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PREFACE

This investigation was undertaken by the Lockheed-California
Company under DOT contract No. FA72NA-665. The work was
administered by the National Aviation Facilities Experimental
Center of the Federal Aviation Administration, with Mr. John F.
Marcy and Mr. Constantine P. Sarkos serving as Project Monitors.
Mr. E. L. Lopez was the Project Leader and Mr. P. K. Shelton
provided consultation on materials selection for the program.
The method of smoke emission measurement was based on the work
done by Mr. D. Gross, et al. (Reference 1) at the National
Bureau of Standards.
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INTRODUCTION

ose

This study was undertaken to provide direct experimental data on smoke
emissions from burning cabin materials within an aircraft fuselage mockup
and the effects of such emissions on human visual acuitye The principal
areas of study included: (a) the degree of correlation between NBS-type
smoke chamber data obtained for various categories of cabin materials and
similar data from large-scale tests conducted in a cabin mockup representa-
tive of a wide-bodied jet transport, and (b) the effects of smoke on visual
acuity and the relationship of human visual acuity to photometric measure-
ments of light transmission.

Background

Although extensive data have been collected on the smoke characteris-
tics of aircraft interior materials, the preponderance of information has
been obtained via the test chamber originally developed at the National
Bureau of Standards (Reference 1). The NBS technique uses a photometric
sensor to measure the decrease in light transmission of a collimated verti-
cal beam caused.by smoke generated by exposing a material sample to a con-
trolled ignition source. Data so measured are expressed in terms of the
"specific optical density," D, defined as:

v 100 V
Dy =g% & 7T “im P

where:
= chamber volume,

exposed surface area of test sample,
photometer optical path length,
percent light transmission, and

= optical density.

(o=l s
I

Experimental values of Dy are dimensionless and should vary for a
given specimen exposure time only as a function of material thickness (sub-
surface evolution of combustion products), material chemical and physical
properties (amount and nature of smoke aerosols produced), and specimen
exposure conditions (flaming or smoldering)... Consequently, Dg for a given
specimen is dependent only on the ratio of so that smoke measurements
made in the relatively small NBS chamber should ideally be valid for the
areas and volumes characteristic of a wide~bodied jet fuselage.

Gross, Loftus, and Robertson (Reference 1) presented limited data
which tended to indicate the validity of scaling NBS chamber results to
volume ratios as high as 14 and specimen area ratios of 15. They caution,
however, that definite limitations exist on data extrapolation and list
several underlying assumptions including uniform smoke distribution,



independence from thermal "edge effects", similarity of smoke deposition
regardless of chamber size and configuration, and similarity between
photometric and human vision. It is to be expected that data extension will
be less precise as volume and area ratios increase through several orders of
magnitude, and the effects of deviation from the assumed conditions become
more pronounced.

The present study is intended to help establish the limits of applica-
bility of experimental results obtained by the NBS method to actual aircraft
fire situations. Material samples first tested in the NBS apparatus were
again tested in a fuselage mockup and the corresponding specific optical
density data compared. Since the primary objective of reducing smoke
emission is to achieve improved visibility, further tests were performed
with human subjects to measure the quantitative degradation in visual
acuity due to smoke alone and that caused by both smoke and eye irritation
from gases produced during the combustion process.

EXPERIMENTAL PROCEDURE AND RESULTS

SELECTION OF MATERIALS

Available smoke emission data on a wide variety of fire retardant
materials were reviewed during the test materials selection process. The
objective was to find a representative material at each end of the smoke
emission range for the following ten interior materials usage categories:

"1) Ceiling panel

2) Side panel/window reveal

3) Partition panel (class divider, lavatory wall, etc.)

L) structural flooring

5) Thermoforming (molding, extrusion, etc.)

6) Seat upholstery

7) Seat cushion foam

8) Carpeting

9) Transparency (interior window, divider)

10) Elastomer (molding, extrusion, etc.)

Only materials considered. acceptable by current aircraft standards were
included. That is, the material had to meet FAA flammability requirements
and to have reasonable cost, wear, and aesthetic qualities. In each
category two materials were selected, one representative of high smoke
emission and one of low smoke emission. The fire retardant materials
tested in each category are listed in Table I. The higher smoking material
in eaih category is designated at (A) and the lower smoke-emitting material
as (B).



LABORATORY SMOKE EMISSION TESTS

All selected materials were initially tested in a laboratory smoke
chamber to establish baseline data. This portion of the work was performed
in ILockheed's Fire Research Laboratory (Figure 1).

Laboratory Smoke Chamber Description

The chamber used was of the type which has become known as the NBS
Smoke Chamber. This unit was fabricated by Lockheed in accordance with
descriptions available from NBS (Reference 1). For these tests the photo=-
metric system of the chamber was changed from the fiber optics=Viscor photo=-
voltaic system to the phototube-photomultiplier system used in all commercial
NBS smoke chambers. The advantage of the phototube over the photovoltaic
system is the capability to measure extremely high smoke densities or very
low light transmissions. For this chamber the specific optical density is
computed as follows:

v 100
Ds = &% 1% T
where: 3
= Volume of the smoke chamber = 18 ft. o 5
Area of the exposed test specimen = 6.6 in.” = .0L6 ft.

1

Light path length = 3.0 ft.
Percent light transmission.

HEe <
I

For the calibration of the NBS chamber photometric system, a set of
sixteen calibrated gelatin neutral density filters was used ranging from
91.0 percent to 0.24 percent light transmission. Additional checks of the
photometric system included testing of NBS-supplied Alpha=Cellulosic paper,
Dg = 170 +8, and ABS sheet material, Dy = 455 +26. The experimental test
values of these materials, (average of three runs) were Dg = 164 and Dg = LU1,
respectively. For the radiant heat flux determination, a set of certified
water-cooled calorimeters was used to calibrate the Gardon-type air cooled
radiometer, which is a built-in feature of the NBS-type chamber.

Laboratory Smoke Emission Test Procedures

In the laboratory test program, the controlled test variables included
flaming exposures with two levels of radiant heat flux and a nonflaming
exposure with normal incident heat flux. In all of the laboratory tests,
the specimen was positioned vertically and the normal NBS smoke chamber
testing procedure was followed.

All materials were preconditioned for 24 hours in a humidity chamber
maintained at 50 iﬁ percent relative humidity and O ij°F temperature. A
typical test in the NBS-type smoke chamber is shown in Figure 2.



Laboratory Test Results

A summary of all the laboratory tests performed in this phase of the
program is presented in Table II. The data are presented for the flaming
or nonflaming (irradiation only) condition. The maximum specific optical
density, Dm(corrected) is given, time of Dy occurrence and maximum smoke
rate, R,. The corrected specific optical density is the maximum density
less the deposits left on the windows of the photometric system after
performing the test. The data as given in Table IT represent the average
of three runs.

The complete data for all materials tested in the laboratory, for all
previously specified conditions, are presented in Appendix I as plots
showing the variation of Dg as a function of time, For convenience the
flaming, nonflaming and the higher heat flux data (where applicable) are
all plotted on one data sheet. For a majority of the materials under study,
the flaming condition produced more smoke than did the nonflaming or the
smoldering condition. 1In practically all cases the higher irradiation level
(3.81 watts/cm?), as differentiated from the normal NBS chamber irradiation level
(2.54 watts/em?), produced more smoking of the materials and in one case
produced a ten fold increase, i.e., 4(B). In 4(B), which is an aluminum
faced, high temperature nylon core sandwich panel with FR epoxy adhesive,
the heat capacity of aluminum prevents the adhesive from decomposing under
the standard heat irradiation. However, under the 3.81 watts/cm? heat flux
the decomposition temperature of the adhesive is reached and a significant
amount of smoke emission is evident.

"In materials 1(B) and 3(B), although phenolic resin is a lower smoking
material than epoxy resin, and theoretically 1(B) and 3(B) should be signi-
ficantly lower in smoke than 1(A) and 3(A), the bonding adhesive used
between the sandwich skins and the honeycomb core produces the opposite
result. Present practice is the use of epoxy adhesive for bonding the
phenolic-glass skins to the core, with the adhesive partly coating the inner
cells of the core. Consequently, with this practice very little is gained,
from the smoke emission viewpoint, by use of '"prepreged" phenolic resin
sandwich skins. Efforts are being directed toward reducing the smoke emission
of epoxy adhesives by utilizing certain fire retardant treatments. Substi-
tution of phenolic adhesives for epoXy adhesives causes approximately a
ten fold decrease in peel strengths, such that structural strengths of these
panels are greatly reduced. Because ceiling panels and partition panels are
generally designed to carry a certain amount of load, a great reduction of
structural strength of these panels is not tolerable.

CABIN MOCKUP SMOKE TESTS

In this phase of the smoke emission program, a 21-foot long mockup with
full-scale cross-section typical of a wide-body jet aircraft was used. The
objective was to subject larger specimens of materials selected from the
laboratory program to test parameters identical to those of the NBS-type



smoke chamber. In this phase the degree of correlation between full-scale -
smoke tests and laboratory results was to be explored. These materials
included: 1(A) and (B) Ceiling paneling, 2(B) Side panel/window reveal,
3(A) and (B) Partition paneling, 4(A) and (B) Structural flooring, 5(A) and
(B) Thermoforming, 6(B) Seat upholstery, 7(A) and (B) Seat cushion foam,
8(A) and (B) Carpeting, 9(A) Transparencies, and 10(A) and (B) Elastomeric
materials. :

Mockup Test Arrangement

A mockup (Figures 3 and 4), previously used for air distribution tests
on a wide-bodied jet transport, was made available for these tests. This
wooden mockup was complete with an air circulation system, fire-protection
sprinkler heads, and pressure relief doors. Additional modifications in
preparation for the present program included careful sealing of all joints,
coating the interior with intumescent paint, raising the sprinkler head
settings to 180°F, and covering the floor with several layers of fiber-glass
cloth. Upon completion of these modifications, a photometric smoke density
measurement system, a radiation source, manifold burner, and a specimen
holder were installed as shown in Figure 5.

Two vertical light banks were situated on the centerline of the mockup,
one in the center of the mockup and the other bank two feet from the aft end
(Figures 5, 6, and 7). Each light bank consisted of three smoke meters with
a distance of three feet between the light source and receiver optics, cor-
responding to the separation in the NBS chamber. Since the distance from the
floor to the ceiling in the mockup was less than nine feet, the three-foot
long smoke meters overlapped. The center ceiling smoke meter is designated
as meter No. 1, the center mid-height meter is No. 2 and the center floor
meter is No. 3. For the end light bank, the end ceiling meter is No. L, the
end mid-height meter is No. 5 and the end floor meter is No. 6. An overall
ceiling to floor meter was installed near the center light bank and is desig=
nated as meter No. 7. The purpose for installing the overall ceiling to floor
meter was to check the average smoke density reading of the three center light
bank smoke meters. '

The central 10 foot section of the mockup interior measured T feet
6 inches high and the end sections measured 8 feet 2 inches high. The over-
lapping of the center mid-helght smoke meter amounted to 9.0 inches with the
ceiling and the floor smoke meters and the end mid-height smoke meter over=-
lapped the ceiling and the floor meter by 5.0 inches. As noted in Figure 5,
the difference in the ceiling heights is due to alternating luminaire and
non~luminaire areas of a typical wide~bodied interior. For the center light
bank the three individual smoke meters were similar in principle to the NBS
smoke chamber photometric system as described in References 1, 2, and L.
The collimating lenses used were taken from war surplus gun-sight colli-
mators obtained from Edmund Scientific Company. The light sources were
Type 1630, 6.5 volt lamps maintained at 4.0 volts and the light detectors
were ND=-2 filtered 931V=-A photodetectors tubes of the photomultiplier
type having an S-L4 spectral response. The readout instruments for each
of the photodetectors were of the Aminco Model 10-222 Microphotometer
type (American Instrument Company). The individual



The significance of radiation level on the test results can be appreci-
ated by an examination of Tables III and IV. Here it can be seen that the
smoke emission from materials undergoing the kindling condition (flame front
only) are much lower then the flaming condition (flame front and radiation).
This indicates the contribution of radiation to the smoke emission of mate-
rials in a fire situation is quite significant. This observation is rein-
forced by examining the 3.3 Btu ft2-sec radiation heat flux condition rela-
tive to the standard 2.2 Btu/ft<-sec condition (see Table II). It is ap-
parent, therefore, that higher radiation heat fluxes combined with a flame
front induce a higher smoke emission from materials during pyrolysis.

The effect of horizontal versus vertical specimen positioning can be
seen in data plot III-3, Appendix III. The slower flame front velocity
for horizontal cases causes a slower buildup of smoke. However, the maxi-
mum value of Dg for the horizontal cases correlates about as well as the
vertical cases (see Figure 10). As might be expected, smoke buildup in the
mockup is highly stratified.

As shown by information presented in Table VI, Figure 10, and Appendix
IIT, there appears to be substantial validity for the extrapolation of data
obtained from the NBS type smoke chamber to larger area, wide-bodied air-
craft volumes, insofar as maximum Dg values are concerned. The time lag
for reaching peak Dg values in the larger volume mockup is perhaps the
largest departure from NBS chamber data for reasons previously outlined.
Data from horizontally applied materials do appear to correlate with
maximum NBS vertical test data on similar materials. It is presumed that
if the exact test parameters had occurred in the mockup as are present in
the NBS chamber (such as exact heater simulation and wall temperatures) a
better correlation would have resulted. For this reason no formulas for
extrapolation from NBS chamber to wide-bodied conditions, nor use of the
regression fit equation appear to be justified. Therefore, the data
obtained from the NBS type smoke chamber do appear to provide good com-
parative smoke emission data on materials for interior wide-body applications.

CABIN MOCKUP VISIBILITY TESTS

In this phase of the program, using human subjects, an attempt was
made to obtain a relationship between optical density (D ) and visual
acuity under the realistic conditions of large scale mockup testing. Also,
the effect of irritating gases on the visual acuity of human subjects was
investigated.

Test Arrangement

To measure human visual acuity, the standard Snellon eye-test charts,
slightly modified were used in the interior of the mockup. The modifica-
tion -of the charts consisted of arranging the larger letter sizes progress-
ing downward (opposite to the usual convention). The larger letter sizes
were placed on the bottom, because the smoke stratification tends to progress

10



downward from the ceiling under zero ventilation conditions. Thus, the
initial observation threshald could be detected more easily with the smaller
letters. The charts were placed at 5, 10, and 20 foot distances from the
aft end of the mockup in pairs, offset equally from the mockup centerline.
The charts were mounted with the 20/20 visual acuity line at 20 feet dis-
tance measuring 63.0 inches above the floor. This distance was approxi-
mated to be the average eye level height between male and female adult
population. Scale drawings showing the interior arrangement of the eye
charts and the average eye viewing level relative to the smoke meter loca-
tions are shown in Figures 11 and 12.

Because of the potential hazard of flash fires, the subjects were not
located within the mockup. Instead, four viewing booths (Figure 13) were
placed at one end of the mockup. In two of the booths, the subjects viewed
the charts through a transparent plastic window. In the other two booths,
there was no window. In the open booths the subject inserted his head
through a diaphragm seal and was effectively exposed to the mockup gaseous
environment from the neck up. A breathing mask for providing fresh air was
supplied so that the subjects did not inhale the combustlon products. How-
ever, their eyes were exposed to the lachrymal effects of these gases. The
viewing subjects in the open booths had 20/20 uncorrected vision except for
one case where one subject wore corrective contact lenses. This particular
case indicated to some degree the protection provided people wearing cor-
rective contact lenses against the effect of irritating gases. Communication
channels were set up between the test director and each (or all) subject(s),
but without communication between subjects.

- Four test subjects viewing forward are shown in Figure 13. Also shown
is the instrumentation for recording smoke densities, heat flux, oxygen
level; exit lights power equipment; and power supply equipment for the radi-
ation heaters. The interior view of the eye charts is shown in Figure 1L,
Lamps were situated on the chart supports and illuminated the 5 foot, 10
foot, and 20 foot eye charts with each respective pair of lamps regulated
by an individual variable transformer. The transformer power for each pair
of lamps was adjusted to enable the test subjects to read the appropriate
line at clear mockup conditions, i.e., the 20/20 visual acuity line at
20 feet distance. An interior view looking aft at the observation booths
is shown in Figure 15. A manifold capable of handling three colorimetric
gas detector tubes was mounted on top of the mockup to monitor hydrogen
chloride (HC1), carbon monoxide (CO), and sulfur dioxide (S02) gases during
the visibility tests.

Materials used for these tests were similar to those used for the
laboratory and mockup correlation tests, with the exception of a vinyl-
cotton fabric, having a unit weight of 16.2 oz./yd.2. This material has
been typically used for seat upholsteries. The vinyl-cotton fabric was
initiated into this phase of the program because of the known high level
of hydrogen chloride gas emission under pyrolysis conditions. Thus, the
lachrymal effect of such gases on visual acuity could be determined.



Test Results

A total of nine mockup visibility tests was performed with four test
subjects, two having 20/20 vision viewing through open booths and two
having 20/20 vision (corrected) viewing through booths provided with
transparent windows.

The results of the visibility tests are shown on individual data sheets
in Appendix IV. On each data sheet are plotted the optical density (D) of
the material, as measured by the indicated smoke meters, and the visual
acuity of the test subjects as a function of test time. In this report,
visual acuity of the test subjects is to be understood as the ability of a
subject to read clearly the letters of a line of the standard Snellon eye
chart as the test progresses. The effect of smoke density and the irritant
gases produced on the visual acuity is shown for each test material as a
function of time. Because of the rapid buildup of smoke, and the time lag
for queries to and responses from the test subjects, the 20 foot distant
chart data were deemed most meaningful. Consequently, all visual data
plotted pertain to the visibility of the 20 foot distant charts. The develop-
ment of the Snellon eye test chart (among others) is described in Reference
5. A subject's ability to read the 20/20 line at 20 feet distance is the
basis of the chart. A subject capable of reading only the large E, line 1,
at 20 feet distance has a vision of 20/200. As can be noted the effect of
irritant gases can reduce the visual acuity to a significant degree. 1In
some cases the subjects had to exit the booth because of excessive eye
irritation. The exit time of a subject is marked by an X in the data sheets.

The colorimetric detector tubes used to determine the irritating gases
have a mean accuracy of * 15 percent from actual values and are somewhat
sensitive to temperature and humidity (Reference 4). The temperature of
the gases at the location of sampling was different than at the test sub-
jects' eyes. The scope of this investigation did not warrant an exact
analysis of the irritating gases and the accuracy of the reported values
in the individual data sheets is probably * 25 percent. Analysis of the
data presented appears to indicate HC1l as being the principal irritant.
However, SOo may also contribute to the tearing and irritation. It is of
interest to note the endurance of test subject B in test data sheet IV-9.
The test subject was wearing corrective contact lenses and reported no
discomfort or eye irritation in comparison to test subject D.

As noted in the data plots, Appendix IV, curves are plotted for various
meters indicated in Figures 11 and 12. The average reading of meters one
and two are most representative of local smoke obscuration, because of the
20/20 acuity line of sight going through the approximate center of these
two meters. However, from the standpoint of correlation with laboratory
NBS chamber data, the overall meter (No. 7) is probably the most significant.
Curves for meters two and three are also shown in the plots for better com-
prehension of the stratification effects. Significant degradation of visual
acuity does not appear to occur until optical density values of .35 - .4O
are reached as indicated in data plot IV-6. This is due to the stratification,
so that the really dense smoke 1s above the level of the
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charts for a period of time., Some judgment of the relative obscuration can
be made by examining the series of photographs, Figures 16 through 22, the Dg
values on the photographs are shown for the center ceiling meter, (No. 1).
The photographs were taken 30 seconds apart as the smoke density increased.

From the detector tube data indicated in Appendix IV, taken continuously
between three and four minutes, the predominant factor affecting visibility
is not the obscuration of vision by particles of smoke, but the irritating
effects of combustion gases, predominantly HC1l and SO2. These gases in com-
bination with the moisture in the eyes, tend to cause great discomfort and
irritation.

In all of the smoke-visibility tests where a gas analysis was made, the
higher principal irritant appears to be HC1l, although in one case (IV-5), a
higher concentration of SOp was measured. Test subjects were queried at vary-
ing time intervals, and upon reaching their limit of endurance the subjects
without eye protection withdrew from the observation booths and an immediate
eye wash was provided. Rapid eye recuperation was evident with no apparent
lasting deleterious effects.

As previously mentioned, it appears that any degree of eye protection,
such as contact lenses, would afford significant protection against the
effects of these irritant gases.

Visibility Tests with Ventilation

A series of six additional visibility tests was run with the normal
level of aircraft ventilation. As mentioned earlier, the mockup was equipped
with an air distribution system. Both supply and exhaust blowers (Figure L
were used to create the same level and pattern of air circulation (Figure 23)
which is provided in a typical wide-bodied jet transport. The supply out-
lets are in the ceiling and the exhaust openings are along the kickstrip at
the outboard edge of the floor. A normal ventilation flow rate through the
cabin mockup of 560 cfm of fresh air was maintained during the subject visi-
bility tests. This ventilation rate is equivalent to 42.0 1b/min. at 75°F
and was designed to provide 20 cfm per passenger in the 28 passenger mockup.
A total of six visibility/ventilation smoke tests were performed, using
four test subjects as in previous tests. Five different materials were
tested. The individual data sheets are presented in Appendix IV, data re-
ports IV-10 through IV-15.

The only significant difference noted during these tests with ventila-
tion is the reduction in peak smoke densities observed with similar materials
under "no-ventilation" conditions. Also, considerable reduction in smoke
stratification was noted because of the increased air circulation. The mini-
mum acuity reported for all tests by any subject with no eye protection was
approximately 20/75 at D of 0.40, data report IV-10. This acuity corresponds
to distinguishing the letters in line 3 (TOZ), of the Snellon eye test chart
at 20 feet distance, Figure 14, 1In contrast, the minimum acuity reported by
any subject, without ventilation was 20/200, data reports IV-3 and IV-6.
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SUMMARY OF RESULTS

A total of twenty materials, representing a high and a low smoking material
in each of ten categories, was tested in an NBS type laboratory smoke
chamber under flaming and nonflaming conditions at radiant heat fluxes of
2.2 and 3.3 Btu/fte-sec. A total of eighteen materials in ten categories
and of one, two and three foot square sizes was tested in a wide-bodied
mockup under flaming and nonflaming conditions, both in the vertical and
horizontal attitudes. A total of seven materials in seven categories

was utilized for mockup smoke visibility studies using human test subjects
to determine the relationship between materials smoke density and human
visual acuity.

1. Fair to good correlation of data was obtained for the majority of
tests between the NBS type laboratory and the wide-bodied mockup
maximum specific optical density values.

2. Although a time lag is noted for materials smoke emission in the
mockup horizontal attitude, the maximum specific optical density is
comparable to the laboratory vertical attitude.

3. Although maximum specific optical density correlation was obtained
‘between the laboratory and mockup vertical test cases, a time lag
was evident for the mockup tests, which is attributed to a difference
in specimen heat buildup rates.

L. With eye protection, reasonably good visual acuity was retained with
optical densities of 0.30 (three-foot light path length) or less. With-
out eye protection, irritation became intolerable well before a serious
loss of visual acuity. Contact lenses appeared to provide significant
relief from the lachrymal effects of the combustion products.

5. Normal ventilation, typical of that provided by the environmental con-
trol system of a wide-bodied jet transport, reduced the stratification
of smoke particles in the mockup. Because of the air circulation, the
smoke distribution tended to be more uniform from floor to ceiling
than the "no-ventilation" cases.

14



CONCLUSIONS

Fair to good correlation was established between laboratory chamber
and mockup smoke test results, based on specific optical density
criteria.

There is apparent validity for the extrapolation of specific optical
density data obtained in a laboratory chamber to larger area/volume
enclosures,

Both the laboratory and mockup measurements were very sensitive to
test radiation heat flux. The heat flux levels used in the tests
produced smoke generation rates which are probably considerably lower
than those of concern in a hazardous crash fire. The optical
densities at 1-1/2 minutes (normal aircraft emergency evacuation time)
are only a small fraction of the eventual maximums., Thus, the results
might be considered a "slow motion" study of the crash smoke emission
case,

The dominating factor on human critical visibility is strongly

related to the irritating effects of combustion gases generated from
flaming materials in a crash fire situation.
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126 THIR

FIGURE 2. LABORATORY SMOKE TEST BEING CONDUCTED IN THE
NBS-TYPE SMOKE CHAMBER '

FIGURE 3. CABIN MOCKUP INTERIOR CONFIGURATION PRIOR TO
MODIFICATION FOR SMOKE TESTS
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FIGURE 4. EXTERIOR OF CABIN MOCKUP SHOWING AIR SUPPLY
AND EXHAUST DUCTING
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FIGURE 7. INTERIOR OF THE MOCKUP SHOWING THE VERTICAL
SMOKE METER LIGHT BANKS

%
l

FIGURE 8. VIEW OF ONE SQUARE

FOOT SPECIMEN HOLDER WITH
RADIANT HEATER

jiidi
3
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FIGURE 9. BACK SIDE OF SPECIMEN HOLDER WITH CALORIMETER
IN PLACE FOR HEAT FLUX CALIBRATION
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Maximum Specific Optical Density (Ds) - Cabin Mockup
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FIGURE 10, CORRELATION OF MAXIMUM Dg BETWEEN LABORATORY AND MOCKUP TEST DATA
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FIGURE 13. SUBJECTS IN THE VIEWING BOOTHS FOR
VISIBILITY TESTS

126 TH9R

FIGURE 14. ARRANGEMENT OF EYE CHARTS AND EXIT SIGNS
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126 7508

FIGURE 15. INTERIOR OF CABIN MOCKUP SHOWING THE
OBSERVATION BOOTHS

126 418R

FIGURE 16. INITIAL VISIBILITY OF CHARTS AND EXIT LIGHTS
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126 419R

FIGURE 17. VISIBILITY OF Ds=66, ONE EXIT LIGHT
BARELY VISIBLE

126 4200

FIGURE 18. VISIBILITY AT D =161, EXIT SIGNS OBSCURED
s
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126 #21R

FIGURE 19. VISIBILITY AT D =286
s

126 422R

FIGURE 20. VISIBILITY AT DS=550
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126 423R

FIGURE 21. VISIBILITY AT MAXIMUM MOCKUP Dg

126 428R

FIGURE 22. VISIBILITY AT D_=250 AFTER SOME CLEARING
WITH AIR FLOW A? CONCLUSION OF TEST

31



SNYILIVd MOTd ISNVHXA ANV ATddNS ¥IV NIAVD °€7 TdNOId
}sneyuxy JIFY .

/

— TR

e

Gm
-/

WID 096 MOTI ITY TBIOL
sqaTul JIFY TEBOTJI}ouWmAg



wyoous £aan 3YITI

TefI93wm Bupyows uoT sajwudyseq (d)
TeTI9%ew Jupyows yITy saywudysaq (V)

SUODTTTS g°6s 90°0 (4)
suaxdoJoTy) yjoowg YoBTH #°QS 90°0 (V) JSWO} 88T oT
OFTLIdY yjoows I83TH 2 Ly 6G60°0 (4)
a3wvuoqIeoATOd qjo0ows JIeaT) 8° LS 290°0 (V) Lousaedsuea] 6
Bupyovd x33%T ‘OTTAIOBPON uMoIg-pTod f1°L9 LE'0 (&)
Buryoed x33%T ‘TooM %00T usdap-snrd 1°89 L0 (V) Bupsedae) 8
susTAY3aATOd Jd0d 2 93 TUM 24t 05°0 (d) weof
swey3aInhrod Idd 2 usaap Leet 05°0 (V) UOTYsSNY) 3838 L
uoAey-u0330) 05/0S SNOJqEd anTg £°gT G£0°0 Amw
TOooM %00T sNoIqyd 98uvxQ/pay L°ST GE0"0 (V Axa3stoydn 3888 9
938UOqIBIATOg yyoowg a3fed 0°'19 90°0 nmw (o¥3seTdowaayy) o
auaxfyg-auafpeing-aTfIgFuoTLIoy qjoows -MOTT3X 0°€9 90°0 (Vv FupwroJowaayg, [ ™
| 8100 xawoN ‘so0%v] umMuTUNTY Y300WS WOUFUMTY 2°98 L0 (d) PutIooTd
2100 x3uwoN ‘sa0v] seBvTH-Axody yjoowg usaad G 9TL L0 (V) Teanjonaysg Y
9J0) X3WON ‘sa0vJ SSBTD-OFLOUAYd ‘Pajeo) I8P yjoows antd  g°L6 6L*o (&)
9J0D xomwoN ‘sed8y sseTD-Axody pIjeO) IWTPSY yjoows pTod 0°4TT LL*o (V) Tousd UOT3T3Ied €
93BUTWET SSBTD OF[OUSYJ ‘Pa3sO) JIBTPSL yzooug anTg 0°19 60*0 (d) TeaA8Y MOPUTM
93BuUTWe] SSETD I93S3LT0d ‘paywo) IBTPaL yjoowg pToH L*09 60*0 (V) /T3uBd SpPTS -
9J0) XawoN ‘ssow] SSBTH-OFTOULYd ‘pa3eO) JBTPIL yjoowsg adteg L*09 of°0 Amv
9J0) xowoN ‘seow] ssuTH-Axody ‘pe3wo) JeTPaL yjooug a3Ffed JADE:| LE°0 Adu Toued BUulTT=D T
2bL/z0 *ug
UOT3FOdWO) TeoTWeYq) @3ewWpxoxddy 908JINS pUB JOTOD JUIToM  SSIUNDTYL AJ03938) Jaqumy
3TN £xo8a3e)

NOIIJTHOSHT STVIMILVN

‘I JT4VL



09T 0°0T (¥l el
ST o°ct S N
S 0°2T (oF d (a)
€T 0°0T 49 N
08 011 e d (V)4
*(4)T sv sweg G6T 0°€ c62 I (a)
GHT 04 082 N
G1e 04 GLy K (V)€
G6 0t 2sT el
8T 0°6 R N
66 0°€ €Nt E (a)
=
0S 06 oct N @
cle G2 ohE I (v)e
*£3Fsusp ayows ﬂaﬂﬁa 8y} o043 Arjzsow g33n
~QFJI3U0D 3J00 Y} pUB SUFHS 9Y3 UI2M33Q SATsaupw Axody 08T 0°*¢ ol2 oI (2)
o4 0% 9L N
18T 02 oege L (V)T
- (ur)
( ﬂ.ﬂav EQ (*xx092) an
T= am Jo4 A3psusq TeoF3d0 SupweTJuoN = N
998y WmwWiXeW oWl _ °*29dg wmmpxel JupweTd = J
sIewey axourg sxusodxy Jaqump]
183] £L10893%)

VIVQ NOISSIWE HMOWS XHOLVHOdVI !IT HIAVL



She 0°€ (45 e
G1e o'y 066< N
0g2 0°G oo & (8)
6TT g 066¢< N
0LT 0°*S 066 & I (V)8
o€ 0°g ¢TT wowd
9T 0°6 Ly N
G2 0°6 gh 4 (g)
L2 0°0T 002 - N
21T 0°9 012 I (V)L
09 0°S 28 wed
rAA 0°S 26 N
L€ 0°L <9 L ()
™
0g 0°g 19 N
oL 6*9 08T E (V)9
ote 04 Gge sed
6°0 o*et’ €1 N
oL . 0°6 S9T kS (€)
09 0°g o2 N
002 0*f 066¢< L (v)s
(uym)
an ﬁ..u.uo"& En
(p-%F) By 2oz Agysueq TeoF3do  BUTWOTIUON = N
, . 998y WmWEXBW oW  *o3dg wnmpxeW SupmeTd = I
syIvwey : ayowg axnsod Jo qumy
189 £30833%)
(Q4INOD)

VIVQ NOISSIKE NOWS XSOLVH0EVI 3II TTEVL



XUTI 3894 JUSTpeI ncouumﬁ\npm €°€) Nﬂuxupp.m:. T8°E *x

OET 0°S oge’ s
8 09 €2 N
oTT S*6 022 I (2)
8o $°9 OTT N
09T G°€ 00€ I (v)ot
SOt G°¢ T 0
et 0°6 89 N
ot 0°€ 8% £ ()
T 0°6 € N
OET 0°'S cle I (V)6
(urm)
L (*xx00) an
ﬁﬂnnﬁau Wy  xod A3psusq Teopsd0  BupweTJUON = N
97®Yy UMwWExeW  Swl]  *oadg umuwpxeW BupueTd = J
syIeWaY ayowg sxnsodxy Joqumpl
1891 £10833%)
(@, INOD)
VIVA NOISSIWE DMOWS XMDIVHOEVI 3II ITEVL

36



19 e ‘TN gr ¢g [ LT 1 06 T N

59 Hl 0 gt €LT 6€ Y 2 T T (1)%d ()9
133 “a’N ‘C°N g€ 22 12 6T 82 T kS (€)
066< 056< Y oTe 056< ‘TN 95T 056< T K (v)s$
ot [ 0 € 2T o T T otT 6 K

6 L 2 T 6T *a°N H Gt 4 g

0t G 0 € A AN f Ge T ¥l (€)
9FT get T €2 25€ TN T 192 : I

6T 9T 0 € Ly ‘AN 2 o€ T () I (V)4
Hie 0%6< 92 082 066< 058< €HT 66 086< o I (a)
o__ e __ 0 0 8 g _ h s LT T X

081 62T H 19 12¢ LET €T - €€ 0LE T E (V)€
€6 00T 8 of £92 “a'N 12 T02 T o d

99 £9. T 09 68T ‘a’N .02 <91 6 I

43 01T 8 ETT 012 ‘aN oh €2 f K¢ (2)z
kol Sk 1 6% LT 9 T T ot 6 I

056< 056< s €8T 086< ‘AN 99 056 < i e ()
£6 I T 61 €82 “a°N QN €2 1 N

£1 £ f 8T 90T - *a°N Tt 6 T (€) »d

08 79 f T2 L9t L9 8 €T . ogt T d (V)T
J00TJd 03 (*xx00) _ (*ax0)) SUTTPUTy = A
BuiTyad I00Td 3JYITRH-PTW SUTTT3D . J00Td 3Yy3T3H-PTH SulTTa)d ButweTJUON = N

J93u3) pud pui puil I33U3) J91U3)  I9qu3) 34 *bg SutweTd = g

L “3ay 9 S et Ay € P T BIIY sansodxy I qum

I338H Jaqumy J939W - Sajnufw Q°G 38 Fujpway - BQ TeTI3eH 189L Lxo0834%)
TTeI3A0 . - .

VIVQ (8)HLITW IOKS JdMNDON NIEVD TVACIAIQNI :IIX TIGVI



P2IINO00 UOTESNQWOD snosuwejuods pue UOTFTPUOD JUFWRTJUOU UYJITM PI3IBIS +

(9¢G seandTg UF °"OU UOT3BOOT

oag-
( e

c

B3BQ ON *d°N

33/n3d €°€) _wo/s33eM TQ°E  wx
) TBIUOZTIOH

*P93BOFPUT SFFAISWGO SSITUN T °*ON UOFFBOOT 3894 UT pajsa] suswpoads TTV

€9t 66T 4 89 125 8Tt 8 92 Te€
oTh 056< HE nle 056< 066< 2h 6T 066<
20T g0T € 08 ™He ‘a°N 9 oze
€ 8 f 0 12 ‘a'N e €T

<. O A 8T 0L2 96 62 0 :ma
056< 086 < €T 02€ 086< 066< T2 . 4ot 066<
2T 1T o - € Ly €T 8 2 62

M 89T h 16 TTh - TN 26 0f€ -
651 £ce LT (0151 2eh LLT €T 16 aeh
g6 : e TN 8 4 on - St2
[ LE 2 W2 c8 8¢ f g1 26

29T I. QN 2 ™T 95 8 ST T
10T 16 LT 89 06T ‘a°N ‘a*N 19 The

JOOTJd 0% (*xx0)) (*xx0D)

BulTTad JI00TJd JUSTSH-PTW SUTTTaD JI00TJ 4UIToH-PFA SUTTTeD
~A281U30 puy puy puy I33US0) I27U20 J31UaD
L *PAY 9 [4 : *Bay € 2 T
EELE) _ . _s
TTeI9A0 Jaqumy J999W = sejnufw Q°¢ 3® Julpway a

(@, 1n0D)

T K (2)
T o (v)ot
T £ (a)
T I (V)6
T h|
T J (9)
[e9]
2
T A
T () »d
T I (V)8
" (N
h J (q)
T N
T (f)»d (V)L
BurTputy = X
SutweTIUON = N
*34 *bs SutweTd = J
BOIY sansodxy Jaqumy
TRTI93%N ‘483] £x08938)

VIVQ (S)YLIEA THOWS dNMOOW NIEVD TVAQIAIANI *IIL TIdVI



6T AN 22

066 < 066 < ‘a N

0T S f

6 L *a°N

0T 4 *a°N

9ET G2t ‘AN

ST 9T ‘AN

066« 066< 066 ¢

0 2 8

65T 62T €T

€6 00T AN

gt €9 ‘TN

TOT STT ‘AN

1 Gl 19

06G< 06G< ‘AN

€6 11T ‘AN

€h - £h ‘AN

08 19 19

ﬁcmpoonaouv ﬁﬁmpumhuoou

TTBISAD Nusg pul Jusg JI97Uap

- s83nuTA 0°6 38 Jurpeay - Sq

T E
T g
6 g
f J
T Frave |
ki d _
T () =4
f K
T 't
T g
T 90
6 d
" I
6 I
K I
f N
T (€) »d
T d
BUTTPUT = X
FupweTJUON = N
*qd *bg BupweTd = i
gaIy sansodixy
TeTIe38H 1897,

STILANTW 0°*S IV VIVQ NOISSINI IMOWS dMMOOW NIFVD 40 XMVWNAS AT TIAVI

(€)

(v)s

()
(V)
(a)

(V)€

39

(€)2

(2)

(V)T

9 QI
£3x08938)



uopIsnquwed snosusjuods jusnbasqns YIFM UOFRFPUOD JUTWRTJUON 348IS +

B38BT ON “Q'N

XOTF 3899y JUBTPBI ﬁoomsmoh\ﬂam €°€) Nsu\mppax TQ°E
(9 G seam3T4d UT *OU UOTIBOOT) TBIUOZFIOH

*pP931BOTPUT SSTMISYUJO0 SESTUN T °*ON UOTIBOOT UF pajsaj suawpoads TV

€91 661 g1l 1 I - (€)
H1E 066< 056< T d _ (v)ot
coT got ‘AN T Ky me
€ 8 *a°N T 't v)6
6L T 9 T X
066< 056< 056 < T ks (2)
et LT : €1 T A
oHT g9t “a'N I () *d
65T €22 LLT T Ky (v)8
86 ‘TN e f LN
q 6¢ g€ U d (8)
9T ottt . LS T () N
101 69 *a°N T e (V)L
TH AN 6¢ T N
09 11l 13 T ()%T ()9
SuTTpPUTy = ¥
(pe3oaxa0))  (pa3paax0)) BuTmsTJuol = N
TTBISAD Hued pud Yueg J93U3) *q0 *bg JutweTd = g
" S9NUTW 0°6 38 Juipesy - Sq vIXY Sausoaxy Lo QYT
TeTI95%8KH 183] £xoBag3v)
(@, IN0D)

SHINNIW 0°S IV VIVA NOISSIWE &MOWS dMOOW NIGVD J0 XMVWWNS  SAI TIAVE

Lo



0T (4 ‘AN
0T 4 L
6 L *ad°N
9€T Get ‘AN
ST 9T ‘a°N
_:Hm 056< 065<
091 621 LET
t6 00T ‘AN
89 €8 ‘TN
GIT 01T ‘AN
th Gl 18
066 < 066< ‘AN
€6 T1T ‘AN
€h En .n.z_
08 19 L9
(*xx0D) (*ax0D)
Jueg Yusg
TTeIIAD pux JI33UID

ot

ot

oHT

Sle

9%

oHT

EHT

oLz

9L

cle

S93MUTA 0°G ® °

donyool

S33NUTK 0°6 @ m.m
£xo3vI0qET

\Ye]
=

[N eleNeNe)
o O A

0
-t

o o (el Ne)
o O~

2

2
2o
o

D
=
[eNeNeoNeo]

)
coc4on O SFo00OH

0.
=
[eNeNe]

-

OOCZC)O
OO

2

94 *bg
BoIY

TeTI938K

¥
=

W
Jd
d
I (€)
oJ
() »d
K (V)n
i
d (9)
K
d (v)E
L
e
q
A€
P (2)z =
A
d
d ()
N
N
(€) »d
qd
Ky (V)T
FuiTpuld = X
" SupweTJUuoON = N .
SupweTd =
aansodxy Jaqumy
189% £10893%)

SHLOANIW 0°S IV VIVQ NOSI¥VAWOD d(DDOW NISVD NV AMOLVYDLIVI A ITIVL



02s 9h0°0 N
066< 066< 066< 0'T g
00% 940°0 K (€)
Mt 89T ‘a‘N 0°'T (f7)ed
65T gee LLT 0T d
056 < 9h0°0 L (v)g
Gh L gt 0% N
of 9700 N (2)
L9T oTT 16 0T N
LET 9t0"0 N
10T %6 ‘a°N 0°'T (h)»d
002 9h0°0 , £ (V)L &
19 *a°N 6€ 0°T N B
o 28 9h0'0 N
59 il 6€ o't (1)t
<9 9h0°0 d (9)9
61 ‘TN 22 0T - d
Gt 9400 o (q)
066< 066< ‘a N 0°'T a
066 < 9400 Jq (v)s
. JuiTputy = Y
(*xx0D) (*ax0d) " PutweTJuoN = N .
Yusg Yueg ‘34 °*bg JutuweTd = J
TTBISA0 pud ___I33u’3) S39NUTH 0°6 @ Sq vaaIy aansodxy Isqump
S93NUIW 0°'G ® BqQ £x038I0q8ET 18119980 183] £Lxods3w)
dnyoon :
(a,In0D2)

SEIONTIW 0°S IV VIV NOSIHVAWOD dMMOOA NIGVD ANV XHOIVHOEVI A TILVL



w18C ON °*d°N

XUTF 389Y JUBIDPRI *098-53F/M3d €°€  wx
(9 ‘S s°amITd UT °OU UOTFBOOT) TBIUOZTIOH %

*PIIROTPU SSTMISYIO FESTUN T *ON UOFWOOT UF pe3sey suswrosds TTV

€91 66T 81T - 0T £
09T 9h0*0 £
0TH 086< 066< 0'T d
062 9%0°0 d
20t 80T ‘TN , 0°'T a1
0$ 9h0°0 £
€ 8 ‘Q°N 0°'T d
Sle 9H0'0 d
: SurTpuly = X
(*xa0D) (*xa0D) FJuiweTJUuoN = N .
Yueq Nusd ‘34 *bg JupweTd = J
TIBI2A0 pud I33uUa) S93NUTK 0°G ® °a vaay aansodxy
S3INUTA 0°G ® °Q A103830QqWT T8 TX238KW 389
dnxool
(@,IN0D)

SALOANTW 0°S IV VIVQ NOSINVAWOD dMNOOW NIGVD ANV XHOLVHOEVI :A TIEVI

(q)
(v)ot

(2)
(v)6

Jaqump
ALx03918)



84c

ofie

61T

€8
Gt

G661
066<

GET

08
OTT

(xen) °a

dnyool

0°n & a
Gée 9to* i
0'T S E
6Ly 90" o
0°'T 0 ¥l
24t 9h0" ¥
0'6 *] E
0'f (.} A
Ent 910" o
0°6 L o
011 9 o
0lLe CA(oN I
0" 1 [ N
9L 9to* N
0°'1 - (€)% 4
0'1T o d
0ce Su(eN o
(xen) il (*33 *bs) eaay 10quAg aansodxq
KxoqeIoqeT] TeTI9%eN 1S9T
VIVA NOSTYVAWOD dMIO0W NIEVO @Y AMOIVIOIVT WANIXVW - IA TIEVL

(g)€

(V)€

(g)e

(€)

(V)1

Taquny
Axo3sqe)

L4



2l

hl

L2

066<

1L

gL
uts

oHT
02T

(¥En)
dn{oopn

a

cb

&9
G91
066«

Gee

0¢

HI2

s
(xeW) «
LxojzeaoqeT]

0°'1

0°T
9to*

0T
9o

o'f
0°'1
9ro*

A.umfumu BlIy
TeTI938H

o0

N

ToquAs

A

(1)
g

aansodxy

3597,

(penuT3uo)) VIVA NOSTHVAWOD

dMIDOW NIFVD ANV ZYOLVHOHYI WIWIXVIW - IA HIHV.L

(€)9

()

(V)S

(€)

(V)h

Jaquny
£10837%8)

L5



0%e 0°'T I oL

0zce oho* I ()
066 < 0°T u| £l
00& 9Ho* I (V)ot
12T 0'1 A Ei
85 910" d (€)
¢t 01 A i
clz 90" d (V)6
066< 01 © i
00 oho* _ o (9)
08¢ 0°T 4 (1) %d
cee . 0°1 v Ei
056< 90" 1 (V)8
1S 0"t - N
Ly 9t0* _ N ()
L9T 0°1 pag N
002 9ho* N
16T 0°T O (f1)*d
01e 9h0* £l (v)L
(xen) mm (xen) mm (*33 °bs) eeay ToquAg sansodxy Joqumy
dnsoop Axoqeaoqe] TBTI2%8N 1837, A10899®)

(PenUT3UO))  VIVA NOSIMVAWOD dMMDOW NISVO NV AYOLVIOIVI WIWIXVW - IA HIHVL

L6




APPENDIX I

LABORATORY MATERTALS SMOKE TEST REPORTS
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LABORATORY
MATERIALS SMOKE TEST REPORT
|
MATERIAL TEST NO: 1(A)
MATERIAL DESCRIPTION: Tedlar Coated Epoxy - Glass Faces Nylon Core
USE /APPLICATION: Ceiling Panel
SET NO. 1 2 COMMENTS
THICKNESS - IN: 0.37 0.37
WEIGHT - GRAMS: 9.3 9.0
EXPOSED AREA - SQ. IN: 6.6 6.6
GAS PRESSURE - PSIG Pilot None
IRRADIANCE -WATTS /CM2: 2.5k 2.5k
250 o
200 }
5
~
—
™
2
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I 150
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3 100 }
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50
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6 10 127
. TIME - MIN, J
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LABORATORY
MATERIALS SMOKE TEST REPORT
MATERIAL TEST NO: 1(B)
MATERIAL DESCRIPTION: Tedlar Coated, Phenolic-Glass Faces Nylon Core
USE /APPLICATION: Ceiling Panel
A"k
SET NO. - COMMENTS
THICKNESS - IN: 0.L0
WEIGHT - GRAMS: 12.4
EXPOSED AREA - SQ.IN: 6.6
GAS PRESSURE - PSIG Pilo:
IRRADIANCE - WATTS /CM2: 2.5k
il
500
Loo }
'
b~
4
2
Wy
Q 1
p 300 } _ /
Q
~
3 : T
N
W
o 200 F
W
Q
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, B
Qh
100 F
iy 1 1 L 1
0 6 8 10
\_ TIME — MIN,
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-
5,

- LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: 2(A)
MATERIAL DESCRIPTION: Tedlar Coated, Polyester Glass Laminate
USE /APPLICATION: Side Panel Window Reveal
COMMENTS
SET NO. 1 2
THICKNESS - IN: .05 .05
WEIGHT - GRAMS: 11.7 12.0
EXPOSED AREA - SQ. IN: 5.6 6.6
GAS PRESSURE - PSIG Pilot None
IRRADIANCE - WATTS /CM2: 2.54 2.54
500
Loo
9
~
—
[
>
Wy
Q
= 300
< i
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Q
)
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—
s
o 200
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' B
Q'h
100 |
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o 2 4 é 8 10
\ TIME — MIN.
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: 2(E)
MATERIAL DESCRIPTION: Tedlar Coated,Phenclic Glass Laminate

USE/APPLICATION: Side Panel/Window Reveal
COMMENTS
SET NO. 1 2 3
THICKNESS - IN: .05 .05 .05
WEIGHT - GRAMS: 11.8 11.9 12.0
EXPOSED AREA - SQ.IN: 6.6 6.6 6.6
GAS PRESSURE - PSIG Pilot None Pilot
IRRADIANCE -WATTS /CM?2: 2.5k 2.54 3.81
200
160
n
~
h -
3
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Q
S o
3 120
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S go t
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Qh
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0 2 4 6 8 10

\_ TIME — MIN.
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO:
MATERIAL DESCRIPTION:
USE /APPLICATION:

<

3(A)

Tedlar Coated Epoxy Glass Faces Nylon Core

Partition Panel

SET NO. 1 2

THICKNESS - iN: 0.77 0.77
WEIGHT - GRAMS: 22.4 22.5
EXPOSED AREA - SQ. IN: 6.6 5.5
GAS PRESSURE - PSIG Pilot None
IRRADIANCE - WATTS /CM2: 2.54 2.54

COMMENTS

500 [
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LABORATORY

MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO:  3(B)
MATERIAL DESCRIPTION:
USE /APPLICATION:

Tedlar Coated, Phenolic Glass Faces Nylon Core

Partition Panel

COMMENTS
SET NO. 1
THICKNESS - IN. 0.75
WEIGHT - GRAMS: 19.2
EXPOSED AREA - SQ. IN: 6.5
GAS PRESSURE - PSIG Pilot
IRRADIANCE - WATTS /CM2: 2.5k
500 [
Loo [
b
~
~
% =
>
W
Q
q -
N 300
~
Q
S
g
<
3 200 }-
W
Q
(™
5 i
Q‘Q
100 §
) I L 2 1 1 1
0 2 4 b6 8 10
\. TIME — MIN.
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO:
MATERIAL DESCRIPTION:
USE /APPLICATION:

Structural Flooring

Epox;- Glass Faces, Nylon Core

SET NO. 1 2
THICKNESS - IN: 0.38 0.38
WEIGHT - GRAMS: 22.9 23.1
EXPOSED AREA - SQ. IN: 6.6 6.6
GAS PRESSURE - PSIG Pilot None
IRRADIANCE -WATTS /CM2: 2.54 2.54

COMMENTS

Dg -SPECIFIC OPTICAL DENSITY

250¢

200

100

50

6
TIME — MIN.
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: L(B)

MATERIAL DESCRIPTION: wrinum Faces, lNylon Core Panel

USE/APPLICATION: tructural Flooring

COMMENTS .
SET NO. 1 2 3
THICKNESS - IN: 0.37 0.37 0.37
WEIGHT - GRAMS: 15.9 16‘9 17.0
EXPOSED AREA - SQ. IN: 6.5 £.6 €.6
GAS PRESSURE - PSIG Pilot None Pilot
IRRADIANCE -WATTS /CM2: 2.54 2.54 3.81
250
200
3
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S 100
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o 2 4
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO:
MATERIAL DESCRIPTION:
USE /APPLICATION:

5(4)

FR ABS Sheet 63.0 oz/yd2

Thermoforming Parts

SET NO. N , COMMENTS
THICKNESS - IN: 0.05 0.06

WEIGHT - GRAMS:: 12.4 12.4

EXPOSED AREA - SQ. IN: 6.5 5.6

GAS PRESSURE - PSIG Pilot None

IRRADIANCE -WATTS /CM2:[ o =y .54

1000

800

b

~

)

'™

=

Wy

Q

-4

g 600
Q k]

—

~

Q

Q

Q

S

~

Q. 400
W .
Q

L]

L}
Q

200

1

S
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: 5(2)

' 2
MATERIAL DESCRIPTION: 7R Polycarbonate Sheet 61.0 oz/yd

USE/APPLICATION: Thermoforming Parts

COMMENTS
SET NO. 1 2 3
THICKNESS - IN: 0.06 0.06 0.06
WEIGHT - GRAMS: 12,8 12.8 12.9
EXPOSED AREA - SQ.IN: .5 5.5 6.6
GAS PRESSURE - PSIG Pilot None Pilot
IRRADIANCE - WATTS /CM2: 2.54 2.5k 3.81
500
400
3
~
—
h -
=
Wy
Q
-4
< 300 F
u .
~
Q
S
Q
o
<
o 200 F
W .
Q
“
\ B
Qh
100 F
0 2 4 6 8 . 10

\ TIME = MIN.
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| | LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: 6(A) _

MATERIAL DESCRIPTION: FR Wool Fabric, 15.7 oz/yd2

USE /APPLICATION: Seat Upholstery

SET NO. 1 5 COMMENTS ‘
THICKNESS - IN: 0.035 0.035

WEIGHT - GRAMS: 3.1 3.1

EXPOSED AREA - SQ. IN: 5 6.6

GAS PRESSURE - PSIG Piloz None

IRRADIANCE - WATTS /CM2: 2.54 2.54

2001

100§-

6o

Dg ~-SPECIFIC OPTICAL DENSITY

20F

K 0 2 4 ) 8 10
TIME — MIN,
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' | LABORATORY

MATERIALS SMOKE TEST REPORT
MATERIAL TEST NO: 6(B)
o ' 2
MATERIAL DESCRIPTION: FR Cotton Rayon, 18.3 oz/yd
USE /APPLICATION: Seat Upholstery
COMMENTS
SET NO. 1 2 3
THICKNESS - IN: 0.03 0.03 0.03
WEIGHT = GRAMS: 3.6 3.6 3.6
EXPOSED AREA - SQ.IN: €.6 6.5 5.6
GAS PRESSURE - PSIG Pilct Mone Pilot
IRRADIANCE - WATTS /CM2: 2.54 2.54% 3.81
100 ¢ f— 3
go }
b
=~
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W
Q
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3 50
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Q
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\_ TIME — MIN.
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LABORATORY

MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: 7(A)
MATERIAL DESCRIPTION:
USE /APPLICATION:

FR Pclyurethane Foar, 2 PCF

Seat Cushion

SET NO. 1 2

THICKNESS - IN: 0.50 0.50
WEIGHT - GRAMS: 2.51 2.52
EXPOSED AREA - SQ.IN: 5.5 6.5
GAS PRESSURE - PSIG Pilot None
IRRADIANCE - WATTS /CM2: 2.54 2.54

COMMENTS

250

200

150

100

Dy -SPECIFIC OPTICAL DENSITY

50

1

6
TIME — MIN.
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F— : =
LABORATORY

MATERIALS SMOKE TEST REPORT
MATERIAL TEST NO: 7(B)
MATERIAL DESCRIPTION: FR Polyeth;lene Foam, 2 PCF
USE /APPLICATION: Seat Cushion
COMMENTS
SET NO. 1 2 3 1
THICKNESS - IN: 0.5 0.5 0.5
WEIGHT - GRAMS: 2.9 2.9 2.9
EXPOSED AREA - SQ.IN: .6 5.6 6.5
GAS PRESSURE - PSIG Pilot None Pilot
IRRADIANCE -WATTS /CM2: 2.54 2.54 3.81
2001
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LABORATORY
MATERIALS SMOKE TEST REPORT
MATERIAL TEST NO:  8(A) _
MATERIAL DESCRIPTION: FR Wool w/Latex Backing
USE /APPLICATION: Carpeting
| —— H
SET NO - 5 COMMENTS a
THICKNESS - IN: 0.26 |  0.26
WEIGHT - GRAMS: 13.3 13.3
EXPOSED AREA - SQ. IN: £,5 5.5
GAS PRESSURE - PSIG Pilot llone
IRRADIANCE -WATTS /CM2: 2.5k 2.54
100q
8oo
b
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W
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< 600}
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r—l_ "
- LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: &(s)
MATERIAL DESCRIPTION: FR Modacrylic W/Latex Bac-.ing

USE /APPLICATION: Carpeting

SETNO 1 2 3 COMMENTS

. 1. Specimen spontaneously burst
[= PR .

THICKNESS - IN: 0.25 0.2¢ 0.25 into fire at D_,

while exposed to the non-

WEIGHT - GRAMS: 13.5 13.5 13.6 flaming condition.
EXPOSED AREA - SQ.IN: .5 5.6 6.6
GAS PRESSURE - PSIG Pilot None Pilot
IRRADIANCE -WATTS /CM2; 2.54 2.54 3.81
1000
800 f

>

~

-~

h -

by

Q 2(see comments)

< goo F

Q.

~

Q

Q .

Q

—

y

[ }-FOO' =

W

Q

[

l -

Qh

200 |
; . | | 1 —
0 2 4 é 8 10 12
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LABORATORY
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO:
MATERIAL DESCRIPTION:

9(A)

FR Polyrcarbonate Clear

USE /APPLICATION: Transparency
| ———

SET NO. 1 > COMMENTS
THICKNESS - IN: 0.05 0.05

WEIGHT - GRAMS: 11.4 11.5

EXPOSED AREA - SQ.IN: 2 6.6

GAS PRESSURE - PSIG Pilo" None

IRRADIANCE -WATTS /CM2:|  2.54 2.5k

5001

Loof

300

200

b, -SPECIFIC OPTICAL DENSITY

100

o
TIME — MIN.
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LABORATORY

MATERIALS SMOKE TEST REPORT
i
MATERIAL TEST NO: 3(B)
MATERIAL DESCRIPTION: FR Acrylic
USE /APPLICATION: Transparency
SET NO. . 5 3 COMMENTS
THICKNESS - IN: 0.0€ 0.05 .05
WEIGHT - GRAMS: 9.3 9.3 9.3
EXPOSED AREA - SQ. IN: 6.6 5.6 6.6
GAS PRESSURE - PSIG Pilot None Pilot
IRRADIAMNCE -WATTS /CM2: 2.54 2.54 3.81
200

.-

100}

Ds -SPECIFIC OPTICAL DENSITY

20F

0 2 4 é 8 10
\ TIME — MIN,
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LABORATORY

MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO: 10 (A)
MATERIAL DESCRIPTION: FR Chloroprenc Rubber
USE /APPLICATION. Elasomer
- COMMENTS
SET NO. 1 2
THICKNESS - IN: 0.06 0.06
WEIGHT - GRAMS: 11.5 11.5
EXPOSED AREA - SQ.IN: 6.6 6.6
GAS PRESSURE - PSIG Pilot None
IRRADIANCE - WATTS /CM2: 2.5k 2.54
500
Loo f
b
~
—
g R
W
Q
< 300}
Q
—
k~
Q
Q .
Q
S
N
o 200 ¥
W
qQ
“
1 -
Q.’
100
) il ' L |
o 2 4 b 10

TIME — MIN.
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LABORATORY |
MATERIALS SMOKE TEST REPORT

MATERIAL TEST NO:
MATERIAL DESCRIPTION:

10 (B)
I'R .Silicone Rubber

USE /APPLICATION. Elastomer

SET NO. 1 5 3 COMMENTS
THICKNESS - IN: 0.06 0.05 0.06

WEIGHT - GRAMS: 11.6 11.9 11.9

EXPOSED AREA - SQ. IN: c.6 5.6 6.6

GAS PRESSURE - PSIG Pilot None Pilot

mmomncs-wmm/c}az: 2.5k 2.5k 3.81

500 ¢

L4oo f
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~
©

2 !
Wy
Q
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< 300 F
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S 200 F
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\ B
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APPENDIX II

MOCKUP MATERIALS SMOKE

TEST REPORTS
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APPENDIX III

MOCKUP CORREIATION SMOKE TEST REPORTS
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APPENDIX IV

MOCKUP VISIBILITY TEST REPORTS




0029 SI v € 2 1

(SILANIW) 3WIL
ol 6 8 L 9

r T T 0 0
02 )
GGlI . ey e
IINI - ﬁ-m._?d«v 2 pus T *ON l\ mO._H <9t
< T °"ON 338}
. -
> .
X oul
oz T 4 .6L L3
o a
~ =
3
SS9 | Jote't  o6x°
ce -
]
=
-
o
A.ﬁﬁ.%mv 02 - £26°T<_ 009°<
: oe : TIV TIV TIV TIV TIV TV L 9-T
*ON I93%3h

T °ON UOF3BO0T uswpoadg °g

NOILIONOD ONITANIN O

ST B TT 9240813 03 933X (8)°ON 23331 °T 03S - pl4/018 €€ O NOILIONOD ONIWVI4-NON O
:SHYVNIY 935 - zli/Nl8 22 @ NOILIONOD ONINYVIS R
Q3193L08dNN S3A3 - @
Q3193108d $343 -.9 . .
03L23L10¥dNR S3A3 - 8 ] gH T ‘MoTud *ut geto “‘roued
03123108d SIAT ~ V YOTMDUES 9100 XouoN Sulys 208J sseT8-xody €paqwod I8TPAL
TANVE DNITIHO ~ AHO93LVD IVINILVA VI A¥093LVD

'LS3L ALITIGISIA dOXOOW "



A.

(S3LANIN) 3NIL

002 9! s1 ¥l €l .N_ 1 ol 8 L 9 S 14 € (2 !
02 T T |1. T T T T T ) e 0
. L *oN \\ .
(*8ay) 2 3 T *oN
T °"ON I939KW . .
wh fon o
TIN %s
00T 0D
A € TOH .
P> i
N (mid) ssATeuy e
”.@m_m_.. A 4 L6L* fet”
R, a
ﬂ -
~
c9 . i
oz | 92"t 064" o
=1
onﬂv oz | v TV gl £25°T¢ 009°<
¥ % oz 3TX2 TIV ™ . It
posdwmoad syjooq Uwaowpo.nm ojuT 99eNBIT ‘h ON JI333W
T "ON UOT3Bo0T usWIoads “f NOILIONOD ONITANIX O
yjooq Jo jno (s)3dalqus - X g .
>T % TT §94nI1J 09 J9Jad ﬁmw, ON T093i1°T 03s =~ 2ld/snlee'e O NOILIGNOD 9NIWVI4-NON O
HYVYN3Y 93§ - zld/nis ez m@ NOILIGONOD ONINVIY &
g3123104dNN S3A3 - A
Q312031048d S3A3 -. 2
g31231L0HdNN S3A3 - 8 2 T ‘XOTU3 *UT QE°O0
031931048d S3IA3 - ¥ yopMpues O/H 9I00 XswoN ‘s308F seBTI-Lxody
DNIHOOTL AH0931VI IVIY3LVYW : Vi AH0931VD

1S3L ALITIGISIA dNXOOW'



(

(S3LANIN) 3WIL

o0z® S & € 2 U O 6 8 L 9 S e 2z . .
ON T T T ¥ '
Ss1
231 | 4 écy” 29T”
¢ L 208 ch 9
000T< (0}0]
m 052 TOH J
m ol (wid) s}sAreuy 59D
—_— . . m-
N L6L° %@
o a
3 i
= € 'oN
g9 Ve
==} 2 *oN 4 9t2°T 06%" m
o¢ 1 (‘8Av) 23T .oz|\ =
— . * 0“4. _
3 T 'ON J333) 086 <
aﬁv oz [ ax ove Xg i €£26°T< 009°<
*3F 02 02 , . 9-T
TV TIV .o zaqep
2T % TT S°anI1y 03 I819a (S)'ON 28390 °E NOILIONOD ONITANIN O
taood mwzﬁmﬁm%%wﬁ&% K 93S - 214/NL8 €€ O NOILIONOD ONINVI4-NON O
fSHYYW 03S - zli/nNlEe 22 @ NOILIONOD ONIAVIS ®
Q3123L0¥dNN S3A3 - @
Q3193104Yd S3A3 -2
Q310310¥dNN S3A3 - 8 ‘sormn * . ¢na0us
03103108d S3A3 - V . g T ¥OT43 U 90° "399US SAv
ONTIMOJOWMEHI ~ AH093LVD IVINILVIA VS ANO93LVD

1S3L ALITISISIA dOMNDJOW



"(S3LANIW) 3NIL

0029 SI. & € 21 1 o 6 8 L 9 S v € r4 I
ON L] L] L] | L] L] ] A O O
€ *oN |\ -
2 *oN I\
Ssii A.waal\\ 4 6o%*  29T°
0¢ L*oN —2%T ‘oN
<
A . .
%) I\\ : . .
< .
W o1l T °*ON I939H . : :
w0z I . . . 1 L6L° hee”
2 _ a
S , -
J
IA | -
S9 | 1 9te"t  oéy”
oz | : | "y
a : =
- qu« m nH Oqﬁﬂﬂ .
— L
.“uﬂmmv 0¢ i - mmo £26°I< 009°<
02 gv TV & 9-1
*ON J939W
T °ON uoj3wo0T uowpoadg °*€
4300q 3o 3n0 (3)300LquS - X *2 NOILIGNOD ONITANIN D
2L Pue T[ 99JUITJ 03 I9J9X (S)°O)N IR °T 238 - zld/nl8e'e O NOILIGONOD ONIMVYI4-NON
tSHEVN3Y 03§ - zid/nle 22 @ zo_k_ozou ONIWVIS 0O
@312310¥dNN S3A3 - @
031231048d S3A3 - D
03103L0HdNN $3A3 - 8 . ) .
- . we0 =] od I
03153108d SIAT - ¥ ST PTH utp 6°0 ‘dod 2 J suey3amATod
NOIHSND IVIS AHO093L1VD IVIE3LVN VL  A¥0931VD

1S3L ALITIGISIA dAXJOW "



(s 22
3F Oc 02

SUTT

sl &l € 2l

(SILANIW) 3WIL

9l
OOONN L] ] ] L] O O
. ¢z . . Cos i
0s2 0D
GGl TIN TOH
S5z 4 6on*  eor*
(wid) sysdreuy S8
S : i
%
<
R o1l | |u\\ |
» 02 | (*8av) 2 ® T *oN 1 6L Heer
3 0
N T °*ON I933H a
3 A
3
G9 . .
oz I q9ote’ T obh
- ' .
X o'y oty ofy
. . q
X £26°T<  009°<
L 9-1
TV TV .oy zaq0p

T 0 uotgeoo] uswtoadg ‘el

yjooq JO 3no Amvuvmwnﬁm - X *2

038 - pid4/NL8

NOILIGNOD 9ONITANIX O

2T % TT SeanIfJ 03 4oJad (5)°0n 4939 T g'e Q4 NOILIONOD ONINVIJ-NON O
:SHUVAN3Y 23S - zl1d/nl8 22 % NOILIANOD ONIWVYId &
g3103108dNN S3A3 - 4
g3103108d S3A3 - 2
g31L231L048dNN S3A3 - 8 T YOTU3 Ut 0°T ‘dod 2 ‘weoF susyzaanfrod Hd
g3103108d S3A3 - V
NOIHSND IVIS AH0931VD IVIU3LVIN YL AY0931LYD

1831 ALITIGISIA dNAJON -

<



(S3ILANIWN) 3WIL

00z51 S 4 € @2 1 o 6 e 2 9 § v £ 2 |
ONt ’ ' v _ ; 0 0
ﬂm_ i Gz %os eon® et
oSHh 00
S 00T TOH
1) ) . —— _
N (mdd) sysAreuy seD
~ 0ll . .
x0Z [ ., A loir  met
nﬁd a
S
~ L "on
‘ -
S9 : (*2ay) 2 ® T °*oN . ‘T obh*
oz I T ‘oN x938K gte L 0
i . A
i x 94V ¢ CT
i OMMA . g a Embr ®
Avn.ﬂ v oz [ o€ €26°T  009°
3 02 * 7 9T
0¢ TIV v, N I999K
T .ozsqoﬂnoommaw,ﬁo&m_wm_ NOILIGNOD ONITGNIN D
(o]0] (o] (o] s o2 s = -
o7 § TE SMBTS oF 2079e (8) o Twaop 2 93S - zl4/018€°€ O NOILIGNOD ONIWVI4-NON
:SHUVNIY 238 ~ zi4/Nn18 22 ® NOILIGNOD 9NIWVYIYd O
@3193L0¥dNN S3A3 - @ .
d3123108d S3A3 -.0 :
031031L08dNN S3A3 - 8 AT ‘YOTUT ‘UT G°T ‘dDd 2 ‘weo ausy3amATOd I
03123104d S3A3 - V )
NOTHSND LViS AH0931VI IVIHd31VIN . YL AY0931VD

1S3L ALITIGISIA dOXJOOW



(S3ILNANIN) 3WIL

00z S ¥ € 2w 11O 6 8
02 T T T 1 T T T mJaO?_. 0]
2 *oN
L °ON
S5| (*8ay) 2 3 T *oN .
oz [ et
S %os
T °ON I938H
< 00$ 09
P sly TOH
<
R ol (wdd) sysdreuy %D s
n 02 '
nﬂd a
~ . o
~
~
..M.W - 1 912’ 06%" &
- =
[ [4 1 11 11
Aucd.. v oz | o.¢ oV 0.4 mxm B A €25 T< 009°<
"33 02/ 53 ) 9T
TIV TIv - NERCREN
T "ON UOF3BO0T uewodds € _ NOILIONOD ONITANIN O
Y3007 Jo gmo (s)309f{qus - X °g .
2T % TT seanB13 03 0503 (8)-ON T939H T 03S - 3l4/018€°¢ O NOILIGNOD ONIWVIA-NON O
{SHYVYNIY 93S - 214/018 22 @ NOILIGNOD SNIWNVIY @
@31231L08dNN S3A3 - @
@310310Y8d S3A3 - 2
G3103L0¥dNN S3A3 - 8 . _ .
0 ‘u * f3TIqQBI U03300-TAUTA
03153108d S3AT - v 3 T ‘IOTU3 U gOO* ‘OHIqeF U03300-TAUT
XMELISTOHAN AH0931VD IVINILVW A¥0931VD

1S31 ALITIGISIA dOXJOW



(-

AUTT
¥ Oc

(S3LNANINW) 3AIL

ooz 92! Gl 4] €l 2l 1 Ol 6 8 L 9 S
02 T T T T T T T T T 0 0]
wmm_ I 2 -60*  e9t’
0T 0s € *oN
< 00. 0D
» 00$< ToH
M (wdd) m.nub.”.uﬁ. )
Hﬂwu_m_ B L6L* hee”
Q a
<
—
3 |\
) 2 "oN L, "ON
MW i (*Bav) 2% T “oN "ON I3331 9T2'T 064"
. X
. 2
L
~ TV X €26° .
) oz 25'T< 009°<
X9 L 9-T
i i TIV TIV .oy 1370)

pejdwoad syjzooq pajoajoad ojup 23wywaT °

2T ® TT 9andfJ 03 I9Jad Amvwovm.pm.ﬂqm&mméz.

T ‘ON uof3so0] uswpoadg *
yjooq -Jo 3uno (s)3oafqns - X

~ o o

23S - 2l1d/nNnl8

n.
938 - z14/N18 2

€ a
‘e @

NOILIONOD ONITANIX O
NOILIGNOD ONIAVI4-NON O
NOILIONOD ONIWVTY B

d3123104dNN S3A3 - 4
Q31231048d S3A3 - D
0312310UdNN S3A3 - 8
d3123108d S3A3 - V

SN T ‘YOTU3 °*UT 420° OFTaqeF U03300-TAUTA

AHY0931VD MVIH3LVN

AYLLSTOHAN

AY0931VD

1S3l ALITIGISIA dOXJOOW”



(S3LNANINW) 3WIL

0oz °! Sl 1dl el 2l 1 Ol 6 8 L 9 ] 14 € 2 |
Y Y Y 0 0
02
TIN
SlLS
ge TOH
.— " .
e _ o
(wmdd) gpeireuy 8%d
S
(%
<
_W ol .
N oz I L6L hee
m (*8av) 2 % T °*oN a
o
< T °*ON I9383K .
<9 . .
oz | . ° 1 otet o6t o
= ™ m m 1
o d L] ) L ] L] o w
X v 0y € O o « 1
2 b ) . . ! 3 13
(o5'c.) 0z o'v_ 0y v 0 D £25'I< 009°<
89SUST 7}08B3U0D JUTIBOM SBM g *t *ON 13331
T °ON uoF3eo0T uswpoadg €
4300q JO g0 (5)3030qNS - X *Z . : NOILIONOD ONITANIX O
2T % IT 8eanILJ 03 aI9Jaa Amv.oa I9%19) T Umm = NPH_\D.—.Q €'e O NOILIONOD ONIWVIJ-NON O
ISHYVYW3Y 938§ - zld/snle e @ NOILIANOD ONIWVYI4d W
@3L23L08dNN S3A3 - @
@3103104d S3A3 - D
03L0310¥dNN S3A3 - © ‘ . . ¢3 c o
03103108d S3IA3 - V Np.w T ‘XOTU3 °uf LE*0 °Jupideq X938T °“TOOM 00T
DNIIZINVD AH0931VI IVIYILVYIN Vg Ad0931VvD

1S3L ALITISISIA dNNOOW '



(-

(S3LANIN) 3WIL

00z 9! sl # el 2l 1 ol 6 8 L 9 S v € 2 !
ON L] L] L] ] | ] L] L] L] - L} L | o o
¢z %os
oz | 00S TOH 4 604°  29t°
~ (wid) syshreuy 5w
S ~ |
“0
N
r~ 011 . :
y IN = - gb. :Nm-
1) /
< (*8av) 2 2 T °*oN . a
e -
J
< T *ON I8
9 oD
22 L 4 912°T  064° o
N 7
% qa eq &
] De Ye X g ed .
SUTT v oz I o'y @ °y £26°T< 009°<
¥ 02/ 53 TIV v L 9-1
WFO 09§ - UOTFBTFIUSA TBWION ‘4 "ON_I913W
T *ON uoTiedo] uswidadg ¢ .
4300q Jo gm0 (5)309Lqns - X 3 | ANON O NOILIONOD ONITANIN O
2T ® TT s2amJTJ3 03 JaJax (S)°ON Jo38W °T 238 - zld/nlee'e O NOILIONOD ONIWVI4-NON O
:SHYVWIY 93§ - gzli/nle 2z @ NOILIGNOD ONIWVIY [
03103104dNN SIA3 - @ |
@312310¥d S3A3 - D
03L23L08dNN S3IA3 - 8
G312310¥d S3A3 - V T ‘YOTUD *UT 90°0 ‘39S SAV
AH0931VD IVILILYW VS  A¥0931v2

ONTIWHOLOIIHHL

1831 ALITISISIA/NOILYTILNIA dNYIOW



A

SUTT
13 02

ALIN2V IvNnsiA

)

(S3LANIW) SWIL

Ol 6 8 L 9 °] 14 € [ |

ON ] 1 ] L] L] [ ] L] ] L] -.
SSI1 | Eoh .
0¢ K ot
(*8ay) 2 2 T *oN .1\w,
$ i 6L feE”
T *ON I33sK
) a
S9 L ote 't o6n:
Z | T oshy
X B
i xR L,
02 ye pe V O°'V.a ped g _ €26 1< 009°<
. - L -T
0¢ W3O 095 - UOTIBTTIUSA TEUWION *f TV TV TIV .oy nﬂwm
T °*ON uofgeoo] uswpoedg *
7300q J0 M0 EpomEsw N m w i ANON.O NOILIGNOD ONITANIN O
2T ® TT S2aNITJ 03 J9J8a (S)'ON 938y °T 23S - zld/snlec¢'e O " NOILIONOD ONIWVI4-NON O
tSHUVWNIY 23S - zld/nl8e 2’2 @ NOILIGNQD 9ONIWVI3 B
03123L0¥dNN S3IAT - @ ,
.@3103108d S3A3 - 2
03193108dNN S3A3 ~ w o4 T SPTW tur 6*T ‘god g ‘weoy susyreanArod yg

0310310¥8d S3A3

NOIHSND LVIS

AH0931VI VIEILVN v, . Ad0931VvD

131 ALITIGISIA/NOILY TILNIA dN¥IOW a



(S3LANIW) 3WIL . .
0029 SI ¥ € -2 1 O 6 8 L 9 S % € 2 | :

-ON L] L] L] ¥ L] L L] L] L] - ] L ] [ 1 L] O O
GGlI . .
oz I 4604 a9t
<
-~ -
[
N
~oi
V ON !Ebo. :Nm‘
2] a
S S
M T °ON J839H .
G9 : .
2= L _ _ . et 06%”
02 ! &
L a‘q g av 4 a‘q &
N x ® ® [ ] ® -
s i m M e e OJq. m qu
.ﬁdﬁwmv 02 v e . e e 26 T< 009°<
oz o'V TV v, b 97T
WO 09% - UOTFE[TFUSA TBWION ‘4 ‘ON _JI839]
T °ON uof3®o0] uswioadg *€ '
:POOQ .HO US.O AMVPUM.M.DHAM - X uN i . NZOCﬁﬁ . U . ZO—F_Q?OU Ozﬁl_az—v* D
2L B TT S9anFTJ 0f J3391 (S)°ON I8334 °T 238 -~ zld/nle e’ 0 NOILIONOD ONINVI4-NON ®
. tSHHVANIY 938 - zld/nle8 22 @ _ NOILIGNOD ONIWVId O
Q3103104dNN S3IA3 - 4 .
.Q@310310¥8d S3A3 - 3 )
031093108HdNN S3A3 - 8 " ‘ . o
03103108d S3AT - V F4 2 A3 WOTW "UT §°T ‘weoy auwyyemATed ug
NOIHSND IVES AH0931VD IVIEILVIW | VYL . A¥0931v)

o181l »._._.__Em;\ze_._.a._:.zua.A___xuozw



(

(S3LANIWN) SWIL

00z 9! Sl &l € 2 " ol 6 8 L 9 S ' v € 2 |
ON L] L ] L] L] [ ] L} O O
.
ssi |
02 e e
< L *oN
- s . -
< _
Wo: h.wpdma.n.ozl\ .
n 02 | T *ON J939K _ 1.6L°. #12€°
S .
N - a
— .
l
4
S9 1 9T2"T 064"
oe | « § a‘e e
. X x e =
- 3 ¥ . g% .,
9uTT v oz I ~ 0've ofv e qm¢ €25 T< 009°<
W 02/ [z t L =T
] . oV TTY 9
WO 09G - UOTIBTTUSA TBUION ‘4 “ON 3331
T °*ON uof3e20T uswroadg *f y
W00q 3o 0 (5)3000qns - X 3 | ANON O NOILIGNOD ONITANIN O
ZT % TT s°and1J 09 JaJad ﬁmv.oz I998W °T 23§ - N.—-& /nleeg'e O NOILIONOD ONINVI4-NON O
_ 'SHUVW3Y 93s - zld/snle 2z @ NOILIGNOD ONIWVY B
@3193108dNN S3A3 - @ .
'@312310¥8d S3A3 - 2
031931048dNN S3A3 - 8 .
03103108d S3A3 - V g¥ T 07U “UT #2070 ‘OTAqRF U03300 TAUTA
XMAISTOHAN AH0931VD TVINILYA . A¥0931vd

=

1831 ALITIGISIA/NOILYTILNIA dNNIOW



(-

SUTT
33 02

(S3LANIN) 3NIL

00z SI H € 2 1 o 6 8 . 9 & & £ 2 I
ON L] L] L] L] ) o o
sl | _
02 eon e
I
N A
N (*3av) 29 T *oN
r~ ..nml_.l_.. B . L6L gt
» 02 T *oR o0 —/ . - !
< _ d
— - -4
"
A -
S9 |
¢ -bre't  oéh’ .,
: 3
” £$ 5 : g
L 2 ® [ ] [ ] [
- ® m L]
v WN 0V o v 0. v 25 T< 009°<
2 L -1
WO 09$ - UOTFRTFIUSA TEWION *f TIV TV .oy z0390
) *O) UOT3BOO ) adg *
13008 30 300, (8)3000ans = % s ) aNoN O NOILIGNOD ONITANIN O
| "SHUVNIY 03§ - z14/N18 22 ® NOILIONOD ONIWVId B
G3193108dNN S3A3 - @ ,
0312310Y8d SIAT - D
03103L08dNN S3IAT - @ _ -
03103108d S3A3 - V S T T3 CUT LET0 ‘BUTHORq XO3UT ‘TOOM WX $00T |
ONTIAINVO AH093LYD IVINILVYW vg X¥0931VD

-

1S31 ALITIGISIA/NOILYTILNIA dNHION



A

SUTT
*3F 02

ALINIV TvnsSiA

)

(S3ILANIN) SWIL
Ol 6 8 L

- 0¢ ’ ' ! ! ’ ' T T T T T T ( 0 T ‘0 0
SG|
02 | - 60n° 29tT”
ot |
¢ s VIR 'S
a
S9 L
. 8
, | =
H @ e gty tdy
o¢ oe Ve i ‘. . €26°T< 009°<
02 ! - -y -
WID 09S¢ = UOTRB[TIUSA TBWION ° TIV 1Y T1Y .m_q .Hmumm T
T °O) UOT3®D0T usuwroadg *
INCN O NOILIONOD 9NITIONIA O

y3o0q Jo qno (s)j3oafqus = x °
ST % TT SeJnd[J 03 I3JaI (s)-oj x=33p *
'SHUVAN3Y

— o N

03S - zld4/0lB8 €€ O NOILIGNOD ONIWVI4-NON O
03§ - zl4/Nl8 22 @

03123104dNN S3A3
Q310310uUd S3A3
03102310HdNN S3A3
d31031048d S3A3

[ |
< moOao

2

130T ¢ NEQ.% 8°6S ‘SOTUI U 90°0 ‘I9qqNI SUODTTES LT

NOILIONOD ONIWVI3 &

HIWOLSVIZ

AHOOD3LVD IVINILYW

(g)¢tT XH0931VD

1§31 ALITIQISIA/NOILY TILNIA .m:xuos B





