
NFPA 

259 

STANDARD TEST METHOD FOR 

POTENTIAL HEAT 
OF BUILDING 
MATERIALS 
1982 



N O T I C E  
All questions or other  communica t ions  re la t ing  to this document  should be sent only 

to NFPA Headquar te r s ,  addressed to the a t t en t ion  of the Commit tee  responsible for 
the document .  

For in fo rmat ion  on ob ta in ing  Formal  In te rpre ta t ions  of the document ,  proposing 
Tenta t ive  In te r im Amendment s ,  proposing amendmen t s  for Commit tee  considera- 
tion, and  appeals  on mat ters  re la t ing  to the content  of the document ,  write to the Vice 
President and  Chief  Engineer ,  Na t iona l  Fire Protect ion Association, Ba t t e rymarch  
Park, Quincy,  MA 02269. 

A s ta tement ,  wri t ten or oral ,  tha t  is not  processed in accordance  with Section 16 of 
the Regula t ions  Governing Commi t t ee  Projects shall  not be considered the official 
posit ion of NFPA or any of its Commit tees  and  shall  not be considered to be, nor  be 
rel ied upon  as, a Formal  In te rpre ta t ion .  

L i c e n s i n g  P rov i s ion  - -  This  documen t  is copyr ighted  by the Nat ional  Fire Protec- 
t ion Association (NFPA).  

1. A d o p t i o n  by  Re fe r ence  - -  Publ ic  author i t ies  and  others are urged to reference 
this documen t  in laws, ordinances,  regulat ions,  adminis t ra t ive  orders or s imi lar  in- 
s t ruments .  Any deletions, addi t ions  and  changes  desired by the adop t ing  author i ty  
must  be noted  separately.  Those using this me thod  are requested to notify the NFPA 
(Attent ion:  Vice President  and  Chief  Engineer)  in wr i t ing  of such use. The  term 
"adopt ion  by reference" means  the c i t ing  of t i t le and  publ i sh ing  informat ion  only. 

2. Adop t ion  by T r a n s c r i p t i o n  - -  A. Publ ic  author i t ies ,wi th  l awmak ing  or rule- 
m a k i n g  powers only, upon  wri t ten  notice to the NFPA (Attent ion:  Vice President  and  
Chief  Engineer) ,  will be g r an t ed  a royalty-free license to pr in t  and  republ ish this docu- 
men t  in whole or in part ,  with changes and additions, if any, noted separately, in laws, 
ordinances,  regulat ions,  admin is t ra t ive  orders or s imi lar  ins t ruments  having the force 
of law, provided that:  (1) due notice of NFPA's  copyright  is conta ined  in each law and  
in each copy thereof; and,  (2) tha t  such p r in t ing  and  republ ica t ion  is l imi ted  to 
numbers  sufficient to satisfy the jur isdict ion 's  l awmak ing  or ru lemak ing  process. 
B. Once  this NFPA Code or S tandard  has been adop ted  into law, all  pr int ings  of this 
document  by publ ic  author i t ies  with l a w m a k i n g  or ru l emak ing  powers or any other  
persons des i r ing to reproduce  this documen t  or its contents  as adopted  by the jurisdic- 
t ion in whole or in part ,  in any form, upon  wri t ten  request  to NFPA (Attent ion:  Vice 
President  and  Chief  Engineer) ,  will be g ran ted  a nonexclusive license to pr int ,  
republish,  and  vend this document  in whole or in part ,  wi th  changes and addi t ions,  if 
any, noted  separately provided tha t  due  notice of NFPA's  copyright  is conta ined  in 
each copy. Such license shall  be g ran ted  only upon agreement  to pay NFPA a royalty. 
This  royalty is requi red  to provide funds for the research and  development  necessary to 
cont inue  the work of NFPA and its volunteers  in cont inual ly  u p d a t i n g  and  revising 
NFPA standards .  Under  cer ta in  circumstances,  publ ic  authori t ies  with l awmak ing  or 
ru l emak ing  powers may apply  for and  may  receive a special  royalty when the publ ic  
interest  will be served thereby. 

All other  rights, inc lud ing  the r ight  to vend, are re ta ined  by NFPA. 

(For fur ther  explana t ion ,  see the Policy Concern ing  the Adopt ion,  Pr in t ing  and 
Publ ica t ion  of NFPA Documents  which is avai lable  upon request  from the NFPA.)  

Statement on NFPA Procedures 
This material has been developed under the published procedures of the National Fire Protec- 

tion Association, which are designed to assure the appointment of technically competent Commit- 
tees 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 ac- 
tivities accepts any liability resulting from compliance or noncompliance with the provisions given 
herein, for any restrictions imposed on materials or processes, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this docu- 
ment and any certification of products stating compliance with requirements of this document is 
made at the peril of the certifier. 

SC-FM-81 



259-1 

© 1982 NFPA, All Rights Reserved 

Standard Test Method for 

Potential Heat of Building Materials 

NFPA 259-1982 

1982 Edition of NFPA 259 

This edi t ion of N F P A  259, Standard Test Method For Potential 
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Origin and Development of NFPA 259 
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adop ted  in 1976, and  reconf i rmed at the 1981 Fall  Meeting.  



259-2 POTENTIAL H E A T  OF BUILDING MATERIALS 

Committee on Fire Tests 

Herman Spaeth, Chairman 
Insurance Services Office 

John A. Blair, Secretary 
E. I. Dupont De Nemours & Co. 
Rep. Society of Plastics Industry 

M. S. Abrams, Portland Cement Assn. 
Jesse J. Beitel, Southwest Research Institute 
Irwin A. Benjamin, US National Bureau of 
Standards 
B. J. Callahan, Factory Mutual Research 
Corp. 
Herbert  B. Carlsen, Gypsum Assn. 
Dr. William J. Christian, Underwriters 
Laboratories Inc. 
Wells Denyes, Eastman Chemical Products 
Inc. 

Rep. Man-Made Fiber Producers Assn. 
Philip J. DiNenno, Professional Loss Control 
Inc. 
Gerard R. Dufresne, US Testing Co. Inc. 

(Vote limited to textile materials and related 
products) 
Buell B. Dutton, Building and Zoning Con- 
sultants 

J. s. Barrltt, Industrial Risk Insurers 
(Alternate to E. E. Miller) 

David Brackett, Gypsum Assn. 
(Alternate to H. B. Carlsen) 

Mark M. DiPierro, American Insurance Assn. 
(Alternate to G. E. Lingenfelter) 

Richard G. Gewain, American Iron & Steel 
Institute 
Peter Higglnson, Underwriters' Labs of 
Canada 
Alfred J. Hogan, Cypress Gardens, FL 

Rep. Fire Marshals Assn. of North America 
Gerald E. Lingenfelter, American Insurance 
Assn. 
E. E. Miller, Industrial Risk Insurers 
Shirley C. Reznikoff, Arizona State University 
Dr. A. F. Robertson, Institute of Applied 
Technology, National Bureau of Standards 
John Ed Ryan, National Forest Products Assn. 
K. Sumi, National Research Council of 
Canada 
Richard P. Thornberry,  Code Consultants 
Inc. 
Lewis W. Vaughan, Canadian Sheet Steel 
Building Institute 

Alternates 

Robert W. Glowinski, National Forest Pro- 
ducts Assn. 

(Ahemate to J. E. Ryan) 
Peter B. McOrmond, Insurance Services Of- 
fice 

(Alternate to H. Spaeth) 
Norman S. Pearce, Underwriters' Labs of 
Canada 

(Alternate to P. Higginson) 

Nonvoting 

A. J. Bartoaic, Rohm & Haas Co. 

This list represents the membership at the time the Committee was balloted on the 
text o f  this edition. Since that time, changes in the membership may have occurred. 

NOTE:  Membersh ip  on a Commi t t ee  shall not in and of itself constitute an 
endorsement  of the Association or  any d o c u m e n t  developed by the Commi t t ee  
on which the m e m b e r  serves. 



CONa'ENWS 259-  3 

Contents  

C h a p t e r  1 Genera l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  5 
1-1 Scope  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259 5 
1-2 S ign i f i cance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  5 
1-3 De f in i t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  5 
1-4 G e n e r a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259 5 

C h a p t e r  2 T e s t  A p p a r a t u s  a n d  M a t e r i a l s  . . . . . . . . . . . . . . .  259-  7 
2-1 O x y g e n  B o m b  C a l o r i m e t e r  . . . . . . . . . . . . . . . . . . . . . . .  259-  7 
2-2 Elec t r ic  Muf f l e  F u r n a c e  . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  7 
2-3 Mill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  8 
2-4 Pe l l e t i ng  Press . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  8 
2-5 M i c r o b a l a n c e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259 8 
2-6 O x y g e n  Cyl inder  a n d  Accessory  E q u i p m e n t  . . . . . . . . .  259-  8 
2-7 C o m p r e s s e d  Air  Supp ly  . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  8 
2-8 S t a n d a r d  Alkali  So lu t ion  . . . . . . . . . . . . . . . . . . . . . . . . .  259-  8 
2~9 C o m b u s t i o n  P r o m o t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  8 

C h a p t e r  3 T e s t  S p e c i m e n s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  9 
3-1 S p e c i m e n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-  9 

C h a p t e r  4 Direc t  B o m b  Test  . . . . . . . . . . . . . . . . . . . . . . . . .  259-10  
4-1 S p e c i m e n  P r e p a r a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-10  
4-2 Tes t  P r o c e d u r e . . . ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-10  

C h a p t e r  5 Muf f l e  Furnace  and B o m b  Test  . . . . . . . . . . . . .  259-12  
5-1 S p e c i m e n  P r e p a r a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  259-12  
5-2 Muf f l e  F u r n a c e  P r o c e d u r e  . . . . . . . . . . . . . . . . . . . . . . .  259 12 

C h a p t e r  6 C a l c u l a t i n g  P o t e n t i a l  H e a t  . . . . . . . . . . . . . . . . .  259 -14  
6-1 Ca l cu l a t i ons  wi th  less t h a n  5% res idue  . . . . . . . . . . . . .  259 -14  
6-2 Ca l cu l a t i ons  wi th  m o r e  t h a n  5% res idue  . . . . . . . . . . . .  259-14  

A p p e n d i x  A p p l i c a t i o n  of  P o t e n t i a l  H e a t  D a t a  . . . . . . . . . .  259-15  





GENERAL 259-5  

Standard Test Method for 

Potential Heat of Building Materials 

NFPA 259-1982 

Chapter 1 G e n e r a l  

1-1 Scope. This  me thod  of test provides a means  of de termining ,  
under  control led  labora tory  condit ions,  the total  potent ia l  release of 
heat  of mater ia l s  under  def ined fire exposure condit ions.  Determina-  
tions may  be made  on indiv idual  homogeneous  or individual  com- 
posite mater ia ls ,  f rom which a representat ive  sample  can be taken.  It 
is essential tha t  the in format ion  on app l ica t ion  of potent ia l  heat  da t a  
in the Append ix  be consulted pr ior  to apply ing  test results. 

1-2 S ign i f i cance .  The  potent ia l  heat  test me thod  yields a p roper ty  
type measuremen t  of the total  heat  release possible f rom bui ld ing  
mater ia l s  when exposed to oxidizing condi t ions at 750 °C (1382 °F). 

Except  for very low heat  mater ia l s  such as steel, results are 
repor ted  in terms of heat  release per  uni t  mass (BTU/ lb ) .  

1-3 D e f i n i t i o n .  Potent ia l  heat  of a ma te r i a l  as de te rmined  by this 
me thod  is the difference between the hea t  of combust ion of a 
representat ive  specimen of the mate r ia l  and  the heat  of combust ion  
of any residue r ema in ing  after  exposure to a def ined fire condi t ion,  
using combust ion  ca lor imetr ic  techniques.  

1-4 G e n e r a l .  One of two specimens removed from the ma te r i a l  to 
be tested is pulverized, pel leted,  and  b u r n e d  in a high-pressure oxy- 
gen a tmosphe re?  This  de termines  the gross hea t  of combust ion  of 
the mater ia l .  The  second specimen is hea ted  in air  for two hours at a 
t empera tu re  of 750 °C (1382 °F). A por t ion  of the result ing residue of 
this specimen,  if any, cor responding  to a p rede t e rmined  weight of 
or iginal  mater ia l ,  is g round  or pulverized,  mixed  with a combust ion 
promoter ,  and  pel le ted for bu rn ing  as was the first specimen.  After  
cor rec t ing  for the heat  p roduced  by the combust ion  promoter ,  the 
difference in hea t ing  values of the two specimens is the potent ia l  heat  
as def ined in Section 1-3. The  test p rocedure  is i l lustrated 
schemat ica l ly  in Figure 1-4.1. 

tThe process is generally as described in ASTM D 3286-77, Standard Test Method 
for Gross Calorific Value of Solid Fuel by the IsothermalJacket Bomb Calorimeter, 
but with certain modifications or permissible exceptions, to be noted in the test pro- 
cedure. 
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MATERIAL I TO BE TESTED I r 

I PULVER,;'AT,ON I F~R,NG: 2 H..S. 'N'I 
J AIR AT 750 C ,.J 

! 
I PULVERIZATION I 

II COMBUSTIONt ADDED (WHENPROMOTERNEEDED) ]11 [J COMBUSTIONADDEDPROMOTER I 

I 1 
I COMBUSTION 

BOMB I 
COMBUSTION 

BOMB 

1 
[ C0MBUSTJ0N PROMOTER ] [ I I CORRECTION I COMBUSTION PROMOTER L j CORRECTION 

BY DIFFERENCE 

Figure 1-4.1 Schematic Diagram of Test Procedure for Potential 
Heat Measurements 
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Chapter 2 Test Apparatus and Materials 

2-1 Oxygen  Bomb Calorimeter. This device shall be used to 
determine the gross heat of combustion of the test specimen. The  ap- 
paratus shall include the firing circuit and fuse wire. 

2-2 Electr ic Muf f le  Furnace .  This apparatus  shall be used to fire 
the test specimen. A small opening or port  shall be provided for 
passage of an air-supply tube. Auxiliary apparatus  includes: 

(a) Specimen Container. This shall be a fused silica or ceramic 
container,  1¼ in. (31.8 ram) inside diameter by 4 in. (101.6 ram) 
long. 

(b) Container Cap. This shall be of material  similar to the 
specimen container (a) and shall be snug fitting. An opening shall be 
provided for insertion of the air tube (c), sized to allow a loose fit. 

(c) Air Supply Tube. This tube shall be of porcelain, fused 
silica, or corrosion-resistant metal. Inside diameter  shall be 3/~6 in. 
(4.8 ram) minimum;  length shall be sufficient to extend beyond the 
opening in the container cap (b). 

(d) Wire Specimen Holder [see Figure 2-2 (d)]. This shall be 
formed to hold the test specimen away from the wall s of the specimen 
container (a), thus allowing free air flow around the specimen. 
Corrosion-resistant wire shall be used. 

(e) Specimen Container Support. This shall be of fire brick or 

I \ \  
v / I# Y 

NOTE: WIRE .125 IN. D I ~  
(For SI Units: 1 in. = 25.4 ram) 

Figure 2-2(d) Wire Specimen Holder for Muffle Furnace Firing 
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similar material, shaped to hold the specimen container (a) and cap 
(b) in alignment with the port of the muffle furnace, thus allowing 
the air supply tube (c) to be inserted through the port and into the 
specimen container (a). 

2-3 Mill. This shall be either the hand mill or the ball mill type. It 
shall be used to pulverize test specimens. 

2-4 Pellet ing Press. This press shall be used for compressing the 
pulverized test specimen into a pellet shape suitable for the bomb 
calorimetry procedure. The press shall be a type normally used for 
bomb calorimetry. 

2-5 Microbalance.  This balance shall be a type normally used for 
chemical analysis, weighting to 0.1 mg. 

2-6 Oxygen Cylinder  and Accessory Equipment. This cylinder 
and its accessories shall be suitable for use with the bomb 
calorimeter. 

2-7 Compressed Air  Supply. This shall be a suitable laboratory air 
supply for use with the muffle furnace. 

2-8 Standard Alkali Solution. This shall be the standard alkali 
titrating solution, as specified in ASTM D 3286-77, Standard Test 
Method for Gross Calorific Value of Solid Fuel by the Isothermal- 
Jacket Bomb Calorimeter, paragraph 7-5. 

2-9 Combustion Promoter. This shall be the National Bureau of 
Standards standard material for calorimetric determinations, ben- 
zoic acid. 
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Chapter 3 Test Specimens 

3-1 Specimens .  Two air -dry representat ive  specimens shall be re- 
qui red  for each de te rmina t ion ,  one for each test procedure .  

3-1.1 A specimen shall be considered air  dry when it has reached 
constant  weight in an envi ronment  ma in t a ined  at 73 + 2°F (23 + 
1 °C) and 50 + 5 percent  relative humidi ty .  

p 

3-1.2 If  the test subject  is a composi te  or heterogeneous mater ia l ,  
the various elements of the subject  shall be conta ined  in the test 
specimen in the same propor t ions  as in the mater ia l .  
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Chapter 4 D i r e c t  B o m b  T e s t  

4-1 Specimen Preparation. 
4-1.1  O n e  test  s p e c i m e n  shal l  b e  p u l v e r i z e d  in  the  h a n d  or  ba l l  mi l l  
so as to pass  t h r o u g h  a 60 m e s h  sc reen .  1 E n o u g h  of  the  s p e c i m e n  sha l l  
b e  p u l v e r i z e d  so as to p r o v i d e  n o  less t h a n  10 g of  powde r .  

4 -1 .1 .1  T h e  s p e c i m e n  w h i c h  is p u l v e r i z e d  sha l l  n o t  be  s m a l l e r  t h a n  
½ in.  × 3 in.  (12.7  m m  × 76.2 m m )  in the  th ickness  supp l i ed .  

4 -1 .1 .2  P a r t i c u l a r  ca re  sha l l  b e  t a k e n  to avo id  s e g r e g a t i o n  or  
s e p a r a t i o n  of  c o m p o n e n t s .  Fo r  grossly h e t e r o g e n e o u s  m a t e r i a l s ,  a 
r e p r e s e n t a t i v e  s p e c i m e n  sha l l  b e  o b t a i n e d  by  c o m b i n i n g  s a m p l e s  of  
m a t e r i a l  f r o m  d i f f e r e n t  un i t s  (or  sheets)  a n d  f r o m  d i f f e r e n t  l o c a t i o n s  
o n  e a c h  u n i t .  

4 -1 .2  A pel le t ,  w e i g h i n g  a p p r o x i m a t e l y  1 g, sha l l  be  p r e p a r e d  f r o m  
a n  i n t i m a t e  m i x t u r e  of  the  p o w d e r .  

4 -1 .2 .1  All  w e i g h t  m e a s u r e m e n t s  sha l l  b e  to the  n e a r e s t  0.1 mg .  

4 -1 .2 .2  Pel le ts  sha l l  be  m a d e  in  a c c o r d a n c e  w i t h  t he  m e t h o d  for  t he  
p a r t i c u l a r  p e l l e t i n g  press  in  use  a n d  of  a size c o n v e n i e n t  for  t he  
s p e c i m e n  cup .  T h e  pel le ts  sha l l  be  no  h a r d e r  t h a n  is necessa ry  to pre-  
ven t  t h e i r  d i s i n t e g r a t i o n  d u r i n g  p r e p a r a t i o n  for  f i r ing .  Excessively 
h a r d  pel le ts  m a y  f r a c t u r e  a n d  resu l t  in  i n c o m p l e t e  c o m b u s t i o n  w h e n  
f i red .  

4-2 Test Procedure. 
4-2.1  T h e  pel le t ,  p r e p a r e d  p e r  Sec t ion  4-1,  sha l l  b e  t e s t ed  in accor-  
d a n c e  w i t h  A S T M  D 3286-77,  Standard Test Method for Gross 
Calorific Value of Solid Fuel by the Isothermal-Jacket Bomb 
Calorimeter, w i t h  the  fo l l owing  excep t i ons :  

Exception No. 1 (to paragraph 8.3.2): I f  fuse wire is provided for 
the bomb in use, a suitable correction factor for the wire shall be ap- 
plied. 

~While many materials may be suitably reduced using a clean carbide double 
bastard file or mortar and pestle or both, it may sometimes be useful to (dry-ice) freeze 
materials containing asphaltic, mastic, or plastic components prior to filing, or to use 
mechanical blenders, ball or hammer mills, grinders, milling or lathe cutters, etc. For 
laminated materials, it may be preferable to separate into component layers and to 
grind, file, or pulverize each component separately. The powdered components then 
may be mixed intimately in proportion to their original weight fractions and the mix- 
ture tested, or, alternately, each component may be tested separately and the con- 
tributions of heat combined in proportion to their original weight fraction. 
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Exception No. 2 (to paragraph 10.1): In cases of  incomplete burn- 
ing, a combustion promoter shall be used. 

Exception No. 3 (to paragraph 6.8): An ignition system supplied 
for  the bomb may be substituted. 

Exception No. 4 (to paragraph 8.2.7): Where materials leave a 
residue, the cup containing the residue shall be removed and the 
bomb rinsed out and titrated (as described in this paragraph). 

Exception No. 5 (to paragraph 11.3.1): The method of  this test for  
potential heat release of materials gives the gross heat of  combustion 
of  a material in an air-dry condition; net calorific value (net heat of 
combustion) calculations, as described in paragraph 11.3.2, are not 
normally a part of this procedure. 
Exception No. 6: For tests on specimens which are predominantly 
metallic, the use of  a silica combustion capsule is recommended. The 
water equivalent of the calorimeter using the silica capsule should be 
measured and used. 

4-2.2 If, after being fired in the oxygen bomb,  the pellet is found to 
have burned completely, or to have left residue or ash which weighs 
less than 1 percent of the original pellet weight, the heat of combus- 
tion shall be computed  on an air:dry basis. In this case, procedures 
set forth in 4-2.3 shall be ignored. 

4-2.3 If  the pellet does not burn,  or a residue or ash which weighs 1 
percent or more of the original pellet weight remains after the firing, 
another 1-g pellet shall be prepared using approximately ½-g  por- 
tions of the powdered specimen and a s tandard  specimen of benzoic 
acid combustion promoter.  (See Section 4-1.) 

4-2.3.1 Each portion shall be weighed accurately to 0.1 mg prior to 
pelletizing. 

4-2.3.2 The  pellet shall be weighed accurately to 0.1 mg. 

4-2.3.3 Any loss in weight after mixing and pelletizing shall be sub- 
tracted from the specimen and the combust ion promoter  in propor- 
tion to their original weight fractions, and the corrected weights shall 
be used in the heat of combust ion calculations. 

4-2.3.4 The  pellet prepared with the benzoic acid shall be tested in 
accordance with 4-2.1. 

4-2.4 In calculating the heat of combustion, as determined in 
4-2.3, a correction for the heat of combustion of the benzoic acid 
present in the pellet shall be applied to the measured heat released by 
the specimen. The  heat of combustion of the specimen material, on 
an air-dry basis, shall then be computed.  
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Chapter 5 Muffle Furnace and Bomb Test 

5-1 Specimen Preparation.  An air-dry specimen of the test 
material selected in accordance with Chapter 3 shall be cut in the 
form of a rectangular prism ½ + %in. by 3A _+ ~in .  by2 ½ _+ ½ 
in. (12.7 _+ 3 .2mm by 190 + 3.2 mm by 63.5 + 12.7 mm). Sheet 
materials shall be layered to these dimensions. 

5-2 Muffle Furnace Procedure. 
5-2.1 The muffle furnace shall be preheated to 750 + 10°C (1382 
_+ 18°F). 

5-2.2 The specimen shall be weighed and placed on the wire sup- 
port in the specimen container. The container shall be closed with its 
cap, and placed in the fire-brick base. 

5-2.3 When the furnace has been preheated, the fire-brick base, 
with the specimen and its container, shall be placed in the muffle 
furnace so as to align the muffle furnace port and the opening in the 
specimen container cap. The external air supply tube shall be passed 
through the port into the container in proximity to the specimen. 

5-2.4 The test specimen shall be fired for two hours with a 
regulated air flow supplied to the specimen of 0.1 cfm (47.2 
cm3/sec), referenced to 60°F (15.6°C) and 30 in. Hg (101,000 
N/m2). 

5-2.4.1 If ignition should occur immediately upon placing the 
specimen in the furnace, application of air shall be delayed until the 
initial flaming has stopped. 

5-2.5 Upon completion of the two-hour firing cycle, the container 
with the specimen shall be cooled in a desiccator, and the weight of 
the residue shall be determined. 

5-2.6 If the residue from the muffle firing procedure is less than 5 
percent of the initial weight of the specimen, the provisions of 5-2.7 
and 5-2.8 shall be omitted, and the heat of combustion previously 
determined under the direct bomb test, Chapter 4, shall be reported 
as the potential heat of the material. 

5-2.7 If the residue after muffle firing is in excess of 5 percent of 
the original specimen weight, the residue shall be pulverized into a 
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homogeneous powder. A ~ - g  sample of residue shall be mixed with 
an equal weight of benzoic acid and formed into a 1-g pellet. The 
pellet is then treated as specified in the procedure for direct bomb 
test, Chapter 4, to determine the heat of combustion of the residue. 

5-2.8 The heat of combustion of the residue per unit weight of 
original specimen shall be computed by multiplying the heat of com- 
bustion determined in 5-2.7 above by the ratio of residue weight, in 
5-2.5, to the original specimen weight. 
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Chapter 6 Calculating Potential Heat 

6-1 The  potential heat for test specimens yielding a residue from 
the muffle test procedure of less than 5 percent of the specimen's in- 
itial weight shall be equivalent to the specimen's heat of combustion, 
as determined by the direct bomb test, Chapter  4. 

6-2 For test specimens which yield a residue from the muffle test 
procedure of 5 percent or more of initial specimen weight and, 
therefore, require direct bomb calorimetry of the residue, the poten- 
tial heat shall be determined as follows: 

6-2.1 The  heat of combust ion of  the residue shall be subtracted 
from the heat of combustion determined via the direct bomb test, 
Chapter  4. The potential heat shall thus be a measure of the heat 
released by a material  in the muffle furnace firing. 

6-2.2 Potential heat shall be reported as quanti ty of heat per unit 
weight. 

Exception: Where appropriate, potential heat shall be reported as 
quantity of  heat per unit volume or surface area. For material such 
as metals where the combustion process is relatively slow, and is a 
function of  surface area, potential heat shall be reported ap- 
propriately on a surface area basis only. 

6-2.3 One determination of the potential heat of a material  is nor- 
mally adequate,  provided there is not significant variability to the 
material and the testing laboratory has established good confidence 
in its procedures. 
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Appendix Application of Potential  Heat  Data 

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

Application of Potential  Heat  Data. 
The  potent ia l  heat  test provides an assessment of one proper ty  of a 

ma te r i a l  the total  heat  release possible with muffle  exposure of the 
specimen,  under  oxidizing condit ions,  at 750°C (1382°F). The  ap- 
p ropr i a t e  use of this p rocedure  must  recognize its na ture  as a proper-  
ty type-test .  1 In many  applicat ions,  add i t iona l  suppor t ing  test da ta  
by other  fire test methods  may be requi red  for qual i fying mater ia l s  
for various fire safe appl icat ions.  As an example ,  it should be 
recognized that  under  ac tual  fire condit ions some mater ia ls  release 
all or most of their  heat  very rapidly.  Other  mater ia l s  release heat  
very slowly and  depend ing  upon  thicknesss and fire condit ions may  
never release all the heat  possible. The  use of the mate r ia l  and  addi-  
t ional  suppor t ing  da ta  are usually requi red  for classifying the 
mater ia ls .  

T h e  Test Method. 
The  potent ia l  heat  test me thod  s makes  use of oxygen bomb  

ca lor imetr ic  measurement  methods .  I t  measures  the difference be- 
tween the heat  of combust ion of a p roduc t  sample  and that  of the 
residue r ema in ing  after exposure of ano ther  specimen to a s tandard-  
ized intense thermal  exposure.  Results of the test are usually repor ted  
in terms of heat  release per  uni t  mass of the specimen involved. 

The  test p rocedure  is based on as comple te  combust ion  of the 
specimen as is possible within a two-hour  exposure per iod in a muffle  
furnace  at 750°C (1382°F). 

The  bomb  calor imetry  techniques used involve very small 
specimens of about  one g mass. Because of this, the sampl ing  and 
specimen p repa ra t ion  procedures  used become of considerable im- 
por tance ,  especially with heterogeneous or composi te  materials.  Two 
procedures  are avai lable to the investigator:  one involves measure- 
ment  of the potent ia l  heat  of the individual  components  of the 
ma te r i a l  and  then on the basis of computa t ions  deriving an overall 
value of the composite.  Another  possibility involves the pulverization 
of a representat ive  section of the composite  and then the test of the 
resul t ing mix ture  in the form of a small  pellet.  The  selection of a 
specimen for thermal  exposure in the muffle furnace will, of course, 
depend  on which of the p repa ra t ion  procedures  is to be used. 
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The  fact that  the muffle  exposure is a severe one, involving com- 
bustion of most of the oxidizable  fuel at 750°C (1382°F), is essential 
for its considera t ion as a p roper ty  type-test  method .  This must  be 
carefully considered when apply ing  potent ia l  heat  da ta  as a basis of 
code or regula tory  procedures  for bu i ld ing  or o ther  fire safety pur-  
poses. This  is especially true when life safety is of pr ime concern.  
Thus  the potent ia l  heat  of two wall components  may be ident ical ,  
and  yet in one wall the combust ib le  componen t  may be placed on the 
exposed wall surface while in the other  it may  be deeply bur ied ,  for 
example ,  benea th  an exposed masonry  construct ion.  Obviously, 
these walls represent  two possible extremes in the hazard  presented 
by the wall to bu i ld ing  occupants  in the event of a fire. Thus,  simple 
considera t ion of the potent ia l  heat  of the wall mater ia ls  yields lit t le 
in format ion  on the relative fire pa r t i c ipa t ion  hazard  of the two walls. 
This p rob lem is character is t ic  of p roper ty  type fire tests. It em- 
phasizes the need for discret ion in the use of the test methods  and in 
the app l ica t ion  of result ing test da ta .  

A u x i l i a r y  Tests. 

As ind ica ted  above, p roper ty  type fire tests are seldom comprehen-  
sive enough to form the sole basis of acceptance  of mater ia ls  or pro- 
ducts. Add i t iona l  tests are usually required.  Examples  of o ther  types 
of tests that  might  be of value in evaluat ing  mater ia l s  as to their  fire 
hazard  include the ad iaba t ic  furnace,  6 a smolder ing  test, heat  release 
rate  ca lor imeter ,  4,5 and f lame spread  tests. 7,s Only the f lame spread  
tests have received recogni t ion by na t ional  s tandards  organizat ions.  
The  smolder ing  test has not  yet received sufficient recogni t ion to 
have been developed,  a l though numerous  ad  hoc tests of this type 
have been conduc ted  as the need for them became obvious. 

Precision of the Potential  Heat Test. 

The  original  pape r  on this test me thod  s discussed the precision 
level possible within a single labora tory .  It was concluded tha t  with 
technicians skilled in the p rocedure  involved, the s t anda rd  deviat ion 
of differences between dupl ica te  de te rmina t ions  of potent ia l  heat  
would be equal  to about  94 B T U / l b .  This  predict ion,  based on early 
work at NBS, was la ter  conf i rmed for three of the five mater ia l s  
tested in the in te r l abora to ry  s t udy?  In this reference a f igure of 92 
B T U / l b  was r e p o r t e d .  These  values  c o r r e s p o n d  to expec t ed  
repea tab i l i ty  between dupl ica tes  of 200 B T U / l b  with a 95 percent  
confidence level. 

In the or iginal  paper  it was s ta ted that  this o rder  of repea tab i l i ty  
was independen t  of the potent ia l  heat  measured .  Figure A-1 provides 
a g raph ica l  indica t ion  of the basis of this c la im.  This  f igure presents 
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Figure A-1 NBS Data Difference Between Duplicate Potential Heat Measurements, as a 
Function of the Average 

Deviation between duplicates as a function of average potential heat for a wide range of materials. Data points 
represent: X specified procedure, two determinations on both material and muffled specimen, Jr- specified proce- 
dure NBS data from round robin study 3, • specified procedure but only one test of muffled specimen and (9 specified 
procedure for materials of low ash content no test on muffled specimen. 


