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N O T I C E  

All questions or o ther  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 tent ion  of the Commi t t ee  responsible for 
the document .  

For in format 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 a m e n d m e n t s  for Commit tee  considera- 
tion, and  appeals  on mat ters  re la t ing  to the content  of the doct /ment ,  write to the 
Assistant Vice Pres ident-  Standards,  Nat iona l  Fire Protect ion Association, 470 Atlan- 
tic Avenue, Boston, MA 02210. 

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

1. Adop t ion  by  Re fe r ence  - -  Public  authori 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  au thor i ty  
must  be no ted  separately.  Those using this me thod  are requested to notify the NFPA 
(Attent ion:  Assistant Vice President  -- Standards)  in wri t ing of such use. The  term 
"adopt ion  by reference" means  the c i t ing of title and  publ i sh ing  informat ion  only. 

2. A d o p t i o n  by T r a n s c r i p t i o n  - -  A. Publ ic  author i t ies  with l aw-making  or rule- 
m a k i n g  powers only,  upon wri t ten  notice to the NFPA (Attent ion:  Assistant Vice 
President  --  Standards) ,  will be g r an t ed  a royalty-free license to pr in t  and  republ ish 
this documen t  in whole or in part ,  with changes and additions, if any, noted separately, 
in laws, ordinances,  regulat ions,  adminis 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 con ta 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 aw-making  or ru le -making  
process. B. Publ ic  authori t ies  with advisory funct ions and  all others desir ing permis- 
sion to reproduce  this document  or its contents  in whole or in par t  in any form shall  
consult  the NFPA. 

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. 

See Official NFPA Definitions at the back of this pamphlet. 
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1979 Edition of NFPA 220 

The following text on Standard on Types of Building Construction 
has been prepared by the NFPA Committee on Building Construc- 
tion and was adopted by the National Fire Protection Association, 
Inc., on May 16, 1979 at its Annual Meeting in St. Louis, MO. -It was 
released for publication by the Standards Council on June 11, 1979. 
The descriptions included are intended to identify only those factors 
necessary to define building types. This particular edition represents 
a limited revision but includes a substantial change with reference to 
the classification of types of construction as contained in Chapter 3. 

Origin and Development of NFPA 220 

In 1952, the Committee on Building Construction secured ten- 
tative adoption of Standard Types of Building Construction at the 
NFPA Annual Meeting. At the 1954 NFPA Annual Meeting, revi- 
sions of the 1952 tentative text were adopted by the Association, and 
in 1955 minor revisions were also acted upon favorably. A new 
definition of "noncombustibility" and editorial changes in the 
description of the fire resistance rating of structural members (under 
the definition of fire-resistive construction) were adopted at the 1956 
NFPA Annual Meeting on recommendation of the Committee on 
Building Construction. 

In 1958, with the use of plastics in building construction, recom- 
mendations on the types of standard fire tests to be used in 
evaluating the fire safety of these materials were adopted and in- 
serted in the Appendix. 

In 1961, an Appendix was adopted to furnish a guide to NFPA 
Committees, regulatory officials, and others relative to the classifica- 
tion of air supported structures. 

In 1975, a more fundamental definition for noncombustible was 
added including the introduction of "limited combustible" based on 
potential heat value limitations and more generalized definitions for 
types of building construction. 
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Alternates  

James  P. Barr is ,  Portland Cement  Association 
(Alternate to P. K. Heilstedt) 

J .  S. Bar r i t t ,  Industrial Risk Insurers (Al- 
ternate to E. E. Miller) 

Wi l l i am  I.  Blazek,  U.S. General Services 
Admin i s t r a t ion  (Al ternate  to Wi l l i am 
Downing) 

Delber t  F. Bor ing,  J r . ,  American Iron & Steel 
Institute (Alternate to R. G. Gewain) 

David  Brackett ,  Gypsum Association (Alter- 
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This list represents the membership at the time the Committee was balloted on the text o f  thts edL 
ttbn. Sznce that time, changes tn the membership may have occurred. 
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Standard on 

Types of Building Construction 

NFPA 2 2 0 ~  1979 

Chapter 1 General 

1-1 Purpose .  This Standard outlines basic definitions for stan- 
dard types of building construction for reference by committees 
operating under the procedures of the National Fire Protection 
Association. 

1-2 Scope. This Standard considers only those factors ne- 
cessary to define building types. The requirements for partitions, 
fire separation partitions, shaft enclosures and fire walls, other 
than bearing walls and partitions, are not related to the construction 
types and need to be specified in other standards and codes, where 
appropriate. I t  is also necessary for the user tO consider the in- 
fluence of location, occupancy, exterior exposure, possibility of 
mechanical damage to fire protection material, and other features 
which may impose additional requirements for safeguarding life 
and property, as commonly covered in building codes. 

1-3 Guide  to Classification of Types  of Construction. The 
types of construction include five basic types designated by Roman 
numerals as Type  I, Type II ,  Type  I I I ,  Type IV, and Type V. 
This system of designating types of construction also includes a 
specific breakdown of construction type through the use of Arabic 
numbers. These numbers follow the Roman numeral notation when 
naming a type of construction, e.g., Type  1-443, Type  II-111, 
Type  III-200, etc. 

The Arabic numbers following each basic type (Type I, Type II ,  
etc.) designate the fire resistance rating requirements for certain 
structural elements as follows: 

F i r s t  A r a b i c  N u m b e r  - -  Exterior bearing walls. 

S e c o n d  A r a b i c  N u m b e r  - -  Structural frame or columns and girders, 
supporting loads for more than one floor. 

T h i r d  A r a b i c  N u m b e r  - -  Floor construction. 
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C h a p t e r  2 D e f i n i t i o n s  t 

2-1 F i re  res i s tance  r a t i n g  is the time, in minutes or hours, that  
materials or assemblies have withstood a fire exposure as estab- 
lished in accordance with the test procedures of Standard Methods 
of Fire Tests of Building Construction and Materials (NFPA 251). 2 

2-2 F lame  sp read  r a t i n g  refers to numbers  or classifications 
obta ined according to the Method of Test of Surface Burning Character- 
istics of Building Materials (NFPA 255). 

2-3 L i m i t e d - c o m b u s t l b l e  as applied to a bui lding construction 
material,  means a material,  not complying with the definition of non- 
combustible material, which, in the form in which it is used, has a 
potential  heat value not  exceeding 3500 Btu per pound (8141 
K j / K g ) ,  3 and complies with one of the following paragraphs (a) or 
(b). Materials subject to increase in combustibi l i ty or flame spread 
rat ing beyond the limits herein established through the effects of 
age, moisture, or other atmospheric condit ion shall be considered 
combustible.  

(a) Materials having a structural  base of noncombust ib le  ma- 
terial, with a surfacing not exceeding a thickness of ½ of an inch 
(3.2 mm) which has a flame spread ra t ing not  greater than 50. 

• (b) Materials; in the form and thickness used, other than as de- 
scribed in (a), having neither a flame spread rat ing greater than 
25 nor evidence of cont inued progressive combust ion and of such 
composition that  surfaces that  would be exposed by cut t ing through 
the material  on any  plane would have neither a flame spread 
rating greater than 25 nor evidence of cont inued progressive com- 
bustion. 

1These definitions apply to the materials used in the construction of buildings, 
but do not apply to furnishings or the contents of buildings, or to the fire hazard 
evaluation of materials. 

2The fire resistance of building construction varies with the susceptibility 
to damage by fire of the building materials used and the degree of fire protec- 
tion, if any, provided for the structural members. 

3See Standard Test Method for Potential Heat of Building Materials, NFPA 259. 
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2-4 Minimum hourly fire resistance rat ing is that degree of 
fire resistance deemed necessary by the authority having juris- 
diction. 

2-5 Potential heat value means the average value, in Btu per 
pound, obtained by testing a building material in accordance with 
the Tentative Method of Test for Potential Heat of Materials in Building 
Fires (ASTM Special Technical Publication 464, 1970, pp. 147-152). 

2-6 Noncombustible material means a material which, in the 
form in which it is used and under the conditions anticipated, will 
not ignite, burn, support combustion, or release flammable vapors, 
when subjected to fire or heat. Materials reported as noncom- 
bustible, when tested in accordance with the Standard Method of 
Test for Noncombustibility of Elementary Materials, ASTM E-136, shall 
be considered noncombustible materials. 
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Chapter 3 Types of Construction 

3-1 Type  I (443-332). 

3-1.1 Type I Construction is that type in which the structural 
members, including walls, columns, beams, floors, and roofs, are 
of approved noncombustible or limited-combustible materials and 
have fire resistance ratings not less than those set forth in Table 3. 

3-2 Type II (222-111-000). 
3-2.1 Type I I  Construction is that type not qualifying as 

Type I Construction in which the structural members including 
walls, columns, beams, floors, and roofs are of approved noncom- 
bustible or limited-combustible materials and have fire resistance 
ratings not less than those set forth in Table 3. 

3-3 Type III (211-200). 
3-3.1 Type I I I  Construction is that type in which exterior 

walls and structural members which are portions of exterior wails 
are of approved noncombustible or limited-combustible materials, 
and interior structural members, including walls, columns, beams, 
floors, and roofs, are wholly or partly of wood of smaller dimensions 
than required for Type IV Construction or of approved noncom- 
bustible, limited-combustible, or other approved combustible ma- 
terials. In addition, structural members have fire resistance ratings 
not less than those set forth in Table 3. 

3-4 Type IV 1 (2HH). 
3-4.1 Type IV Construction is that type in which exterior 

and interior walls and structural members which are portions of 
such walls are of approved noncombustible or limited-combustible 
materials. Other interior structural members including columns, 
beams, arches, floors and roofs are of solid or laminated wood with- 
out concealed spaces and comply with the provisions of 3-4.2 
through 3-4.6. In addition, structural members have fire resistance 
ratings not less than those set forth in Table 3. 

Exception N o  7: Interior columns, arches, beams, girders, and trusses of 
approved materials other than wood are permitted provided they are pro- 
tected to provide a fire resistance rating of not less than / hour. 

Exception No. 2: Certain concealed spaces are permitted by the Excep- 
tion to 3-4.4. 

1 The dimensions used for sawn and glued laminated lumber in this Sec- 
tion 3-4 are nominal dimensions. 



T a b l e  3 F i r e  R e s i s t a n c e  R e q u i r e m e n t s  for  T y p e  I t h r o u g h  T y p e  V C o n s t r u c t i o n  

T y p e  I 

443 332 

T y p e  I I  

222 111 

E X T E R I O R  BEARING W A L L S -  
Supi:orting more than one fldor, 

columns or other bearing walls 4 3 2 1 
Support ing one floor only 4 3 2 1 
Support ing a roof only . . . . . . .  4 3 1 1 

I N T E R I O R  BEARING W A L L S -  
Support ing more than one floor, 

columns or other bearing walls 4 3 2 1 
Support ing one floor only 3 2 2 1 
Support ing a roof only. . . . . . . .  3 2 1 1 

C O L U M N S  - -  
Support ing more than  one floor, 

bearing walls or other columns 4 3 2 1 
Support ing one floor only 3 2 2 1 
Support ing a roof only . . . . . . .  3 2 1 1 

BEAMS, G I R D E R S ,  TRUSSES & 
A R C H E S  - -  

Support ing more than one floor, 
bearing walls or columns 4 3 2 1 

Support ing one floor only 3 2 2 1 
Support ing a roof only . . . . . .  3 2 1 1 

F L O O R  C O N S T R U C T I O N  . . . 3 " 2 2 1 

R O O F  C O N S T R U C T I O N  2 1 ½ 1 1 

E X T E R I O R  N O N B E A R I N G  WALLS 01 01 0 ~ 01 

Type  I I l  Type  IV T y p e  V 

000 211 200 2HH I I I  000 

. / - / / "  / 
o' 2 2 2 . - ~ . ' 0 1 "  
01 2 2 2 / 1 "  /°oll/ 01 2 2.  2 / 1 / /  

0 ~ , 2 
0 . / 0 / ~ ,  1 
0 1 / 0 /  

0 1 / I / 0  / 0 /  
0 / 1 / / 0 / ~ /  H 2 CH2/`/1/ /0°  5 0 / 1  ,/ / 1  ,./. , 

/ /  `/0 
0 / 1 /  / - H 2  / / 1 /  0 / 
0 . / 1  / o  / H / 1  / / % /  
0 . / 1 /  / - 0  / / / 1  / / / / 6 /  

0 " 1 / " / H 2 /  . / / / 0 /  / / / o / ` / /  /`/1 / 
01 /01 / O I /  0 ~  `/01 / / / 6>  

Those members listed that are permitted to be of approved combustible material.  

I R e q u i r e m e n t s  for fire r e s i s t ance  of  ex t e r io r  wa l l s ,  t he  p rov i s ion  of  s p a n d r e l  w a l l  sect ions ,  a n d  the  l i m i t a t i o n  or  p r o t e c t i o n  
of w a l l  o p e n i n g s  a re  n o t  r e l a t e d  to cons t ruc t i on  type .  T h e y  n e e d  to  be  spec i f i ed  in  o the r  s t a n d a r d s  a n d  codes,  w h e r e  a p p r o p r i -  
a te ,  a n d  m a y  be r e q u i r e d  in  a d d i t i o n  to the r e q u i r e m e n t s  of  this  S t a n d a r d  for t he  c o n s t r u c t i o n  type .  

2 " H "  ind ica t e s  h e a v y  t i m b e r  m e m b e r s ;  see t ex t  for r e q u i r e m e n t s .  
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3-4.2 Wood columns supporting floor loads shall be not less 
than 8 inches (203 mm) in any dimension; wood columns sup- 
porting roof loads only shall be not less than 6 inches (152 ram) 
in least dimension and not less than 8 inches (203 ram) in depth. 

3.4.3 Wood beams and girders supporting floor loads shall 
be not less than 6 inches (152 mm) in width and not less than 10 
inches (254 mm) in depth; wood beams and girders and other roof 
framing, supporting roof loads only, shall be not less than 4 inches 
(102 ram) in width and not less than 6 inches (152 mm) in depth. 

3-4.4 Framed or glued laminated arches which spring from 
grade or the floor line and timber trusses which support floor loads 
shall be not less than 8 inches (203 ram) in width or depth. Framed 
or glued laminated arches for roof construction which spring from 
grade or the floor line and do not support floor loads shall have 
members not less than 6 inches (152 ram) in width and not less 
than 8 inches (203 ram) in depth for the lower half of the height 
and not less than 6 inches (152 mm) in depth for the upper half. 
Framed or glued laminated arches for roof construction which 
spring from the top of walls or wall abutments and timber trusses 
which do not support floor loads shall have members not less than 
4 inches (102 mm) in width and not less than 6 inches (152 mm) 
in depth. 

Exception: Spaced members may be composed of two or more pieces not less 
than 3 inches (76 ram) in thickness when blocked solidly throughout the# 
intervening spaces or when such spaces are tightly closed by a continuous 
wood cover plate not less than two inches (51 ram) in thickness, secured to 
the underside of the members. 

Splice plates shall be not less than 3 inches (76 ram) in thickness. 

3-4.5 Floors shall be constructed of splined or tongued and 
grooved plank not less than 3 inches (76 ram) in thickness covered 
with 1 inch (25 ram) tongue and groove flooring, laid crosswise or 
diagonally to the plank, or with 1/~ inch (12.7 mm) plywood, or 
of laminated planks not less than 4 inches (102 ram) in width, 
set on edge close together, spiked at intervals of 18 inches (457 ram) 
and covered with 1 inch (25 mm) tongue and groove flooring laid 
crosswise or diagonally to the plank or with 1/6 inch (12.7 mm) 
plywood. 

3-4.6 Roof decks shall be of splined or tongued and grooved 
plank not less than 2 inches (51 mm) in thickness; or of laminated 
planks not less than 3 inches (76 mm) in width, set on edge close to- 
gether, and laid as required for floors ; or of 1 ~ - inch  (28.6-mm) thick 
interior plywood (exterior glue); or of appro,zed noncombustible 
or limited-combustible materials of equal fire durability. 
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3-5 Type V (111-000). 

3-5.1 Type V Construction is that type in which exterior walls, 
bearing walls, and floors and roofs and their supports are wholly 
or partly of wood or other approved combustible material smaller 
than required for Type IV Construction. In addition, structural 
members have fire resistance ratings not less than those set forth in 
Table 3. 
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Appendix  A 

This Appendix is not a part of this NFPA Standard, but is included for information 
purposes only. 

A-1 Reference  Publications.  

A-I.1 NFPA Standards.  This Publication makes reference to 
the following NFPA Standards and the year dates shown indicate 
the latest editions available: 

(a) NFPA 102-1978, Standard for Assembly Seating, Tents, and Air- 
Supported Structures. 

(b) NFPA 251-1979, Standard Methods of Fire Tests of Building 
Construction and Materials. 

(c) NFPA 255-1979, Method of Test of Surface Burning Character- 
istics of Bui/ding Materials. 

(d) NFPA 259-1976, Standard Test Method J or Potential Heat of 
Building Materials. 

A-1.2 Other  Publications. This Standard makes reference to 
the following publications and the year date shown indicates the 
latest edition available: 

(a) ASTM E-136-1973, Standard Method of Test ,for Noncom- 
bustibihty of Elementary Materials, American Society for Testing and 
Materials, 1916 Race Street, Philadelphia, PA 19103. 
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Appendix B. Recommendations on Plastics in 
Building Codes and Standards 

This Appendix is not a part of this NFPA Standard, but is included for information pur- 
poses only. 

This Appendix is prepared to furnish guidance to NFPA com- 
mittees and for the drafting of provisions, applying to plastics, 
which may be used in building codes. 

Small-scale fire tests may provide misleading results in evaluating 
plastics for building materials. I t  is not proper to exempt plastics 
from recommendations as to fire hazard characteristics which 
building codes and standards specify for other building materials. 

The use of standard fire tests for all building materials, including 
plastics, is recommended, particularly those for fire resistance of 
structural assemblies (NFPA 251, Standard Methods for Fire Tests 
of Building Construction and Materials) and for surface flame spread 
and other features (NFPA 255, Method of Test of Surface Burning 
Characteristics of Building Materials). 
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Appendix C. Classification of Air Supported Structures I 

This Appendix is not a part of this NFPA Standard, but is included for informational 
purposes only. 

This Append ix  is p repa red  to furnish gu idance  to N F P A  com- 
mittees, regula tory  officials and  others interested in the classifica- 
tion of air  suppor ted  structures. 

Ai r  suppor ted  structures are enclosures which  depend  p r imar i ly  
on air  pressure for their  support .  T h e y  are genera l ly  made  of 
plastics and  in most cases are  d i rec t ly  suppor ted  by  ai r  pressure 
and in other  cases the supports  are air  inflated columns,  pil lars 
or pilasters. A thi rd  type has a l imited a m o u n t  of s t ructura l  steel 
supports.  

T h e  use of a i r  for s t ructura l  suppor t  raises the quest ion of the 
p roper  classification of such structures for app l ica t ion  of codes and 
s tandards.  

These  structures should not be classified as bui ldings for a num-  
ber  of reasons, some of which follow. Present  codes and s tandards  
con templa te  tha t  the suppor t ing  members  of bui ldings are  of ma-  
terial  such as steel, concrete and wood,  which are considered to 
provide  more  dependab le  s t ructura l  suppor t  than  air  pressure. 
Fur ther ,  there is no means  for suppor t ing  sprinklers, where  such 
might  be needed to pro tec t  the s t ructure  or the occupancy,  nor  
can fire resistance rat ings be readi ly  ob ta ined  for port ions of the 
s tructure which should have such rat ings under  cer ta in  condit ions 
if they were classified as buildings.  These factors c lear ly  indicate  
tha t  such structures cannot  be made  to comply  with  provisions 
normal ly  app l i cab le  to buildings.  

I t  is r e commended  tha t  these structures be classed as tents, as 
they more  closely resemble tents from a f i re-protect ion s tandpoin t  
and  by  classifying them as such, they can be made  to comply  with  
provisions app l icab le  to tents, whether  such provisions be in a 
bui ld ing  code, fire prevent ion code, or separa te  s tandards.  

1See also, NFPA 102, Standard for Assembly Seating, Tents, and Air-Supported 
Structures. 
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Appendix D. Potential Heat of Selected Building Materials I 

Material 
1. WOODS 

a. D o u g l a s  fir, u n t r e a t e d  . . . . . .  

b. D o u g l a s  f ir  ( r e t a r d a n t  t r e a t m e n t  
" A " )  . . . . . . . . . . . .  

c. D o u g l a s  fir ( r e t a r d a n t  t r e a t m e n t  
"B') . . . . . . . . . . . .  

d. D o u g l a s  f ir  ( r e t a r d a n t  t r e a t m e n t  
" C " )  . . . . . . . . . . . .  

e. M a p l e  soft, u n t r e a t e d  . . . . . .  

f. H a r d b o a r d ,  u n t r e a t e d  . . . . . .  

2. P L A S T I C S  

a. Po lys ty rene ,  wa l l  t i le  . . . . . .  0 .075 

b. R ig id ,  p o l y v i n y l  ch lo r ide ,  r e t a r d a n t  
t r e a t e d  . . . . . . . . . . . .  147 

c. P h e n o l i c  l a m i n a t e  . . . . . . . . .  063 

d. P o l y c a r b o n a t e  res in  . . . . . . .  ¼ 

3. I N S U L A T I O N  

a. Glass  f iber ,  s emi r ig id ,  no  v a p o r  
b a r r i e r  . . . . . . . . . . .  1 

b. R o c k  woo l  b a t t i n g ,  p a p e r  enc losu re  3 

c. R o o f  i n s u l a t i o n  b o a r d  . . . . . .  1 

d. C o r k  ( r econs t i t u t ed  co rk  shee t )  . . 

e. Ce l lu lose  m i n e r a l  b o a r d  . . . . .  2 

4. C O N C R E T E  

a. C i n d e r  a g g r e g a t e  . . . . . . . .  

b. S l ag  a g g r e g a t e  . . . . . . . . .  

c. S h a l e  a g g r e g a t e  . . . . . . . .  

d. C a l c a r e o u s  g r a v e l  a g g r e g a t e  . . . 

e. S i l iceous  g r ave l  a g g r e g a t e  . . . .  

5. CEMENT BOARD 

a. Asbestos  c e m e n t  b o a r d  . . . . .  

b. Asbestos  c e m e n t  b o a r d  -k- 20 rai l  
p a i n t  . . . . . . . . . . . .  ~/16 

Potential 
Heat,  Weight  

T h i c k n e s s  D e n s i t y  ba s i s ,  
i n .  l b . / f t .  3 B T U / I b .  

38.0 8,400 

37.2 8,290 

3A 47.2 7 ,850 

¾ 38.8 7 ,050 

1 39.5 7 ,940 

¼ 59.8 8,530 

65.4 17,420 

86.0 9,290 

76.4  7,740 

78.7 13,330 

3.0 3,040 

2.4 1,050 

10.4 3,380 

14.8 11,110 

47.8 2,250 

93.0 3,080 

110.1 80 

80.5 10 

133.1 --  250 

166.8 -- 40 

117.0 80 

159.2 390 

1Proceedings of ASTM, Vol .  61, 1961, pp .  1336-1348 .  


