 Calibration procedures for the test equipment,  such 
as those described in B-2, shall be |bllowed. 

1-3.5" The light transmittance measurements  shall be 
used to express the smoke generated by the test materials 
in terms of the specific optical density dur ing the time nec- 
essary to reach the maximum value. 

Chapter 2 Test Apparatus 

2-1" Test Apparatus. The apparatus shall be essentially 
as shown in Figures 2-1(a) and (b). The apparatus shall 
include that given in Sections 2-2 through 2-11. 

2-2 Test Chamber. 

2-2.1 As shown in Figure 2-1(b), the test chamber shall be 
fabricated fionl laminated panels to provide inside di- 
mensions of 36 in. x 24 in. x 36. in. _+ I/s in. (914 mm × 
610 mm x 914 mm _+ 3 ram) for width, depth, and height, 
respectively. 

2-2.2* The interior surfaces shall consist of porcelain- 
enameled metal or equivalent coated metal that is resistant 
to chemical attack and corrosion and suitable for periodic 
cleaning. 

2-2.3 Sealed openings shall be provided to accommodate 
a vertical photometer, power and signal connectors, air 
and gas supply tubes, exhaust blower, inlet and exhaust 
vents, pressure and gas sampling taps, a pressure relief 
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TEST APPARATUS 258-5 

I 

t 

Figure 2-1(a) Smoke density chamber. 

valve, a rod  for remote  posit ioning of  the specimen holder ,  
an a luminum foil [0.0010 in. (approx.  0.025 mm) or  less in 
thickness] safety blowout panel at least 125 in. 2 (806 cm ~) in 
area, and a hinged f ront -mounted door  with an observa- 
tion por t  or  window. 

2-2.4 All openings  shall be located on the floor of  the 
chamber.  

Exception: The gas sampling taps, the positioning rod, and an 
inlet vent. 

2-2.5 Where  all openings are closed, the chamber  shall be 
capable of  developing and maintaining positive pressure 
dur ing  test periods,  in accordance with Section 2-10. 

2-3 Radiant Heat Furnace. 

2-3.1 An electric furnace, as shown in Figure 2-3, with a 
3-in. (76.2-mm) d iameter  opening  shall be used to provide 
a constant i r radiance on the specimen surface. 

2-3.2 The  furnace shall be located along the centerline, 
equidistant  between the front and back of  the chamber,  
with the opening  facing toward and about 12 in. (305 mm) 
from the r ight  wall. 

2-3.3 The  centerlinb of  the furnace shall be about 73/4 in. 
(195 mm) above the chamber  floor. 

2-3.4 Furnace Control System. 

2-3.4.1 The  furnace control  system shall maintain the 
requ i red  i r radiance  level unde r  steady-state condit ions,  
with the chamber  door  closed to within -+ 0.04 Btu/seceft ~ 
( -  0.05 W/cm ~) for 20 minutes. 

'~,, .  

, 

I I ' .  
~ J i n s i d ~  

~ "  41 

s s 

, . 
/ 

¢Y f 2a" i ns ide  

1.. 
% 

A - -  Phototube enclosure 
B - -  Chamber 
C - -  Blowout panel 
D - -  Hinged door with window 
E - -  E x h a u s t  v e n t  control 
F - -  Radiometer output jack 
G - -  Temperature (wall) indicator 
H - -  Temperature indicator swi tch  
I - -  A u t o t r a n s f o r m e r s  
J - -  Vo l tme te r  ( f u rnace )  
K - -  F u s e  h o l d e r s  
L - -  Furnace heater sw i tch  
M - -  G a s  & a i r  f l o w m e t e r s  

For SI units: 1 in. = 25.4 mm. 
Figure 2-1(b) 

N - -  G a s  & air shu to f f  v a l v e s  
O - -  L igh t  in tens i t y  con t ro l s  
P - -  L igh t  v o l t a g e  m e a s u r i n g  jack  
Q - -  L igh t  s o u r c e  switch 
R - -  Line switch 
S - -  S u p p o r t  f r a m e  
T - -  Ind ica t ing  l a m p s  
U - -  Photometer readout 
V - -  R o d s  
W - -  G l a s s  window 
X - -  Exhaust vent 
Y - -  In le t  vent 
Z - -  A c c e s s  ports 

Smoke density chamber assembly. 

2-3.4.2* The  control  system shall consist of  an autotrans- 
former or  al ternate control  device and a voltmeter  or  o ther  
means for moni tor ing the electrical output .  

2-4 Specimen Holder.  Specimen holders shall con- 
form in shape and dimension to that shown in Figure 2-4, 
and shall be fabricated to expose a 29/16 in. x ')9/16 in. 
(65.1 mm x 65.1 mm) specimen area. Also shown in Fig- 
ure  2-4 are the spr ing and rods for retaining the specimen 
within the holders.  
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W W W 

A - -  Stainless steel tube 
B - -  Asbestos board 
C - -  Ceramic tube 
D - -  Heating element, 525 W 
E - -  Stainless steel screw 
F - -  Asbestos paper gasket 
G - -  Stainless steel spacing 

washers (3) 

H - -  Stainless steel  ref lector 
I - -  S ta in less  steel  ref lector 
J - -  Asbestos board 
K - -  Asbestos board rings 
L - -  Asbestos board cover 
M - -  Sheet metal screws 
W - -  Pyrex glass wool 

Figure 2-3 Furnace section, 

2-5 Framework for Support  o f  the Furnace and Spec imen 
Holder.  The framework for support  of the filrnace and 
specimen bolder shall be constructed in accordance with 
Figure 2-5. 

2-6 Photometric System. 

2-6.1 The  photometr ic  system shall consist of a light 
source and photodetector, oriented vertically to reduce 
variations in measmement  brought  about by stratification 
of the smoke generated by materials under  test. 

2-6.2 The system shall be as shown in Figures 2-6.2(a) 
and (b) and shall include the following: 

(a) The light source shall be an incandescent lamp operated 
at a fixed voltage in a circuit powered by a voltage-regulating 
transformer. The light source shall be mounted in a sealed 
and light-tight box located below the chamber. This box shall 
contain the necessary optics to provide a collimated light 
beam passing vertically through the chamber. 

(b) The photodetector shall be a photomultiplier tube with 
an S-4 spectral sensitivity response and a dark current  less 
than 10 9A. A sealed box located directly opposite the light 
source shall be provided to house the photodetector and 
the focusing optics. A glass window shall be used to isolate 
the photodetector and its optics fi'om the interior of the 
chamber. 

2-7 Radiometer.  

2-7.1" The radiometer tor standardizing the output  of 
the radiant heat tm'nace shall be of the circular foil type. 

_ . . . . . . . . . . .  i ~ _ 5 W  Sl c~in/efss t.qe ,e In gW~ h 

2 --111 

Specimen 

1/4" / 

', 1/8" / 

~ ~----- Burner 

~4. /  "~- Trough 
3/16" "~'- 

+11/2' -~- 
i 

118" dia. I I  i II 
6" a steel II 3 5/8'1] 

\ \  rretdaining I l I l l  

/ I 1/16" steel  
-~i i-4-1/4" (~ I "C" retaining 

--~[ I ~- rod 
0.125" O.D. 0.031" wall 1/2" 
SS tubing swage to 0.055" I.D. Spring bent from 
at tips 0.010" x 3" x 3" 

phosphor bronze 

For S[ units: l in. = 25.4 mm. 

Figure 2-4 Details of specimen holder and pilot burner. 

2-7.2 The construction of the radiometer  shall be as 
shown in Figure 2-7.2. 

2-7.3 The radiometer shall bave a stainless steel reflective 
heat shield with a I l/2-in. (38. l-ram) aperture on the front 
and a finned cooler supplied with compressed air mounted 
on the rear to maintain a constant body temperature of 
200°F +_ 5°F (93°C +_ 3°C). 

2-8 Thermocouples  for Determining  Chamber Wall Tem- 
perature. A thermocouple shall be provided for deter- 
mining the chamber wall temperature prior to testing. 

2-9 Portable Recorder or Readout Meter. 

2-9.1 The outputs of the radiometer and the thermocouples 
shall be monitored by a suitable recorder or readout meter. 

2-9.2 The photodetector  ou tput  shall be recorded or 
monitored with a potentiometer or other suitable instru- 
ment capable of measurement  over a range of 5 decades or 
more. (See B-1.4.) 

2-10 Manometer for Chamber Pressure Measurements.  

2-10.1 A simple water manometer  with a range of up to 
6 in. (152 mm) of water shall be provided to monitor cham- 
ber pressure and leakage. (See B-2.3.) 

2-10.2 The pressure measurement  point shall be through 
a gas sampling hole at the top of the chamber. 
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1/4" x 20 tapped holes 
3 equally spaced 

5" O.D, x 1/4" wall steel tube 2" long ---.--.-............~ 

1 1/2" O.D. spacing stops 5/16" - j  
thick with 10-32 set screws ~ J ,  

1/4" x 3/4" steel 

3 1/8" [ 
~.- I 3 7/8" 

1/8" x 1" 

10" 

10 1/2" 

9/32" holes for 1/4" cap screws 
(this end of rods tapped 1/4" x 20) 

13/32" holes for 3/8" x 10 7/8" 
stainless steel rods 

Adjustable metal guide strips 

4..........- 1" x 1" x 1/8" steel angle frame 

18" ~ 9 "  8" 

For S1 units: I in. = 25.4 ram. 

Figure 2-5 Furnace support. 

2-10.3 A s imple  water  co lumn  or  re l ief  valve shall be pro-  
v ided  to pe rmi t  control  o f  c h a m b e r  pressure .  (See B-1.8.) 

2-11 Mul t ip l e  F lamele t  Burner  with P r e m i x e d  Air- 
Propane Fuel. 

2-11,1 For a f laming exposure  test, a six-tube burner ,  with 
construction details as shown in Figure 2-4, shall be used. 

2-11.2 T h e  b u r n e r  shall be cen te red  in f ront  of  and par-  
allel to the spec imen  holder .  

2-11.3 T h e  tips o f  the two hor izonta l  tubes shall be cen- 
te red  1/4 in. +_ 1/16 in. (6.4 m m +  1.6 ram) above the ho lde r  

edge  and  1/4 in. _+ 1/16 in. (6.4 m m  -+ 1.6 mm)  away f rom 
the spec imen  surtace. 

2-11.4 Provis ion shall be m a d e  to ro ta te  or  m o v e  the  
b u r n e r  out  of  posi t ion d u r i n g  non f l aming  exposures .  

2-11.5 A p r e m i x e d  air and p r o p a n e  (95 pe rcen t  pur i ty  o r  
bet ter)  test gas shall be used. 

2-11.6 T h e  air and p r o p a n e  shall be ine te red  by cali- 
b ra ted  flow meters  and need le  valves at 500 cm3/min for 
air and 50 cm3/min for p ropane .  
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~ Photomultiplier tube 

Filter (removable) 

i Shutter 
-~ ~r_~________.~--~ Aperature 

I glass I /Lens 
/--Top of II v----- / c h a m b e r  \ ', '" 

~ chamber 

~ - - & ' ,  ! ~N~-3/4"dia" 

i ~ ~ \B0ttom of 
N chamber A - I - ~  \ 

ll0V" ~ // 4.8W heater 
\ / 
\ 

/ 

Lamp 
( ~] ~ voltage 

f ~  [ ~  jacks 

110kJ Optical lamp" 

For SI unils:  l in. = 25.4 ram. 

Figure 2-6.2(a) Photometer details. 

Chapter 3 Test Specimens 

3-1 Spec imen Description.  

3-1.1 Size. 

3-1.1.1 The test specimens shall be 3 in. x 3 in. -+ 0.03 in. 
(76.2 mm x 76.2 mm _+ 0.7 ram) and shall have an intended 
installation thickness up to and inchtding 1 in. (25.4 mm). 

3-1.1.2 Specimens provided in thicknesses in excess of 
1 in. (25.4 mm) shall be sliced to 1 in. (25.4 ram) thickness 
and the original (uncut) surface shall be tested. 

3-1.1.3 Multilayer materials greater than 1 in. (25.4 mm) 
thick that consist of a core material with surface facings of 
difti~rent materials shall be sliced to 1 in. (25.4 ram) thick- 
ness, and each original (uncut) surface shall be tested sep- 
arately if required under  3-1.3. 

3-1.2 Spec imen Orientation. 

3-1.2.1 If visual inspection of the specimen indicates a 
pronounced grain pattern, process-induced surface orien- 
tation, or other mmisotropic property, the specimen shall 
be tested in two or more orientations. 

Rear of chamber 

~o 
"6 

(,9 
I 

3/4" dia. 
metal rods ~ I 

->6 
~ 1 ~ 4  1/2"---'~ ~'. 

T 
4" 

7" 

I 

8" 

1 O" 

For SI units: 

Partial plan view 

l m, = 25.4 ram. 
Figure 2-6.2(b) Photometer location. 

3-1.2.2 The highest smoke density value and the test ori- 
entation shall be stated. 

3-1.3 Specimen Assembly. 

3-1.3.1" The specimen shall be representative of the 
material or composite and shall be prepared in accordance 
with recommended application procedures. 

Exception: Flat sections of the same thickne.~s and composition 
shall be permitted to be supplied and tested in place q[ curved, 
molded, or specialty parts. 

3-1.3.2 Where an adhesive is intended ff)r field applica- 
tion of a finish material to a substrate, the prescribed type 
of adhesive and its spreading rate shall be noted and used 
for the test. 

3-1.3.3" Where supplementary tests are necessitated by 
de laminat ion ,  cracking, peeling,  or other  separat ions 
att~ecting smoke generation,  the manne r  of performing 
such supplementary tests, and the test results, shall be 
included in the report with the conventional test. 

3-1.3.4 For comparative tests of finish materials without a 
normal substrate or core and tor screening purposes only, 
the following procedures shall he employed: 

(a) Rigid or semirigid sheet materials shall be tested by 
the standard procedure, regardless of thickness. 

(b) Liquid tilms (paints, adhesives, etc.), intended for 
app l i ca t ion  to combus t ib l e  base mater ia ls ,  shall be 
appliedto the smooth face of V4-in. (6.4-mm) thick tem- 
pered hardboard, with a nominal density of 5(1 lb/ft :~ to 
60 lb/ft :~ (0.8 g/cnt :~ to 0.97 g/cm:~), using recommended (or 
practical) application techniques and coverage rates. Tests 
also shall be conducted on the hardboard substrate alone, 
and these values shall be recorded as supplemental to the 
measured values for the composite specimen. 

1994 Edition 



TEST SPECIMENS 258-9 

I L i .010 advance alloy sweat ! l 7/t ~" soldered to 1/2" x 3" x 3 1/8" I1 
2 4, v c o p p e r f , a t , p a , o t e d b , a c k  

3 1/8" ~ S stee l  cover (top open) 
6-32 tapped ho les~ T 1 5/16" 1/ 1/4" deep (4) I-  I I l i l  1 / 2 ~  1/4"1 3" / -'1]1]1 ~ Finned semiconductor cooler 
hO37" s~ ,ail~ . . . . .  2.1/2" ~ -~L 1/32" spacing Ulll 

. [ ~ _ _  2 5/8"_---~ 11~4" 1 L washers (8) ~ . ~  _ Microphone cable connector 

.037" stainless steel [ 
convection shield l 

m 5/8"  

6-32 tapped holes-" $ 
1/4" deep (2) 

J ~. 4.....--- Air hose adapter 
Aluminum foil 

Side 

A 

I 
i 5/8" ~ j. 

1/4,,---I I*-  B 
Rear 

For SI units: 1 in. = '25.4 mm. 

Front 

5/16" 

Figure 2-7.2 

~ 1 1/2" dia. x 1/8" deep recess at 

I lll ~..t.020" copper wire silver brazed to 
~ / center of copper flat 

~"- advance plate at recess center .  

~ I , R e m ° v e  all flux after brazing 
L~r'~" 3/16 " drilled hole (1) 

4-40 set screw retains connector 

Section AOB 

Radiometer detail. 

(c) Liquid films (paints, adhesives, etc.), in tended for 
application to noncombustible substrate materials, shall be 
app l i ed  to the  smoo th  face of  l/4-in. (6.4-ram) thick 
asbestos-cement board,  with nominal  density of  120 lb/ft :~ 
(1.9 g/cm3), using r ecommended  (or practical) application 
techniques and coverage rates. 

3-2 Number  of  Test Specimens. Three  tests under  flam- 
ing exposure  and three tests under  nonflaming exposure  
shall be conducted on each material  (a total of six speci- 
mens) in accordance with the conditions of  this s tandard.  

3-3 Specimen Conditioning. Specimens shall be pre-  
dr ied for 24 hours at 140°F - 5°F (60°C +- 3°C), then con- 
di t ioned to equil ibrium (constant weight) with an ambient  
t empera ture  of  73°F -+ 5°F (23°C - 3°C) and a relative 
humidi ty of  50 percent  -- 5 percent.  

3-4 Specimen Mounting. 

3-4.1 All specimens shall be covered across the back, 
along the edges, and over the front surface per iphery  with 
a single sheet of  a luminum foil [0.0015 in. + 0.0005 in. 
(approximately 0.04 mm) thick]. 

3-4.2 Care shall be taken not to puncture the foil or to intro- 
duce unnecessary wrinkles during the wrapping operation. 

3-4.3 Foil shall be folded in a way that minimizes loss of 
melted material  at the bottom of  the holder.  

3-4.4* Excess foil along the front edges shall be t r immed 
off after mounting.  A flap of foil shall be cut and bent for- 
ward at the spout  to permit  flow from melting specimens. 

3-4.5 All specimens shall be backed with a sheet of  asbes- 
tos millboard. (See Section 2-4.) 

3-4.6 The specimen and its backing shall be secured with a 
spring and retaining rod. A modified C-shape retaining rod 
shall be used with specimens from 5/8 in. to 1 in. (15.9 mm to 
25.4 mm) thick. 

3-4.7 Flexible specimens shall not be compressed below 
their normal  thickness. 

3-4.8 It is the intent of this test method to maintain the 
prescribed exposure  conditions on the specimen for the 
test durat ion.  I f  under  ei ther the flaming or  nonflaming 
exposure  there is an excess of  melted material  that over- 
flows the t rough,  the specimen area shall be reduced;  e.g., 
if the area is reduced to 11/2 in. wide x 3 in. high (38.1 mm 
wide x 76.2 mm high) centrally located, the appropr ia te  
area shall be used in calculating D~. (See Section 5-1.) 
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Chapter 4 Test Procedure  

4-1 Test Room. All tests shall be conducted in a room or 
enclosed space having an ambient temperature of 73°F -+ 
5°F (23°(; +_ 3°C) and relative humidity, of 50 percent _+ 
20 percent at the time of test. Precautions shall be taken to 
provide a means fi)r removing potenlially hazardous gases 
fi-om the area of operation. 

4-2 Equipment Cleaning. 

4-2.1" The clmmt/er walls shall be cleaned whenever 
periodic visual inspection indicates the need. 

4-2.2* The exposed surfaces of the glass windows sepa- 
rating the photodetector and light source housing fi'om the 
interior of ttle chamber shall be cleaned befiue each test. 

4-3 Warm-up of Furnace. 

4-3.1 During the warm-up period all electric systems (thr- 
nace, light source, photometer readout, etc.) shall be on, 
the exhaust vent and chamber door shall be closed, and 
tile inlet vent shall be open. 

4-3.2* When the temperature on the center surface of the 
back wall reaches a steady-state value in the range of 
95°F _+ 4°F (35°C + 2°C), tile chamber is ready for furnace 
calibration or testing. 

4-3.3* The furnace output  irradiance shall be calibrated, 
without the burner  in place, at periodic intervals according 
to test experience. 

4-3.4 A "blank" specimen holder, with the asbestos millboard 
exposed, shall always be directly in fiont of the turnace. 

Exception: Where displaced to the side @ (1) the @ecimen holder 
during a test or (2) the radiometer during calibration. 

The specimen holder shall be re turned immediately to 
the above position when testing or calibration is completed. 

4-3.5 During calibration, dm radiometer shall be placed on 
ttle horizontal rods of the tiunace support ti-amework and 
accurately positioned in fiont of the thrnace opening by slid- 
ing and displacing the "'blank" specimen holder against the 
prepositioned stop. The tiarnace support ti-amework, stop, 
and "blank" specimen holder shall provide for the horizontal 
and vertical centering within _+ l/l~ in. (1.6 mm) of the fur- 
nace opening of the radiometer during calibration and of the 
loaded specimen holder dnring test. 

4-3.6 With the chamber door closed and the inlet vent 
opened,  the compressed air supply to the radiometer  
cooler shall be adjusted to maintain its body temperature 
at 200°F _+ 5°F (93°C _+ 3°C). 

4-3.7 The autotransformer setting shall be adiusted to 
obtain the calibrated millivolt output of the radiometer cor- 
responding to a steady-state irradiance of 2.2 Btu/sec.ft' -+ 
0.04 Btu/secoft ~ (2.5 W)cm e -+ (/.05 W/cm21 averaged over the 
central 11/,_,-in. (38. l-ram) diameter area. 

4-3.8 The recorder or meter described in Section 2-9 
shall be used to monitor the radiometer output . .Mter  the 
prescribed irradiance level has reached steady-state, the 
rad iomete r  shall be removed from the chamber  and  
replaced with the "blank" specimen holder, 

4-3.9 ,adter the system has reached steady-state conditions, 
the meter or recorder zero, or both, shall be adjusted. 

4-3.10 The  amplifier  sensitivity shall be adjusted to 
obtain a full-scale reading of the plum)detector (100 per- 
cent transmittance) on the recorder or readout meter. 

4-3.11 Tile "'dark current" (zero percent transmittance) 
on tile maximum sensitivity range of the readout meter 
shall be determined by blocking the light, and the "'(lark 
current" reading shall be adjusted to zero. 

4-4 Burner  Posit ioning. For nonflaming exposures, the 
multiple flamelet burner  shall be removed. For flaming 
exposures, the hurner  shall be positioned across the lower 
edge of tile specimen as described in Section 2-11. The 
burner  distance relative to tile "blank" specimen shall be 
checked betore fuel adjustment and ignition. 

4-5 Procedures.  Before positioning the test specimen, 
the chamber shall be tlushed fi)r about 2 minutes with the 
door and exhaust and inlet vents open, and the starting 
temperature of the chamber shall be verified using the 
procedure described in 4-3, l and 4-3.2. 

4-5.1 The exhaust vent and [)lower then shall be closed. 

4-5.2 The loaded specimen holder sball be placed on the 
bar support and shall be pushed into position in front of 
the thrnace (with burner  in position tbr flaming exposure) 
by displacing the "blank" holder. 

4-5.3 The chamber door shall be closed quickly and the 
timer or recorder chart drive, or both, shall be sinmlta- 
neouslv started. The inlet vent shall be closed completely 
onb; w}'len tile photometer indicates smoke. 

4-5.4 I,ighl transmittance and the corresponding time 
shall be recorded, either as a continuous plot with a nmlti- 
range recorder or at sufficient time intervals with a multi- 
range  meter  readout .  Tile  necessary full-scale range  
changes in decade steps shall be observed and noted. 

4-5.5 The increase in chamber pressure shall be observed 
with the manometer  described in Section 2-10. A regulator 
(see B-l.8) shall be used to maintain the pressure in the 
range of 4 ill. --+ 2 in. (100 mm _+ 50 mm) of water dur ing 
most of the test. If" negative pressure develops after very 
intense specimen flaming, the inlet vent shall be opened 
slightly to equalize tile pressure. As a result of pressure 
rise, the fuel and air valves shall be adjusted dur ing the 
flaming test to maintain a constant flow rate. 

4-5.6 Any observations per t inent  to the bu rn ing  and 
smoke-generating properties of the material under  test 
shall be recorded ill accordance with Chapter 6. 

4-5.7 The test sball continue for 20 minutes or until a 
min imum light transmittance value is reached, whichever 
occurs first. If the min imum light transmittance does not 
occur within the 20-minute exposure period, this shall be 
noted in reporting the results. 

4-5.8 If transmittance falls below 0.01 percent, the cham- 
ber window shall be covered with an opaque screen to 
avoid possible light-scattering effects from room light. Also, 
any supplementary optical filter in the photometer system 
shall be removed or displaced in order to extend the mea- 
suring range. If extraneous light can reflect into the pho- 
tometer dur ing removal of the filter, the high voltage shall 
be turned off or the scale sball be adjusted to minimize 
sensitivity. The filter shall be replaced betbre exhausting 
smoke from the chamber. 
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4-5.9" The  burner  on flaming exposures  shall be extin- 
guished, and exhaust ing of the chamber  shall be initiated 
within 1 minute after reaching min imum transmittance. 
The  specimen shall be displaced fi'om the fi'ont of  the tur- 
nace by pushing the "blank" specimen holder  with the 
posit ioning rod. Exhausting shall continue with the inlet 
vent open until maximtun transmittance is reactted. This 
transmittance value shall be recorded as the T, ,  "the cleat" 
beam" reading,  which shall be used to correct tor deposits 
on the photometer  windows. 

Chapter 5 Calculations 

5-1 Specific Optical Density. Specific optical density, D,, 
from the percent  light t ransmit tance,  T, caused by the 
smoke generated [rom an exposed specimen area, A, in the 
closed chamber  of  w)lume, V, and over a light path, L, 
shall be calculated as [ollows: 

D ,  - 

where G represents  the geometrical factor associated with 
the dimensions of  tire chamber  and specimen. Corrections 
for the volume of  the furnace assembly and the vohune 
included in the door  recess are generaliy less than 1 per- 
cent and shall be permit ted to be disregarded.  

Where  it is necessary to remove the neutral  density filter 
to measure low levels of light transmittance (see B-1.4), 
the specific optical density appropr ia te  tor the fiher shall 
be added.  The  value to be added  shall be equal to the 
known optical density of  the filter mult ipl ied by G. 
(See B-2.1.3.) 

5-2 Maximum Specific Optical Density. The  maxinmm 
specific optical density, D m, shall be calculated using the 
formula in Section 5-1, with a light transmittance corre- 
sponding to the mininmm level reached dur ing  the test. All 
maximum specific optical density values shall be corrected 
by subtracting the specific optical density equivalent tbr 
soot and other  deposits on the photometer  windows. The  
"clear beam" transmittance reading,  T~, shall be used to 
calculate a specific optical density equivalent, D c, using the 
same fornmla hut with different  subscript. A corrected 
m a x i m u m  specific optical  dens i ty  calculat ion shall be 
expressed as [bllows: 

D,,, (corr.) = D,, - D,. 

5-3 Light  Transmit tance .  For svstems without "dark 
current"  cancellation, a correction shall be made ft)r any 
percent  light transmittance reading,  T, approaching  
the dark current  value, ']',t. The  corrected percent  light 
transnfittance, T ' ,  shall be obtained from the tollowing 
equation: 

and shall be used for the specific optical density calcula- 
tions described in Sections 5-1 and 5-2. 

Chapter 6 Report 

6-1 The report  (,see Appendix C) shall include the tollowiug: 

(a) A comple te  desc r ip t ion  of  the spec imen tesled,  
including type, manutactnrer ,  shape, thickness, and other 
appropr ia te  dimensions, weight or  density, and coloring. 

(b) A complete description of  the test specimens, includ- 
ing substrate or core, special preparat ion,  and mounting. 

(c) The  test specimen condit ioning procedure .  
(d) The  number  of  specimens tested. 
(e) The  test condit ions:  Type  of  exposures,  type of 

holder  used, exposure  period. 
(f) Observations of  the burning  or smoldering charac- 

teristics of  the specimeus dur ing  test exposure,  such as 
delamination,  sagging, shrinkage, melting, and collapse. 

(g)* Observations of the smoke-generat ing propert ies  of 
the specimens dur ing  exposure,  such as color of  tire smoke 
and nature  of the settled particulate matter.  

(h) A record of the geometrical factor, G, as calculated fi-om 
measured values of chamber volmne, V; photometer light path 
length, L; and exposed specimen area, A. (Set, Chapter 5.) 

(i)* Test results calculated as described ira Chapter  5. 
including the average and range on each set of  specimens 
tbr D,,, (corr.) and 1),. 

6-2 If  the test is terminated on the basis of  a 20-minute 
exposure  limitation, this tact shall be noted when repor t ing  
measurements  observed at that time. 

Appendix A Explanatory Material 

This Appendix t.s m~t a part oJ the requirements of/his NFP..! docame,! 
but is included ]br inJbrmational pu~po~e~ 0nly. 

A - l - l . 3  A commentary  describing the significance of spe- 
cific optical density and app rop r i a t e  considerat ions  for 
application of  test resuhs is included in Appendix  D. 

A-l-2.1 Attempts are now underway to relate the resuhs of 
this test to the measurement  of  smoke generated under  
large-scale test conditions. Other test methods tot measuring 
smoke have been reviewed and summarized in "The Control 
of Smoke in Building Fires - -  A State-of-the-Art Review." 

A-1-3.5 Addit ional  parameters ,  such as the nlaximtun 
rate of smoke accumulation, the time to a fixed optical 
density level, or  a smoke obscuration index, migtn be more 
appropr ia te  in part icular  situations. 

A-2-1 A more detailed description of  the suggested appa- 
ratus is given in B-I. 

A-2-2.2 Commerc ia l ly  avai lable  panels  of  porce la in -  
enamel steel (interior surlace) permanent ly  laminated to 
asbestos-cement board and backed with galvanized steel 
(exterior surtace), with a total thickness :~/16 in. (4.76 mm), 
have been totmd suitable. 

A-2-3.4.2 Where line voltage fluctuations are present,  a 
constant-voltage t ranstormer  might be needed to maintain 
the prescribed irradiance level. 

A-2-7.1 The operation of a circular foil-type radiometer is 
described by Gardon. (For fm~ther i~!fi.vnation see R. Gardon, 
".-In Instrument ./br the Direct Measurement of  Intense 7~e~vrud 
Radiation.") 
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A-3-1.3.1 Substrate or core materials tbr the test speci- 
mens should be the same as those tbr the in tended appli- 
cation. Where  a material  or  assembly might  be exposed to 
a potential  fire on either side, both sides should be tested. 

A-3-1.3.3 Finish mater ials ,  inc luding  sheet  laminates,  
tiles, fabrics, and others secured to a substrate materialwith 
adhesive, and composite materials not at tached to a sub- 
strate, can be subject to delaminat ion,  cracking, peeling, or 
o ther  separat ions affecting their  smoke generat ion.  To 
evaluate these effects, supplementary  tests, per formed on a 
scored (slit), exposed surface or on interior  layers or sur- 
faces, might be necessary. 

A-3-4.4 Problems associated with in terpreta t ion of exper-  
imental results when unburned  molten drips occur are dis- 
cussed in Appendix  D. 

A-4-2.1 Char red  residues on the specimen holder  and 
horizontal rods should be removed to avoid contamina- 
tion. An ammonia ted  spray de tergent  and soft scouring 
pads have been found efti~ctive. 

A-4-2.2 Ethyl alcohol has been found to be general ly 
effective for cleaning the surfaces of  the glass windows. 

A-4-3.2 To increase chamber  wall surface tempera ture  to 
the stated level unde r  adverse condit ions,  an auxil iary 
heater  can be used. Conversely, to decrease this tempera-  
ture, the exhaust  blower can be used to introduce cooler 
air from the laboratory. 

A-4-3.3 Periodic intervals have been shown by test expe- 
rience normally to consist of  two calibrations per  test day. 

A-4-5.9 In some cases, the transmittance can somewhat 
increase and subsequently decrease to the ult imate mini- 
mum transmittance. 

A-6-1(g) Although not specifically required as part  of  the 
method, products of combustion can be drawn from the 
chamber at various times during the test for analysis. The 
physical properties of  the smoke can be investigated by elec- 
trostatic or impact collection and various methods of  particle 
analysis. The presence and concentrations of various toxic 
and irritating gaseous products can be determined using col- 
orimetric gas detector tubes, gas chromatograph) '  methods, 
ion-selective electrodes, or  other techniques. 

A-6-1(i) Sufficient test results should result in the devel- 
opment  of  a smooth curve of  D, versus time. 

Appendix B Apparatus Construction and Calibration 

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

B-1 Construction Details. 

B-I.1 Radiant Heat Furnace. (See Section 2-3.) The fur- 
nace consists of a coiled wire or other suitable electrical heat- 
ing element (525 W or greater) mounted vertically in a hori- 
zontal ceramic tube 3 in. (76.2 ram) inside diameter x 33/~ in. 
(85.7 ram) outside diameter x 15/8 in. (41.3 mm) long. The 
tube is bored out at one end to 31/32 in. (77.0 ram) inside 
diameter and to a depth of 5/s in. (15.9 mm) to accommodate 

the heating element. A 1/16-in. (1.6-mm) asbestos paper  gasket 
and three stainless steel reflectors are mounted behind the 
heating element. A :~/8-in. (9.5-mm) asbestos millboard disc, 
provided with ventilation and lead wire holes, is positioned 
behind the heating element and used to center the assembly 
with respect to the fi'ont of the 3/a-in. (9.5-mm) asbestos mill- 
board ring by means of a 6-32 stainless steel screw. The  
adjusunent nuts on the end of the centering screw provide 
proper  spacing of the turnace components. The cavities adja- 
cent to the heating element assembly should be packed with 
glass wool. The tiirnace assembly is housed in a 4-in. 
(102-mm) outside diameter, 0.083-in. (2.1-mm) wall, 
41/a-in. (105-ram) long stainless steel tube. Two additional 3/8- 
in, (9.5-ram) asbestos board spacing rings and a rear cover of 
a/s-in. (9.5-ram) asbestos board complete the fin'nace. The 
furnace should be located centrally along the hmg axis of the 
chamber with the opening lacing toward and about 12 in. 
(305 ram) from the right wall. The centerline of the furnace 
should be about 7:Y4 in. (195 ram) above the chamber floor. 

B-1.2 Specimen Holder. (See Section 2-4.) The specimen 
holder  should conform in shape and dimension to Figure 
2-4 and should be fabricated by bending  and brazing (or 
spot welding) 0.025-in. (0.6-ram) thick stainless steel to 
provide a l~/2-in. (38. I-ram) depth,  and to expose a 
29/16 in. x 29/16 in. (65.1 mm x 65.1 ram) specimen area. 
As described in Section 2-5, the holder should have top 
and bot tom guides to permi t  accurate center ing of  the 
exposed specimen area in relation to the furnace opening. 
A 3 in. x 3 in. (76.2 mm x 76.2 mm) sheet of I/2 in. 
(12.7 ram) asbestos millboard, having a nominal density of 
50 lb/ft :~ +- 10 lb/ft :~ (0.85 g/cm ~ _+ 0.17 g/cm3), should be used 
to back the specimen. A spring bent fiom 0.010-in. (approxi- 
mately 0.25-mm) thick phosphor  bronze sheet should be 
used with a steel retaining rod to hold the specimen and 
millboard backing securely in position during testing. 

B-1.3 Support of Furnace and Specimen Holder. (See 
Section 2-5.) The framework as shown in Figure 2-5 has 
welded to it a 5-in. (127-mm) outside diameter ,  l/a-in. 
(6.4-mm) wall, 2-in. (50.8-ram) long, horizontally or iented 
steel tube to suppor t  the radiant  heat furnace described 
in Section 2-3. This suppor t  robe should have provision 
to align the furnace opening accurately so that it is (1) 
11/2 in. -+ 1/16 in. (38.1 mm --+ 1.6 ram) away fiom, (2) par- 
allel to, and (3) centered horizontally and vertically to 
within _+ 1/16 in. (1.6 ram) of  the exposed specimen area. 
Three  tapped holes with screws equidistantly posit ioned 
around the tiwnace support  robe, or one screw at the top of 
the support  in conjunction with two adjustable (vertically 
along the support  tube) metal guide strips mounted horizon- 
tally inside the robe, are to provide ibr adequate alignment. 

The  framework should have two 3/8-in. (9.5-mm) diame- 
ter transverse rods of  stainless steel to accept the guides of  
the specimen holder  described in B-1.2. The  rods should 
suppor t  the holder  so that the exposed specimen area is 
parallel  to the furnace opening.  Spacing stops should be 
mounted  at both ends of  each rod to permit  quick and 
accurate lateral posit ioning of the specimen holder.  

B-1.4 Photometric System. (See Section 2-6.) The photo- 
metric system should consist of a tungsten-fi lament light 
source (I 'ype 1630 6.5 volt lamp, maintained at 4 V +- 
0.2 V) and a photodetector  with an S-4 spectral sensitivity 
response. The  photometer  should be or iented vertically to 
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reduce variations in measurement brought about by stratiti- 
cation of the smoke generated by the specimens under  test. 
This system is shown in Figures 2'-6.2(a) and (b). The window 
in the chamber floor through which the light beam passes is 
provided with an electric heater to maintain a temperature of 
at least 125°F (52°C) to minimize smoke condensation. The 
collimated beam inside the chamber should have a path 
length of 36 in. _+ t/s in. (914 mm -+ 3 ram). The approxi- 
ntately circular light "spot" is centered entirely within the 
sensing area of the detector. A typical photomultiplier pho- 
tometer system will require a high-vohage dc power supply 
and a neutral density filter" of sulticient optical density to pro- 
duce a convenient signal level for the indicator or recorder. 
The photometer system used should be capable of ]~ermitting 
the recording of reliable optical densities of at least 6.0, cor- 
responding to transmittance values of 0.0001 percent of the 
incident light. (See B-2.1.1.) 

The two optical plattorms and their housings should be 
kept in al ignment with three metal rods, 1/2 in. (12.7 mm) 
in diameter and fastened securely into 5/l(~-in. (7.9-ram) 
thick externally moun ted  top and bottom plates, and 
should be symmetrically arranged about the collimated 
light beam. 

B-1.5 Radiometer. (See Section 2-7.) The body tempera- 
ture of the radiometer should be monitored with a 100°F 
to 220°F (38°C to 100°C) thermometer  in a 1/=, in. x 1/2 in. 
x ll/e in. (12.7 mm x 12.7 mrn x 38. l mm) brass well 
drilled to accept the thermometer  with a close fit. Silicone 
grease can be used to provide good thermal contact. 

The circular receiving surface of the radiometer should 
be spray-coated with an infrared-absorbing black paint 
containing a silicone vehicle. The radiometer should be 
calibrated calorimetricallv in accordance with the proce- 
dure summarized in B-2.2. 

B-1.6 Chamber Wall Thermoeouple.  (See Section 2-8.) A 
thermocouple is mounted with its junct ion secured to the 
geometric center of the inner  rear wall panel of the cham- 
ber using a l/4-in. (6.4-ram) thick polystyrene foam disk 
cover and epoxy cement. 

B-1.7 Burner.  (See Section 2-11.) The multiple flamelet 
burner  is a six-tube burner ,  with construction details as 
shown in Figure 2-4. 

The vertical tubes of the six-tube burner  are made from 
1/s-in. (3.2-mm) outside diameter, 0.031-in. (0.8-mm) wall 
stainless steel tubing (two tubes are bent 180 degrees into 
the trough, two tubes are bent 135 degrees from the verti- 
cal, and two tubes are bent  90 degrees fiom the vertical). 

All tubes should be crimped at the tip to reduce the 
opening diameter to 0.055 in. (1.4 mm). The horizontal 
manifold section of the burner" consists of l/4-in. (6.4-ram) 
outside diameter, 0.035-in. (0.9-mm) wall stainless steel 
tubing. The other end is attached to a fitting in the cham- 
ber floor. 

B-I,8 Chamber Pressure Regulator. A simple pressure 
regulator consists of. an open, water-filled bottle and a 
length of flexible tubing, one end of which is connected to 
a sampling port on the top of the chamber. The other end 
of the tubing is inserted 4 in. (102 mm) below the water 

surface. The bottle is located at the same level as the floor 
of the chamber. " 

B-2 Calibration of  Test Equipment.  

B-2.1 Photometric System. 

B-2.1.1 When first assembled and as necessar T tollowing 
use or when suspicious of a malfimction, calibration of the 
photometer should be checked bv interrupt ing the light 
beam with calibrated neutral density filters. The fihers should 
cover the tull range of the instrument. Optical density values 
measured by the photometer should be within +_ 3 percent 
of the calibrated values. 

B-2.1.2 Shifts in dark current  levels between tests, exces- 
sive zero shifts dur ing test, or lack of calibration indicate 
the need tor inspection of tim photometer svstem. 

B-2.1.3 The optical density of a supplementary filter used 
to exterad the measuring range of the photometer should 
be known to an accuracy of -+ 3 percent. 

B-2.2 Rad iomete r .  Cal ibra t ion of the r ad iomete r  is 
accomplished by placing it at suitable distances fiom a radi- 
ant energy source, while maintaining its body temperature 
at 200°F -+ 5°F (93°C -+ 3°(;) with controlled airflow 
through the rear-mounted cooler, and measuring its elec- 
trical output  as a function of the irradiance level. The irra- 
diance level is determined calorimetrically by measuring 
the rate of temperature rise of a blackened thin copper 
disk of known weight, area [1 l/2-in. (38.1-mm) diameter], 
specific heat, and absorptivity in place of the radiometer. 
The measured millivolt output  of the radiometer, at a body 
temperature of 200°F (93°C), corresponding to an irradiance 
level of 2.2 Btu/sec*ft" -+ 0.04 Btu/sec*tt" (2.5 ~¥/Cln  2 --+ 

0.05 W/cm=') is used to establish the thrnace control settings 
discussed in 4-3.2. 

B-2.3 Chamber Pressure Manometer - -  Leak Rate Test. 
For purposes of standardization, a leakage rate test should be 
periodically conducted using the manometer  and tubing 
described in Section 2-10. The chamber is pressurized to 3 in. 
(76 ram) of water by introducing compressed air through a 
gas sampling hole in the top. The decrease in pressure from 
3 in. to 2 in. (76 mm to 50 mm) of water is timed with a stop- 
watch. This time should not be less than 5.0 minutes. 

B-2.4 Standard Smoke-Generating Materials. For check- 
ing operational and procedural details of" the equipment  
and method described in this standard, two standard mate- 
rials can be used. Under  nonflaming conditions, a single 
layer of alpha-cellulose (cotton linters) paper, and, under  
flaming conditions, plastic sheet, should provide repeat- 
able maximum specific optical density values in two por- 
tions of the measuring range. Use of these standard mate- 
rials does not obviate the need for following the calibration 
and standardization procedure outlined in this standard. 

NOTE: These reference materials, designated SRM 1006 
and SRM 1007, can be purchased from the Office of Stan- 
dard Reti~rence Materials, National Institute of Standards 
and Technology, Gaithersburg, MD 20899. 
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Appendix C 
Suggested Report Form -- Smoke Density Chamber 

This Appendix is not a pa~l c~" the requirements of this NFPA document but is included for informational purposes only. 

Sample Code 

Lab Code 

Recorded Data or Curve 

Suggested Report Form -- Smoke Density Chamber 

Test No. 

Operator 

Operating Conditions 

Date 

Time 

T i m e  (min) cA Trans .  (D~) Radiometer  Reading  

I r radiance  

Furnace  Voltage 

B u r n e r  Fuel 

T h e r m a l  Exposure :  f laming smolde r ing  

( : h a m b e r  Pressure  

Chanaber  Wall T e m p .  

C h a m b e r  Sur[ace Condi t ion  

mV; 

W/cm ~ 

V 

cc/min air; 

co/rain p r o p a n e  

in. HzO 

°C 

Burner :  S tandard  

Sample 

Descript ion 

Special 

Manufac tu re r  

Precondi t ioning:  T e m p .  

Dura t ion  h r  

°C; 

Condi t ioning:  T e m p .  °C; 

RH %; Dura t ion  

Thickness :  in.; Density g/cm a 

or  Ib/ft :~ 

Initial Wt. ; Final Wt. ; 

e~ Loss 

Special Condi t ions  

Results 

M i n i m u m  Trans .  

Max. Specific Optical Density,  D m = 

Clear Beam Reading  = 

Equiv. D c 

D m (corr.) = D m - D~ = 

Remarks 

ck at minu tes  

%; 
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A p p e n d i x  D Commentary  

This Appendix is not a part of the requirements q/'thi~ NFtS-I docume~t 
but is included ]br b~/brmational purposes only. 

D-1 Introduct ion.  The smoke density chamber test was 
developed at the National Bureau of Standards and was 
first described in an ASTM research symposium in 1967. j'~ 
Since that time, there have been numerous  publications 
reporting on its application and on studies of the correla- 
tion of results of interlaboratory tests through its use. '-'-~ 

D-I . I  The method is somewhat like the box-type test devel- 
oped by Rohm and Haas. '''m However, it provides certain 
modifications in the nature of specimen exposure and the 
capability tor quantitative measurement of the smoke pro- 
duced. Advantages provided by use of this test method 
include: (1) the smoke collection chamber is essentially sealed 
so all smoke produced during a test is retained; (2) only one 
surface of a test specimen is exposed to fire or radiant heat- 
ing, thus providing a measure of effectiveness of surlace treat- 
ment assisting in control of smoke release; (3) a vertical pho- 
tometer is used as a means fbr avoiding measurement errors 
resulting from smoke stratification; (4) provision is included 
for reporting the result of smoke measurements in terms of 
specific optical density, which is a measurement  of the 
amount of smoke produced and therefore is usefifl tbr com- 
paring one composition of a material against another• 

D-I.2 Measurements made with the test relate to light 
transmission through smoke. 

D-2 Features of Test Method. 

D-2.1 Two exposure conditions can be simulated by the 
test: (1) radiant heating in the absence of ignition, and (2) an 
open-flame combustion of the specimen in the presence of 
supporting radiation. These two conditions were selected as 
representative of two types of fire involvement. The irradi- 
ance level ot , .2 Btt,/secoft- (2.5 W/cm 2) was selected as the 
highest for which most cellulosics would pyrolize without self- 
ignition. This irradiance level is much lower than that which 
would exist in a compartment after flashover. It more nearly 
simulates conditions in the initial stages of a fire. 

D-2.1.1 From a scientific viewpoint, it would be desirable 
to have constant irradiance over all portions of the speci- 
men. From a practical point of view, this is not fieasible 
because size and heat input  of the furnace would have to 
be greatly increased• It was considered, therefiwe, more 
practical to accept a modest nonuni tormity of irradiance 
across the surface of the specimen. This is not defined in 
terms of radiance units,  but  ra ther  by specit}'ing the 
dimensions of the furnace geometry and the specimen 
spacing.  Thus ,  r a d i a n t  con f igu ra t i on  geomet ry  was 
selected as a means of speci~'ing the variability of surf~ace 
irradiance. The average irradiance specified in the test 
method is that measured by the radiometer described in 
the standard, an inst rument  sensitive only to the ll/2-in. 
(38.1-mm) diameter central area of the specimen holder. 

D-2.2 Figure D-1 shows the result of one survey ofirradi-  
ance across the specimen diagonal. This suggests that the 
overall average effective flux level du r ing  nonf laming 
pyrolysis is probably about 2.0 Btu/sec-fl 2 (2.3 W/cme). 
While this degree of nonuni tormitv is short of" technical 
pertection, it is accepted as a practical compromise, consid- 
ering the use for which the test method is intended. 

f / 
C 

3 

-2 

2 -2 -1 
Diagonal distance, in. 

Figure D-I Diagonal survey of irradiance at specimen during operation 
at nominal 2.2 Btu/sec*ft2(2.5 W/cm2). 

D-2.2.1 The primary measurement  made dur ing the con- 
duct of the test is of the amount  of light transmitted as a 
fraction or percentage of the initial light transmitted by the 
optical system. The min imum percent light transmitted 
value is, in turn,  used to calculate the maximum specific 
optical density, D,,, value, in accordance with Chapter 5. 
There is some advantage to using specific optical density as 
a value by which to evaluate results as compared to using 
percent light transmittance. 

D-2.2.2 The use of this unit of smoke measurement  is 
based on Bouguer 's  law of light a t tenuat ion,  which is 
expressed as follows: 

T = "F0e-~ L 

where: 
T = c~ flux transmittance. 
To = 100, the initial transmitted flux. 

= attenuation coefficient. 
L = length of the optional path. 
e = 2.7183. 

D-2.2.3 While the smoke produced from fire usually does 
not meet the requirement  of a monodispersed aerosol, it 
has been found to behave in a photometric manner  such 
that, tor the purposes intended, optical density can be con- 
sidered to be roughly proportional to the smoke particu- 
lates produced. The measurement  unit, specific optical 
density, D.s, has been introduced to provide a conveniently 
factored rating scale as fi)llows: 

D, = (WAL)d = (~,TAL) log (100/T) where (V/AL) = 132. 

Previous draft versions of this test method have pro- 
posed that, in the situation where the smoke produced 
exceeded the measurement  capability of the apparatus, or 
if only small specimens were available, specimens of less 
than standard size could be tested and the results extrapo- 
lated to the standard specimen size. This procedure should 
not be used fi)r several reasons, one of which inw)lves the 
nonunifbrmity of irradiance and pilot flame exposure. 

D-2.2.3.1 Certain other test methods report smoke sire- " 
ply in terms of light transmission. The problem with such 
a procedure is that one unfamiliar with the characteristics 
of smoke aerosols might assume that the percent light 
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transmittance is a reciprocal,  l inear function of the quantity 
of  smoke produced,  thus concluding that as the quantity of 
smoke produced  is doubled,  the percent  light transmit- 
tance is cut in half. This is not true. 

D-2.2.4 The  concept of specific optical density, while old 
in terms of chemical photometr ic  practice, was first intro- 
duced for measur ing smoke as part  of the smoke density 
chamber  test method.  It is based on Bouguer 's  law and 
permits repor t ing  smoke development  in terms that recog- 
nize the area of  the specimen involved, the volume of  the 
box, and the optical path length of  the photometer .  Spe- 
cific optical density is without dimension.  Its value should, 
however, be recognized as relating to the specimen only in 
the thickness tested. In theory, it has the unique advantage 
of  providing a basis tor estin{ating the smoke optical den- 
sity or  l ight-obscuring proper t ies  of  smoke that can be 
developed by the same assumption of  uniform smoke-air  
mixing and under  similar fire exposure  conditions. ~ At the 
present time, techniques for using this theoretical approach 
have not been developed to a practical stage because of (1) 
variations in types of fire exposure, (2) the rate of involve- 
ment of  a material in a fire, (3) the ventilation characteristics 
of the compartment,  and (4) the degree of  stratification of the 
accumulated smoke. These are, in most instances, undeter- 
mined variables that greatly influence light transmission 
through smoke resulting from a fire. 

D-3 Factors Influencing the Test.  During development  
of  the test method,  many factors were considered that 
could influence the measurements .  Some of  the more  
impor tant  of these are ment ioned and briefly outl ined in 
the following paragraphs .  

D-3.1 It was observed that, in spite of  significant thermal  
convection mixing, smoke near  the top of  the cabinet was 
obviously more  dense. This fact was verified by exper imen-  
tal measurements .  As a result, it was apparen t  that a verti- 
cal photometer  would yield a much more  representat ive 
measurement  of  smoke accumulation than would be pro-  
vided by a horizontal  unit at one position in the chamber.  

D-3.2 Experiments  showed that the optical density of  the 
accumulated smoke was sensitive to the spacing between 
the specimen face and the plane of  the furnace opening. 
The  exper iments  seem to suggest that the sensitivity was 
caused by two effects: (a) close spacing caused more smoke 
to en te r  the furnace and become consumed there;  (b) 
reduced air circulation moving past the specimen, which 
inhibited open-f lame combustion. As a result, the separa- 
tion called for in B-1.3 of 11/2 in. -+ 1/16 in. (38.1 mm +_ 
1.6 mm) was selected as a fair compromise  for the purpose  
of  standardization.  I f  this spacing is not held, a small sys- 
tematic change should be expected in smoke measure-  
ment. Similarly, it is necessary to maintain the specified 
spacing of 3.0 in. -+ 1/~,2 in. (76.2 mm -+ 0.8 mm) between 
the heater  face and the specimen surface. 

D-3.3 The  use of  a luminum foil to wrap the back and 
edges of the specimen was in t roduced to provide better  
s tandardizat ion,  because it was found that if smoke was 
allowed to leak out  the back and edges of the specimen 
holder,  the various ways in which this could occur intro- 
duced an undesirable variability in the measurements.  

D-3,4 The  question of how to assess, in an equitable 
fashion, the smoke product ion of  thermoplastics has been 
a vexing one since early development  of  the test. The  

decision to use a vertical specimen orientat ion was based 
oll knowledge that fire behavior and thus smoke produc-  
tion differ in vertical and horizontal a r rangement  posi- 
tions. Since the method was considered most likely to be 
used fi~r exper imental  evaluation of  interior  wall f~nished 
products ,  the vertical specimen position was selected as 
most  re levant .  Obviously ,  the t he rmop la s t i c  p r o b l e m  
remained.  Portions of such materials were tbund to melt 
and drip in varying degrees to the floor of the chamber.  
Thus, the smoke resulting from such materials is less than 
would be expected if all the material remained in the flux 
field. Whether  such materials should be penalized or cred- 
ited for such behavior has not been validated by definitive 
exper imental  and theoretical studies. I n spite of this uncer- 
tainty, dur ing  the latter deve lopment  stages of  the test 
methods,  a decision was reached to provide a t rough on 
the specimen holder  to collect and permit  consumption of 
some of  the molten residue. In processing this s tandard,  
questions were raised as to the usefulness of  the trough,  
since the thermal  exposure  to the material within it is less 
severe than that to material that remains in the normal  
specimen position. A small-scale study was conducted.  It 
showed tha t  t he rmop la s t i c  mate r ia l s  d i f fe red  widely.  
Whereas appreciable smoke developed from one material 
placed in the trough,  only a small quantity of smoke devel- 
oped when another  material was placed in the trough. This 
did not seem, however, to be too different from the perfor- 
mance that might be expected from the same materials in 
another  fire exposure;  thus, there does not seem to be any 
reason to ban thermoplastic materials that melt or drip 
into the t rough from the test. 

D-4 Precision.  

D-4.1 In any method, one of the important  considerations 
is the degree to which a method, when applied to a given 
material, will yield constant results. Since this test results in 
destruction of the specimen, the results of any test to deter- 
mine precision are affected not only by the random errors 
that might be inherent in the procedure but also by any vari- 
ation in the properties of  the replicate specimens. Thus, in 
studying the degree to which experimental results can be 
repeated within a given laboratory, it is desirable to use a 
material from which specimens of  uniform composition and 
dimensional characteristics can be prepared.  

This |hct was recognized in planning the large interlab- 
oratory study of  the precision of  the measurement  method.  
In spite of  this, some of  the e x p e r i m e n t a l  variabi l i ty  
observed was undoubtedly  related to variations in the rep- 
licate specimens. In at least one instance, variation in thick- 
ness as great  as 20 percent  was observed. To assist in iden- 
tifying variability resulting [ iom this cause, requirements  
for weighing specimens have now been included as a part  
of  the test procedure.  

D-4.2 Various changes were made in the test method 
description as adopted, as compared to the description used 
to advise for the round-robin test conducted. These included 
(1) running additional samples when the results of  three 
specimens are highly variable, (2) maintenance of pilot 
burner,  (3) deletion of data that are inconsistent with the 
equipment, and (4) improved calibration and alignment pro- 
cedures. These changes are such that the precision data given 
should be assumed to be conservative as they relate to the test 
method adopted. Better precision might result if another lab- 
oratory round-robin test is conducted. 
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D-4.2.1 When studying the results repor ted  by the vari- 
ous laboratories part icipat ing in the round-robin  study, it 
was realized that the test method draft  given to the labora- 
tories to follow riffled to contain a section describing condi- 
tions under  which data obtained from the test should be 
excluded. For instance, certain materials were tbund to 
ignite under  the nonflaming exposure  condition. Obvi- 
ously, these were not nonflaming results. Another  cause fbr 
such questioning of data involved results that exceeded the 
measurement  capability of  the photometer .  

D-5 R e p o r t i n g  o f  Resu l t s .  One of  the obvious needs with 
a test method of  this type is to consider  ways in which the 
exper imental  data should be repor ted .  Early draft versions 
of  this s tandard  contained a recommendat ion  that a cor- 
rection factor be appl ied to the measured D,, (corr.). The  
repor t ing  of  D,,, as a prefer red  measurement  result is based 
on the following fact: 

The  deposit  remaining following a test represents  a part  
of the smoke produced.  Thus, it seems irrational to sub- 
tract this value unless it can be shown that the deposit  
results from late accumulat ion fbllowing a peak smoke 
reading. The  procedures  of the test method seem to make 
this unlikely. 

D-5.1 Experience has shown that the determinat ion of  
the value of  T used eventually to calculate D,, (corr.) is 
subject to variat ions in ope ra to r  technique du r ing  the 
chamber  venting procedure .  

D-5.2 The  introduct ion of  the correction factor, while not 
in i tselfa significant technical problem, suggests a technical 
sophistication that simply is not justified on the basis of the 
in tended use of  the data. The  effect of  these facts was 
noticed dur ing  analysis of  the round-robin  exper imental  
data. The  results were fbund to be more consistent fi)r the 
uncorrected data (D~n). 

D-6  L i m i t a t i o n s  o n  A p p l i c a t i o n  o f  S m o k e  M e a s u r e m e n t  
Data.  

D-6.1 T h e  s m o k e  p r o b l e m s  t h a t  d e v e l o p  d u r i n g  
unwanted fires have been recognized for many years. Fire 
fighters are faced with them daily in their  work. However, 
three problems have tended to prevent  application of  stan- 
dards  limiting the acceptability of  materials or  products  on 
the basis of  smoke production:  

(a) T h e  e x t e n t  to which the  smoke  m e a s u r e m e n t  
assesses the smoke hazard; ~2"1"~ 

(b) The  lack of  a well-defined measurement  method that 
could be shown to provide a technically valid means for 
smoke characterization; 

(c) The  fact that most materials or  products ,  when burn-  
ing, release large quantities of  smoke, and there are only 
limited ways of  reducing smoke product ion.  

(1) The  first problem still exists. 

(2) The second problem has been partially alleviated 
with the development of the smoke chamber. However, it 
must be recognized that only two of a wide range of fire 
exposure conditions are simulated by the test method. Thus, 
any rank order ing of materials by the test should be recog- 
nized as based only on the fire exposure conditions applied, 
and, in fact, the test method develops different rankings 
depending on whether a ranking is based on the nonflaming 
exposure or  the flaming exposure. All of the parameters that 

affect fire behavior will influence the amount  of  smoke pro- 
duced. Thus, it is unrealistic to place great confidence in the 
smoke measurement as a unique and absolute measure of 
smoke production during building fires. 

(3) The  third problem also remains. I f  significant 
changes in smoke levels are to be expected when fire occurs, 
it seems necessary to require large changes in D,. To limit the 
type and size of  fire that could develop, veI 7 severe limita- 
tions would have to be placed on smoke production of both 
the building finish material and the occupancy items, and 
comprehensive fire prevention and protect ion measures 
would have to be continually maintained. 

D-6.2 It is impor tant  to r emember  that, fi)r any given 
thermal  exposure  condition, the smoke produced  when a 
fire occurs is related to the thickness and density of the 
material  involved. The  importance of  specimen thickness is 
illustrated in Figure D-2. The  indication deviations from a 
linear relationship of D m with specimen thickness result 
from the decreasing pyrolysis rate of  the specimen as the 
burning  layer progresses into the specimen and,  also, fi-om 
the increasing rate of  smoke d ropou t  and condensation as 
high smoke concentrat ion develops. 

D-6.3 The smoke density chamber provides a means for 
characterizing smoke production for research and develop- 
ment only. It provides a means fbr report ing an experimen- 
tal rate of smoke production and a time at which specific 
smoke levels are reached under  the test conditions applied. 
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Figure D-2 D m for spruce as a function of specimen thickness under 
nonflaming conditions. 

F o o t n o t e s  t o  A p p e n d i x  D 

i Gross, D., Loftus, J. j . ,  and Robertson, A. F., Measuring 
Smoke fi'om Burning Materials," Sunposium on Fire Test Meth- 
ods -- Restraint a~ut Smoke (1966), ASTM STP422, American 
Society- for Testing and Materials, 1967, p. 166. 

2 Gross, D., Lol~us, J. J., Lee, T. G., and Gray, V. E., 
"Smoke and Gases Produced by Burning Aircraft In ter ior  
Materials," N B S  Bldg. Sci. Series, BSS 18 (February 1969), 
U.S. Government  Printing Office, Washington, DC. 

3 Brenden ,  J. J.,  "Usefulness of  a New Method for 
Smoke Yield from Species and Panel Products ,"  Forest 
Products Journal, FPJOA, Vol. 21 (1971), pp. 23-28. 

4 Lee, T. G., " In ter labora tory  Evaluation of  Smoke Den- 
sity Chamber ,"  N B S  Tech. Note 708 (December 1971). 

1994  Edition 



258-18 TEST M E T H O D  FOR D E T E R M I N I N G  SMOKE GENERATION OF SOLID MATERIALS 

5 Lee, T. G., "The Smoke Density Chamber Method for 
Evaluating the Potential Smoke Generation of Materials," 
NBS Tech. Note 757 (January 1973). 

6 ASTM Committee E05.2, "Interlaboratory Test Data 
for the Smoke Chamber  Test Method," RR:E-5-1002 
(1976). 

7 Gaskill, J. R., "Smoke Development in Polymers Dur- 
ing Pyrolysis or Combustion," Journal of Fire and Flamma- 
bility, JFFLA (july 1970), pp. 183-216. 

8 Chien, W. P. and Seader, J. D., "Prediction of Specific 
Optical Density for a Smoke Obscuration in an NBS Smoke 
Density Chamber," Fire Technology, FITCA, Vol. 11, No. 3 
(August 1975), pp. 206-217. 

9 Bartosic, A. J. and Rarig, F. J., "Evaluation of the XP2 
Smoke Density Chamber," Symposium on Fire Test Methods 
-- Restraint and Smoke (1966), ASTM STP422, American 
Society for Testing and Materials, 1967, p. 106. 

10 ASTM D2843, Standard Test Method for Density of Smoke 
from the Burning or Decomposition of Plastics (1977, 
Rev. 1988), Annual Book of ASTM Standards. 

~1 Robertson, A. F., "Estimating Smoke Production Dur- 
ing Building Fires," Fire Technology, FITCA, Vol. 11, No. 2 
(May 1975), pp. 80-94. 

12 Yuill, C. H. et al., "The Control of Smoke in Building 
Fires --  A State-of-the-Art Review," Materials Research and 
Standards, Vol. II, No. 4 (1971), pp. 16-24. 

13 Committee E-5, "A Report on Smoke Test Methods," 
Standardization News (August 1976), pp. 18-26. 

A p p e n d i x  E Se lec ted  Papers  for  Further  Study 

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

E-1 General .  The following list of papers  has been 
selected as an introduction to a much broader list of docu- 
ments relating to smoke problems during building fires. In 
selecting these references, emphasis has been placed on 
U.S. and Canadian work. There is a considerable body of 
foreign language publications of great merit, but, with one 
or two exceptions, these have not been included. 

E-I.1 Review Papers. 

Autian, J., "Toxicology Aspects of Flammability and 
Combustion of Polymeric Materials," Fire and Flam. 
(july 1970), pp. 239-268. 

Galbreath,  M., "Fire in High Buildings," National 
Research Council of Canada, Fire Study, Vol. 21, NRC 
No. 10081 (Ottawa, April 1968). 

Little, Arthur D., "Fire Gas Research Report," NFPA 
Quarterly, Vol. 45, No. 3 (January 1952), pp. 280-306. 

Wood, P. G., "The Behavior of People in Fire," Joint 
Fire Res. Org., Fire Research Note No. 953 (November 1972), 
p. 113. 

E-1.2 Fire Gas and Smoke Hazard. 

Bono, J. A. and Breed, B. K., "Smoke Ratings in Rela- 
tion to Visual Observations," Fire Technology, Vol. 2, No. 2 
(May 1966), pp. 146-158. 

Fiorca, V., Higging, E. A., Thomas, A. A., and Davis, 
H. V., "Acute Toxicity of Brief Exposures to HF, HC1, NO 2 
and HCN with and without CO," Fire Technology, Vol. 8, 
No. 2 (May 1972), pp. 120-129. 

Fristrom, R., Annual Summary Report (July 1972 to 30 
June 1973), App. Phys. Lab., Johns Hopkins Univ., Rept. 
No. FPP A73 (August 1973). 

Jin, T., "Visibility through Fire Smoke (Part 2, Visibility 
of Monochromatic Signs through Fire Smoke)," Report of 
Fire Res. Inst. of Japan, No. 33 (1971), pp. 31-48. 

Shern, J. H., "Smoke Contribution Factor in Fire Haz- 
ard Classification of Building Materials," Symposium on Fire 
Test Methods -- Restraint and Smoke (1966), ASTM STP422, 
American Society for Testing and Materials, 1967. 

Smith, E. E., "Evaluation of the Fire Hazai'd of Duct 
Materials," Fire Technology, Vol. 9, No. 3 (August 1973), 
pp. 157-170. 

Tsuchiya, Y. and Sumi, K., "Combined Lethal Effect of 
Temperature CO, CO 2 and O 2 of Simulated Fire Gases," 
Fire and Flam., Vol. 4 (April 1973), pp. 132-140. 

Tsuchiya, Y. and Sumi, K., "Evaluation of the Toxicity of 
Combustion Products," Fire and Flam., Vol. 3 (January 1972), 
pp. 46-5O. 

Yuill, C. H., "The Life Hazard of Bedding Fires," Fire 
and Flam., Vol. 1 (October 1970), pp. 312-323. 

E-1.3 Smoke Test Methods. 

ASTM D2843, Standard Test Method for Density of Smoke 
from the Burning or Decomposition of Plastics (1977, Rev. 
1988), Annual Book of ASTM Standards. 

ASTM E 162, Standard Method of Test for Surface Flamma- 
bility of Materials Using a Radiant Heat Energy Source (1990), 
Annual Book of ASTM Standards. 

Bartosic, A. J. and Rarig, F. J., "Evaluation of the XP2 
Smoke Density Chamber," Symposium on Fire Test Methods 
-- Restraint and Smoke (1966), ASTM STP422, American 
Society for Testing and Materials, 1967. 

Brenden, J. J., "Usefulness of a New Method for Smoke 
Yield from Species and Panel Products," Forest Prod. J., 
Vol. 21 (1971), pp. 23-28. 

Christian, W. J. and Waterman, T. E., "Ability of Small- 
Scale Tests to Predict Full-Scale Smoke Production," Fire 
Technology, Vol. 7, No. 4 (November 1971), pp. 332-344. 

Comeford, J. J. and Birky, M., "A Method for the Mea- 
surement of Smoke and HCI Evolution from Poly(vinyl 
chloride)," Fire Technology, Vol. 8, No. 2 (May 1972), 
pp. 85-90. 

Gardon, R., "An Instrument for the Direct Measurement 
of Intense Thermal Radiation," Review of Scientific Instru- 
ments, Vol. 24 (1953), pp. 366-370. 

Gross, D., Loftus, J. J., and Robertson, A. F., "Method 
for Measuring Smoke from Burning Materials," Symposium 
on Fire Test Methods -- Restraint and Smoke (1966), ASTM 
STP422, American Society for Testing and Materials, 1967. 

Lee, T. G., "Interlaboratory Evaluation of Smoke Den- 
sity Chamber," NBS Tech. Note 708 (December 1971). 

Lee, T. G., "The Smoke Density Chamber Method for 
Evaluating the Potential Smoke Generation of Materials," 
NBS Tech. Note 757 (January 1973). 

1994 Edition 



APPENDIX E 258-19 

NFPA 255, Standard Method of Test of Surface Burning 
Characteristics of Building Materials, 1990 edition. 

Rasbash, D. J., "Smoke and Toxic Products Produced at 
Fires," Trans. J. Plastics Inst. (January 1967), pp. 55-61. 

Silversides, R. G., "Measurement and Control of Smoke 
in Building Fires," Symposium on Fire Test Methods -- 
Restraint and Smoke (1966), ASTM STP422, American Soci- 
ety for Testing and Materials, 1967. 

Smith, E. E., "Measuring Rate of Heat, Smoke, and Toxic 
Gas Release," Fire Technology, Vol. 8, No. 3 (August 1972), 
pp. 237-245. 

E-1.4 Smoke Behavior During Fires. 

Bell, D. and Lieberman, P., "Smoke and Fire Propaga- 
tion in Compartment Spaces," Fire Technology, Vol. 9, 
No. 2 (May 1973), pp. 91-100. 

Carhart, H., Hazlett, R. N., Johnson, E., and Stone, J. P., 
"The Transport of Hydrogen Chloride by Soot from Burning 
Polyvinylchloride," Fire and Flam., Vol. 4 (january 1973), 
pp. 42-51. 

"The Control of Smoke in Building Fires -- A State-of-the- 
Art Review," Mtls. Res. and Stds., Vol. 1 I, No. 4 (April 1971), 
p~). 16-24. 

Fackler, J. B., "Fire and Smoke Invasion of Apart- 
ments," Symposium on Fire Test Methods -- Restraint and 
Smoke (1966), ASTM STP422, American Society for Testing 
and Materials, 1967. 

Heselden, A. and Hinkley, P., "Smoke Travel in Shop- 
ping Malls -- Experiments in Cooperation with Glasgow 
Fire Brigade," Part I, Joint Fire Res. Org., Fire Research 
Note 832 (July 1970). See also Fire Research Abstracts and 
Reviews, Vo1.12, No. 3 (1970), p. 234. 

Hinkley, P. L., "The Flow of Hot Gases Along an Enclosed 
Shopping Mall -- A Tentative Theory," Joint Fire Res. Org., 
Fire Research Note 807 (March 1970). See also Fire Research 
Abstracts and Reviews, Vol. 12, No. 3 (1970), p. 235. 

"Movement of Smoke on Escape Routes in Buildings" 
(Proceedings of the Symposium held at Watford College of 
Technology) Joint Fire Res. Org., Her Majesty's Stationery 
Office, London (1971), 

Shorter, G. W. et al.,"The St. Lawrence Burns," NFPA 
Quarterly, Vol. 53, No. 4 (April 1960), pp. 300-316. 

E-I.5 Smoke Management During Fires. 

"Explanatory Paper on Control of Smoke Movement in 
High Buildings," National Building Code of Canada, Nat. 
Res. Council, Canada, NRC, No. 11413. 

Haggerty, J. R., "A New Look at Smoke Stop Partitions," 
Fire Technology, Vol. 6, No. 2 (May 1970), pp. I11-122. 

McGuire, Tamura, and Wilson, "Factors in Controlling 
Smoke in High Buildings," ASHRAE Symposium, Fire Haz- 
ards in Buildings (January 1970), pp. 8-13. 

Shaw, C. and Tamura,  G., "Basis for the Design of 
Smoke Shafts," Fire Technology, Vol. 9, No. 3 (August 1973), 
pp. 209-222. 

Shern, J. H., "SmokeproofTowers in Center Core Struc- 
tures," Fire Technology, Vol. 2, No. 4 (November 1966), 
pp. 303-307. 

Shorter, G. W. and Wilson, A. G., "Fire and High Build- 
ings," Fire Technology, Vol. 6, No. 4 (November 1970), 
pp. 292-304. 

E-1.6 Chemical Analysis of Fire Gases. 

DiPietro, J. and Stepniczka, H., "A Study of Smoke Den- 
sity and Oxygen Index of Polystyrene ABS and Polyester 
Systems," Fire and Flare., Vol. 2 (January 1971), pp. 36-53. 

Gaskill, "Smoke Development in Polymers During Pyroly- 
sis of Combustion," Fire and Flam., Vol.1 (1970), pp. 183-216. 

Hilado, C., "The Effect of Chemical and Physical Factors 
on Smoke Evaluation from Polymers," Fire and Flam., Vol. 1 
(July 1970), pp. 217-238. 

Hilado, C. J., "Smoke from Cellular Polymers," Fire 
Technology, Vol. 5, No. 2 (May 1969), pp. 130-139. 

Wagner, J. P., "Survey of Toxic Species in the Pyrolysis 
of Combustion of Polymers," Fire Research Abstracts and 
Reviews, Vol. 14, No. 1 (1972), pp. 1-23. 

Woolley, W. D. and Wadley, Ann I., "The Thermal 
Decomposition Products of Phenol-Formaldehyde Lami- 
nates, Part 2. The Production of Carbon Monoxide and Car- 
bon Dioxide," Joint Fire Res. Org., Fire Research Note 852 
(December 1970), 

E-1.7 Smoke Production Measurements. 

Gaskill J. R., and Veith, C. R., "Smoke Opacity from 
Certain Woods and Plastics," Fire Technology, Vol. 4, No. 3 
(August 1968), pp. 185-195. 

Gross, D., Loftus, J. J., Lee, T. G., and Gray, V. E., 
"Smoke and Gases Produced by Burning Aircraft Interior 
Materials," NBS Bldg. Sci. Series, BSS 18 (February 1969), 
U.S. Government Printing Office, Washington, DC. 

Robertson, A. F., "Tests Indicate Venting Increases 
Smoke Production from Some Polymerics," Fire Engineer- 
ing, Vol. 126, No. 9 (September 1973), pp. 97-98. 

1994 Edition 



2 5 8 - 2 0  TEST M E T H O D  FOR DETERMINING SMOKE GENERATION OF SOLID MATERIALS 

Index 

© 1 9 9 4  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n ,  All R i g h t s  R e s e r v e d .  

T h e  c o p y r i g h t  in  th i s  i n d e x  is s e p a r a t e  a n d  d i s t i n c t  f r o m  t h e  c o p y r i g h t  in  t h e  d o c u m e n t  w h i c h  it i n d e x e s .  T h e  l i c e n s i n g  p r o v i s i o n s  se t  f o r t h  
f o r  t h e  d o c u m e n t  a r e  n o t  a p p l i c a b l e  to  th i s  i n d e x .  T h i s  i n d e x  m a y  n o t  b e  r e p r o d u c e d  in  w h o l e  o r  in  p a r t  b y  a n y  m e a n s  w i t h o u t  t h e  e x p r e s s  
w r i t t e n  p e r m i s s i o n  o f  t h e  N a t i o n a l  F i r e  P r o t e c t i o n  A s s o c i a t i o n ,  I nc .  

-A-  
Air-propane fuel, premixed . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 1 1 . 5  to  2 - 1 1 . 6  
Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see  T e s t  a p p a r a t u s  

-B- 
Bouguer's law of light attenuation . . . . . . . . . . . . . . . . .  D - 2 . 2 . 2 ,  D - 2 . 2 . 4  
Burner, multiple flamelet . . . . . . . . . . . . .  s ee  M u l t i p l e  f l a m e l e t  b u r n e r  

-C-  
C a l c u l a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C h a p .  5 
Chamber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see  T e s t  c h a m b e r  
Cleaning of equipment . . . . . . . . . . . . . . . . . . . . . . .  4 -2 ,  A-4 -2 .1  to  A - 4 - 2 . 2  
Commentary on standard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A p p .  D 

-F- 
Fuel, premixed air-propane . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 1 1 . 5  to  2 - 1 1 . 6  
Furnace, radiant heat . . . . . . . . . . . . . . . . . . . . . .  see  R a d i a n t  h e a t  f u r n a c e  
Furnace control system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 3 . 4  

-L-  
L i g h t  transmittance . . . . . . . . . . . . . . . . . . .  1 -2 .5 ,  4 - 5 . 7  to  4 - 5 . 9 ,  A - 4 - 5 . 9 ,  

D-2 .2 .1  to  D - 2 . 2 . 3 . 1 ;  see  a l s o  Spec i f i c  o p t i c a l  d e n s i t y  
C a l c u l a t i o n  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 -3  
R e c o r d i n g  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 5 . 4  

-M- 
Manometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -10 ,  4 - 5 . 5  

L e a k  r a t e  t e s t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B - 2 . 3  
Maximum specific optical density . . . . . . . . . . . . .  1 -3 .5 ,  Fig.  D-2 ,  D-5  

C a l c u l a t i o n  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 -2 ,  D-2 .2 .1  
Meter, readout . . . . . . . . . . .  see  R e c o r d e r  o r  r e a d o u t  m e t e r ,  p o r t a b l e  
Molten drips, unburned . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  A - 3 - 4 . 4 ,  D - 3 . 4  
M u l t i p l e  flamelet burner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -11  

C o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B - 1 . 7  
P o s i t i o n i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 -4  

.p. 
Photometric system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -6 ,  D-1 .1 ,  D-3 .1  

C a l i b r a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-2 .1  
C l e a n i n g  o f  g lass  w i n d o w s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 2 . 2 ,  A - 4 - 2 . 2  
C o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B - 1 . 4  
M o n i t o r i n g  o f  o u t p u t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -9 .2 ,  4 - 3 . 1 0  
T e s t  p r o c e d u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 5 . 3 ,  4 - 5 . 8  

Pressure regulator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B - 1 . 8  
Products of combustion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A-6-1 (g) 

-R- 
Radiant heat furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -3 ,  A - 2 - 3 . 4 . 2  

C a l i b r a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 - 3 . 2  to  4 - 3 . 7 ,  A - 4 - 3 . 3  
C o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-1 .1  
F r a m e w o r k  f o r  s u p p o r t  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -5 ,  B - 1 . 3  
W a r m - u p  o f  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 -3 ,  A - 4 - 3 . 2  to  A - 4 - 3 . 3  

Radiometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -7 ,  A-2-7 .1  
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The NFPA Codes and Standards Development Process 

Since 1896, one of the primary purposes of the NFPA has been to develop and update the standards covering 
all areas of fire safety. 

Calls for Proposals 
The code adoption process takes place twice each year and begins with a call for proposals from the public 
to amend existing codes and standards or to develop the content of new fire safety documents. 

Report on Proposals 
Upon receipt of public proposals, the technical committee members meet to review, consider, and act on the 
proposals. The public proposals - together with the committee action on each proposal and committee- 
generated proposals - are published in the NFPA's Report on Proposals (ROP). The ROP is then subject to 
public review and comment. 

Report on Comments  
These public comments are considered and acted upon by the appropriate technical committees. All public 
comments - together with the committee action on each comment - are published as the Committee's 
supplementary report in the NFPA's Report on Comments (ROC). 

The committee's report and supplementary report are then presented for adoption and open debate at either 
of NFPA's semi-annual meetings held throughout the United States and Canada. 

Association Action 
The Association meeting may, subject to review and issuance by the NFPA Standards Council, (a) adopt a 
report as published, (b) adopt a report as amended, contingent upon subsequent approval by the committee, 
(c) return a report to committee for further study, and (d) retum a portion of a report to committee. 

Standards Council Action 
The Standards Council will make a judgement on whether or not to issue an NFPA document based upon the 
entire record before the Council, including the vote taken at the Association meeting on the technical 
committee's report. 

Voting Procedures 
Voting at an NFPA Annual or Fall Meeting is restricted to members of record for 180 days prior to the 
opening of the first general session of the meeting, except that individuals who join the Association at an 
Annual or Fall Meeting are entitled to vote at the next Fall or Annual Meeting. 

"Members" are defined by Article 3.2 of the Bylaws as individuals, firms, corporations, trade or professional 
associations, institutes, fire departments, fire brigades, and other public or private agencies desiring to 
advance the purposes of the Association. Each member shall have one vote in the affairs of the Association. 
Under Article 4.5 of the Bylaws, the vote of such a member shall be cast by that member individually or by 
an employee designated in writing by the member of record who has registered for the meeting. Such a 
designated person shall not be eligible to represent more than one voting privilege on each issue, nor cast 
more than one vote on each issue. 

Any member who wishes to designate an employee to cast that member's vote at an Association meeting in 
place of that member must provide that employee with written authorization to represent the member at the 
meeting. The authorization must be on company letterhead signed by the member of record, with the 
membership number indicated, and the authorization must be recorded with the President of NFPA or his 
designee before the start of the opening general session of the Meeting. That employee, irrespective of his 
or her own personal membership status, shall be privileged to cast only one vote on each issue before the 
Association. 



Sequence of Events Leading to Publication 
of an NFPA Committee Document 

Call for proposals to amend existing document or for recommendations on new document. 

Committee meets to act on proposals, to develop its own proposals, and to prepare its report. 

Committee votes on proposals by letter ballot. If two-thirds approve, report goes forward. 
Lacking two-thirds approval, report returns to committee. 

Report is published for public review and comment. (Report on Proposals - ROP) 

Committee meets to act on each public comment received. 

Committee votes on comments by letter ballot. If two-thirds approve, supplementary report goes 
forward. Lacking two-thirds approval, supplementary report returns to committee. 

Supplementary report is published for public review. (Report on Comments - ROC). 

NFPA membership meets (Annual or Fall Meeting) and acts on committee report (ROP and ROC). 

Committee votes on any amendments to report approved at NFPA Annual or Fall Meeting. 

Complaints to Standards Council on Association action must be filed 
within 20 days of the NFPA Annual or Fall Meeting. 

Standards Council decides, based on all evidence, whether or not to issue standard 
or to take other action, including hearing any complaints. 

Appeals to Board of Directors on Standards Council action must be filed 
within 20 days of Council action. 


