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NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards 1 was established by an act of Congress March 3, 1901. Today,

in addition to serving as the Nation's central measurement laboratory, the Bureau is a principal

focal point in the Federal Government for assuring maximum application of the physical and

engineering sciences to the advancement of technology in industry and commerce. To this end

the Bureau conducts research and provides central national services in four broad program

areas. These are: (1) basic measurements and standards. (2) materials measurements and

standards, (3) technological measurements and standards, and (4) transfer of technology.

The Bureau comprises the Institute for Basic Standards, the Institute for Materials Research, the

Institute for Applied Technology, the Center for Radiation Research, the Center for Computer

Sciences and Technology, and the Office for Information Programs.

THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United

States of a complete and consistent system of physical measurement; coordinates that system with

measurement systems of other nations; and furnishes essential services leading to accurate and

uniform physical measurements throughout the Nation's scientific community, industry, and com-

merce. The Institute consists of an Office of Measurement Services and the following technical

divisions:

Applied Mathematics—Electricity—Metrology—Mechanics—Heat—Atomic and Molec-

ular Physics—Radio Physics -—Radio Engineering 2—Time and Frequency -—Astro-

physics -—Cryogenics. 2

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to im-

proved methods of measurement standards, and data on the properties of well-characterized

materials needed by industry, commerce, educational institutions, and Government; develops,

produces, and distributes standard reference materials; relates the physical and chemical prop-

erties of materials to their behavior and their interaction with their environments; and provides

advisory and research services to other Government agencies. The Institute consists of an Office

of Standard Reference Materials and the following divisions:

Analytical Chemistry—Polymers—Metallurgy—Inorganic Materials—Physical Chemistry.

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote

the use of available technology and to facilitate technological innovation in industry and Gov-

ernment; cooperates with public and private organizations in the development of technological

standards, and test methodologies; and provides advisory and research services for Federal, state,

and local government agencies. The Institute consists of the following technical divisions and

offices;

Engineering Standards—Weights and Measures— Invention and Innovation — Vehicle

Systems Research—Product Evaluation—Building Research—Instrument Shops—Meas-

urement Engineering—Electronic Technology—Technical Analysis.

THE CENTER FOR RADIATION RESEARCH engages in research, measurement, and ap-

plication of radiation to the solution of Bureau mission problems and the problems of other agen-

cies and institutions. The Center consists of the following divisions:

Reactor Radiation—Linac Radiation—Nuclear Radiation—Applied Radiation.

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research and

provides technical services designed to aid Government agencies in the selection, acquisition,

and effective use of automatic data processing equipment; and serves as the principal focus

for the development of Federal standards for automatic data processing equipment, techniques,

and computer languages. The Center consists of the following offices and divisions:

Information Processing Standards—Computer Information — Computer Services — Sys-

tems Development—Information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and

accessibility of scientific information generated within NBS and other agencies of the Federal

government; promotes the development of the National Standard Reference Data System and a

system of information analysis centers dealing with the broader aspects of the National Measure-

ment System, and provides appropriate services to ensure that the NBS staff has optimum ac-

cessibility to the scientific information of the world. The Office consists of the following

organizational units:

Office of Standard Reference Data—Clearinghouse for Federal Scientific and Technical

Information 1—Office of Technical Information and Publications—Library—Office of

Public Information—Office of International Relations.

1 Headquarters and Laboratories at Gaithersburg. Maryland, unless otherwise noted; mailing address Washington, D.C. 20234.

- Located at Boulder, Colorado 80302.
:1 Located at 5285 Port Royal Road, Springfield, Virginia 22151.
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Preliminary Report

Inter laboratory Evaluation of

Smoke Density Chamber

1.0 INTRODUCTION

In January 1970, an inter labora tory comparison study on the measurement

of Smoke Generation Characteristics of Materials was initiated by the Fire

Research Section of the National Bureau of Standards (NBS) . ASTM Committee

E-5 on Fire Tests of Materials and Constructions acted as an advisor to the

study. The goal of the study was to evaluate the suitability of the test

method for measuring and classifying materials according to their smoke

generation potential.

The test method had been developed at NBS and reported in 1967 by Gross,

Loftus and Robertson [ 1] . It was later (1969) used to evaluate the smoke

properties of over 140 aircraft interior materials [2], The laboratory

method measures the smoke generation characteristic of materials under

two prescribed and standardized conditions, smoldering and flaming, which

reflect two parameters of fire hazard. In the test, smoke from a burning
specimen in an enclosed chamber is monitored continuously by a photometer
which measures the attenuation of light caused by the smoke.

Because of the general interest in the problem of smoke and the need for

standardization of equipment, the American Instrument Co. (AMINCO) decided
to build a commercial model of the smoke chamber. These production models
became available in the latter part of 1969; while many home-built units
were made earlier.

In late 1969, NBS circulated a proposed test method to all known users of

the Smoke Density Chamber for comments. Many constructive suggestions
were received and were incorporated in a revised draft of the test method.
All laboratories having a Smoke Density Chamber were then invited to

participate in an inter labora tory evaluation of the method and over three-
quarter replied favorably. Two samples each of two

materials (pure Q'-cellulose paper and a PVC-PVA copolymer) were distributed
for a preliminary screening and general familiarization with the test
procedure. The reported results and comments indicated the need to

provide better alignment of the burner in the flaming exposure; and to

correct the clear beam reading caused by the window deposits. The results
of this initial study showed a be tween- laboratory coefficient of variation
of 2.670 for smoldering Q'-cellulose (mean Dm = 162) and 7.1% for flaming

[ 1] D. Gross, J.J. Loftus and A.F. Robertson, "Method for Measuring Smoke
from Burning Materia Is" ,ASTM Special Technical Publication No. 422 (1967)

[2] D. Gross, et al, Smoke and Gas Produced by Burning Aircraft Interior
Materials, Building Science Series 18, U . S . Government Printing
Office (1969)
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PVC/PVA plastic (mean Dm = 553) for the first 12 reporting laboratories.
The reproducibility was considered reasonable for tests of this type.

A meeting, attended by representatives from some of the participating
laboratories in the round-robin was held on February 16, 1970 to discuss
the preliminary test results and test procedures. A more comprehensive
inter laboratory evaluation of the test method followed the preliminary
tests. The data on the important single value of smoke potential. -

maximum specific optical density - is summarized in this report for those
laboratories who reported their data before May 20, 1970.

2.0 PARTICIPANTS

A total of 17 laboratories, three with home-built and 14 with AMINGO
chambers reported their results. These were:

Laboratory Location Representative

DuPont (Engineering Test Center) Newark, Del. F. Thompson

DuPont (Plastics Dept.) Wilmington, Del. J. Blair

Federal Aviation Adm. (NAFEC) Atlantic City, N.J.
J. F. Marcy
E. Nicholas

Forest Product Lab (Madison) Madison, Wise.
H. W. Eickner
J. Brenden

General Electric Co. (Plastic Dept) Mt . Vernon, Ind

.

C . Bia lous

General Tire & Rubber Co. Akron, Ohio G. Wear
(Chem Plastic Dept)

Johns -Manvi lie (Research Center) Mansville, Ohio E. Davis

Lawrence Radiation Laboratory Livermore, Calif. J. Gaskill

Mob ay Chemical Pittsburgh, Pa. R. Hagins

National Bureau of Standards Gaithersburg, Md

.

T. Lee

National Research Council (Canada) Ottawa, Canada J. McGuire

Owens Corning Fiberglas Corp. Granville, Ohio P . Hays

Union Carbide (Plastic Dept.) S . Charlestown
,
W.Va. C. Hilado

Uniroyal Inc
.
(Research Center) Wayne, N. J. M. Jacobs

Uniroya 1 Inc

.

Mishawaka, Ind. G. Jablonski

Rohm & Haas Co. (Redstone Res. Lab) Huntsville, Ala. T. Pratt
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Weyerhaeuser Co. Longview, Wash. D. Crawford

The laboratories are identified in the report by code letters only.
3.0

TEST PROCEDURES

The detailed test procedures were described in a revised test method
standard, (see attachment). Supplementary notes, instructions, data
sheets, and a total of 26 specimens were distributed to the participants
after they reported their preliminary test results.

There were a total of eight materials and 10 test conditions (two materials
were tested under both flaming and smoldering conditions). The instructions
requested that duplicate tests be preformed for each of the test condtions,
and an additional six replicates for one designated test condition. This
arrangement was selected to permit good statistical estimates to be made

of (within- laboratory) repeatability and (between- laboratory) reproducibility
with a reasonable small number of tests.

The experiment design is shown in Table 1. It was suggested that tests

be made in random order, but some laboratories tested duplicates in

sequence. A few did not condition the specimens prior to tests because
of the lack of facility or time.

4.0 TEST MATERIALS

The materials selected (see Table 2) represent common interior finish and

construction materials including simple and composite plastic, cellulosic
and inorganic-base materials covering a wide range of thickness. These
materials exhibit different forms of physical response to fire exposure:
such as slow melting, fast shrinking, rapid decomposition and nearly
non-reactive. The smoke levels from the materials covered the range
of the test instrument as well as a very narrow region to show the degree
of resolution. Most materials were obtained from commercial sources
without special controls on uniformity.

Since small quantities of fillers, pigments and additives, and other
chemical and physical properties, affect the smoke potential of materials
it should not be assumed that all materials of the same generic type
would produce the same quantity of smoke under the same conditions.

5.0 RESULTS

Table 3 lists
Dm(corr)

,
the

values of the

condition and

for each of the 17 laboratories the duplicate values
maximum specific optical density. Table 4 shows the
duplicate determinations of Dm(corr) for each test
laboratory.

of

average

Table 5 summarizes for each material the arithmetic mean, the standard
deviation between laboratories and within laboratories (based on duplicate
tests) and the corresponding coefficients of variations. This data is

based on results from the 13 laboratories with the AMINCO model. Fig. 2

shows the correlation of each lab against the mean.
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Results of one AMINCO (LL) and all three home-built (A, E, C) models are
not included in this analysis for statistical reasons.

Table 6 shows the ranking order of the laboratories for each material
and the sum of the ranking (score) for each laboratory. A ranking order
of 10, for example, means that the particular laboratory has a Dm value
higher than nine other laboratories for that material. The score for a

laboratory is based on the sum of the rankings for all materials. If the

score departs from an expected limits (with 95% confidence level) which
can be accounted for by random error, the presence of systematic error is

assumed. Lab S exceed the limiting score; (77 for the number of labs and
materials involved) and the data is considered suspect [3],

A convenient way of showing systematic deviations is to plot the value for
each laboratory against the mean value for all laboratories for the various
materials. This is shown in Fig. 1 for the two consistently high and
two consistently low laboratories.

Table 7 shows the frequency distribution of each material. The full range

of the reported values is divided into 10 equal intervals and the number of

laboratories whose values fit within each interval is stated. This
distribution shows, for example, that one or two laboratories at the

extreme ends can effect the calculated mean and standard deviation.

6.0 DISCUSSION

This round robin was designed to examine statistically the range of validity
of the test method by including materials with a wide range of properties
in terms of composition, thickness, reaction to heat and flame, and

production of smoke. It included diverse types of laboratories - research
as well as testing oriented; experienced as well as new to the smoke work.

The results, therefore should reflect a conservative estimate of the

method's precision.

An inter laboratory test of this type indicates to the participating
laboratories who have reported systematic deviations from the average,
the need for them to examine their procedures more carefully. One or two

values for some materials in Table 4 are very close to the limit for

discard under statistical procedures. They, nevertheless, were not

excluded though it would improve the result on reproducibility. However,
the data from Lab LL for two materials justify rerun because of the high
within-lab variability; Lab - LL is not included in this analysis. The
optical system and thermal properties of the inside walls varies between
the home-built and AMINCO models. The data from the former are being
analyzed separately and are not included here.

The results of the Dm(corr) values show that deviations between laboratories
(reproducibility) may be three times greater than the deviation within a

laboratory (repeatability). This implies that variations in procedures

[3] Youden, W. J.
,
Ranking Laboratories by Round-Robin Test. Material

Research Standard. _3 1, 9-13 (1963)
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among laboratories account for most of the error rather than specimen
variation. The deviation in reproducibility was much less for those

laboratories who had attended the pre-test briefings; as compared to

those who had not attended.

Looking at Table 5, under the smoldering exposure condition the five

non-melting materials have a maximum coefficient of variation of 9.3%.

The other two materials which melt, ABS and Polystyrene, have coefficients
of variation of 12 and 27% respectively. However, the 27% coefficient
of variation represents a standard deviation of only 6.3. The ABS melts
gradually and flows down away from the center high irradiance region.
The Polystyrene foam melts and shrinks into the bottom of the holder rapidly
where the bottom edge shields it from further exposure. These changes in

shape and position during exposure introduce somewhat higher variability.

Under the flaming exposure, the large coefficient of variation for tile may
have been partially caused by specimen non uniformity (irregular hole size).

For both the tile and the PVC faced gypsum, the actual value of the S.D.

is only 7.6 and 19 respectively, representing low absolute variations for
low smoke producing products.

7.0 CONCLUSION

The results of laboratory variability of Dm(corr)
,
maximum specific

optical density, for a wide variety of materials from 13 laboratories
using AMINCO model Smoke Density Chambers are presented. The results
are reasonable relative to other round robin studies involving flaming
or fire tests. A more detailed analysis of the complete results taking
into account values other than that for Dm(corr) will be made and sent to

the part icipa t ing laboratories after all the round-robin participants
have sent in their data.
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TABLE I

Interlaboratory Evaluation of Smoke Density Chamber Test Method
Schedule of Tests
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Table 2 Test Materials (all specimens are 3
M x 3")

Materia 1 Thickness Density Color Description

inch lb/ft: g/cm

Linoleum 0.125 87 1.4 Green "battleship" linoleum
with burlap backing

Polypropylene
Rug

0.22 17 0.28 Light
Brown

Twist, loop weave,
burlap backing

Red Oak 0.25 43 0.69 Natura

1

Uniform grain, wood,
smooth finish

ABS 0.022 66 1.05 Cream Flexible plastic
opaque

O'-ce llulose 0.030 41 0.66 White Pure cotton linter
matting, (blotter paper'

PVC-Gypsum
PVC veneer
Paper (S)

Gypsum

0.010
0.015
0.5

51 0.82 Dark
Brown

PVC Veneer, simulating
wood grain over
gypsum board

Acoustic ceiling
tile 0.75 20 0.32 Painted

White
Mineral type, random and

irregular shaped holes

Polystyrene
Foam 1.03 6.0 0.096 B lue Rigid low density

insulating foam, fire

retardant treated
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