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AN INTERLABORATORY EVALUATION OF THE ASTM E 84-77a TUNNEL
-TEST MODIFIED BY THE CONSUMER PRODUCT SAFETY COMMISSION
FOR CELLULOSIC LOOSE FILL INSULATION

J. Randall Lawson
Abstract

An interlaboratory evaluation was conducted to
determine precision estimates for repeatability and
reproducibility of the American Society for Testing
and Materials (ASTM) E 84-77a tunnel test as modified
by the Consumer Product Safety Commission for cellulosic
loose fill insulation. Six laboratories participated
in this study by running tunnel tests on eight cellulosic
loose fill materials. Each laboratory was surveyed
during the project to examine its conformance with the
critical details of the test apparatus and procedure.
The results of the survey showed that none of the
tunnels completely conformed with the specifications
of the modified ASTM E 84-77a standard.

The within-laboratory coefficients of variation
for repeatability for the six fire~retardant treated
cellulosic insulations ranged from 11 to 23 percent
with an average of 16 percent. The between-laboratory
coefficients of variation for reproducibility for the
same materials ranged from 31 to 41 percent with an
average of 35 percent. There would be little assurance
that different laboratories would be able to distinguish
between insulations which do and which do not comply with
the CPSC mandatory level (FSC < 25) on a consistent basis.

Key words: Cellulosic insulation; flame spread; inter-
laboratory evaluation; precision; test methods; tunnel
test.



1. INTRODUCTION

The interim mandatory safety standard for cellulosic home insulation,
which became effective on September 8, 1978 [l]l, requires that cellulosic
insulation materials meet a prescribed flame spread classification (FSC)
limit according to a specified standard fire test for flame spread. This
test procedure is a Consumer Product Safety Commission (CPSC) modified version
of the current ASTM E 84-77a test for surface burning characteristics of
building materials [2]. This report is to provide precision estimates of
repeatability2 and reproducibility3 associated with this fire test. Such
estimates are required for several reasons:

a) To determine the degree of confidence which may be
placed on numerical test results from a given number
of replicate tests from an individual test laboratory.

b) To determine the extent of variability assignabkle to
test results on "identical" specimens of a given
insulation material tested in any tunnel conforming to
the CPSC specifications.

An interlaboratory test program was conducted to evaluate the CPSC
modified ASTM E 84-77a test procedure.

The purpose of the test procedure is to determine the comparative
burning characteristics of a material by evaluating the flame spread over
its surface when exposed to a standard test fire. The test should provide

a basis for comparing surface burning characteristics of different materials.

lNumbers in brackets refer to the literature references listed at the

end of this report.

2Repeatability precision - repeatability or within-laboratory precision is
defined in terms of the variability between test results obtained in the
same laboratory on the same material [3].

Reproducibility precision - reproducibility of between-laboratory
precision is defined in terms of variability between test results obtained
in different laboratories on the same material [3].
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2, TEST METHOD AND APPARATUS

The test procedure as specified by CPSC requires the use of the ASTM

E 84 tunnel (see figures 1, 2 and 3). CPSC made technical non-substantive
changes to the test method. These modifications were primarily the addition
of tolerances to a number of measurements on the tunnel. The purpose of
these tolerances was to reduce allowable variations in the procedure and
equipment. A list of these changes is presented in appendix A. Also, the
CPSC standard does not require the evaluation of smoke development or fuel
contribution for these materials.

To briefly describe the tunnel test for cellulosic loose fill insulation,
three metal frames 2.53 m (8 ft 3-1/2 in) long and 51 cm (20 in) wide covered
with steel wire screen, wires nominally 0.254 + 0.0254 mm (0.01 + 0.001 in)
in diameter with approximately 1.2 mm (3/64 in) openings, are placed end to
end on the ledges of the test chamber (see figure 4). In this position the
test frames with the wire mesh become the interior top surface of the tunnel.
A sample of cellulosic loose fill insulation is spread at a relatively uniform
density on the wire screens (see figure 5). The first 35.6 cm (14 in) of the
specimen (that portion upstream of the burner) is covered with a piece of
sheet metal. The specimen length exposed in the tunnel is 7.3 m (24 £ft).

The walls and floor of the tunnel are lined with fire brick. The tunnel has
an inside width of 44.5 cm (17.5 in), a height of 30 cm (12 in) and a length
of 7.6 m (25 ft). The tunnel is open at both ends; the "fire" and the "vent"
end. The specimen, in a ceiling position with material supported by and
exposed through the wire screen, is exposed to diffusion flames from two gas
burners extending from the tunnel floor and pointed upward 30 cm (12 in) from
the fire end. A forced draft induced by a blower and controlled by a damper
system at the vent end of the tunnel pulls air through the opening upstream
of the burners in the fire end. A prescribed average air velocity of 7.3

+ 1.5 m/min (240 + 5 ft/min) is measured at the vent end of the chamber prior
to igniting the exposure flame. After ignition, a constant negative pressure
(draft) is maintained and controlled by the damper system. The flame, which
extends 1.36 m (4.5 ft) from the burner, and draft serve to ignite the specimen
and to induce flame spread along the ceiling of the tunnel. Windows located
on the side of the tunnel allow an observer to record the extent of flame
spread as a function of time over the last 5.9 m (19.5 ft) of the 7.3 m

(24 ft) specimen. The test duration is 10 minutes. The flame spread
classification (FSC) is based on a scale which has 0 for asbestos-cement
board and 100 for a selected grade of red ocak flooring. A correction factor
for the wire screen is determined by conducting tests on the red oak flooring
with and without the screen. The FSC for the unscreened flooring divided
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by the value obtained with the screened flooring gives the screen correction
factor (SCF). The FSC calculation takes into consideration the total area
under the flame spread time-distance curve. The value developed from the
area under the curve is then multiplied by the SCF to give the reported
flame spread classification [2]. Fuel contribution and smoke development
are not considered in this modified test procedure.

3. PARTICIPANTS

Five commercial testing laboratories and one private laboratory
participated in this study. Appendix B lists the names of the participants.
Each laboratory possessed a minimum of one year's experience with the tunnel.
Several of the laboratories had experience that exceeded 20 years. However,
few of the participants had more than four months' experience with the modified
test procedure for cellulosic insulation. To maintain the participants’
anonymity as it relates to their test results, the laboratories are assigned

code numbers. In this report, the laboratory test data are identified only
by the participants' code numbers.

4. LABORATORY SURVEY

Each participating laboratory was visited. Most of the visits were
made before the testing was under way; however, because of time restraints,
two visits were made while testing was in progress. The purpose of the
laboratory survey was to determine the characteristics of the tunnels and
to evaluate each laboratory's use of the test procedure. Table 1 lists the
tunnel characteristics that were measured, and information obtained from the
operators. As shown, the survey included an evaluation of tunnel dimensions,
controls and instrumentation. When items were found to deviate from the
specified value, the laboratories were informed so that changes could be
made. Upon completing the survey it was found that none of the tunnels
conformed completely with the CPSC or ASTM E 84-77a specifications. The
asterisks on table 1 indicate the items that did not conform with the stan-
dard. Most of the tunnels did not conform with the standard because the
turbulence bricks were not located where specified. Although it apparently

has not been documented, it is believed that the air flow pattern in the
tunnel is a critical factor in flame spread measurements and is affected by
the placement of the bricks. A second area where the tunnel was often out
of compliance was the placement of the end thermocouple. One laboratory did
not use the prescribed wire size for the wire screen support. (See the
discussion of wire mesh study in section 7.4). Another area of Variability
which indicates the possibility of some basic problems in the control of
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